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Summary
1. Highly immunogenic 

1.1 CoronaVac offers 80% protection  
against hospitalizations and death in people 
reinfected with SARS-CoV-2, study shows

1.2 CoronaVac multiplies neutralizing 
antibody levels in people recovered from 
Covid-19, Chilean study shows

1.3 CoronaVac-induced immune response  
is superior to natural infection, Turkey  
study shows

1.4 CoronaVac prevented Covid-19 in 93% 
of healthcare workers in Turkey, study shows

1.5 CoronaVac effective in preventing 80% 
of Covid-19 deaths in Indonesia

1.6 Study shows 99.9% effectiveness of 
CoronaVac in Colombian Amazon

1.7 Study in Serrana shows effectiveness 
of 80,5% from CoronaVac against cases 
of Covid-19 and 94,4% against deaths; 
vaccination also protected the non vaccinated 
against the gamma variant

1.8 CoronaVac generates high antibody 
responses in healthcare workers with and 
without prior Covid-19 infection, say studies 
from Turkey

1.9 CoronaVac induces the production of 
specific antibodies against the main proteins 
of the SARS-CoV-2 virus
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1.10 CoronaVac induces immunological 
memory that is efficient and similar to 
the one from convalescent patients, shows 
chinese study

1.11 CoronaVac induces rapid and durable 
antibody responses for up to 12 months, 
study says

1.12 CoronaVac induces a high production of 
neutralizing antibodies, reveals brazilian study

1.13 CoronaVac produces antibodies against 
Covid-19 on 87% of the vaccinated individuals 
in Indonesia

1.14 CoronaVac promotes high humoral and 
cellular immune response, Chilean study shows

1.15 CoronaVac duplicates neutralizing 
antibodies and increases IgG 4,4 times on 
those previously infected with Covid-19

1.16 CoronaVac is safe and has an efficacy 
of 83,5%, according to Turkish clinical study

1.17 Global efficacy of CoronaVac can reach 
62,3% with an interval of 21 days between doses

1.18 Butantan’s vaccine has global efficacy 
superior to the one demanded by WHO

1.19 Studies confirm the safety of the 
coronavirus vaccine developed in partnership 
with Butantan
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2. It fights coronavirus variants 

2.1 CoronaVac boosts immunity against 
variants of those who already had Covid-19, 
Chinese study shows

2.2 CoronaVac booster dose is effective 
against omicron, Chilean study finds

2.3 Chinese study proves effectiveness 
of CoronaVac against severe cases of the  
delta variant

2.4 Three doses of CoronaVac induce 
antibodies against omicron in 95% of 
vaccinees, Chinese study shows

2.5 Booster dose of CoronaVac can neutralize 
variants of concern, study shows

2.6 CoronaVac is more than 75% effective 
against alpha, gamma and delta variants; 
only 2% of Chileans vaccinated in phase 3 
developed Covid-19

2.7 Study suggests that South America 
countries that used CoronaVac are protected 
against gamma and lambda variants

2.8 Booster dose of CoronaVac increases in 
17 times the level of antibodies capable of 
combating the delta variant of SARS-CoV-2, 
says study

2.9 Countries that chose inactivated virus 
vaccines, such as CoronaVac, are more 
protected against SARS-CoV-2 variants, says 
Spanish study

3. It is safe for pregnant and babies

3.1 CoronaVac has efficacy of 85% in the 
prevention of severe cases of Covid-19 on 
pregnants, shows study
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3.2 Protection against Covid-19 generated by 
CoronaVac is transmitted to the babies through 
breast milk, demonstrates research

4. It protects individuals with comorbidities

4.1. CoronaVac is safe and effective in patients 
at increased risk for thrombosis, study says

4.2. CoronaVac is safe for cancer patients, 
Hong Kong study shows

4.3. Third dose of CoronaVac promotes 
robust immune response in patients with 
rheumatic diseases

4.4. CoronaVac induces higher antibody  
production in people with chronic hepatitis B, 
Chinese study says

4.5.	 CoronaVac induces antibodies in 85,2% 
of the patients with cancer, demonstrates 
Turkish study

4.6.	 Patients with autoimmune rheumatic 
diseases that already contracted Covid-19 
may be protected with only one dose of 
CoronaVac, suggests study

4.7.	 CoronaVac produces antibodies in 87% 
of the patients with Hepatitis B, demonstrates 
chinese study

4.8.	 CoronaVac is safe and immunogenic 
for patients with systemic autoimmune 
myopathies

4.9. CoronaVac generates high levels of 
protection for people with HIV, indicates 
studies from Brazil and China

4.10. CoronaVac induces a high immune 
response in patients with Metabolic 
Associated Fatty Liver Disease
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885

4.11. Study proves the efficacy of CoronaVac 
against Covid-19 on patients with cancer

4.12. CoronaVac increases antibodies 
against Covid-19 by 70% in immunosu-
ppressed patients, says study

4.13. CoronaVac helps to improve the 
immunity on transplanted patients, affirms 
study from Unifesp and USP

5. It is effective in the elderly

5.1. CoronaVac is safe for the elderly and has 
a low rate of adverse events, research shows

5.2. CoronaVac reduced severe cases and 
death from Covid-19 in the elderly, Colombian 
study states

5.3. Boosting CoronaVac in the elderly raises 
antibody levels 43 times, says Chinese study

5.4. CoronaVac protects the elderly against 
severe Covid-19, Chinese study shows

5.5. CoronaVac induces immune response 
in more than 80% of elderly people, Turkish 
study shows

5.6. CoronaVac shows over 70% effectiveness 
in the elderly in Colombia, study says

5.7. Third dose of CoronaVac boosts protec-
tion in the elderly to 98% against severe cases 
and death, study finds

5.8. Chilean study with more than 10 million 
people demonstrates that the effectiveness 
of CoronaVac is higher than 86%, including 
among the elderlies

5.9. Study with 60 million Brazilians 
demonstrates an effectiveness of CoronaVac 
higher than 70% against hospitalizations and 
deaths, even among elderlies
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5.10. Study confirms CoronaVac efficacy 
against the gamma variant (P.1) among 
the elderly

5.11. CoronaVac is associated with the 
decrease of Covid-19 mortality among 
elderly people, studies show

6. It protects children and adolescents

6.1. CoronaVac adverse event rate in chil-
dren and adolescents in Brazil is less than 
one case per 100,000 doses applied

6.2. CoronaVac is 59% effective against 
hospitalizations in children and adolescents 
aged 6 to 17 years, Brazilian study shows

6.3. CoronaVac induces antibodies in more 
than 90% of children, including those with 
comorbidities, Chilean study shows

6.4. CoronaVac has the lowest rate of adverse 
events among Covid-19 vaccines available 
for children and adolescents in Chile

6.5. CoronaVac protected children as young 
as 3 during Shanghai omicron outbreak, 
Chinese study shows

6.6. CoronaVac is 69% effective against 
hospital admission for Covid-19 of children 
aged 3 to 5 years, says Chilean study carried 
out during the omicron outbreak

6.7. CoronaVac shows more than 90% effec-
tiveness against Covid-19 in children, large 
Chilean study indicates

6.8. During the outbreak of Delta in China, 
around 20% of the cases were in children 
and teenagers; vaccinated with CoronaVac 
did not register critical cases

6.9. CoronaVac on teenagers with rheumatic 
diseases causes three times less adverse 
effects than vaccines with messenger RNA
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6.10. Study shows that CoronaVac is safe 
and immunogenic for children aged between 
seven months and five years

6.11. Systematic revision of scientific studies 
proves the safety and efficacy of CoronaVac 
for children and teenagers

6.12. Study of more than ten million Chile-
ans over the age of 16 shows that CoronaVac 
effectiveness is over 86%

6.13. Child mortality from Covid-19 is much 
higher in poor countries, where vaccination of 
the very young is not planned

6.14. CoronaVac is safe and generates a strong 
immune response in children and teenagers, 
confirms study 

7. Booster dose multiplies antibodies

7.1. CoronaVac booster protects by 98% 
against severe cases and death from Covid-19, 
says Hong Kong study

7.2. Chinese study indicates that CoronaVac 
booster dose multiplies neutralizing antibodies 
by 78 times

7.3. Third dose of CoronaVac maintains high 
antibody production for six months, study says

7.4. CoronaVac booster dose increases IgG 
antibodies against omicron by 325 times, 
study shows

7.5. Study with 11 million Chileans shows 
efficacy of CoronaVac booster dose above 85% 
against severe cases

7.6. Booster dose of CoronaVac administered 
eight months after the second dose increases up 
to five times the level of neutralizing antibodies
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7.7. Booster dose of CoronaVac increases 
over 12 times the level of antibodies of those 
that received both doses of the vaccine

7.8. Booster dose of CoronaVac increases 
the protection against Covid-19 to 80%, 
according to Chilean Government

8. Rare adverse effects

8.1. CoronaVac presents adverse events in 
less than 1% of doses applied in adults in 
Brazil and is highly safe for vaccinees

8.2. CoronaVac is safe and has fewer serious 
adverse effects, Malaysia study shows

8.3. CoronaVac has 83% less chance of 
causing adverse effects than the messenger 
RNA vaccines

8.4. CoronaVac is the vaccine with less adverse 
effects among the ones used in Brazil
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1.1. CoronaVac offers 80% protection against hospitalizations and death in people 
reinfected with SARS-CoV-2, study shows

A real-world study carried out in Brazil 
with about 20,000 people proved once 
again the effectiveness of CoronaVac 
against severe COVID-19 cases and 
hospitalizations. The analysis showed 
that more than 80% of individuals 
reinfected with SARS-CoV-2 who had 
taken CoronaVac recovered without 
the need for hospitalization. Published 
in The Lancet Infectious Diseases, the 
work was carried out by scientists from 
Brazil and abroad, from institutions 
such as the University of São Paulo and 
Instituto Oswaldo Cruz (Fiocruz), as well 
as American universities such as Yale  
and Stanford.

Between February 2020 and November 
2021, 213,000 Brazilians (vaccinated 
and not vaccinated) were identified 
as having symptomatic Covid-19 after 
the vaccination program started. To 
compare the effectiveness of CoronaVac, 
AstraZeneca, Pfizer and Janssen, scientists 
selected 22,500 cases from across the 
country who tested positive for SARS-
CoV-2 reinfection, of which 1,545 ended up 
being hospitalized and 290 died.

Of the 22,500 cases analyzed, 8,000 
were immunized – 42.8% had taken 
CoronaVac, 40% received AstraZeneca, 

14.9% Pfizer and 2.2% Janssen. Among 
those vaccinated with CoronaVac, the 
effectiveness against hospitalization and 
death was 81.3%. The percentage was 
similar to the AstraZeneca (89.9%) and 
Pfizer (89.7%) vaccines, and higher than 
the results of Janssen (57.7%). It is worth 
mentioning that immunization with 
CoronaVac in Brazil started first, involving, 
in large majority, elderly people over 60 
years old, a group more vulnerable to the 
worsening of Covid-19 cases.

According to the researchers, the 
analyses focused on individuals who were 
previously infected with the coronavirus 
to answer whether and to what extent 
vaccines provide additional protection 
against symptomatic infection and 
serious outcomes.

“Concerns have been raised about less 
robust and durable neutralising antibody 
responses in individuals naive to SARS-CoV-2 
who have received CoronaVac compared 
with other vaccines. We found that two 
doses of CoronaVac provided high levels of 
protection against severe outcomes”, the 
scientists in the article state.

Published on: 04/01/2022

1. Highly 
immunogenic
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Articles

Effectiveness of CoronaVac, ChAdOx1 nCoV-19, BNT162b2, 
and Ad26.COV2.S among individuals with previous 
SARS-CoV-2 infection in Brazil: a test-negative, 
case-control study
Thiago Cerqueira-Silva*, Jason R Andrews*, Viviane S Boaventura, Otavio T Ranzani, Vinicius de Araújo Oliveira, Enny S Paixão, 
Juracy Bertoldo Júnior, Tales Mota Machado, Matt D T Hitchings, Murilo Dorion, Margaret L Lind, Gerson O Penna, Derek A T Cummings, 
Natalie E Dean, Guilherme Loureiro Werneck, Neil Pearce, Mauricio L Barreto, Albert I Ko, Julio Croda†, Manoel Barral-Netto†

Summary
Background COVID-19 vaccines have proven highly effective among individuals without a previous SARS-CoV-2 
infection, but their effectiveness in preventing symptomatic infection and severe outcomes among individuals with 
previous infection is less clear. We aimed to estimate the effectiveness of four COVID-19 vaccines against symptomatic 
infection, hospitalisation, and death for individuals with laboratory-confirmed previous SARS-CoV-2 infection.

Methods Using national COVID-19 notification, hospitalisation, and vaccination datasets from Brazil, we did a test-
negative, case-control study to assess the effectiveness of four vaccines (CoronaVac [Sinovac], ChAdOx1 nCoV-19 
[AstraZeneca], Ad26.COV2.S [Janssen], and BNT162b2 [Pfizer-BioNtech]) for individuals with laboratory-confirmed 
previous SARS-CoV-2 infection. We matched cases with RT-PCR positive, symptomatic COVID-19 with up to ten 
controls with negative RT-PCR tests who presented with symptomatic illnesses, restricting both groups to tests done 
at least 90 days after an initial infection. We used multivariable conditional logistic regression to compare the odds of 
test positivity and the odds of hospitalisation or death due to COVID-19, according to vaccination status and time 
since first or second dose of vaccines.

Findings Between Feb 24, 2020, and Nov 11, 2021, we identified 213 457 individuals who had a subsequent, symptomatic 
illness with RT-PCR testing done at least 90 days after their initial SARS-CoV-2 infection and after the vaccination 
programme started. Among these, 30 910 (14·5%) had a positive RT-PCR test consistent with reinfection, and we 
matched 22 566 of these cases with 145 055 negative RT-PCR tests from 68 426 individuals as controls. Among 
individuals with previous SARS-CoV-2 infection, vaccine effectiveness against symptomatic infection 14 or more days 
from vaccine series completion was 39·4% (95% CI 36·1–42·6) for CoronaVac, 56·0% (51·4–60·2) for ChAdOx1 
nCoV-19, 44·0% (31·5–54·2) for Ad26.COV2.S, and 64·8% (54·9–72·4) for BNT162b2. For the two-dose vaccine 
series (CoronaVac, ChAdOx1 nCoV-19, and BNT162b2), effectiveness against symptomatic infection was significantly 
greater after the second dose than after the first dose. Effectiveness against hospitalisation or death 14 or more days 
from vaccine series completion was 81·3% (75·3–85·8) for CoronaVac, 89·9% (83·5–93·8) for ChAdOx1 nCoV-19, 
57·7% (–2·6 to 82·5) for Ad26.COV2.S, and 89·7% (54·3–97·7) for BNT162b2.

Interpretation All four vaccines conferred additional protection against symptomatic infections and severe outcomes 
among individuals with previous SARS-CoV-2 infection. The provision of a full vaccine series to individuals after 
recovery from COVID-19 might reduce morbidity and mortality.

Funding Brazilian National Research Council, Fundação Carlos Chagas Filho de Amparo à Pesquisa do Estado do Rio 
de Janeiro, Oswaldo Cruz Foundation, JBS, Instituto de Salud Carlos III, Spanish Ministry of Science and Innovation, 
and Generalitat de Catalunya.
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Introduction
As of March 11, 2022, over 450 million confirmed cases 
of COVID-19 have been reported since the start of 
the pandemic,1 and the true cumulative incidence 
has probably been several times greater.2 Within a 
year of the identification of SARS-CoV-2, multiple 
vaccines were developed, found to be highly efficacious 
among seronegative individuals in clinical trials, and 

introduced into national vaccination programmes.3,4 
Coverage of COVID-19 vaccination has varied across 
populations due to inequalities in access and public 
hesitancy. Additionally, public debate has emerged 
about the need for vaccination among people who have 
had a previous SARS-CoV-2 infection5 and, if so, 
whether a single dose is sufficient.6,7 The emergence of 
more transmissible variants with enhanced immune 
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escape, and the resulting waves of infection and 
reinfection, have renewed questions about the 
importance of vaccination in individuals who have had 
COVID-19.8,9

SARS-CoV-2 infection induces robust T-cell and B-cell 
responses,10 and the risk of symptomatic infection and 
severe outcomes is lower among people with previous 
SARS-CoV-2 infection than among naive individuals.11 
Emerging evidence suggests that vaccination with 
ChAdOx1 nCoV-19 (AstraZeneca), Ad26.COV2.S (Janssen), 
BNT162b2 (tozinameran; Pfizer-BioNtech), or mRNA-1273 
(elasomeran; Moderna) confers additional protection 
against symptomatic reinfection among individuals with 
previous SARS-CoV-2 infection.12–18 However, only one 
study has assessed protection against severe outcomes 
in previously infected individuals, with just 75 hospital 
admissions and two deaths.18 Moreover, data for inactivated 
vaccines, which account for almost half of all doses given 
globally, are still needed.19

Brazil has recorded more than 22 million SARS-CoV-2 
infections and 600 000 deaths as of Nov 15, 2021. 
On Jan 18, 2021, a national COVID-19 immunisation 
pro gramme was initiated, which has used four 
vaccines of three different classes: inactivated virus 
(CoronaVac; Sinovac), viral vector (ChAdOx1 nCoV-19 
and Ad26.COV2.S), and mRNA (BNT162b2). We used 
national disease surveillance and vaccination databases 
to estimate the effectiveness of these four vaccines 
among individuals with laboratory-confirmed previous 

SARS-CoV-2 infection against symptomatic infection, 
hospitalisation, and death.

Methods
Study design, population, and data sources
We did a test-negative, case-control study to evaluate 
the effectiveness of four vaccines (CoronaVac, ChAdOx1 
nCoV-19, Ad26.COV2.S, and BNT162b2) in individuals 
with previous SARS-CoV-2 infection in Brazil. The study 
population included individuals with a previous positive 
RT-PCR or rapid antigen test for SARS-CoV-2 who 
presented again to health facilities with symptomatic 
illness and were tested for SARS-CoV-2 at least 90 days 
after their first positive test.20 We matched positive tests 
(cases) to negative tests (controls).

We used data from several national data sources: 
a deterministically linked dataset comprised of the 
Programa Nacional de Imunizações, which contains 
records of all vaccines administered in Brazil; the e-SUS 
Notifica, which contains records of suspected and 
confirmed COVID-19 cases in outpatient clinics; and the 
Sistema de Informação da Vigilância Epidemiológica da 
Gripe, which contains records of severe acute respiratory 
illnesses, including COVID-19 hospitalisations and 
deaths.21–25 All data were pseudo-anonymised with a 
common unique identifier provided by the Brazilian 
Ministry of Health. The research protocol was approved 
by the Brazilian National Commission in Research Ethics 
(4.921.308).

Research in context

Evidence before this study
We searched PubMed, medRxiv, and SSRN for articles published 
from Jan 1, 2020, to Feb 14, 2022, with no language restrictions, 
using the search terms “vaccine effectiveness” AND “previous*” 
AND (“SARS-CoV-2” OR “COVID-19”). We found several studies 
evaluating ChAdOx1 nCoV-19 (AstraZeneca) and BNT162b2 
(tozinameran; Pfizer-BioNtech), and one additionally reporting 
on mRNA-1273 (elasomeran; Moderna) and Ad26.COV2.S 
(Janssen), which found that individuals who were previously 
infected and were vaccinated had lower risk of symptomatic 
SARS-CoV-2 infection than those who were unvaccinated. 
One study found that for individuals who were previously 
infected, the risk of hospitalisation was lower after a full series of 
BNT162b2 or mRNA-1273 than for those who were 
unvaccinated. One study reported on effectiveness of an 
inactivated virus vaccine (BBV152; Bharat Biotech International) 
against reinfection, and no studies reported on effectiveness of 
CoronaVac among individuals who were previously infected. 
Scarce evidence is available comparing effectiveness of one dose 
versus two doses of vaccine among individuals with previous 
infection.

Added value of this study
We used national databases of COVID-19 case surveillance, 
laboratory testing, and vaccination from Brazil to investigate 

the effectiveness of CoronaVac, ChAdOx1 nCoV-19, Ad26.
COV2.S, and BNT162b2 among individuals with a previous, 
laboratory-confirmed SARS-CoV-2 infection. We matched more 
than 22 000 RT-PCR-confirmed re-infections with more than 
145 000 RT-PCR-negative controls, using a test-negative 
design. All four vaccines were effective against symptomatic 
SARS-CoV-2 infection, with effectiveness from 14 days after 
series completion ranging from 39·4% (95% CI 36·1–42·6) 
for CoronaVac to 64·8% (54·9–72·4) for BNT162b2. 
For vaccines with two-dose regimens, the second dose 
provided significantly increased effectiveness compared with 
one dose alone. Effectiveness against COVID-19-associated 
hospitalisation or death from 14 days after series completion 
was over 80% for CoronaVac, ChAdOx1 nCoV-19, and 
BNT162b2.

Implications of all the available evidence
We found evidence that these four vaccines, using three 
different platforms, all provide protection against 
symptomatic SARS-CoV-2 infection and severe outcomes to 
individuals who were previously infected, with a second dose 
conferring significant additional benefits. These results 
support the provision of a full vaccine series among 
individuals with previous SARS-CoV-2 infection.
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Brazil’s national COVID-19 immunisation programme 
commenced on Jan 18, 2021. Rollout plans were 
determined at the state and local level; health-care 
workers and older individuals were the first groups to be 
eligible, with age criteria for eligibility decreasing over 
time. Four vaccines have been offered in immunisation 
programmes in Brazil: CoronaVac, provided as a two-
dose series with a 4-week interval between doses; 
ChAdOx1 nCoV-19, provided as a two-dose series with a 
12-week interval between doses that was subsequently 
reduced to 8 weeks in some states; Ad26.COV2.S, 
provided as a single dose series; and BNT162b2, provided 
as a two-dose series with an initial 12-week interval that 
was subsequently reduced to 3 weeks in some states. 
Brazil’s national guidelines recommend that individuals 
who were previously infected be vaccinated 4 weeks or 
more after infection, and this recommendation did not 
change during the study period.

Eligibility and selection of cases and controls
Inclusion criteria for this study included age 18 years 
or older, previous SARS-CoV-2 infection confirmed by 
RT-PCR or rapid antigen test, and a second exam 
(RT-PCR test) fulfilling the following criteria: being 
associated with an event of acute respiratory symptomatic 
illness and occurring within 10 days of symptom 
onset, being done at least 90 days after the 
individual’s first positive test, and occurring after the 
vaccination programme began in Brazil (Jan 18, 2021). 
We included individuals whose first infection occurred 
between Feb 24, 2020, and Aug 13, 2021, and with a 
subsequent RT-PCR test being done between Jan 18, 2021, 
and Nov 11, 2021.

We excluded individuals for whom data were in-
complete on age, sex, location of residence, vaccination 
status, or testing status or dates; those who received 
different vaccines for their first and second dose; those 
whose time interval between the first and second doses 
was less than 14 days; and those vaccinated before the 
first infection or less than 14 days after the first infection. 
For tests, we excluded negative tests that were followed 
by a positive test within 7 days (to avoid misclassification 
of cases as controls), tests done after the second positive 
test, tests for which the individual’s symptom onset date 
occurred after notification of the suspected case in the 
surveillance system (to exclude individuals without 
symptoms at the time of testing), tests done in individuals 
without symptoms, and tests done after a third vaccine 
dose, as this analysis was not powered to examine 
effectiveness of third doses. In some cases, more than 
one negative test from one individual was available for 
matching, and we included these as candidates for 
matching if they met the described eligibility criteria.

We matched cases, defined as positive SARS-CoV-2 
RT-PCR tests from previously infected, sympto matic 
individuals, with controls, defined as negative 
SARS-CoV-2 RT-PCR tests from previously infected, 

symptomatic individuals. We did not attempt to 
ascertain causality between SARS-CoV-2 infection and 
hospitalisation or death as this information was not 
available. Instead, we defined hospitalisation or death 
related to COVID-19 using a commonly used, temporally 
defined surveillance case definition for COVID-19-
related outcomes: a positive SARS-CoV-2 RT-PCR test 
accompanied by hospital admission or death occurring 
within 28 days of the sample collection date. For the 
analysis of hospitalisation or death, we selected matched 
sets from the overall matched dataset in which cases 
were positive tests from patients admitted to hospital or 
who died, and we fitted the model described to each 
subset. For severe outcomes, controls thus represented 
negative tests from patients in ambulatory or hospital 
settings who had RT-PCR testing, to reflect the population 
at risk for that outcome. We did not require controls for 
the severe outcomes analysis to be negative tests from 
patients admitted to hospital or who died, as the goal was 
to estimate overall effectiveness against severe outcomes. 
We matched one case to a maximum of ten controls, with 
replacement, by date of RT-PCR testing (±10 days), age 
(±5 years), sex, and municipality of residence. Individuals 
who were selected as cases could also serve as controls if 
they had negative tests that were collected more than 
7 days before their positive test.

Statistical analyses
We calculated standardised differences for demographic 
characteristics of matched cases and controls, considering 
a difference higher than 0·1 for variables not included in 
the exact match to be significant;26,27 for exact matched 
variables, no differences exist within each stratum of 
the analysis. The primary exposure of interest was 
vaccination status, which was categorised by vaccine and 
according to the vaccination status of the individual at 
the time of RT-PCR test collection as unvaccinated, 
0–13 days after the first dose, 14 days or more after the 
first dose, 0–13 days after the second dose, or 14 days or 
more after the second dose. Post-second dose status is 
not applicable to Ad26.COV2.S. We considered vaccine 
effectiveness against symptomatic SARS-CoV-2 infection 
and against COVID-19-related hospitalisation or death 
among individuals with previous confirmed SARS-CoV-2 
infection 14 days or more after vaccine series completion 
(two doses for CoronaVac, ChAdOx1 nCoV-19, and 
BNT162b2 and one dose for Ad26.COV2.S) to be 
the primary estimands of interest. We considered 
effectiveness in the 6 days after the first vaccine dose to 
be an indicator of bias, because we expected protection to 
be minimal during this time and substantial differences 
in risk could reflect residual confounding between the 
vaccinated and unvaccinated populations.28

We estimated vaccine effectiveness (1–odds ratio) using 
conditional logistic regression, accounting for the 
matched design, with vaccination status (including 
number of doses and time period since dose) as the 
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predictor and adjusting for the number of reported 
chronic comorbidities (diabetes, cardiovascular disease, 
obesity, chronic kidney disease, and immunosupression, 
categorised as none, one, and at least two), pregnancy, 
postpartum period, self-reported race, days elapsed 
between the first positive test and the second test (as a 
restricted cubic spline), and whether the individual was 
admitted to hospital during their first SARS-CoV-2 

infection. For severe outcomes, age (as a continuous 
variable) was also included due to anticipated residual 
confounding and observed improved model fit and 
Bayesian Information Criterion.

We did subgroup analyses in which we assessed 
vaccine effectiveness by age (18–49 years vs ≥50 years), 
time since vaccine series completion (14–90 days vs 
>90 days; to assess for possible waning), and time from 

Figure 1: Temporal trends in COVID-19 cases, hospitalisation or deaths, variants, and vaccination coverage from national databases in Brazil
Weekly numbers of symptomatic COVID-19 cases (A); COVID-19-associated hospitalisations or deaths reported in national databases (B); monthly proportions of 
variants among sequenced SARS-CoV-2 samples, with the number of sequenced viruses shown above each bar (C); and cumulative proportion of the population 
older than 11 years who received a first (D) or second (E) dose of each vaccine. VOC=variant of concern. VOI=variant of interest.
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initial positive test to vaccination (91–180 days vs 
181–613 days). We used generalised linear hypothesis 
tests for comparisons across different vaccination status, 
and the confidence intervals and p values were not 
adjusted for multiple comparisons. All data processing 
and analyses were done in R (version 4.1.1), using the 
packages tidyverse, multcomp, MatchIt, and survival.

Role of the funding source
Julio Croda is affiliated with Oswaldo Cruz and received 
support from the Oswaldo Cruz Foundation for this 
work. The Oswaldo Cruz Foundation and the other 
funders of the study did not have any further role in 
study design, data collection, data analysis, data 
interpretation, or writing of the report.

Results
Brazil has had two COVID-19 epidemic waves up to the 
end of 2021, with the first occurring between July and 
September 2020, and the second between February and 
June 2021, during which the gamma (P.1) variant was 
dominant (figure 1). Brazil’s national vaccination 
programme commenced on Jan 18, 2021; 50% of the 
adult population (83 million individuals) had received a 
first vaccine dose by July 7, 2021. Between Feb 24, 2020, 
and Nov 11, 2021, more than 23 million individuals 
had valid SARS-CoV-2 tests and 11 million were 
confirmed cases (figure 2). Among these, we identified 
213 457 individuals who had a subsequent, symptomatic 
illness with RT-PCR testing done at least 90 days after 
their initial SARS-CoV-2 infection and after the 
vaccination programme commenced. Among these, 
30 910 (14·5%) had a positive RT-PCR test consistent with 
reinfection. We matched 22 566 of these cases with 
145 055 negative RT-PCR tests from 68 426 individuals as 
controls. Among cases, 1545 (6·8%) were admitted to 
hospital and 290 (1·3%) died within 28 days of a positive 
SARS-CoV-2 RT-PCR; 1564 (6·9%) were admitted to 
hospital or died (table).

Demographics and clinical characteristics of eligible 
and matched sets are presented in the table. The median 
age of the matched population was 36 years (IQR 29–44), 
approximately 60% of cases and controls were women, 
and the median time between first infection and the 
subsequent RT-PCR test was similar between cases 
(216 days, IQR 146–291) and controls (223 days, 154–295). 
The southeast region of Brazil, which includes São Paulo 
and Rio de Janeiro and is the most populous region, 
accounted for 49·2% of matched cases and 51·3% of 
controls. This was followed by the northeast region, 
which is the second most populous region, and then the 
central-west, south, and north regions (table). 39·8% of 
cases and 53·2% of controls resided in a state capital; 
due to exact matching on city, we observed no differences 
within each stratum of analysis.

The majority of cases (14 566 [64·5%] of 22 566) and 
controls (83 290 [57·4%] of 145 055) were unvaccinated at 

the time of the test. Among vaccinated individuals (39 717), 
17 008 (42·8%) received CoronaVac, 15 897 (40·0%) 
received ChAdOx1 nCoV-19, 5 935 (14·9%) received 
BNT162b2, and 877 (2·2%) received Ad26.COV2.S. 
Demographic characteristics were similar among vaccine 
recipients included in the analysis, but recipients of 
ChAdOx1 nCoV-19 tended to be older (p<0·0001) and 
have more comorbidities (p<0·0001; appendix pp 2–3). 
The median time between vaccination and testing was 
34 days (IQR 17–61) for individuals who received only one 
dose and 59 days (27–105) for individuals who received 
two doses, which differed by each vaccine (appendix p 12).

Effectiveness against symptomatic SARS-CoV-2 rein-
fection 14 days or more from vaccine series completion 
was 39·4% (95% CI 36·1–42·6) for CoronaVac, 56·0% 
(51·4–60·2) for ChAdOx1 nCoV-19, 44·0% (31·5–54·2) 
for Ad26.COV2.S, and 64·8% (54·9–72·4) for BNT162b2 
(figure 3). The two-dose vaccines (CoronaVac, ChAdOx1 

Figure 2: Flowchart of the study population from surveillance databases and selection of matched cases 
and controls
Cases and controls were matched on age (±5 years), sex, municipality, and date of test (±10 days).

42 287 535 individuals with one or more entries in the SARS-CoV-2
 notification system between Feb 24, 2020, and Nov 11, 2021

23 437 919 individuals with at least one valid SARS-CoV-2 test (29 037 510 tests)

213 457 individuals with a previous positive test and a RT-PCR test
 associated with acute respiratory illness >90 days later (227 459 tests)

30 910 positive RT-PCR tests, from
 30 910 individuals (cases)

196 549 negative RT-PCR tests, from
 182 547 individuals (controls)

Matched cases: 22 566 individuals and 22 566 tests Matched controls: 68 426 individuals and
145 055 tests

28 810 051 tests excluded
14 068 669 tests from individuals 
                   never infected
           12 272 data inconsistencies
      1 133 443 age < 18 years 
       104 144 negative test followed by
                    positive test within 7 days
     1 109 083 test collected before first
                   positive test 
       654 000 test collected <90 days after
                         first positive test
       583 486 duplicate entries

    10 198 009 individuals with only one test 
     12 790 tests after a second 

                    positive test
        112 093 asymptomatic at second test
          19 149 vaccinated within 14 days 
                         of the first positive test
              1933 tests done after a third 
                    vaccine dose

      24 611 second test done before 
                    Jan 18, 2021

     550 562 first positive test
     225 807 only antigen test performed

See Online for appendix
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nCoV-19, and BNT162b2) all showed a significant 
increase in protection from 14 days or more after the first 
dose to 14 days or more after the second dose. For 
CoronaVac, effectiveness was twice as high in the period 
of 14 days or more after the second dose compared with 
that in 14 days or more after the first (p<0·0001). Only 
CoronaVac showed protection (21·0%, 2·3–36·1) against 
symptomatic infection within 6 days of the first dose, 
which we used as a test of bias (appendix p 4).

From 14 days after completion of the vaccine series, 
effectiveness against COVID-19-related hospitalisation or 
death was 81·3% (75·3–85·8) for CoronaVac, 89·9% 
(83·5–93·8) for ChAdOx1 nCoV-19, 57·7% (–2·6 to 82·5) 
for Ad26.COV2.S, and 89·7% (54·3–97·7) for BNT162b2 
(figure 4). Effectiveness 14 days or more after a single 
dose was lowest for CoronaVac (35·3%, 7·9–54·5). 
Effectiveness against hospitalisation or death was 

significantly greater 14 days or more after two doses than 
14 days or more after one dose for CoronaVac (p<0·0001) 
and ChAdOx1 nCoV-19 (p<0·0001), whereas for 
BNT162b2, the increase was not significant (p=0·091). 
We found no evidence of protection for all four vaccines 
against COVID-19-related hospitalisation or death within 
6 days of the first dose (appendix p 4).

For the primary estimands of vaccine effectiveness 
against symptomatic SARS-CoV-2 infection and against 
COVID-19-related hospitalisation or death 14 days or 
more after vaccine series completion, we found no 
differences between age groups (≥50 years vs 18–49 years; 
appendix p 5). For three of the vaccines, we saw 
a non-significant increase in effectiveness against 
symptomatic infection for vaccination given more than 
180 days after previous infection compared with 
91–180 days, whereas we observed a significant increase 

Eligible population Matched sets Standardised 
difference

Cases Controls Cases Controls

Individuals 30 910 182 547 22 566 68 426 ··

Tests 30 910 196 549 22 566 145 055 ··

Age, years 38 (29–47) 37 (28–47) 37 (29–46) 36 (29–44) 0·066

Sex ·· ·· ·· ·· 0·047

Female 18 106 (58·6%) 119 134 (60·6%) 13 631 (60·4%) 90 931 (62·7%) ··

Male 12 804 (41·4%) 77 415 (39·4%) 8935 (39·6%) 54 124 (37·3%) ··

Race ·· ·· ·· ·· 0·039

White 13 841 (44·8%) 109 923 (55·9%) 10 302 (45·7%) 67 403 (46·5%) ··

Mixed 11 363 (36·8%) 53 401 (27·2%) 7998 (35·4%) 50 788 (35·0%) ··

Black 1420 (4·6%) 9034 (4·6%) 1052 (4·7%) 7572 (5·2%) ··

Indigenous or Asian 2081 (6·7%) 9305 (4·7%) 1437 (6·4%) 8751 (6·0%) ··

Missing 2205 (7·1%) 14 886 (7·6%) 1777 (7·9%) 10 541 (7·3%) ··

Region of residence ·· ·· ·· ·· 0·085

Central west 3260 (10·5%) 46 968 (23·9%) 2302 (10·2%) 12 997 (9·0%) ··

North 2406 (7·8%) 9724 (4·9%) 1870 (8·3%) 12 372 (8·5%) ··

Northeast 8268 (26·7%) 30 027 (15·3%) 5297 (23·5%) 30 489 (21·0%) ··

South 2823 (9·1%) 16 251 (8·3%) 1991 (8·8%) 14 745 (10·2%) ··

Southeast 14 153 (45·8%) 93 579 (47·6%) 11 106 (49·2%) 74 452 (51·3%) ··

Residence in state capital 9250 (29·9%) 51 128 (26·0%) 8982 (39·8%) 77 198 (53·2%) 0·271

Medical comorbidities ·· ·· ·· ·· ··

None 25 988 (84·1%) 166 655 (84·8%) 19 271 (85·4%) 124 964 (86·1%) 0·027

One 3552 (11·5%) 22 178 (11·3%) 2459 (10·9%) 15 360 (10·6%) ··

Two or more 1370 (4·4%) 7716 (3·9%) 836 (3·7%) 4731 (3·3%) ··

Days from first positive test to 
second test

210 (144–285) 217 (154–293) 216 (146–291) 223 (154–295) 0·060

Hospitalised during first 
infection

1220 (3·9%) 9481 (4·8%) 781 (3·5%) 6507 (4·5%) 0·052

Hospitalisation (up to 
28 days)

2508 (8·1%) 3770 (1·9%) 1545 (6·8%) 2196 (1·5%) ··

Death (up to 28 days) 559 (1·8%) 663 (0·3%) 290 (1·3%) 386 (0·3%) ··

Hospitalisation or death 2554 (8·3%) 3829 (1·9%) 1564 (6·9%) 2238 (1·5%) ··

Data are n, n (%), or median (IQR). Percentages were calculated using number of tests as the denominator. Matching was based on tests rather than individuals, with up to 
ten controls matched, with replacement, per case.

Table: Characteristics, vaccination status, and outcomes of individuals eligible for and matched into case-control sets
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Figure 3: Effectiveness of BNT162b2, ChAdOx1 nCoV-19, CoronaVac, and Ad26.COV2.S vaccines against symptomatic COVID-19 among individuals with 
previous SARS-CoV-2 infection

Figure 4: Effectiveness of BNT162b2, ChAdOx1 nCoV-19, CoronaVac, and Ad26.COV2.S vaccines against COVID-19-associated hospitalisation or death among 
individuals with previous SARS-CoV-2 infection
*95% CI could not be estimated owing to zero events in this group.
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for BNT162b2 (35·3% vs 70·7%, p=0·011; appendix p 5). 
We found no differences in effectiveness against 
symptomatic infection when comparing the periods of 
14–90 days and more than 90 days after vaccine series 
completion. For hospitalisation and death, effectiveness 
of ChAdOx1 nCoV-19 was greater at more than 90 days 
after completion compared with that at 14–90 days 
(95·1% vs 86·6%; p=0·007), whereas effectiveness was 
lower for CoronaVac at more than 90 days than at 
14–90 days (74·4% vs 86·6%, p=0·012; appendix p 5).

Discussion
In this nationwide, population-based study among indiv-
iduals with confirmed previous SARS-CoV-2 infection, we 
observed a high degree of additional protection of 
four vaccines against symptomatic COVID-19 and severe 
outcomes. For the three vaccines with two doses 
(CoronaVac, ChAdOx1 nCoV-19, and BNT162b2), 
additional protection against symptomatic infection was 
observed after the second dose, reaching 39% to 65%, and 
protection against hospitalisation or death exceeded 80% 
14 days or more after the second dose. These results 
support vaccination, including the full vaccine series, 
among individuals with previous SARS-CoV-2 infection.

Public debate has occurred about whether individuals 
who were previously infected need to be vaccinated, due 
to substantial immunity conferred by SARS-CoV-2 
infection.5 Additionally, in view of data showing robust 
immune responses after a first vaccine dose in individuals 
who were previously infected, some have argued that 
two doses are not necessary.6,7 Indeed, several countries 
recommend that a single vaccine dose is sufficient for 
individuals who were previously infected.29–31 We found 
that a second dose of CoronaVac, ChAdOx1 nCoV-19, and 
BNT162b2 provided significant additional protection 
against symptomatic infections and severe disease. A 
recent study has shown that IgG antibodies to the 
receptor binding domain in individuals who recovered 
from COVID-19 declined to about 35% of their individual 
level by 9 months.32 Additionally, repeated antigen 
exposures were observed to increase antibody diversity, 
which might improve protection against emergent 
variants.32 Taken together, these findings might help 
explain the additional benefits of a second vaccine dose 
among individuals who were previously infected, despite 
robust immune responses to the first dose.33

The results of this analysis are consistent with studies 
reporting that individuals with previous SARS-CoV-2 
infection who received ChAdOx1 nCoV-19 and BNT162b2 
had a lower risk of symptomatic COVID-19 than those who 
were previously infected and unvaccinated.12,13,15,16 Direct 
comparison with vaccine effectiveness estimates from 
these studies is challenged by differences in design, with 
most studies reporting risk in comparison with individuals 
who were unvaccinated and without a previous SARS-CoV-2 
infection. However, inferred protection from those studies 
ranged from 40% to 94%, consistent with the magnitude 

of protection against symptomatic infection found for 
ChAdOx1 nCoV-19 (56·0%) and BNT162b2 (64·8%) in this 
study. Our analysis also adds new estimates on effectiveness 
of the CoronaVac and Ad26.COV2.S vaccines among 
individuals who were previously infected, finding that 
these vaccines provide more modest levels of protection 
against symptomatic infection, consistent with their lower 
effectiveness in naive populations.21,34 Concerns have been 
raised about less robust and durable neutralising antibody 
responses in individuals naive to SARS-CoV-2 who have 
received CoronaVac compared with other vaccines.35 We 
found that two doses of CoronaVac provided high levels of 
protection against severe outcomes (81·3%, 95% CI 
75·3–85·8). As CoronaVac is among the most widely used 
vaccines in the world, these findings have broad 
implications for many national programmes.19

To our knowledge, only one previous study reported 
vaccine effectiveness against COVID-19-related 
hospitalisation or death among individuals who were 
previously infected; with just 75 outcomes and three 
vaccines evaluated, the power of that study was limited 
for assessing vaccine and dose-specific effectiveness, 
but estimates ranged from 58% (BNT162b2) to 
68% (mRNA-1273), with no significant protection from 
Ad26.COV2.S.18 We found that protection against these 
severe outcomes, from 14 days after the second dose, was 
greater than 80% for the three two-dose vaccines 
(CoronaVac, ChAdOx1 nCoV-19, and BNT162b2). These 
results are consistent with recent data showing that 
individuals who were previously infected have even 
greater increases in T-cell and B-cell responses after 
vaccination than those without previous infection.36 This 
high degree of hybrid immunity, from infections and 
vaccination, might explain why Brazil, despite having 
similar vaccination coverage as the USA and many 
European countries, did not have a similar increase in 
hospitalisations and deaths in the period in which the 
delta (B.1.617.2) variant become dominant.

Effectiveness against severe outcomes was 
lower (57·7%) for the single-dose Ad26.COV2.S vaccine 
than for the vaccines given in two-dose series, although 
the confidence limits were wide. The Ad26.COV2.S 
vaccine was used in a more focal rollout from June to 
July, 2021, and far fewer individuals received this vaccine 
compared with the others, such that we had modest 
power to characterise the effectiveness of this vaccine 
against severe outcomes. Brazil’s Ministry of Health now 
recommends that individuals who received this vaccine 
receive a second dose after 60 days.

We focused our analyses on individuals who were 
previously infected to address the question of whether 
and to what extent vaccines confer additional protection 
against symptomatic infection and severe outcomes. We 
did not compare against individuals without a previous 
infection because their risk of exposure might be 
different, which could lead to biased estimates in this 
population-based study. Additionally, the misclassification 
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of individuals who were previously infected as not having 
been previously infected is a substantial risk, due to 
incomplete surveillance and asymptomatic infections; 
restricting vaccine effectiveness analysis to individuals 
with PCR-confirmed previous infection avoids this bias. 
Although much discussion has occurred concerning the 
relative protection conferred by infection-derived and 
vaccine-derived immunity, from a medical and public 
health standpoint, the crucial question is understanding 
whether individuals with previous infection would 
benefit from vaccination. This study suggests that 
individuals infected before vaccination benefit from 
strong protection against severe outcomes with all four 
vaccines studied.

A major difficulty with observational studies of vaccine 
effectiveness is the risk of confounding, whereby 
differences in the vaccinated and unvaccinated populations 
are associated with the risk of a COVID-19 diagnosis. The 
matched, test-negative design has been recommended by 
WHO to mitigate risk of confounding introduced by care-
seeking and diagnostic access; nevertheless, residual 
confounding might occur. We used vaccine effectiveness 
in the 6 days after the first dose as a bias indicator, in that 
differences during this period before vaccine-conferred 
protection is expected could indicate confounding.28 We 
only observed significant effectiveness in this time 
interval for one vaccine (CoronaVac) and one outcome 
(symptomatic infection); over the 7–13-day time window, 
no effectiveness for this vaccine was observed 
(appendix p 4). Whether the effectiveness observed over 
days 0–6 reflects bias or chance among the eight bias 
indicator tests (4 vaccines with 2 outcomes each) is unclear, 
but the absence of effects in the 7–13-day window might 
point away from systematic differences in recipients of 
CoronaVac regarding SARS-CoV-2 risk. For BNT162b2, we 
found modest protection in the 7–13-day window 
(appendix p 4). In clinical trials of BNT162b2, efficacy was 
apparent from approximately 11 days after the first dose.3 
Given the rapid and robust immune responses after first 
vaccination among individuals who were previously 
infected, we believe these findings are consistent with 
early vaccine-conferred immunity.

This study has several limitations. First, we were not 
powered to assess vaccine effectiveness by age groups. 
We compared effectiveness in individuals older and 
younger than 50 years and did not observe major 
differences. The mean age of our study population was 
36 years, with 75% younger than 45 years; these findings 
might not generalise to older populations. Second, there 
were differences in the timing of introduction and 
eligibility for each of the vaccines. This should prompt 
some caution in the comparison of effectiveness between 
vaccines, as the calendar period and median duration 
from second dose differed somewhat between vaccines. 
For example, if effectiveness wanes over time, vaccines 
used earlier would have lower effectiveness than 
those introduced later. Additionally, changes in variant 

distribution during the study period could alter 
effectiveness by time since vaccination. We did not have 
individual-level data on variants, which precluded 
assessment of variant-specific vaccine effectiveness. 
Different types and collection methods for RT-PCR tests 
are used throughout the country, which might have 
varying accuracy, and specific information about these 
characteristics are not recorded in the national data-
bases. We used a matched, test-negative design with 
multivariable regression to reduce non-vaccine-related 
differences between cases and controls; however, 
unmeasured differences could exist that lead to 
confounding.37 In particular, there were differences in the 
allocation of specific vaccines that might have been 
associated with unmeasured risk of COVID-19 or 
severe outcomes, which should prompt caution in the 
comparison of vaccine effectiveness between vaccines. 
This study included individuals who presented to 
health facilities and underwent diagnostic testing who 
might differ from individuals who did not seek 
medical care and might not be generalisable to that 
population. Finally, our study was unable to address the 
important question of when vaccines should be given to 
individuals with previous SARS-CoV-2 infection. To avoid 
misclassification of reinfections, we only considered 
tests done at least 90 days after the initial infection.

The accelerated development of effective vaccines 
against COVID-19 has been a remarkable scientific 
achievement but, as of March 11, 2022, 37·4% of the 
world’s population has yet to receive a first dose, and a 
substantial proportion of these individuals have already 
been infected with SARS-CoV-2.1 The results of this study 
provide evidence for the benefits of vaccination among 
individuals who have already been infected with 
SARS-CoV-2, with all four studied vaccines conferring 
substantial reductions in hospitalisation and death due 
to COVID-19. Ensuring vaccine access to individuals 
with previous infection might be particularly important 
amid reports of the omicron (B.1.1.529) variant, which 
suggest that immunity conferred by previous infection is 
reduced.9,10,38 The expanded, equitable rollout of vaccines 
for all individuals remains crucial for mitigating the 
continued threat posed by SARS-CoV-2.
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1.2. CoronaVac multiplies neutralizing antibody levels in people recovered from 
Covid-19, Chilean study shows

A Chilean study published in The Lancet 
Discovery Science journal eBioMedicine 
showed that CoronaVac increases 
the geometric mean titers (GMT) of 
neutralizing antibodies more than 
threefold, to above 2,000, in individuals 
with previous SARS-CoV-2 infection. The 
research was conducted by the Pontifical 
Catholic University of Chile and Fundación 
Ciencia & Vida, among other institutions.

In subjects who had mild to moderate 
disease, CoronaVac raised the level of 
neutralizing antibodies from 174 to 2057.3 
GMT. In those who had been hospitalized 
with severe disease, and therefore had 
more antibodies to fight the infection, the 
increase was from 700.8 to 2113.6 GMT.

To conduct this analysis, the scientists 
evaluated the natural immune response 
of 74 individuals recovering from Covid-
19 and observed that there was a rapid 
drop in neutralizing antibodies (nAb) 
over 12 months. Of these participants, 
30 were subsequently vaccinated with 
CoronaVac and most showed an increase 
in nAb titer, showing that the vaccine is 
effective in activating memory B cells, 
which produce antibodies. 

In addition, the real-life effectiveness of 
CoronaVac in Chile was greater than the 
estimated efficacy in the study. While the 
estimated protection against Covid-19 
infections was 50%, the actual protection 

was 65.9%. The vaccine also protected 
87.5% against hospitalizations, 90.3% 
against admissions in Intensive Care 
Units (ICU) and 86.3% against death. 
“The protection afforded by CoronaVac 
is most likely due to the induction of 
nAbs responses, and additional immune 
mechanisms, such as T-cell immunity and 
immune memory” the authors state.

According to the researchers, the drop 
in neutralizing antibodies over time in 
convalescent individuals reinforces that 
vaccination is necessary to potentiate 
the antibody response and memory cells. 
“Booster immunization strategies might 
be required to control the pandemic and 
prevent re-infection with new variants,” 
they point out.

CoronaVac increases 
protection against variants

A recently published research from China 
also showed that CoronaVac potentiates 
the immunity of previously infected 
individuals, inducing high neutralizing 
activity against the delta, alpha and 
beta variants of the SARS-CoV-2 virus, 
as well as increasing antibody amounts. 
Neutralizing antibodies against the 
original strain and its variants increased 
from seven to 17-fold.

Published on: 03/30/2022
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Induction of SARS-CoV-2 neutralizing antibodies by
CoronaVac and BNT162b2 vaccines in naïve and
previously infected individuals
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Summary
Background A major challenge of the SARS-CoV-2 pandemic is to better define “protective thresholds” to guide the
global response. We aimed to characterize the longitudinal dynamics of the antibody responses in naturally infected
individuals in Chile and compared them to humoral responses induced after immunization with CoronaVac-based
on an inactivated whole virus -or the BNT162b2- based on mRNA-vaccines. We also contrasted them with the respec-
tive effectiveness and efficacy data available for both vaccines.

MethodsWe determined and compared the longitudinal neutralizing (nAb) and anti-nucleocapsid (anti-N) antibody
responses of 74 COVID-19 individuals (37 outpatient and 37 hospitalized) during the acute disease and convales-
cence. We also assessed the antibody boosting of 36 of these individuals who were immunized after convalescence
with either the CoronaVac (n = 30) or the BNT162b2 (n = 6) vaccines. Antibody titres were also measured for 50
naÿve individuals immunized with two doses of CoronaVac (n = 35) or BNT162b2 (n = 15) vaccines. The neutralizing
level after vaccination was compared to those of convalescent individuals and the predicted efficacy was estimated.

Findings SARS-CoV-2 infection induced robust nAb and anti-N antibody responses lasting >9 months, but showing
a rapid nAb decay. After convalescence, nAb titres were significantly boosted by vaccination with CoronaVac or
BNT162b2. In naÿve individuals, the calculated mean titre induced by two doses of CoronaVac or BNT162b2 was
0¢2 times and 5.2 times, respectively, that of convalescent individuals, which has been proposed as threshold of pro-
tection. CoronaVac induced no or only modest anti-N antibody responses. Using two proposed logistic models, the
predicted efficacy of BNT162b2 was estimated at 97%, in close agreement with phase 3 efficacy studies, while for
CoronaVac it was »50% corresponding to the lowest range of clinical trials and below the real-life data from Chile
(from February 2 through May 1, 2021 during the predominant circulation of the Gamma variant), where the esti-
mated vaccine effectiveness to prevent COVID-19 was 62¢8�64¢6%.
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Interpretation The decay of nAbs titres in previously infected individuals over time indicates that vaccination is
needed to boost humoral memory responses. Immunization of naÿve individuals with two doses of CoronaVac
induced nAbs titres that were significantly lower to that of convalescent patients, and similar to vaccination with one
dose of BTN162b2. The real life effectiveness for CoronaVac in Chile was higher than estimated; indicating that
lower titres and additional cellular immune responses induced by CoronaVac might afford protection in a highly
immunized population. Nevertheless, the lower nAb titre induced by two doses of CoronaVac as compared to the
BTN162b2 vaccine in naÿve individuals, highlights the need of booster immunizations over time to maintain protec-
tive levels of antibody, particularly with the emergence of new SARS-CoV-2 variants.
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Research in context

Evidence before this study

The duration of immune protection against SARS-CoV-2
by natural infection or vaccination remains to be eluci-
dated during the current pandemic. As a central param-
eter of protection, the titre of circulating neutralizing
antibodies has been characterized and compared with
the efficacy and effectiveness of vaccines to protect
from symptomatic disease. We searched in the PubMed
database for articles published up to July 26th 2021,
using the terms “SARS-CoV-2” or “COVID-19” and “neu-
tralizing antibodies”, “long-lasting response”, “Corona-
Vac vaccine” or “BNT162b2 vaccine” to identify articles
related with antibody decay over time after natural
infection and initial antibody titres upon vaccination.
There was data available on spike-specific antibody up
to 11 months after onset of symptoms. Numerous data
was also available on mRNA vaccine studies, however;
little independent data was available on the inactivated
virus based CoronaVac vaccine. Of note, the assays for
measuring neutralization varied widely and to express
data as ratio of convalescence sera, the time of conva-
lescence since the onset of symptoms was not stan-
dardized either.

Added value of this study

This study provides a direct comparison of longitudinal
convalescent nAb titres after SARS-CoV-2 natural infec-
tion and those of individuals immunized with two differ-
ent vaccine formulations, CoronaVac and BNT162b2.
Based on the maximal response curves to SARS-CoV-2
infection we compared the mean titre of nAb response

using different time frames and used them as fold com-
parison with titres found in naïve immunized individu-
als. The data was further contrasted with the estimated
real-life vaccine effectiveness and efficacy to prevent
COVID-19, available for these vaccines.

Implications of all the available evidence

Understanding the “threshold” of neutralizing antibody
titres that confer protection against symptomatic
COVID-19 would help in the management of the pan-
demic. This is of particular importance because of the
decay of antibody levels observed over time after natu-
ral infection and vaccination, and due to the emergence
of SARS-CoV-2 variants. In this study we showed that
two doses CoronaVac immunization leads to initial neu-
tralizing antibody titres that are significantly lower than
that of convalescent patients and equivalent to one
dose of BNT162b2. However, the real life effectiveness
for CoronaVac in Chile was higher than estimated from
current logistic models. Hence, further studies are
required to assess if lower titres or additional cellular
immune responses, might contribute to effective pro-
tection in a population with high vaccine coverage.

Introduction
The durability of circulating neutralizing antibody
(nAb) responses to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection or vaccination
has become a central question during the current pan-
demic to determine correlates of immune protection
against disease. While the antibody dynamics during
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the acute phase have been described, many studies vary
considerably in the methods used.1 Increasing evidence
suggest that infected individuals can mount long-term
SARS-CoV-2 spike-specific nAbs that can remain detect-
able for up to 11 months.2�5 However, a “threshold” of
nAb titres related with protective activity remains to be
defined.6 This definition is of particular importance
where vaccine doses are sparse and for less studied vac-
cines that are being used widely in middle- and low-
income countries.

As of June 2021, the World Health Organization
(WHO) has authorized the emergency use of six vac-
cines, which are now also considered for distribution
through the coronavirus disease 2019 (COVID-19) Vac-
cines Global Access (COVAX) program (https://www.
who.int/initiatives/act-accelerator/covax). Limited infor-
mation is currently available on the longevity of the
humoral response after vaccination7 or natural infec-
tion, and whether a vaccination boost is required for
previously infected individuals, including when this
should be recommended, particularly in the context of
new variants of concern.8�10 Of the authorized vaccines,
limited data is available on the induction of nAbs by the
inactivated virus CoronaVac vaccine (Sinovac Life Scien-
ces Co., LTD, Beijing, China), which has been used
widely in over 50 countries in the developing world,
such as Brazil, Chile, Indonesia and Turkey, with a
reported efficacy in protection against symptomatic
COVID-19 ranging from 50 to 84%.11 In general, there
is limited information on the correlates of protection
and the relationship between nAbs levels and the effi-
cacy against symptomatic SARS-CoV-2 infection when
immunized with any of the available vaccines.12,13 To
provide a framework to implement improved global vac-
cination strategies, it is imperative to establish corre-
lates of protection that are evaluated and compared
simultaneously across different vaccine formulations and
dose schedules.14 Hence, additional longitudinal data are
needed to characterize the medium- and long-term nAb
dynamics, as well as the CD4+ T cells and CD8+ T
immune response15 and the Fc- effector functions,16

starting from the acute phase of disease of patients with
mild and moderate/severe outcome. It is also important
to determine and compare their memory responses upon
immunization with the different vaccines currently in
use (e.g. inactivated versus mRNA vaccines).

In this study we aimed to analyse the longitudinal
neutralizing and anti-nucleocapsid (anti-N) antibody
responses after natural infection in convalescent
COVID-19 individuals, including analyses of the tem-
poral induction and decay dynamics of these humoral
responses. Using these data as a framework, we then
compared these titres to those of naÿve individuals vac-
cinated with the CoronaVac vaccine or the BNT162b2
vaccine based on spike protein-encoding messenger
RNA (BioNTech/Pfizer), which we then used to

contrast them with the respective effectiveness and
efficacy data available for both vaccines.

Methods

Study population and clinical metadata
The individuals included in the study are part of the
CHILE COVID-19 cohort, which was established in
late February of 2020, as part of a CEIRS Cross-Centre
project funded by the NIH-NIAID, to study the natural
history of SARS-CoV-2 in the Southern Hemisphere
(Supplementary Figure 1). Of a total of 168 participants
(n = 81 outpatients and n = 87 hospitalized), 74 individ-
uals with a confirmed diagnosis for SARS-CoV-2 infec-
tion were recruited prospectively between March 5 and
October 22, 2020, and were selected for longitudinal
convalescent serology analyses if they had 2 or more
samples during 12 months since onset of symptoms.
Given that convalescent samples were obtained prior
to the appearance of virus variants, in this study we
assessed antibody titres against the Wuhan-like virus
strain. Due to the rapid vaccination campaign in Chile,
36 of these 74 participants were immunized with 1 or
2 doses of either the CoronaVac or BNT162b2 vaccines
during the follow up period within 127�398 days
(4.2�13.3 months) since onset of symptoms (Supple-
mentary Figure 2 and Supplementary Table 1). Hence,
they were re-consented and followed up for an addi-
tional time period (31�126 days). Extensive metadata is
collected at each visit and samples are clearly identified
as being part of the convalescent period or post-vacci-
nation period. No samples taken after vaccination
were included in the longitudinal (persistent) analyses
(Figures 1 and 2). The post-vaccination samples are
only included in (Figures 3 and 4). We also enrolled
healthy individuals (n = 50) who were recruited as con-
trols and received two doses of the CoronaVac
(n = n = 35; Sinovac Life Sciences Co., LTD, Beijing,
China) or BNT162b2 (n = 15; Pfizer Manufacturing Bel-
gium NV, Puurs, Belgium) vaccines at time intervals of
28 or 21 days, respectively. The analysis were per-
formed considering two major groups of individuals,
hospitalized and outpatients: Hospitalized individuals
(n = 37) were either severe patients (n = 14), defined as
those who developed pneumonia with one of the fol-
lowing three conditions: (1) acute respiratory failure
that required invasive mechanical ventilation or a
high-flow nasal cannula (HFNC) with prone position,
(2) septic shock or (3) multiple organ dysfunction;
moderate cases (n = 23) consisted of inpatients with
pneumonia without these conditions. Outpatients
(n = 37) were individuals that had mild symptoms of
COVID-19 but did not meet the criteria mentioned
above. Peripheral blood samples, nasopharyngeal
swabs and sputum samples were collected between 2
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and 437 days after the onset of symptoms. For naÿve
individuals, samples were collected 1�2 days prior to
vaccination and between 10 and 30 days after the first
dose but prior to the second dose and 6�31 days after
the second dose. For previously infected individuals,
samples were collected at time intervals corresponding
to weeks 1, 2, 3, 4, and months 3, 6, 9 and 12�14
months after onset of symptoms as shown in Figs. 1
and 2. Demographic data for all patients and controls,
obtained through a clinical questionnaire, are shown
in Table 1.

For comparing seroconversion titres and correlates
of protection, we used the same approach of Khoury
et al.12 considered as a robust approach to associate
nAbs and protection. Hence, took in to account the
time ranges of seven vaccine studies (e.g. of the
mRNA-1273, NVX-CoV2373, BNT162b2, rAd26-S
+rAd5-S, ChAdOx1 nCoV-19, Ad26.COV2.S and Coro-
naVac vaccines) for determining neutralization titres.
This time range was 10�60 days, or not specified,
from which the neutralization and protection model

was developed in the Khoury et al study. We also used
our own data (Figure 1a,b) that showed that some indi-
viduals have high levels of nAb during week 1
(Figure 1b). We performed initial analyses considering
convalescent titres obtained in our study using time
ranges of 10�37, 14�28 and 14�21 days, which
showed no significant differences (Supplementary
Figure 3). With this context and for broad comparisons,
we adopted a more dogmatic approach and used neu-
tralizing data from 14 to 28 days post onset of symp-
toms as the period at which robust nAbs are generated
upon natural infection.

Plasma and serum collection
Peripheral blood was collected in both plasma separat-
ing (EDTA/purple top) and serum separating (red top)
tubes and was processed by centrifugation at 2000 £ g
for 5 min. Limited volume of plasma and serum sam-
ples were aliquoted and stored at �80 °C. Serum sam-
ples were heated at 56 °C for 1 h before use to eliminate
the risk of any potential residual virus.

Figure 1. Longitudinal dynamics of neutralizing and anti-N antibody responses to SARS-CoV-2 infection from outpatient and hospi-
talized individuals. a,b. The half-maximum inhibitory concentration (IC50) of sera was determined by microneutralization assay of
recombinant vesicular stomatitis virus carrying SARS-CoV-2 spike protein (rVSV-SARS2-S). a. Neutralizing antibody (nAb) titres (log10
IC50) from n = 30 outpatients (116 samples; grey circles) and n = 35 hospitalized (112 samples; red circles) at 2 to 37 days post-symp-
tom onset. c. Longitudinal nAb titres (log10 IC50) from n = 36 outpatients (85 samples) and n = 31 hospitalized (58 samples) taken
from day 23 (outpatients) or day 25 (hospitalized) until day 414 post-symptom onset. c,d. The end-point titres of anti-N IgG were
determined by ELISA using a recombinant SARS-CoV-2 nucleocapsid protein. Samples and time points are the same as those in A
and B. a-c. The second order polynomial (quadratic) curve fitting was used to establish the days at which peak titres occurred
(Ymax). b�d. Continuous decay fit is shown with the red and gray line for the corresponding patient group. Every data point repre-
sents results from two technical replicates.
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SARS-CoV-2 spike and nucleocapsid ELISAs
Overnight, 96-well plates (Immulon 4 HBX; Thermo
Fisher Scientific #3355) were coated at 4 °C with 50 mL
per well of a 2 mg/mL solution recombinant SARS-CoV-
2 spike or nucleocapsid (GenScript #Z03488) proteins,
as previously described.3,17,18 The next morning, the
plates were blocked with 3% non-fat milk prepared in

PBS with 0.1% Tween 20 (PBST) for 1 h. Serial dilu-
tions of serum and antibody samples previously inacti-
vated by heating at 56 °C for 1 h, were diluted starting
1:50 for spike and 1:30 for nucleocapsid SARS-CoV-2
proteins were prepared and 100 mL of each dilution was
added to the plates for 2 h at room temperature. For pri-
mary antibody detection a 1:3,000 dilution of goat anti-

Figure 2. Comparison of neutralizing and anti-N antibody responses after SARS-CoV-2 infection of outpatient and hospitalized indi-
viduals over a 12 months period. a. nAb IC50 titres were determined by microneutralization assay of recombinant vesicular stomati-
tis virus carrying SARS-CoV-2 spike protein (rVSV-SARS2-S). b. End-point titres of anti-N IgG were determined by ELISA using a
recombinant SARS-CoV-2 nucleocapsid protein. a-b. Samples were obtained for n = 37 outpatients (172 samples; grey circles) and
n = 37 hospitalized (139 samples; red circles) grouped by weeks (W) or months (M) post-symptom onset (serum samples from:
1W = 1�7 days; 2W = 8�14 days; 3W = 15�21 days; 4W = 22�45 days; 3M = 46�135 days; 6M = 136�225 days;
9M = 226�315 days and 12-14M = 316�414 days). The bars indicate geometric mean titres (GMT) with 95% confidence intervals.
GMTs are indicated above each data set. Dashed line represents the limit of detection (LOD) of each assay. Statistical analyses shown
at the indicated time points were performed between nAb titres of outpatient and hospitalized using the unpaired two-tailed Mann-
Whitney test (*P < 0¢05; **P < 0¢01; **P < 0¢001; ****P < 0¢0001; ns, non-significant). Every data point represents results from two
technical replicates.
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human IgG�horseradish peroxidase (HRP) conjugated
secondary antibody (Thermo Fisher Scientific # SA1-
36011, RRID:AB_1075961) was added to each well for
1 h and SIGMAFAST OPD (o-phenylenediamine dihy-
drochloride; Sigma�Aldrich #P9187) was used as sub-
strate. After 10 min the reaction was stopped by the
addition 3 M hydrochloric acid and the optical density at
490 nm (OD490) was measured using a Synergy 4
(BioTek) plate reader. In some cases, end-point titres
were calculated, with the end-point titre being the last
dilution before reactivity dropped below an OD490 of
<0.11. CR3022, a human monoclonal antibody reactive
to the RBD of both SARS-CoV-1 and SARS-CoV-2,19,20

was used as control. Negative and positive controls were
used to standardize each assay and normalize across
experiments. The limit of detection (LOD) was defined
as 1:50 for spike and 1:30 for nucleocapsid. Limit of sen-
sitivity (LOS) for the nucleocapsid assay was established
on the basis of the maximal serum reactivity of unin-
fected subjects using samples from 16 pre-pandemic

donors never exposed to SARS-CoV-2. All data represent
results from two technical replicates.

SARS-CoV-2 microneutralization assay
This assay was performed as previously described.21

Briefly, Vero E6 cells (ATCC #CRL-1586, RRID:
CVCL_0574) were seeded at a density of 20,000 cells
per well in a 96-well cell culture plate in complete
Dulbecco’s Modified Eagle Medium (cDMEM, Gibco
Thermo Fisher Scientific #11995040). The following
day, heat-inactivated serum samples (dilution of 1:10)
were serially diluted threefold and 80 mL of each serum
dilution were mixed with 80 mL of the authentic SARS-
CoV-2 (USA-WA1/2020; GenBank: #MT020880)
diluted to a concentration of 100 TCID50 (50% tissue
culture infectious dose) and then added to a 96-well cell
culture plate and allowed to incubate for 1 h at room
temperature. After removing the cell culture media, the
Vero E6 cells were incubated with 120 mL of the virus-

Figure 3. Longitudinal neutralizing and anti-N antibody titres to SARS-CoV-2 in previously infected before and after CoronaVac or
BNT162b2 vaccination. nAb titres (IC50) obtained using a rVSV-SARS2-S microneutralization assay and end-point titres of anti-N IgG
were determined by ELISA using a recombinant SARS-CoV-2 nucleocapsid protein for vaccinated previously infected outpatients
(a-b; 20 participants) or vaccinated hospitalized patients (c-d; 16 participants) at different time points grouped by weeks (W) or
months (M) post-symptom onset (serum samples from: 1W = 1-7 days; 2W = 8-14 days; 3W = 15-21 days; 4W = 22-45 days;
3M = 46-135 days; 6M = 136-225 days; 9M = 226-315 days and 12M = 316-405 days/12-15M = 316-495). The arrows indicate time of
vaccination post-onset of symptoms (see Supplementary Table 1 for specific days of vaccination and sample collections). Circles,
non-vaccinated; squares, vaccinated with CoronaVac; triangles, vaccinated with BNT162b2. Conv: convalescent; Vacc: vaccine; 0:
indicates pre-vaccination samples; 1: first dose; 2: second dose. Dashed line indicates the limit of detection (LOD) of the microneu-
tralization assay. Every data point represents results from two technical replicates.
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serummixture at 37 °C for 1 h. The virus-serummixture
was then removed from the cells and 100 mL of each
corresponding serum dilution and 100 mL of 1 £ MEM
containing 1% fetal bovine serum (FBS, Corning # 35-
010-CV) was added to the cells. After 48 h at 37 °C, the
cells were fixed with 10% paraformaldehyde (Polyscien-
ces # 04018-1) for 24 h at 4 °C, permeabilized with PBS
containing 0¢1% Triton X-100 (Sigma-Aldrich # X100)
and the plates were and blocked with 3% milk (Ameri-
can Bio # AB1010901000) in PBST. For detecting viral
infection, a primary mAb 1C7 (anti-SARS nucleoprotein
antibody generated in-house) was used at a 1:1,000 dilu-
tion and subsequently detected with a 1:3,000 dilution
of a goat anti-mouse IgG�HRP (Rockland #KCB002,
RRID:AB_10703407), and incubation with SIGMA-
FAST OPD (Sigma-Aldrich) as described above. A cut-
off value of the average of the optical density values of

blank wells plus three standard deviations established
for each plate was used to calculate the microneutraliza-
tion titre. Microneutralization assays were performed in
a facility with a biosafety level of 3 at the Icahn School of
Medicine at Mount Sinai. Each data point represents
results obtained from two technical replicates.

rVSV SARS-CoV-2 spike protein (rVSV-SARS2-S)
microneutralization assay
To determine the nAb titres of patient sera, we used a
previously described the replication-competent recombi-
nant vesicular stomatitis virus carrying the SARS-COV-
2 spike protein and coding for an enhanced green fluo-
rescent protein (eGFP).22 This recombinant virus has
been shown to correlate well when compared to neutral-
ization of convalescent serum with the authentic SARS-

Figure 4. Neutralizing and anti-N antibody titres to SARS-CoV-2 in previously infected and naïve individuals before and after Corona-
Vac or BNT162b2 vaccination. nAb (b) and anti-N IgG (c) titres from 20 outpatient (42 samples) or 16 hospitalized (33 samples) indi-
viduals immunized with one or two doses of CoronaVac (30 participants) or one or two doses of BNT162b2 (6 participants) vaccines.
nAb (b) and anti-N IgG (d) titres from naïve individuals after the first and second dose of CoronaVac (35 participants) or BNT162b2
(15 participants) vaccines, compared to nAb titres from convalescent patients (samples taken between days 10 and 28 from 28 out-
patients (49 samples) and 34 hospitalized (58 samples) participants) and previously infected individuals (31 participants) before (31
samples) or after receiving two doses (25 samples) of the CoronaVac vaccine. Black lines represent the geometric mean titres (c) or
end-point titres (d) and bars show the 95% confidence intervals. Statistics were performed using unpaired two-tailed Mann-Whitney
test ((*P < 0¢05; **P< 0¢01; ***P< 0¢001; ****P < 0¢0001; ns, non-significant), excluding non-seroconverted data determined as out-
liers. Circles, non-vaccinated; squares, vaccinated with CoronaVac; triangles, vaccinated with BNT162b2. Conv: convalescent; Vacc:
vaccine; 0: indicates pre-vaccination samples; 1: first dose; 2: second dose. Dashed line indicates the limit of detection (LOD) of the
microneutralization assay and dotted line represents the limit of sensitivity (LOS) of ELISA. Every data point represents results from
two technical replicates.
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Outpatients Hospitalized P value CoronaVac BNT162b2 P value Vaccinated Vaccinated p value

(n = 37) (n = 37) (Outpatients

vs. Hospitalized)

(n = 35) (n = 15) (CoronaVac

vs. BNT162b2)

previously

infected

(n = 36)

naïve participant

(n = 50)

(previously

infected

vs. naïve)

Characteristics

Male, n (%) 17 (45.9) 25 (67.6) 0.0998 11 (31.4) 3 (20) 0.5067 14 (38.9) 14 (28) 0.3531

Age, mean (range) 37 (14-66) 51 (16-83) 0.0004 36 (21-80) 34 (15-53) 0.6981 44 (17-83) 35 (15-80) 0.0308

>60 years, n (%) 5 (13.5) 12 (32.4) 0.0956 1 (2.9) 0 >0.9999 8 (22.2) 1 (2) 0.0025

Symptoms

Respiratory

Cough, n (%) 27 (73) 31 (83.8) 0.3975 NA NA NA 30 (83.3) NA NA

Dyspnea, n (%) 6 (16.2) 19 (51.4) 0.0028 NA NA NA 14 (38.9) NA NA

Odynophagia, n (%) 21 (56.8) 6 (16.2) 0.0006 NA NA NA 13 (36.1) NA NA

Chest discomfort, n (%) 3 (8.1) 5 (13.5) 0.7106 NA NA NA 4 (11.1) NA NA

Constitutional

Fever, n (%) 22 (59.5) 31 (83.8) 0.0377 NA NA NA 26 (72.2) NA NA

Headache, n (%) 32 (86.5) 14 (37.8) < 0.0001 NA NA NA 23 (63.9) NA NA

Myalgia, n (%) 25 (67.6) 18 (48.6) 0.157 NA NA NA 20 (55.6) NA NA

Severe fatigue, n (%) 0 20 (54.1) < 0.0001 NA NA NA 11 (30.6) NA NA

Altered mental status, n (%) 0 3 (8.1) 0.2397 NA NA NA 1 (2.8) NA NA

Gastrointestinal

Diarrhea, n (%) 12 (32.4) 10 (27) 0.7997 NA NA NA 12 (33.3) NA NA

Nausea/Vomiting, n (%) 6 (16.2) 9 (24.3) 0.5642 NA NA NA 8 (22.2) NA NA

Sensorial

Ageusia, n (%) 18 (48.6) 5 (13.5) 0.0022 NA NA NA 14 (38.9) NA NA

Anosmia, n (%) 24 (64.9) 8 (21.6) 0.0004 NA NA NA 18 (50) NA NA

Comorbidities or conditions

Obesity (BMI � 30), n (%) 5 (13.5) 14 (37.8) 0.0317 5 (14.3) 4 (26.7) 0.4234 10 (27.8) 9 (18) 0.3038

Hypertension, n (%) 3 (8.1) 13 (35.1) 0.0095 3 (8.6) 2 (13.3) 0.6293 9 (25) 5 (10) 0.0797

Metabolic conditions*, n (%) 4 (10.8) 12 (32.4) 0.0459 2 (5.7) 1 (6.7) >0.9999 9 (25) 3 (6) 0.0239

Hyperlipidemia, n (%) 4 (10.8) 7 (18.9) 0.5151 1 (2.9) 2 (13.3) 0.2107 7 (19.4) 3 (6) 0.0865

Cardiovascular disease, n (%) 0 3 (8.1) 0.2397 0 0 NA 1 (2.8) 0 0.4186

Chronic pulmonary disease, n (%) 4 (10.8) 3 (8.1) 1 0 0 NA 4 (11.1) 0 0.0277

Asthma, n (%) 6 (16.2) 2 (5.4) 0.2611 4 (11.4) 4 (26.7) 0.2195 5 (13.9) 8 (16) >0.9999

Rheumatologic disease, n (%) 0 3 (8.1) 0.2397 0 1 (6.7) 0.3 1 (2.8) 1 (2) >0.9999

Immunocompromised, n (%) 0 5 (13.5) 0.0541 0 1 (6.7) 0.3 2 (5.6) 1 (2) 0.5691

Allergy**, n (%) 16 (43.2) 6 (16.2) 0.0209 17 (48.6) 5 (33.3) 0.3673 12 (33.3) 22 (44) 0.3751

Neurologic disease, n (%) 0 4 (10.8) 0.1148 0 0 NA 2 (5.6) 0 0.1724

Smoker, n (%) 8 (21.6) 9 (24.3) 1 6 (17.1) 4 (26.7) 0.4616 6 (16.7) 10 (20) 0.7836

Table 1: Demographic and baseline characteristics of COVID-19 patients and vaccinated controls.
Abbreviation: BMI, Body mass index; NA, Not applicable.

* Metabolic conditions include insulin resistance, prediabetes, type 1/2 diabetes, non-alcoholic steatohepatitis and obstructive sleep apnea;

** Allergy considered self-reported allergic rhinitis (by seasonal, perennial/year-round, or episodic allergens) and food allergy. [Fisher's exact test; Mann Whitney test].
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CoV-2, allows for rapid quantification, it enters cells
through pathways of SARS-CoV-2, and does not require
high biosafety containment. Briefly, Vero E6 cells
(ATCC # CRL-1586, RRID:CVCL_0574) grown in 1X
MEM (Gibco #11095-080) supplemented with 10% FBS
(Gibco, #16000-044) were transfected with plasmid
pCEP4-myc-ACE2 (Addgene catalog # 141185) and sta-
ble clones were selected by hygromycin (Invitrogen
#10687010) (400 mg/mL). To assay nAb titres, serial
dilutions of serum samples were incubated with rVSV-
SARS2-S for 1 h at 37 °C. The serum-virus inoculum
was added to Vero E6 hACE2 cells seeded the day before
in optical bottom 96-well plates (Thermo Scientific
#165305) at 80% confluence and adsorbed for 2 h at 37 °
C. Next, the mixture was replaced by culture media and
infection allowed to proceed for 20 h at 37 °C, 5% CO2

and 80% humidity. The cells were then fixed with 4%
formaldehyde (Pierce #28906) and stained in with 40,6-
diamidino-2-phenylindole (DAPI) 300 nM (Invitrogen
#D1306). Viral infectivity was quantified by automated
enumeration of GFP-positive cells (normalizing against
cells stained with DAPI) using a Cytation5 automated
fluorescence microscope (BioTek) and segmentation
algorithms applied from the ImageJ program. Alterna-
tively, total GFP fluorescence per well was acquired
using the Cytation5 fluorescence lector (wavelength for
DAPI 360 nm for absorption, 460 nm for emission and
for GFP, 485 nm for absorption, 526 nm for emission)
and normalized against DAPI fluorescence. The half-
maximum inhibitory concentration (IC50) of the sera,
were calculated from data obtained with two technical
replicates using non-linear regression analysis and the
curve fitting was done using second-order polynomial
(quadratic); and linear regression models (using log10
IC50 transformed data) were done with GraphPad
Prism 5 software.

Statistical analysis
We used a convenience sampling approach and
included n = 37 outpatients and n = 37 hospitalized
SARS-CoV-2 individuals from a total pool of 168
recruited individuals representative of the population of
the Metropolitan region of the country. Of the 74
infected individuals, we included all those that were vac-
cinated through the national COVID-19 immunization
campaign during the longitudinal follow up period, and
hence, there were no a priori criteria for selecting these
individuals. A convenience sampling of uninfected indi-
viduals (n = 50) that were voluntarily vaccinated through
the national COVID-19 immunization campaign, were
also invited to participate in the study. The samples
were assigned an anonymous code and all serological
analyses were performed by scientists that were blinded
in regards to the subject’s clinical condition and time of
sample collection. Our study did not have any a priori
exclusion criteria and hence all individuals with a

laboratory confirmed SARS-CoV-2 infection or that had
been vaccinated during the study period were invited to
participate in the study. Categorical variables were
expressed as numbers or percentages. Association
between categorical variables was examined with Chi-
squared or Fisher’s exact test. Continuous variables
were expressed in mean, geometric mean and range
and compared with unpaired two-tailed Mann-Whitney
test. Correlation was evaluated calculating the Pearson
correlation coefficient. GraphPad Prism 8 was used for
statistical analysis: *P < 0¢05; **P < 0¢01;
***P < 0¢001; ****P < 0¢0001. We evaluated for
potential cofounding effects on vaccinated individuals
by first performing univariate analysis (Fisher’s exact
test) on all the demographics and clinical features. We
then performed logistic regression with all the demo-
graphic variable and comorbidities. Variables that were
found to be significant were used to perform a multivar-
iate analysis, where the variables age and sex were
included as common potential cofounder variables
affecting immune responses. Relevant multivariate
analyses were plotted as crude and adjusted odds ratio
(OR) for vaccine responder capacity.

Ethics
Patient clinical and epidemiological data, along with
their clinical specimens were collected after informed
written consent was obtained under protocols 16-066
and 200829003, which were reviewed and approved by
the Scientific Ethics Committee for Health Sciences
(CECSaludUC, by its Spanish acronym) at Pontificia
Universidad Cat�olica de Chile (PUC).

Role of funders
The funders of this work had no role in the study
design, management, data collection, data analysis,
interpretation of the data nor the preparation, review, or
approval of this manuscript and decision to submit the
manuscript for publication.

Results

Longitudinal antibody titres induced by natural SARS-
CoV-2 infections
To understand the long-term dynamics of antibody
induction and decay after natural SARS-Cov-2 infection,
we prospectively enrolled 74 individuals (overall mean
age: 44 years [range 14�83, >60 23%]), of whom 37
were outpatient (mild disease mean age: 37 years [range
14�66]) and 37 were hospitalized (moderate [n = 23]
and severe disease [n = 14], mean age: 51 years [range
16�83]) with a confirmed SARS-CoV-2 quantitative RT-
PCR test. These individuals were followed longitudi-
nally for up to 13¢6 months from the onset of symptoms
(demographic and baseline characteristics of the
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patients are summarized in Table 1; convalescent sam-
ples were collected between 2 and 414 days after the
onset of symptoms).

To analyse humoral responses longitudinally, to
determine nAb titres we used a microneutralization
assay based on a recombinant vesicular stomatitis virus
carrying a SARS-CoV-2 spike protein,22 that showed
strong correlation (Pearson’s r=0.80, R2 = 0.65,
p < 0.001) with authentic SARS-CoV-2 microneutrali-
zation (Supplementary Figure 4a,b), and evaluated the
induction of anti-N IgG antibodies by ELISA. Regard-
less of disease severity and age, infected individuals
developed robust nAb and anti-N IgG responses dur-
ing the first month. The nAb responses declined over
time but were sustained for up to 13.6 months
(Figure 1a,b), whereas the anti-N IgG titres were detect-
able at least for 9 months (Figure 1c,d). We performed
kinetic analyses with samples from 65 individuals that
were sampled weekly during the first month from
symptom onset (Figure 1a,c; Supplementary Figure 4c,
d). In agreement with previous reports,23,24 hospital-
ized individuals had significantly higher neutralization
titres as compared to outpatients; with peak average
nAb responses at day 25 and at day 23 post-symptom
onset, respectively (Figure 1a and Supplementary
Figure 4c,d). Similarly, the anti-N IgG titres peaked on
days 23 for the hospitalized and day 22 for the outpa-
tient individuals (Figure 1c). We included long-term
longitudinal samples for 67 participants, which
included samples from 58 individuals that were also
analysed during the first month (Figure 1a) and per-
formed nAb and anti-N IgG titre time decay analysis
starting from the respective peak average responses
(Figure 1a,b). Fitting our nAb data to a continuous
decay model, estimated a half time of 147 days (95%
CI = 68.7�322.5 days) for outpatients and 112 days
(95% CI = 76.7�208.1 days) for hospitalized individu-
als (Figure 1b). For the anti-N IgG levels, the decay
model for hospitalized individuals was 118 days (95%
CI = 81�219.9 days) and for outpatients 600 days
(95% CI = 203.8�635.6 days, Figure 1d). We then also
compared longitudinally the antibody titres between
hospitalized and outpatient individuals. Hospitalized
individuals had significantly higher titres of nAbs at
weeks 2�4 and at 3�9 months. However, between
week four and month nine, the nAb GMT decrease of
hospitalized individuals was 15 times compared to
three times for outpatients (Figure 2a). A similar trend
was observed when we assessed the anti-N IgG titres,
which were significantly induced and remained higher
in hospitalized individuals as compared to outpatients
for the first 3 months since onset of symptoms
(Figure 2b). However, these antibodies in the hospital-
ized group showed no significant differences to those
observed for outpatients after 6 months. Noteworthy,
in some individuals we detected basal levels of anti-N
IgGs, above the limit of detection (LOD) but below the

limit of sensitivity (LOS) for the assay, which suggest a
potential previous exposure to seasonal coronaviruses
that have shown to induce cross-reactive anti-N anti-
bodies (e.g. HKU1 or OC43 strains).6 None of the indi-
viduals in the study had evidence of re-infections.
Taken together, while the nAb and anti-N IgG titres
remained higher in the hospitalized patients, these
individuals had a more pronounced decrease over
time. Nonetheless, despite this decrease in titres in
both study groups, all individuals showed long-lasting
responses of circulating nAbs 9�13.6 months after
natural infection.

Antibody responses in previously-infected individuals
after vaccination
Thirty-six of the previously infected individuals (mean
age: 44 years [range 17�83]) included in our longitudi-
nally cohort were immunized during the study period
(Figure 3), while 38 individuals were not immunised
(Supplementary Figure 5). Thus, we analysed the nAb
and anti-N IgG response in these previously infected
individuals after immunization with the two main vac-
cines used in Chile; the CoronaVac (Sinovac) or the
BNT162b2 (BioNTech/Pfizer) vaccines. The previously
infected individuals were vaccinated between 4.2 and
13.3 months (average 9.7 months, Supplementary
Figure 2 and Supplementary Table 1) after the onset of
symptoms for both, the outpatient (20 participants,
Figure 3a,b) and hospitalized groups (16 participants,
Figure 3c,d). Except for three cases, all the previously
infected participants showed an increase in the nAb titres
after receiving one or two doses of the vaccines, suggest-
ing a significant induction of B cell memory response
months after onset of symptoms. Strikingly, the only
three individuals (age range 29�63 years) that lacked an
induction of nAbs responses were obese (3/10 obese par-
ticipants), including an outpatient (Figure 3a, light green
patient) or two hospitalized participants (Figure 3c, grey
and cyan patients). For these individuals we only had a
previous sample 5.6 to 10.7 months prior to vaccination
(Figure 3a�c), and hence no clear conclusions can be
drawn about the trajectory of their nAb titres. Notewor-
thy, one of these participants had a marked decrease in
nAb titre after two doses of the vaccine (IC50 563.9 to
31.0; Figure 3c, cyan patient). Univariate analysis of obe-
sity as a cofounding factor for responding to vaccination
in the previously infected group showed statistical signifi-
cance (Table 1). Unexpectedly, regardless of the time of
vaccination or severity anti-N IgG were only modestly
boosted and in only in some previously infected patients
upon immunization with the CoronaVac vaccine
(Figure 3b�d).

To establish statistical comparisons of the antibodies
induced by immunization in previously infected indi-
viduals with these two widely used vaccines, we grouped
the nAbs and anti-N IgG titres before and after being
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vaccinated with CoronaVac or BNT162b2, and related
them to antibody titres which these patients had
reached during convalescence (Figure 4a,b). Given that
there is yet no clear definition of the time frame in
which protective nAb titres during convalescence
should be considered, we took the peak maximal titres
from our own data and its longitudinal decay, as well as
the normalized data reported by Khoury et al.12 No sta-
tistical differences were observed when we considered
days ranges from 14 to 21, 14 to 28 and 10 to 37 since
the initiation of symptoms (Supplementary Figure 3).
Hence, we included the more dogmatic seroconversion
data for the first 14-28 days post-infection for outpa-
tients and hospitalized individuals (outpatients
GMT = 681.2 [95% CI = 430.7�1077 GMT]; hospital-
ized GMT = 3232 [95% CI = 1984�5,266 GMT];
Figure 4a�c). There were only 7 samples available from
previously infected individuals vaccinated with one dose
of CoronaVac, therefore analysis of additional samples
would be needed to further evaluate the boosting capac-
ity of a single dose. After the second dose of the Corona-
Vac vaccine in previously infected individuals, the
average nAb increase since the pre-vaccine time point
was 12 times among outpatients (pre-vaccine
GMT = 174 [95% CI = 81.2�372 GMT], second dose
GMT = 2057.3 [95% CI = 987.7�4,285 GMT]) and five
times among hospitalized (pre-vaccine GMT=700.8
[95% CI=171.9�2,856.8 GMT], second dose
GMT = 2113.6 [95% CI = 412.9�10,018.7 GMT];
Figure 4a). When compared to the 14�28 day conva-
lescent titre, the pre-vaccination titres (Vacc Dose 0) of
outpatients and hospitalized individuals were signifi-
cantly lower. However, only the previously infected out-
patients group immunized with two doses of
CoronaVac generated a significant increase in titre,
which re-established them to levels comparable to the
convalescent titres (Figure 4a). In general, hospitalized
individuals had sustained higher antibody levels at the
time of vaccination, however; while immunization with
CoronaVac generated a measurable nAb titre increase
in most of these individuals, the overall level of induc-
tion was not significant (Figure 4a).

When we assessed the induction of anti-N IgG of
these previously infected individuals after immuniza-
tion with CoronaVac, surprisingly there was no increase
in titre in the outpatients as compared to their conva-
lescent levels, and only a modest increase in titres was
observed in the hospitalized group (Figure 4b), suggest-
ing that this inactivated virus vaccine is a poor inducer
of anti-N antibodies. There were only 6 cases of previ-
ously infected individuals that were immunized with
BNT162b2 (3 outpatient and 3 hospitalized) and there-
fore we had insufficient statistical power to perform any
further analyses. Nonetheless, as previously reported,
the general pattern in these individuals showed an
induction in their nAbs (Figure 4a)25 and as expected
no increases in anti-N IgGs were observed (Figure 4b).

Induction of antibody responses in naïve individuals
through vaccination
To compare the antibody titres of previously infected
individuals at convalescence and after vaccination to
those of healthy naÿve (SARS-CoV-2 seronegative) indi-
viduals immunized with one and two doses of either
vaccine representing similar demographic characteristic
(CoronaVac, 35 participants, mean age: 36 years [range
21�80] or BNT162b2, 15 participants, mean age:
34 years [range 15�53]; Figure 4c,d, Table 1), we deter-
mined the overall GMT antibody titre of both groups;
outpatients (OP) and hospitalized (HP) individuals. For
a broader point of comparison and to establish signifi-
cant differences among all groups, in our analyses we
also included the combined 14-28 day convalescent anti-
body titres from all previously infected individuals
(Total, Figure 4c,d) representing the broad diversity of
nAbs after natural infection (14�28 days
GMT = 1596.9).

The induction of nAbs in naÿve individuals vacci-
nated with CoronaVac (one dose GMT = 21.9; two doses
GMT = 311.9) were lower to those of the combined titres
of convalescent patients (Figure 4c). These lower levels
were highly significant when we compared to those of
hospitalized individuals (GTM = 3232.2) and to a lesser
extent when compared to the outpatient group
(GTM=681.2). Overall, this indicated that the nAb levels
induced by CoronaVac were significantly lower to those
generated after natural infection (Figure 4c), likely due
to the high levels of viral replication in infected individ-
uals.24 In addition, three out of 35 individuals immu-
nized with CoronaVac did not seroconvert. Naÿve
individuals vaccinated with BNT162b had similar nAb
titres after one dose (GMT = 465.7), but much higher
titres after two doses (GMT = 8387.5) as compared to
convalescent patients. This also indicated that one dose
of the BNT162b vaccines induces similar nAb levels
than immunization with two doses of CoronaVac. On
the other hand, individuals with two doses of the
BNT162b vaccine reached levels that were significantly
higher to those of the convalescent outpatients and hos-
pitalized combined, being most similar to those titres
observed in the hospitalized group at convalescence or
after these individuals were immunized with two doses
of CoronaVac (Figure 4c). When we evaluated the
induction of anti-N IgG through immunization with
CoronaVac in naÿve individuals, there were only a few
individuals that had a detectable increase in titres after
the second dose (Figure 4d). The overall anti-N IgG
titres in vaccinees were significantly lower as compared
to the combined or hospitalized convalescent titre but
similar to that induced in convalescent outpatients after
natural infection. As expected, no variation in anti-N
titres was observed in individuals immunized with the
BNT162b vaccine.

Since three naÿve individuals did not respond to
immunization, we assessed for potential cofounding
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factors affecting vaccine response. There were no demo-
graphic or clinical variables associated with either sero-
convertion or lack of antibody induction in the naÿve
immunized group. We further analyzed all the vaccinee
data, by including the previously infected and naÿve-vac-
cinated participants together, two variables associated
with a lack of vaccine response, age and obesity (Supple-
mental Table 2). Remarkably, logistic regression and
multivariate analyses confirmed obesity as an underly-
ing comorbidity affecting vaccine response (Supplemen-
tal Figure 6).

Neutralizing levels induced by CoronaVac and
BNT162b2 vaccines and estimates of predictive
efficacy
To assess the association of the nAbs titres from our
study to the reported protection by the CoronaVac and
BNT162b2 vaccines, we used the logistic models of
Khoury et al.12 and Earle et al.13. In these models, the
nAbs titres of the different studies were normalized to
the mean convalescent titres of the same study, and
compared against the corresponding protective efficacy
reported from the phase 3 clinical trials. Hence, to ana-
lyse our data with these models, we calculated the mean
neutralization level induced by the vaccines as a fold
comparison to the combined convalescent titres of indi-
viduals at 14-28 days post-symptom onset
(GMT = 1597). The mean titre induced by two doses of
CoronaVac was 0¢2 times that of convalescent individu-
als, whereas two doses of the BNT162b vaccine resulted
in 5.25 times, representing a highly significant differ-
ence in the neutralization levels induced by both vac-
cines. By extrapolating these data to the mathematical
models, the estimated predicted efficacy for CoronaVac
was »50% and for BNT162b was »97%, suggesting
that our independent data confirms the difference in
predictive protection reported previously for both
vaccines.26,27

Discussion
We found long-lasting nAb titres that persist for at least
13.6 months after the onset of symptoms in both, outpa-
tient and hospitalized individuals. This is in agreement
with the detection of SARS-CoV-2 spike-specific long-
lived bone marrow plasma cells 7-8 months post-symp-
tom onset.28 Our cohort study provides empirical data
showing that long-lasting nAb responses induced
through natural infection can be significantly boosted
after immunization with CoronaVac or BNT162b2 vac-
cines, when administered up to 13.3 months since the
onset of COVID-19 symptoms, suggesting that infection
induces a robust B-cell memory response. Such
responses have been well characterized in infected
individuals28,29 and are also critical for the durability of
protection in vaccinated individuals.30,31 Importantly,

the decay of nAbs titres after infection seen over time in
our study and reported by other groups,3,12,28 suggests
that booster immunization strategies of previously
infected individuals should be considered and might be
required to control the pandemic and prevent re-infec-
tion with new variants of concern (VOC) in subsequent
years.

Our longitudinal data indicates that infected individ-
uals generated robust nAb and anti-N IgG titres. Inter-
estingly, hospitalized individuals had significantly
higher titres when evaluated longitudinally throughout
the study period, which is likely due to sustained higher
viral loads observed in these individuals.24 There was a
more pronounced decay of both antibody titres in the
hospitalized population as compared to the outpatient
group. Of note, individuals in the hospitalized group
were »14 years older, which might explain the faster
decay in this group (Figure 1 and Table 1). While nAbs
were significantly boosted with two doses of CoronaVac
in the previously infected group, surprisingly there was
no or only moderate induction of anti-N IgG in any of
the previously infected individuals (Figs. 3 and 4). Simi-
larly, there was poor induction of anti-N antibodies after
vaccination of naÿve individuals with CoronaVac, overall
confirming that this vaccine is a poor inducer of anti-
body responses against this protein.32�34 This is impor-
tant to note, given that the protection afforded by
CoronaVac is most likely due to the induction of nAbs
responses, and additional immune mechanisms such
as Fc-effector functions and T-cell immunity, which
contribute to improve disease outcome.15,16

The correlates of protection against SARS-CoV-2 are
currently unknown. However, current evidence of re-
infections with the same virus variant remains limit-
ed.7,35�37 However this is a situation that continues to
evolve given the emergence of VOCs such as Gamma,
and Delta, which have shown significant reduction in
cross-reactive neutralizing titre, and have generated
increased rates of re-infection in some regions of the
world,38�40 a scenario that remains to be fully evaluated
with the new VOC, Omicron. To further strengthen
models for protective correlates, additional comparative
analyses of nAb titres of vaccinated individuals and bet-
ter-defined standards for convalescent sera that incorpo-
rate titre variations due to disease severity and decay
over time are needed. The current study provides a
unique dataset and a direct comparison of longitudinal
convalescent nAb titres to those of individuals immu-
nized with two different vaccine formulations approved
by the WHO and are currently being widely used. These
comparative data is of crucial value to establish the rela-
tionship between neutralization level and efficacy
against symptomatic SARS-CoV-2 infection, as recently
proposed.12,13

The calculated mean GMT induced by vaccination of
naÿve individuals with CoronaVac and BNT162b2 were
0.2 and 5.5 times, respectively, that of convalescent titres
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at 14�28 days post-symptom onset. This suggests that
the antibody response in previously uninfected individ-
uals vaccinated with CoronaVac was significantly lower
compared to individuals who have recovered from
SARS-CoV-2 infection.2,3,41 As shown, more severe indi-
viduals had higher antibody titres, which other studies
have been associated with increased replication and dis-
ease burden.24 Although lower titres are seen in Coro-
navac vaccinated individuals, as compared to natural
infected individuals, this data indicates that immuniza-
tion by this vaccine affords protection from COVID-19,
as shown in recent vaccine effectiveness studies in
Chile.42 The BNT162b2 vaccine induced titres that were
higher and more similar to the titre of hospitalized con-
valescent patients. Based on these titres, the predicted
efficacy by the mathematical model of Khoury et al. and
Earle et al. suggested a »50% protection from symp-
tomatic disease for CoronaVac and 97% for BNT162b2.
While this predicted efficacy coincide well with the
reported phase 3 trial of 95% for BNT162b2,43 for the
CoronaVac vaccine the 50% prediction is lower com-
pared to clinical data showing protection of 50�84%
depending on the geographic location.11 Interestingly in
our study, we determined nAb in sera collected from
vaccinated individuals at 20�30 days post first dose and
at 13�19 days after the second dose since immuniza-
tion. The large real-life effectiveness data reported from
Chile for BNT162b2 was 92.6% and for CoronaVac was
62.8�64.6%,42 which considered a similar timing post
vaccination to evaluate effectiveness (e.g. those individu-
als who were partially immunized [�14 days after
receipt of the first vaccine dose and before receipt of the
second dose], and those who were fully immunized
[�14 days after receipt of the second dose] allowing us
to compare both parallel results. In contrast, in the
CoronaVac clinical trial from Turkey, which represented
a smaller sample size and included a large number of
elderly individuals, among other differences, the
reported protection was as high as 84%.44 While the
prediction models correlated fairly well with the
observed efficacy for most vaccines, Khoury et al.
reported a less optimal correlation for the CoronaVac
vaccine as these data points were towards the lower end
of the logistic model. Hence, additional data such as the
data provided from this study along side with real life
efficacy data, may strengthen such models. Our study
indeed suggests that lower nAb titres might still afford
protection from disease. Moreover, approximately 10%
of the individuals vaccinated with CoronaVac did not
seroconvert, which has also been reported by others.45

This is in line with the notion that even lower nAb titres
can be sufficient to protect from severe disease.12

Hence, additional cellular immune responses, such as
T-cell immunity and Fc-effector mechanisms might
also contribute significantly to protection. Thus, addi-
tional assessment of the correlates of protection induced
by this and other vaccines warrants further

investigations. Of note, our analyses revealed that obe-
sity was a risk factor affecting seroconversion after
immunization (Table 1 and Supplemental Figure 6 and
Supplemental Table 2). Obesity has been reported to be
a comorbidity associated with an increased risk of devel-
oping severe COVID-19,46,47 and increased body mass
index (BMI) has been associated with decreased IgG lev-
els.48 Hence, further studies to monitor the induction
and decay of nAbs after vaccination in this population
are needed.

Our study has some limitations. Firstly, it is a small
longitudinal cohort representing a limited number of
individuals tested out of the population diagnosed with
COVID-19 in Chile during the study period. Moreover,
it is currently uncertain how these results compare to
the overall antibody levels induced by the CoronaVac
and BTN162b2 vaccines in the general population, and
hence, a larger study would be needed to draw further
conclusions. In addition, we used a convenience sam-
pling approach to rapidly recruit naÿve vaccinated indi-
viduals. While the overall demographics of this group
was highly similar to the previously infected immu-
nized group, the average age of the naÿve group was
9 years younger. Given that age is a known factor affect-
ing vaccination response (Supplemental Figure 6), fur-
ther assessment of the effect of age, obesity and other
comorbidities in vaccines response in the general popu-
lation are warranted. In addition, at the time of this
study Chile had vaccinated >75% of its population,
mainly with CoronaVac (https://deis.minsal.cl/), and
saw a drastic reduction of COVID-19 cases (epidemio-
logical weeks 24�31), even while the predominant circu-
lating variants were Gamma (P.1 VOC; at 75%
frequency) and Lambda (C.37 variant of interest; at 20%
frequency) (https://vigilancia.ispch.gob.cl/app/varco
vid). Noteworthy, in South America and Chile, there
seemed to be distinct dynamics (apparently delayed) of
the introduction of the Delta VOC as compared to other
countries in the Northern Hemisphere. Thus, our data
suggest that the immunity (humoral and B cell mem-
ory) induced by immunization with CoronaVac in the
general population was capable of reducing the circula-
tion of the SARS-CoV-2 strains including two recently
emerged variants. However, this data also suggest that a
larger proportion of the population would need to be
immunized with CoronaVac to have an impact in the
circulation of the virus and afford community level
immunity, as compared to other vaccines. In fact, Chile
has now (epidemiological week 9, 2022) reached >93%
of its population vaccinated, and saw a very small peak
of the Delta VOC in mid-November (epidemiological
week 47) and a large peak of the Omicron VOC, but
with reduced hospitalizations and severe cases. None-
theless, Chile has also used other vaccines (Ad5-nCoV;
Cansino, ChAdOx1 nCoV-19; AstraZeneca) and started
to offer booster doses of BNT162b and ChAdOx1 nCoV-
19 in mid-August (epidemiological week 33, 2021) to all

Articles

www.thelancet.com Vol 78 Month April, 2022 13



36 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

individuals vaccinated 6 months earlier (https://deis.
minsal.cl/). Hence, the direct independent effect of
CoronaVac on herd immunity cannot be estimated.

Booster vaccination schemes seem fundamental,
especially when the nAb decay over time is taken into
consideration, as shown in our longitudinal study of
infected individuals (half times »112 to »147 days) or
longitudinal vaccine cohort studies.49 Such a decay is of
particular concern when considering that the Corona-
Vac vaccine induces low initial nAb titers. This suggests
that vaccination with CoronaVac will require booster
doses within shorter time frames as compared to other
vaccines, and therefore this data contributes to further
defining the proper strategies and timing to implement
boost immunizations for the general population.10

The WHO Strategic Advisory Group of Experts on
Immunization (SAGE) in June 1st, 2021 authorized the
CoronaVac for emergency use (https://www.who.int/
news/item/01-06-2021-who-validates-sinovac-covid-19-
vaccine-for-emergency-use-and-issues-interim-policy-rec
ommendations). In this context, our data are highly rel-
evant for the COVAX initiative and the developing
world (e.g. 50 countries that have already authorized
CoronaVac, including being extensively used in Chile,
Turkey, Brazil, China and Indonesia). Further studies
to determine and monitor the long-term duration of
nAbs against SARS-CoV-2 induced by different vaccine
formulations and against emergent variants are war-
ranted.
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1.3. CoronaVac-induced immune response is superior to natural infection,  
Turkey study shows

A study from Turkey published in the 
journal Vaccine once again showed 
that, in people who have never had 
Covid-19, CoronaVac induces greater 
protection than that observed in those 
who only had the infection and were not 
vaccinated. In addition, individuals with 
previous infection who take CoronaVac 
multiply their antibody amount. The 
study reinforces the importance of 
immunization and adds to other studies 
that have already shown that natural 
infection is not enough to produce a 
lasting immune response, since the 
vaccine induces protection superior to 
that caused by the disease alone.

Conducted at the School of Medicine of 
Marmara University in Istanbul, the survey 
included 224 healthcare professionals, 
divided into four groups: 75 volunteers 
with no history of Covid-19 who were 
vaccinated with CoronaVac; 53 who were 
immunized after having the infection; 
60 with previous infection who were not 
vaccinated; and 36 who had Covid-19 
after vaccination.

All study participants showed 
seroconversion (antibody production), 
with IgG antibody levels being higher in 
those who received the vaccine after 
having the disease (620 BAU/ml) and 
in those vaccinated without previous 
infection (136 BAU/ml), compared to 
those who only had the infection and 
were not immunized.

The group with the highest antibody 
production was that of those who had 
Covid-19 after vaccination, with 6,146 
BAU/ml, demonstrating that the vaccine 
activates immunological memory and 
enhances the body’s response against 
the infection. However, these data were 
not statistically compared because 

the interval between the second dose 
of vaccine and blood sampling did not 
match the intervals of the other groups.

“Healthcare workers who had two doses 
of CoronaVac after natural SARS-CoV-2 
infection elicited significantly higher 
antibody response, up to five times of the 
VO and IO groups’, proving the basis for the 
requirement of a third dose of vaccination. 
HCWs who had SARS-CoV-2 after two doses 
of vaccination had one log higher antibody 
response, all showing that a third encounter 
with the virus after immunization, boosted 
the antibody response significantly”, the 
authors point out.

The superiority of vaccines over natural 
infections is amply proven by science. A 
recent study conducted in China showed 
that people who took CoronaVac and 
were infected by the delta variant are 
protected against omicron, unlike those 
who had the disease and did not get 
vaccinated. Other research conducted 
in Turkey also showed that previously 
infected individuals who have been 
vaccinated with CoronaVac have 
increased antibody levels.

Only vaccination protects 
against hospitalization 
and death

As an inactivated virus vaccine, CoronaVac 
“mimics” the infection without causing 
the disease. And as effectiveness studies 
carried out around the world have proven, 
CoronaVac protects more than 90% 
against hospitalization and death. Learn 
more about the benefits of the Butantan 
vaccine in the CoronaVac Dossier.

Published on: 03/18/2022
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Abstract

Background: Sars-CoV-2 infection influences older individuals at the forefront, and there is still limited data on the COVID-
19 vaccine response in the geriatric population. This study aimed to assess antibody response after vaccination with SARS-
CoV-2 inactivated vaccine and examine possible factors affecting this response in a geriatric population.
Methods: individuals who have been on at least the 28th day after the second dose of the COVID-19 vaccine were included.
Comprehensive geriatric assessment tools and the Clinical Frailty Scale were performed. SARS-CoV-2 spike-specific IgG
antibodies were detected and, levels ≥1 U/ml were defined as seropositive, <1 U/ml were defined as seronegative.
Results: a total of 497 patients were included and divided into three groups according to the days past after the second dose
of the vaccine (Group 1: 28–59 days, Group 2: 60–89 days and Group 3: 90 days and more). Groups included 188, 148
and 171 patients, respectively. Seropositivity rate in each group was 80.9,73.2 and 57.3%, respectively. In Groups 1 and 2,
Charlson Comorbidity Index score was higher in the seronegative group (P = 0.023 and P = 0.011, respectively). In Group
3, the prevalence of frailty was significantly higher in the seronegative group (P = 0.002).
Conclusion: to the best of our knowledge, this is the first study assessing the antibody response after vaccination with Sars-
CoV 2 inactivated vaccine in the Turkish geriatric population. Moreover, this is the first study revealing the relationship
between antibody response and frailty. Larger studies are needed to confirm the antibody response duration and the association
between frailty and COVID-19 vaccine response.

Keywords: SARS-CoV-2, sinovac, coronavac, neutralising antibody, anti-Spike IgG, older people

Key Points

• Seroconversion rate in older adults significantly decreased 90 days after the second dose of vaccine.
• Frailty might play an important role in vaccine response.
• The seropositivity rate was significantly lower in frail geriatric patients after two-dose scheduled inactive SARS-CoV-2
vaccination.
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Introduction

Sars-CoV2 infection undoubtedly influenced older individ-
uals at the forefront. Although important steps have been
taken worldwide for the treatment and prevention, vacci-
nation is the most powerful weapon to break the chain of
transmission.

Sinovac’s Coronavac vaccine is an inactivated whole virus
vaccine approved by 32 countries, including Turkey, for use
in adults ≥ 18 years. [1] Despite the disadvantages (i.e.
the integrity of antigens or epitopes that should be verified,
limited immunogenicity requiring adjuvants to enhance the
immune response), inactivated vaccines are still popular due
to their advantages (i.e. non-replicability in the host, non-
transmissibility, relatively easy production systems) [2].Most
vaccine studies (prepared by either new or conventional
methods; mRNA, adenovirus vector, adjuvant protein or
inactivated virus), have not included older patients, espe-
cially the frail groups. Therefore, the immune response to
vaccines in this special group is not well known [2, 3].

Vaccine response in older adults is not a truly well-
understood area [4]. Immunosenescence (qualitative and
quantitative deterioration in immune response due to age-
ing), frailty and multiple chronic diseases make it difficult
to predict the vaccine response in the geriatric population.
Furthermore, there is insufficient data on the duration of
the antibody response. A study conducted on inactivated
influenza vaccine reported that seroprotection rates against
all three strains in the vaccine had decreased six months after
vaccination in older individuals [5]. Therefore, it is essential
to highlight the duration of seroprotection after vaccination
with inactivated SARS-CoV-2 vaccine in this population.

The aim of this study was to assess antibody response after
vaccination with SARS-CoV-2 inactivated vaccine (Coron-
aVac) and to examine possible factors that may affect this
response in a geriatric population aged 60 years and older,
who were evaluated in terms of frailty with comprehensive
geriatric assessment (CGA).

Materials and methods

Sample size determination

In a study with a dichotomous (yes/no) endpoint (Sars-
CoV2 infection) and a study group (older adults) from the
community, it was predicted that the risk of COVID-19
infection in the known (older adults) population was 2% and
the risk of infection in this population could be reduced by
85% with inactivated vaccine. Thus, 411 people aged 60 or
over should be included in the study group with a margin of
error of 0.05 (alpha) and power of 90% [6]. Assuming there
may be a 20% loss until the end of the study, it was calculated
that the sample size should be 493 with 20% excess.

Study design

Four hundred ninety-seven geriatric outpatients, who were
60 years and older and who were on at least the 28th

day after the second dose of the SARS-CoV-2 inactivated
vaccine (CoronaVac), and had not met the exclusion
criteria were enrolled for the study. Exclusion criteria were
determined as any history of Sars-CoV-2 real-time PCR or
thorax computer tomography proven or clinically suspected
COVID-19 infection (information confirmed from the
national database), immunosuppressive treatments, patients
with dementia, active oncological treatments and regular
dialysis treatment.

Demographic data of the participants (age, gender, edu-
cation, occupation, where and whom they live with), chronic
diseases, medications, polypharmacy, smoking and falls were
recorded.

Comprehensive geriatric assessment

CGA was performed using standardised tools, i.e. Mini-
Mental State Examination (MMSE), Mini Nutritional
Assessment short-form (MNA-SF), Yesavage’s Geriatric
Depression Scale (YGDS), The Katz Activities of Daily
Living (ADL) scale and Lawton-Brody Instrumental
Activities of Daily Living (IADL). The patient’s functional
status was evaluated using the Katz ADL test, evaluating
over 6 points by questioning how independently the patient
performed basic care and activities related to daily life and the
score increased as independence increased [7]. The Lawton
Brody scale was performed to evaluate patients’ IADLs
[8]. The cognitive status of the participants was screened
by MMSE. The patients’ orientation, memory, attention,
calculation, recall, language, motor function and perception
skills were assessed with the MMSE. The maximum score
of the test is 30 points, and the scores 24 and below were
assessed as cognitive impairment [9]. Nutritional screening
via MNA-SF was performed and, scores > 11 points were
defined as normal, 8–11 points were defined as the risk of
malnutrition and≤7 points were defined as malnutrition
[10]. The YGDS was used for depression screening, and
patients scoring over five points were assessed clinically for
depression [11].

Assessment of frailty

The Clinical Frailty Scale (CFS) was performed to assess
frailty. CFS defines clinical frailty by giving a score between
1 and 9 (1: very fit; 2: well; 3: well with the treated comorbid
disease; 4: apparently vulnerable; 5: mildly frail; 6: mod-
erately frail; 7: severely frail; 8: very severely frail; and 9:
terminally ill) based on the clinical opinion of the physician,
and according to accepted definitions, patients were divided
into two groups as non-frail (CFS ≤ 4) and frail (CFS> 4)
[12]. Turkish validation study of CFS was available, and
CFS was found to be a reliable and valid frailty screening
tool for community-dwelling older adults in the Turkish
population [13].

Muscle strength

Muscle strength was evaluated by handgrip measurements
defined via the Takei grip strength dynamometer. The
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Table 1.Demographical characteristics and Comprehensive Geriatric Assessments according to groups defined as the days
past after the second dose of the vaccine

Group 1
(28–59 days past after
the second dose of
vaccination group)
(n= 188 (37.8%)

Group 2
(60–89 days past after
the second dose of
vaccination group)
n= 148 (27.8%)

Group 3
(90 and more days past
after the second dose of
vaccination group)
n= 171 (34.4%)

P value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age, median (IQR) 71 (67–75) 71 (67–73) 75(67–79) <0.0001a,c ,d

Female gender, n (%) 111 (56.%) 91 (65.9%) 103 (60.2%) 0.419
Comorbidities Depression, n (%) 18 (9.6%) 19 (13.8%) 24 (14%) 0.406

CVD, n (%) 49 (26.1%) 30 (21.7%) 48 (28.1%) 0.438
HT, n (%) 135 (71.8%) 101 (73.2%) 122 (71.3%) 0.934
DM, n (%) 84 (44.7%) 53 (38.4%) 67 (39.2%) 0.434
Atrial fibrillation, n (%) 16 (8.5%) 11 (8.0%) 25 (14.6%) 0.089
Hypothyroidism, n (%) 34 (18.1%) 28 (20.3%) 28 (16.4%) 0.674
Congestive heart failure, n (%) 19 (10.1%) 10 (7.2%) 14 (8.2%) 0.643
Rheumatological diseases, n (%) 20 (10.6%) 9 (6.5%) 15 (8.8%) 0.433
Malignancy history, n (%) 25 (13.3%) 14 (10.1%) 17 (9.9%) 0.535
Chronic renal disease, n (%) 8 (4.3%) 9 (6.5%) 8 (4.7%) 0.630
Pulmonary diseases, n (%) 15 (8.0%) 13 (9.4%) 6 (3.4%) 0.091

Basic ADLs, median (IQR) 6 (6–6) 6 (5–6) 6 (5–6) 0.051
Instrumental ADLs, median (IQR) 8 (8–8) 8 (8–8) 8 (7–8) 0.143
MMSE, median (IQR) 28 (26–30) 28 (25–29) 28 (26–30) 0.177
Geriatric Depression Scale score, median (IQR) 1(0–5) 2 (0–4.5) 2 (0–4) 0.506
Clock drawing test, median (IQR) 5 (3–6) 6 (3–6) 6 (3–6) 0.669
CCI Score, median (IQR) 1 (0–2) 1 (0–2) 1 (0–2) 0.060
CFS score, median (IQR) 3 (3–4) 3 (3–4) 3 (3–4) 0.071
CFS-frailty, n (%) 37 (20.2%) 28 (21.2%) 36 (22%) 0.924
MNA-SF score, median (IQR) 14 (12–14) 14 (12–14) 14 (12–14) 0.138
Malnutrition (MNA< 12) 43 (23.9%) 20 (15.9%) 41 (27.5) 0.066
Number of drugs, median (IQR) 5 (3–7) 5 (3–7) 5 (2–7) 0.744
Polypharmacy, n (%) 110 (59.5%) 75 (54.7%) 100 (58.5%) 0.520
Falls, n (%) 26 (14.6%) 22 (17.7%) 23 (16%) 0.764
HGS, median (IQR) 20 (16–29.3) 20 (17–26.6) 21.2 (17.2–29.7) 0.755
Low HGS, n (%) 60 (38.7%) 32 (28.8%) 47 (36.7%) 0.228
Low gait speed, n (%) 49 (33.8%) 27 (26.5%) 37 (30.1%) 0.465
Gait speed, median (IQR) 0.9 (0.7–1.2) 0.9 (0.7–1.0) 0.9 (0.8–1.1) 0.881
Sars-CoV2 spike IgG serum level U/ml, median (IQR) 4 (1.6–10) 1.78 (0.9–5.3) 1.35 (0.5–3.7) <0.0001a,b,c ,d

Sars-CoV2 spike IgG serum level BAU/ml, median (IQR) 79.1 (31.6–166.0) 41.2 (19.8–103.5) 27.0 (10.9–62.3) <0.0001a,b,c ,d

Seropositivity, n (%) 152 (80.9%) 101 (73.2%) 98 (57.3%) <0.0001a,c ,d

CVD, Cardiovascular diseases; HT, Hypertension; DM, Diabetes Mellitus; ADL, Activities of daily living; MMSE, Mini-mental State Examination; CFS, Clinical
Frailty Scale; MNA-SF,Mini Nutritional Assessment short-form. aP-value< 0.05 for the comparison between Group 1, 2 and 3. bP value< 0.05 for the comparison
between Group 1 and 2. cP value < 0.05 for the comparison between Group 1 and 3. dP value < 0.05 for the comparison between Group 2 and 3.

measurements were made three times with the dominant
hand in the sitting position, with the elbow bent at 90◦
and the hand in the neutral position. The highest of the
three repeated measurements was used in the analysis.
Cut-off values were taken according to the EWSGOP
revised sarcopenia criteria, the low handgrip strength (HGS)
for women and men, was described as HGS< 16 kg
and<27 kg, respectively [14].

Physical performance

The gait speed measurement was utilised to assess physical
performance. In the four-metres walking test, the patient was
asked to walk at a normal speed (with the auxiliary device if
used) and stop at a specified point, and the elapsed time was
recorded in seconds, then the patient’s walking speed was

calculated in m/s. Values below 0.8 m/s were evaluated in
favour of low physical performance [14].

Assessment of comorbidities

We used the Charlson comorbidity index (CCI) to assess the
patients’ comorbidities. CCI is a commonly used comorbid-
ity index including 17 comorbidities, and it indicates disease
burden with robust estimation of mortality [15, 16].

Detection of SARS-CoV-2 IgG antibody

To measure the level of IgG against SARS-CoV-2, blood
samples were drawn from the patients. Serum samples
were collected by whole blood centrifugation at 4,000 rpm
for 10 min. All samples were stored at –20◦C before
testing. Atellica IM SARS-CoV-2 IgG (sCOVG) assay
(11207386, California, USA) was used to detect IgG against
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the SARS-CoV-2 spike protein receptor-binding domain
and all samples were run in Atellica IM 1600 analyser
(Siemens Healthineers, California, USA). The Atellica IM
sCOVG assay is a fully automated two-step sandwich
immunoassay using chemiluminescent technology with a
measuring interval between 0.50–150.00 Index (U/ml). The
result is reported as non-reactive (negative) if the value
is <1.00 U/ml, and as reactive (positive) if the value is
≥1.00 U/ml. The analytical sensitivity at the cut-off values
for the Atellica IM sCOVG assay was determined using the
World Health Organization First International Standard for
anti-SARS-CoV-2 immunoglobulin (human) NIBSC code:
20/136. The concentration of the reference standard that
corresponds to the cut-off value of 1.00 Index (U/ml) for
the assay is 21.80 BAU/ml [17].

Statistical analyses

Statistical analyses were executed by SPSS version 22.0
(IBM). Variables were investigated using visual (histogram,
probability plots) and analytic methods to determine
whether or not they are normally distributed. Descriptive
statistics were presented as mean± standard deviation
for variables with normal distribution, median (IQR) for
disproportionate variables and the number of cases and (%)
for nominal variables. In terms of median values, when the
group number was two, the differences between the groups
were investigated by Mann–Whitney U test. When the
group number was more than two, the differences between
the groups were investigated by the Kruskal–Wallis test. Chi-
square test or Fisher exact test were performed for categorical
variables to compare the data and Bonferroni correction was
performed when necessary. A P value < 0.05 was considered
statistically significant.

Results

A total of 497 patients with a median (IQR) age of 72
(67–78) years were enrolled in the study, and 305 (61.4%)
patients were female. The median (IQR) number of days
after the 2nd dose of vaccine was 72 (45–97) days. The
seropositivity rate in the whole sample was 70.6% (n= 351).

In order to evaluate the course of the antibody response
over time, patients were divided into three groups according
to the days past after the second dose of the vaccine (Group
1: 28–59 days, Group 2: 60–89 days and Group 3: 90 days
and more), and groups included 188, 148 and 171 patients,
respectively.

Patients in Group 3 were significantly older than other
groups (P < 0.0001). There were no differences between
groups in terms of gender, comorbidities, CGAs, frailty and
functional status (Table 1).

Seropositivity rate decreased over time, and the rate
in each group was 80.9, 73.2 and 57.3%, respectively
(Appendix 1). sCOVG serum level median (IQR) binding

Figure 1. Distribution of antibody titres according to frailty
status.

antibody unit (BAU/ml) for each group was 79.1 (31.6–
166.0), 41.2 (19.8–103.5) and 27.0 (10.9–62.3), respec-
tively (P < 0.0001). In any of the three groups, no significant
difference was found between antibody positive and
negative groups in terms of age, gender, most comorbidities
(exceptions showed in Tables 2 and 3), nutritional status,
number of drugs, falls, low HGS, low gait speed, presence
of adverse reactions and the scores of Basic ADLs, MMSE,
YGDS and clock drowning test (Tables 2–4). Distribution
of seropositivity according to the days past after the second
dose of the vaccine is given in Supplementary Appendices
1. In Groups 1 and 2, the CCI scores were higher in the
seronegative group (P = 0.023 and P = 0.011, respectively)
(Tables 2 and 3). In Group 3, the median (IQR) of IADL,
for seropositive and negative groups were 8 (8–8) and 8
(6–8), respectively (P = 0.025), and prevalence of frailty
was significantly higher in the seronegative group (13.4 vs.
34.3% for seropositive and negative groups, respectively
(P = 0.002), Table 4). In Figure 1, solely for using in the box
blot plot, the logarithmic spike IgG levels were calculated to
exclude outliers.These logarithmic spike IgG levels were only
used in Figure 1 to show the distribution of seropositivity
rate according to the frailty status more comprehensible.

Discussion

Sars-CoV2 infection is a universal challenge and although
Sars-CoV2 infection undoubtedly influenced older
individuals at the forefront, there is still limited data on
the COVID-19 vaccine response in the geriatric population.
However, great strides have been made in vaccination since
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Table 2. Comparison of seropositive and seronegative individuals in Group 1

Sars-CoV2 spike IgG
antibody positive group
n= 152 (80.9%)

Sars-CoV2 spike IgG
antibody negative group
n= 36 (19.1%)

P value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age, median (IQR) 71 (67–76) 72 (68–80.75) 0.272
Female gender n (%) 87 (58%) 22 (61.1%) 0.734
Comorbidities Depression, n (%) 16 (10.2%) 2 (5.6%) 0.533

CVD, n (%) 40 (26.7%) 9 (25.0%) 0.838
HT, n (%) 107 (71.3%) 28 (77.8%) 0.436
DM, n (%) 65 (43.3%) 19 (52.8%) 0.307
Atrial fibrillation, n (%) 13 (8.7%) 3 (8.3%) 0.949
Hypothyroidism, n (%) 27 (18.0%) 7 (19.4%) 0.840
Congestive heart failure, n
(%)

13 (8.7%) 6 (16.7%) 0.215

Rheumatological diseases, n
(%)

13 (8.7%) 7(19.4%) 0.074

Malignancy history, n (%) 18 (12.0%) 7 (19.4%) 0.276
Chronic renal disease, n (%) 6 (4.0%) 2 (5.6%) 0.653
Pulmonary diseases, n (%) 12 (8.0%) 9 (25.0%) 0.008∗ ,∗∗

Basic ADLs, median (IQR) 6 (5.75–6.0) 6 (5.0–6.0) 0.991
Instrumental ADLs, median (IQR) 8 (8–8) 8 (8–8) 0.991
MMSE, median (IQR) 28 (26–30) 27(26–29) 0.377
Geriatric depression scale score, median (IQR) 2(0–5) 1(0–3) 0.204
Clock drawing test, median (IQR) 5 (5–6) 6 (5–6) 0.864
CCI score, median (IQR) 1 (0–2) 2 (1–3) 0.023∗
CFS score, median (IQR) 3 (3–4) 3 (3–4) 0.406
CFS-frailty, n (%) 29 (19.7%) 8 (22.2%) 0.738
MNA-SF score, median (IQR) 14 (12.7–14) 14 (11–14) 0.968
Malnutrition (MNA< 12) 32 (22.2%) 11 (30.6%) 0.294
Number of drugs, median (IQR) 5 (3–7) 6 (3–8) 0.200
Polypharmacy, n (%) 88 (59.9%) 22 (61.1%) 0.891
Falls, n (%) 19 (13.2%) 7 (20.6%) 0.285
HGS, median (IQR) 20.0 (16–29.3) 19.9 (16.2–29.4) 0.392
Low HGS, n (%) 45 (35.7%) 15 (51.7%) 0.111
Low gait speed, n (%) 40 (33.6%) 9 (34.6%) 0.922
Gait speed, median (IQR) 0.90 (0.6–1.2) 0.961 (0.7–1.2) 0.826
Sars-CoV2 spike IgG serum level U/ml, median (IQR) 4.6 (2.5–10) 0.56 (0–0.6) <0.0001∗ ,∗∗ ,∗∗∗
Sars-CoV2 spike IgG serum level BAU/ml, median (IQR) 100.3 (55.1–217.3) 12.3 (0.0–14.2) <0.0001∗ ,∗∗ ,∗∗∗

CVD, Cardiovascular diseases; HT, Hypertension; DM, Diabetes Mellitus; ADL, Activities of daily living; MMSE, Mini-mental State Examination; CFS, Clinical
Frailty Scale; MNA-SF, Mini Nutritional Assessment short-form. ∗Significance at P < 0.05. ∗∗Significance at P < 0.01. ∗∗∗Significance at P < 0.001.

the beginning of the pandemic; older adults, who are likely
to be among the first to be vaccinated, are often excluded in
vaccine studies. Therefore, evaluating the vaccine response
in older adults, who are mostly affected by the pandemic
and may have many confounding factors like frailty and
multiple chronic comorbidities, is essential. In the light of
the CGA, including frailty assessment, this study aimed
to evaluate the antibody response and factors that may
affect it in this particular group. Our findings suggest
that antibody response after two doses of the inactivated
vaccine decreases, especially after 90 days. Furthermore,
to the best of our knowledge, this study is the first
revealing comorbidity burden and frailty as important factors
for COVID-19 vaccine seroconversion in the geriatric
population.

There is still insufficient data for long-term follow-up
of antibody response after COVID-19 vaccination not
only in older adults but also in all age groups. A recent
study on non-immunocompromised healthcare workers

showed a significant decline in neutralising antibody titres
three months after the second dose of BNT162b2 [18].
In addition, Sinopharm’s inactivated COVID-19 vaccine,
which has similar technology with Sinovac’s Coronavac, also
showed decreased antibody production, vaccine effectiveness
and mortality reduction, in older adults [19, 20]. Similar
to the previous studies, we observed a significant decline
in the seroconversion rate over time, particularly if it has
been longer than three months after the second dose. These
findings may support the concerns about the possible short-
lasting humoral immunity response after the two-dose
vaccination schedule, and starting with the older population,
booster doses may be needed to help to pursue seropositivity.

The BAU/ml is the conversion factor determined using
the World Health Organization international standard code
to standardise interlaboratory variability due to different
reagents. However, few studies evaluating the antibody
response of the Sinovac vaccine have used BAU/ml. There-
fore, our study aimed to make qualitative and quantitative
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Table 3. Comparison of seropositive and seronegative individuals, in Group 2

Sars-CoV2 spike IgG
antibody positive group
n= 101 (73.2%)

Sars-CoV2 spike IgG
antibody negative group
n= 37 (26.7%)

P value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age, median (IQR) 71 (67–75.2) 71 (66.2–75) 0.723
Female gender 66 (67.3%) 23 (63.9%) 0.707
Comorbidities Depression, n (%) 15 (15.3%) 4 (11.1%) 0.537

CVD, n (%) 20 (20.4%) 10 (27.8%) 0.364
HT, n (%) 76 (77.6%) 25 (69.4%) 0.334
DM, n (%) 38 (38.8%) 15 (41.7%) 0.742
Atrial fibrillation, n (%) 6 (6.1%) 5 (13.9%) 0.165
Hypothyroidism, n (%) 24 (24.5%) 4 (11.1%) 0.091
Congestive heart failure, n
(%)

7 (7.1%) 3 (8.3%) 0.728

Rheumatological diseases, n
(%)

2 (2.0%) 7 (19.4%) 0.001∗ ,∗∗

Malignancy history, n (%) 7 (7.1%) 7 (19.4%) 0.055
Chronic renal disease, n (%) 6 (6.1%) 8 (3.8%) 0.701
Pulmonary diseases, n (%) 7 (7.1%) 2 (5.6%) 0.745

Basic ADLs, median (IQR) 6 (5–6) 6 (5–6) 0.331
Instrumental ADLs, median (IQR) 8 (8–8) 8 (8–8) 0.261
MMSE, median (IQR) 28 (25–29) 27.5 (25.7–30) 0.914
Geriatric depression scale score, median (IQR) 2 (0–5) 2.5 (0.7–7) 0.697
Clock drawing test, median (IQR) 6 (2.2–6) 6 (3–6) 0.388
CCI score, median (IQR) 1 (0–1) 1.5 (0–3) 0.011∗
CFS score, median (IQR) 3 (3–4) 3 (3–4) 0.729
CFS-frailty, n (%) 21 (21.9%) 7 (19.4%) 0.761
MNA-SF score, median (IQR) 14 (13–14) 13.5 (12–14) 0.128
Malnutrition (MNA< 8) 13 (14.1%) 7 (20.6%) 0.379
Number of drugs, median (IQR) 5 (3–7) 5 (3–9) 0.719
Polypharmacy, n (%) 20 (55.6%) 55 (56.7%) 0.816
Falls, n (%) 15 (16.5%) 7 (21.2%) 0.542
HGS, median (IQR) 19.4 (16.9–26.6) 23.5 (17.7–27) 0.035∗
Low HGS, n (%) 25 (30.9%) 7 (23.3%) 0.437
Low gait speed, n (%) 17 (23.3%) 10 (34.5%) 0.248
Gait Speed, median (IQR) 0.9 (0.8–1.1) 0.85 (0.6–0.9) 0.382
Sars-CoV2 spike IgG serum level U/ml, median (IQR) 2.9 (1.6–6.5) 0.57 (0–0.7) <0.0001∗ ,∗∗ ,∗∗∗
Sars-CoV2 spike IgG serum level BAU/ml, median (IQR) 61.9 (37.0–131.8) 12.4 (0.0–15.2) <0.0001∗ ,∗∗ ,∗∗∗

CVD, Cardiovascular diseases; HT, Hypertension; DM; Diabetes Mellitus; ADL, Activities of daily living; MMSE, Mini-mental State Examination; CFS, Clinical
Frailty Scale; MNA-SF, Mini Nutritional Assessment short-form. ∗Significance at P < 0.05. ∗∗Significance at P < 0.01. ∗∗∗Significance at P < 0.001.

evaluations by giving both U/ml and BAU/ml values.
Based on a hospital serological study, young healthcare
professionals (mean age: 34.4) who received two doses of
CoronaVac, tested after 60 days, had significantly lower
sCOVG serum levels compared to those who were tested
within 60 days of receiving CoronaVac (111.1± 62.63
vs. 237.4± 160.4 BAU/ml; P < 0.001) [21]. In another
study conducted on participants who received two doses of
CoronaVac with a mean age of 42.3, the median sCOVG
serum level collected after 21–49 days after the second dose
of vaccine was found to be 128 BAU/ml [22]. In our study,
sCOVG serum level median (IQR) BAU/ml for each group
was 79.1 (31.6–166.0), 41.2 (19.8–103.5) and 27.0 (10.9–
62.3), respectively. Compared to the few studies conducted
in young patients, the lower mean BAU values obtained
in a geriatric population may be explained via the factors,
particularly immunosenescence, that reduce ageing related
antibody response. Since this study’s primary aim was not to
compare the age groups, more randomised controlled studies

comparing older and younger adults are needed to prove this
hypothesis.

Vaccine response in the older population is not an
entirely well-understood area due to confounders such as
immunosenescence (qualitative and quantitative deteriora-
tion in immune response due to ageing), frailty and multiple
comorbidities [4, 23].The change of immune organs in older
adults is most obvious in thymus; the activity of thymocytes
and thymic epithelial cells are reduced, the immune
response substances are reduced and therefore immune
function is decreased [24]. In addition, the generation of
activated B cells and immunoglobulin functionality are
important issues [4]. Therefore, immunosenescence may
cause alterations in vaccine response in older adults. Frailty
is a relatively new concept, providing us an integrative
understanding than comorbidities alone of susceptibility
to adverse outcomes [25]. Furthermore, recent studies
show that immunosenescence is not only a consequence of
biological ageing but also a contributor to the variability in
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Table 4. Comparison of seropositive and seronegative individuals, in Group 3

Sars-CoV2 spike IgG
antibody positive group
n= 98 (57.3%)

Sars-CoV2 spike IgG
antibody negative group
n= 73 (42.7%)

P value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age, median (IQR) 75 (68.7–79) 75 (68–81) 0.744
Female gender 63 (64.3%) 4 (54.8%) 0.208
Comorbidities Depression, n (%) 16 (16.3%) 8 (11%) 0.320

CVD, n (%) 29 (29.6%) 19 (26%) 0.608
HT, n (%) 70 (71.4%) 52 (71.2%) 0.978
DM, n (%) 34 (34.7%) 33 (45.2%) 0.164
Atrial fibrillation, n (%) 15 (15.3%) 10 (13.7%) 0.7691
Hypothyroidism, n (%) 8 (18.4%) 10 (13.7%) 0.414
Congestive heart failure, n
(%)

11 (11.3%) 3 (4.1%) 0.090

Rheumatological diseases, n
(%)

7 (7.1%) 8 (11%) 0.383

Malignancy history, n (%) 14 (14.3%) 3 (4.1%) 0.052
Chronic renal disease, n (%) 2 (2%) 6 (8.2%) 0.074
Pulmonary diseases, n (%) 12 (12.2%) 6 (8.2%) 0.396

Basic ADLs, median (IQR) 6 (5–6) 6 (5–6) 0.232
Instrumental ADLs, median (IQR) 8 (8–8) 8 (6–8) 0.025∗
MMSE, median (IQR) 28 (26–29) 28 (24–30) 0.544
Geriatric depression scale score, median (IQR) 2 (1–4) 2 (0–5) 0.769
Clock drawing test, median (IQR) 6 (4–6) 6 (2–6) 0.689
CCI score, median (IQR) 1 (0–2) 1 (0–2) 0.903
CFS score, median (IQR) 3 (3–4) 4 (3–4) 0.028∗
CFS-frailty, n (%) 13 (13.4%) 23 (34.3%) 0.002∗ ,∗∗
MNA-SF score, median (IQR) 14 (11.5–14) 14 (12–14) 0.926
Malnutrition (MNA< 12) 25 (28.1%) 16 (26.7%) 0.849
Number of drugs, median (IQR) 4 (2–6.5) 5 (2–7) 0.662
Polypharmacy, n (%) 54 (55.1%) 46 (63%) 0.299
Falls, n (%) 13 (14.3%) 10 (18.9%) 0.469
HGS, median (IQR) 21 (15.0–28.7) 23 (16.1–27.4) 0.419
Low HGS, n (%) 26 (33.3%) 21 (42%) 0.321
Low gait speed, n (%) 23 (30.7%) 14 (29.2%) 0.860
Gait speed, median (IQR) 0.9 (0.8–1.1) 1 (0.8–1.2) 0.864
Sars-CoV2 spike IgG serum level U/ml, median (IQR) 2.4 (1.37–5.39) 0.5 (0.5–0.59) <0.0001∗ ,∗∗ ,∗∗∗
Sars-CoV2 spike IgG serum level BAU/ml, median (IQR) 52.6 (29.8–117.0) 10.9 (10.9–12.6) <0.0001∗ ,∗∗ ,∗∗∗

CVD, Cardiovascular diseases; HT, Hypertension; DM, Diabetes Mellitus; ADL, Activities of daily living; MMSE, Mini-mental State Examination; CFS, Clinical
Frailty Scale; MNA-SF, Mini Nutritional Assessment short-form. ∗Significance at P < 0.05. ∗∗Significance at P < 0.01. ∗∗∗Significance at P < 0.001.

vulnerability seen with frailty [24, 25]. Current studies have
revealed the impact of frailty on other vaccine responses.
In a study evaluating pneumococcal vaccine response in
older adults, frailty has appeared to be a better predictor
of immune response than age alone [26]. Moreover, many
studies assessing the impact of frailty on influenza vaccine
responses disclosed that frailty was strongly associated with
antibody response as a measure of vaccine efficacy [24].
Although there is a growing body of evidence showing the
relationship between frailty and vaccine response [15, 26],
most of the vaccination studies have not included frail older
adults as a major limitation. In the first report of inactivated
SARS-CoV-2 vaccine, CoronaVac, tested in older adults
(aged ≥ 60 years), used a phase 1/2 study design to assess
the safety of two different doses (3 μg and 6 μg) and
found similar neutralising antibody responses among adults
aged 18–59 years received same doses [27]. However, the
most important limitation of this study was evaluating the
seroconversion rate solely at days 28 and 56 and having
no data on patients’ comorbidities or compressive geriatric

assessments, including frailty. In another Phase 2 vaccine
study conducted on chimpanzee adenovirus vector vaccine
developed by AstraZeneca/Oxford University, people aged
60 and older were included, and similar seropositivity on the
28th day was reported in all age groups. Since, this study is
not providing a follow up after 28 days and excludes older
participants with severe comorbidities and a CFS score of
4 and above, the antibody response in frail older adults has
been unknown [28].

In our study, all patients were evaluated in terms of
frailty via CFS, a frailty scale most often used for cumulative
deficit frailty. Although we observed no relationship between
seroconversion and frailty in Groups 1 and 2 after the second
dose of vaccine, in Group 3, frailty prevalence with CFS was
significantly higher in the seronegative group (P = 0.002).
Even though most studies in the field of vaccination empha-
sise that there might be an age-related decrease in anti-
body response, our study showed no difference between
seropositive and negative groups in terms of age, how-
ever, frailty seems to be associated with antibody response.
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Therefore, frailty might be playing a key role in possible
short-lasting humoral immunity response after the two-dose
vaccination, clarified after 90 days.

Despite the studies focused on the effect of comor-
bidities on non-Sars-CoV2 vaccine response [29], there
is insufficient data about the impact of comorbidity
burden. Although we observed higher scores of CCI in the
seronegative subjects of Groups 1 and 2, no relationship
was found between seroconversion and CCI in Group 3. In
accordance with our findings, in a study with a small group
of haemodialysis patients conducted by Torreggiani et al.,
at the time of the second dose mRNA vaccine (i.e. 3 weeks
after the first dose), low neutralising antibody titers were
observed in the high CCI scored group [30]. In conclusion,
it can be hypothesised that the seroconversion rate, especially
in the early period, may be affected by the burden of
comorbidity.

The main limitation of our study is the cross-sectional
design, which hinders the causal direction of the rela-
tionships seen. Another issue that can be considered as a
limitation is that the prevaccine antibody status of the
patients is not known. Although N-protein IgG measure-
ment is one of the methods that can objectively evaluate
whether patients have had COVID-19 before, it was
not available to make this measurement for this cross-
sectional study. In order to avoid this situation becoming a
limitation, patients were evaluated with all suspicious clinical
symptoms, contacts with people infected with COVID-19
and rt-PCR and thorax computer tomography results were
obtained from the national database since the onset of the
pandemic. Patients were excluded from the study in the
presence of a suspicious/positive history, symptom or result.
In addition, the lack of recurrent antibody measurements
of the same patients also causes limitations in the objective
evaluation of the real-life course of the antibody response.
Furthermore, a follow-up of the patients in terms of
COVID-19 infection could provide essential data on the
vaccine’s effectiveness. Finally, considering that humoral
immune response may not be the sole factor affected by
immunosenescence, further studies evaluating the effect
of cellular immunity on vaccine response may also be
needed.

There are also several strengths of the study. This is the
first study giving information about the inactive COVID-
19 vaccine seroconversion rate proceeding over time in older
adults. Another important strength of this study is showing
the effect of frailty, an essential component of the assessment
of an older individual, on the COVID-19 vaccine response,
as a distinctive feature of the study.

In conclusion; to the best of our knowledge, this is the
first study assessing antibody response after vaccination with
Sars-CoV 2 inactivated vaccine in the Turkish geriatric popu-
lation. We found that the seropositivity rate was significantly
lower in frail geriatric patients after two-dose scheduled
vaccination. These findings may support the necessity
of a third dose vaccination after two doses of inactive
vaccination, especially in the frail older population. Larger

sampled randomised controlled trials are needed to
confirm the association between frailty and COVID-19
vaccine response.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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1.4. CoronaVac prevented Covid-19 in 93% of healthcare workers in Turkey, 
study shows

An article published in the journal Human 
Vaccines & Immunotherapeutics showed 
that CoronaVac, a vaccine from Butantan 
and Chinese pharmaceutical company 
Sinovac, was 93% effective in preventing 
Covid-19 in healthcare professionals in 
Turkey, a population with the highest 
level of exposure to the SARS-CoV-2 virus. 
The study was conducted by the School 
of Medicine of Yildirim Beyazit University 
between July and August 2021. 

A total of 627 health professionals from 
Ankara City Hospital participated in 
the study, 158 men and 469 women with 
an average age of 35 years. Of these, 
536 were immunized with CoronaVac 
and 91 were not vaccinated. The 
volunteers completed a questionnaire 
on demographic characteristics, 
vaccination status and Covid-19 history 
before or after immunization.

Of the individuals immunized with the 
Butantan vaccine, only 38 (7%) developed 
Covid-19 after vaccination, without the 
need for hospital admission, and 146 
(27%) had the disease before taking the 
immunizing agent. Among unvaccinated 

participants, about 50% (46) contracted 
the disease.

A phase 3 clinical trial conducted in 
Turkey had already demonstrated an 
83.5% efficacy of CoronaVac against 
symptomatic cases of Covid-19 and 100% 
against severe disease. An effectiveness 
survey conducted in Chile showed that 
the vaccine protected 65.9% against 
symptomatic cases, 87.5% against 
hospitalizations and 90.3% against 
hospital admissions.

The Turkish scientists concluded that, 
as observed in other studies, their 
results prove the efficacy and safety 
of the immunizing agent. “Considering 
that approximately 80% of the cases 
of COVID-19 were before CoronaVac 
vaccination in the vaccinated group in 
our study, we believe that CoronaVac is 
even more effective in preventing COVID-
19 infection than the above numbers 
indicate,” they say.

Published on: 02/16/2022



 |  51O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=khvi20

Human Vaccines & Immunotherapeutics

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/khvi20

Effectiveness of CoronaVac in preventing COVID-19
in healthcare workers

Gulsum Iclal Bayhan & Rahmet Guner

To cite this article: Gulsum Iclal Bayhan & Rahmet Guner (2022): Effectiveness of CoronaVac
in preventing COVID-19 in healthcare workers, Human Vaccines & Immunotherapeutics, DOI:
10.1080/21645515.2021.2020017

To link to this article:  https://doi.org/10.1080/21645515.2021.2020017

© 2022 The Author(s). Published with
license by Taylor & Francis Group, LLC.

Published online: 16 Feb 2022.

Submit your article to this journal 

Article views: 234

View related articles 

View Crossmark data



52 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

RESEARCH PAPER

Effectiveness of CoronaVac in preventing COVID-19 in healthcare workers
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ABSTRACT
The CoronaVac vaccine was found to be effective against symptomatic COVID-19 and protective against 
severe disease in phase 3 studies. However, there are little data about its effectiveness in real-world 
conditions. The aim of the current study was to investigate the protective effect of the CoronaVac vaccine 
in health-care workers (HCWs) in Turkey, a country where CoronaVac is widely used. The questionnaire 
was sent to all employees in the form of a survey link by using a telephone application. In the survey, 
HCWs were asked about demographic characteristics; CoronaVac vaccination status, history of a COVID-19 
infection, whether COVID-19 infection was before or after the CoronaVac vaccination; the time between 
being vaccinated and the COVID-19 infection; the clinical pictures of COVID-19 infection. Those who 
experienced COVID-19 before vaccination were compared with the breakthrough cases in terms of 
demographic and clinical features. A total of 628 HCW agreed to participate in the study. A total of 536 
(85.3%) volunteers had been vaccinated and 92 (14.6%) had not been vaccinated against COVID-19 with 
CoronaVac. There was a history of COVID-19 infection in 234 (37.2%) subjects and 188 (35%) had been 
vaccinated and 46 (50%) not vaccinated. The rate experiencing COVID-19 disease was significantly lower 
in the vaccinated than the unvaccinated volunteers. The rate of breakthrough cases after CoronaVac was 
found to be 7%. The hospitalization rate was similar in the breakthrough cases and those who had COVID- 
19 before CoronaVac vaccination. The results of our study indicate that CoronaVac provides protection 
against COVID-19.
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Introduction

The SARS-CoV-2 pandemic continues to wreak havoc around 
the world although 18 months have gone by since it first began. 
The pandemic has caused a large number of deaths worldwide 
and adversely affected how we live in many ways, with espe-
cially significant effects on the education system, the economy, 
and social life. The agent is highly contagious and has a wide 
range of clinical courses from asymptomatic to acute respira-
tory distress syndrome (ARDS), multi-organ failure, and death. 
Asymptomatic persons can also be contagious. The method 
thought to present the best hope to end the pandemic is 
vaccines and the discovery of vaccines against SARS-CoV-2 
has opened a new era in the fight against the disease. The 
vaccines approved by the World Health Organization (WHO) 
by August 2021 were the BNT162b2 messenger RNA (mRNA) 
vaccine (Pfizer–BioNTech), the ChAdOx1 nCoV-19 vaccine 
(Oxford–AstraZeneca), the mRNA-1273 vaccine (Moderna), 
the Ad26.COV2.S vaccine (Johnson & Johnson), the inacti-
vated SARS-CoV-2 vaccine (Vero cell) (Sinopharm/BIBP), 
and the inactivated SARS-CoV-2 vaccine (Vero cell) (Sinovac 
Life Sciences).1

Following the emergency use approval of the CoronaVac 
vaccine by the Turkish Ministry of Health on 13 January 2021, 
vaccination was started in Turkey on 14 January 2021. The first 
target group was health-care workers (HCW) and the vaccine 
was administered in two doses at a 28-day interval. Application 

of the BioNTech vaccine in Turkey started on 1 June 2021. The 
third dose of the CoronaVac or the BioNTech vaccine is 
currently being administered to health-care workers at the 
request of the person, starting at 5 months after the second 
dose.

The CoronaVac vaccine is an inactivated whole-virion vac-
cine. The World Health Organization (WHO) has approved 
the vaccine for emergency use on 1 June 2021.1 The most 
important factor for choosing the CoronaVac vaccine when 
starting vaccination in Turkey was its ability to be stored with-
out the need for freezing, in addition to the opinion that the 
more traditional technology using the whole virus that was 
employed for its manufacture would be more acceptable by 
the public. Side effects of CoronaVac are rare and those 
reported have generally been mild, the most common ones 
being fatigue, injection site pain, and sore muscles.2

The vaccine was found to be 50.7–83.5% effective against 
symptomatic COVID-19 and 100% protective against severe 
disease in phase 3 studies conducted in Brazil and Turkey.2,3 

However, there is little data about its effectiveness in real-world 
conditions. The SARS-CoV-2 antibody levels have been shown 
to decrease 5 months after vaccination in adults vaccinated 
with CoronaVac, just like the decrease in post-infection anti-
body levels but studies on how long vaccine protection lasts are 
inadequate.4 There is also increasing concern about the vac-
cine’s effectiveness against the new variants.
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The current study aimed to investigate the protective effect 
of the CoronaVac vaccine in HCWs in Turkey, a country 
where CoronaVac is widely used. Our study was carried out 
7.5 months after the first vaccination with CoronaVac in 
Turkey and aims to provide information about the long-term 
protective effects of this vaccine.

Materials and methods

The study was conducted between 27 July and 
16 August 2021, 7.5 months after COVID-19 vaccination 
was started, on HCWs working at Ankara City Hospital, 
a health campus with a capacity of 3810 beds and consisting 
of 8 separate hospitals. The questionnaire was sent to all 
employees in the form of a survey link by using a telephone 
application. In total, 628 healthcare workers volunteered to 
participate in the study. Each volunteer could complete the 
questionnaire only once.

The questionnaire consisted of 12 questions on the follow-
ing topics: (1) demographic characteristics (age, gender, pro-
fession); (2) history of or current work in units that care for 
COVID-19 patients (inpatient service, intensive care, emer-
gency room, outpatient clinic); (3) whether vaccinated with 2 
doses of CoronaVac (Sinovac®); (4) whether a third dose of the 
COVID-19 vaccine had been administered; (5) which vaccine 
had been used for the third dose, if any (CoronaVac vs. 
BioNTech); (6) whether there was a history of a COVID-19 
infection (confirmed by SARS-CoV-2 PCR); (7) whether this 
infection was before or after the CoronaVac vaccination; (8) if 
the infection was after the vaccination, whether it was after the 
1st dose or the 2nd dose or the 3rd dose, if any; (9) the time 
between being vaccinated and the COVID-19 infection, if any, 
in the post-vaccine period; (10) which of the four clinical 
pictures of COVID-19 infection had been present (asympto-
matic; only loss of taste and smell; flu-like picture with coryza 
and/or coughing and/or nasal discharge and/or bone-joint 
pain; physician-diagnosed lower respiratory tract infection; 

(11) history of hospitalization during the COVID-19 infection; 
(12) history of intensive care unit stay during the COVID-19 
infection.

Cases with COVID-19 infection ≥14 days after the vaccina-
tion were considered breakthrough cases. Those who experi-
enced COVID-19 before vaccination or those who were not 
vaccinated and experienced COVID-19 were compared with 
the breakthrough cases in terms of demographic and clinical 
features. The rate of past COVID-19 infection in subjects who 
were and were not vaccinated was also compared. Ethics com-
mittee approval was obtained for this study (Approval number 
E2-21-709).

Results

A total of 628 subjects, consisting of 158 (25.2%) males and 470 
(74.8%) females, volunteered to complete the questionnaire. 
The mean age of the volunteers was 35.5 ± 8.9 years (4 subjects 
were aged ≥60 years). There were 432 (68.8%) subjects who had 
worked or continued to work in units that cared for COVID-19 
patients. A total of 536 volunteers had been vaccinated and 92 
(14.6%) had not been vaccinated against COVID-19 with 
CoronaVac. Of the 92 unvaccinated subjects, only one had 
been vaccinated with two doses of BioNTech in June 2021. 
This healthcare worker was excluded because she was fully 
vaccinated, and the total number of unvaccinated personnel 
was found to be 91 (14.5%). A third dose had been adminis-
tered to 355 subjects; this was BioNTech in 302 (85.1%) and 
CoronaVac in 53 (14.9%) (Figure 1).

There were a history of COVID-19 infection in 234 (37.2%) 
subjects and 188 (35%) had been vaccinated and 46 (50%) not 
vaccinated. The rate experiencing COVID-19 disease was sig-
nificantly lower in the vaccinated than the unvaccinated volun-
teers (p = .017). Among the subjects who had a history of 
COVID-19 disease and vaccination, 146 (77.7%) had the 
COVID-19 infection before the CoronaVac vaccination, and 
42 (22.3%) afterward. Of the latter 42 subjects, 38 (90.2%) had 

Figure 1. The vaccination status of health care workers.
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experienced the COVID-19 infection after the second dose and 
4 (9.8) after the third dose (Figure 2). In the group that experi-
enced COVID-19 infection after the third dose, 3 (75%) were 
vaccinated with BioNTech and 1 with CoronaVac; of these four 
HCWs, 1 HCW had received the third dose of CoronaVac 
vaccine experienced COVID-19 infection one month after the 
last dose of CoronaVac. Among the other three HCWs who had 
received the BioNTech vaccine, one experienced COVID-19 
7 days after the third dose while the other two had the disease 
one month afterward.

The median interval from the second vaccine dose to the 
COVID-19 diagnosis was two months (min. 7 days-max 
6 months). One HCW had COVID-19 seven days after 
receiving second dose of the CoronaVac vaccine. After this 
subject and 3 subject who experienced COVID-19 after third 

doses of vaccination with BioNTech were excluded, the rate of 
breakthrough cases was found to be 7% (38/536). The compar-
ison of the demographic and clinical characteristics of the 
HCWs with breakthrough infection and the HCWs with 
COVID-19 infection before vaccination or HCWs who were 
not vaccinated and experienced COVID-19 infection is shown 
in Table 1.

The rate of vaccination with the third dose lower in 
those who had COVID-19 after vaccination (12, 31.6%) 
than those who had COVID-19 before vaccination (83, 
54.8%) (p = .008). None of the HCW with COVID-19 
history in the study group required ICU admission during 
COVID-19. According to hospital records, a pharmacist 
working in our hospital died before the vaccination started, 
there were no other HCW who died.

Figure 2. Vaccination history of HCWs who had experienced the COVID-19 infection.

Table 1. The comparison of HCWs who experienced COVID-19 after two doses of the CoronaVac vaccine with HCWs who did not vaccinated and experienced COVID-19 
or experienced COVID-19 before two doses of the CoronaVac vaccine as regards the demographic features and COVID-19 clinical picture, hospitalization during COVID- 
19, and vaccination with the third dose.

COVID-19 before vaccination or COVID-19 in 
unvaccinated n: 192

COVID-19 after 
vaccination n: 38 p

Age (mean ± SD) 34.8 ± 9.4 36.6 ± 7.4 .20
Gender (female percentage) n (%) 102 (69.8) 30 (78.9) .34
Occupation n (%)
● Doctor
● Nurse-midwife-healthcare technician
● Secretary, administration or maintenance worker, pharmacist, language thera-

pist, child development specialist

70 (36.5) 13 (34.2) .98
51 (26.5) 10 (26.3)
71 (37.0) 15 (39.5)

Working at COVID-19 clinics 138 (71.9) 27 (71) .15
Clinical picture of COVID-19
● Asymptomatic
● Taste and smell loss only
● Influenza-like illness
● Pneumonia

18 (9.4) 4 (10.5) .86
23 (12) 6 (15.8)

118 (61.5) 20 (52.6)
33 (17.1) 8 (21.1)

Hospitalization during COVID-19 20 (10.4) 4 (10.5 .93

HUMAN VACCINES & IMMUNOTHERAPEUTICS 3
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Discussion

The results of our study indicate that CoronaVac provides 
protection against COVID-19. However, there was no differ-
ence in disease severity or hospitalization rate between those 
who had COVID-19 before or after vaccination.

The results of Phase 3 studies conducted in Turkey have shown 
vaccination with two doses of CoronaVac vaccine to reduce the 
risk of developing symptomatic COVID-19 in the 18–59 years age 
group by 83.5% and to prevent COVID-19-related hospitalization 
by 100% when compared to placebo.2 In a Phase-3 study con-
ducted in Brazil, the protection rate against symptomatic COVID- 
19 was found to be 50.7%, while protection against a severe clinical 
picture was 100%, similar to the Turkish study.3 In a prospective 
observational cohort study involving approximately 10.2 million 
persons and conducted in Chile, the effectiveness was 65.9% in 
preventing COVID-19, 87.5% in preventing hospitalization, and 
90.3% in preventing ICU admission.5 The rate of being sick with 
COVID-19 was significantly lower in vaccinated HCWs than 
those who were not vaccinated in the current study. 
Considering that approximately 80% of the cases of COVID-19 
were before CoronaVac vaccination in the vaccinated group in 
our study, we believe that CoronaVac is even more effective in 
preventing COVID-19 infection than the above numbers indicate. 
In our study, the median time between vaccination and COVID- 
19 infection was 2 months. This period also coincides with an 
increase in the number of cases in Turkey. In addition, after the 
two doses of CoronaVac vaccination, there was an increase in the 
behaviors of the health personnel to spend time together without 
the mask and social distance rules with the belief that those who 
have been vaccinated will no longer get COVID-19.

Some of the most important expectations from the COVI9-19 
vaccines are reduced hospitalization rates and hospital occupancy 
rates to ensure the maintenance of the quality of service in the 
healthcare system. It has been reported that CoronaVac prevents 
hospitalization due to COVID-19 by 87.5% to 100%.2,5 

Approximately one-fifth of the breakthrough cases had been 
hospitalized in the current study, and the hospitalization rate 
was similar in the breakthrough cases and those who had 
COVID-19 before CoronaVac vaccination or those who were 
unvaccinated. The demographic features of those with unvacci-
nated/pre-vaccine and post-vaccine COVID-19 were also similar. 
We are unable to comment on the impact of co-morbidity on the 
hospitalization rate as it was not included in the questionnaire. In 
our county, when healthcare workers get COVID-19, decision of 
hospitalization can be made even if there is no indication for 
hospitalization, often to protect the household. This may be the 
reason for the high hospitalization rate in this study.

The most significant benefits of the CoronaVac vaccine are 
reported to be preventing a severe clinical picture and intensive 
care unit hospitalization.3,5 None of the breakthrough cases or 
those who had COVID-19 before CoronaVac vaccination was 
admitted to intensive care in the current study. The absence of 
intensive care admissions in our study cohort may be due to 
the fact that it consisted of a relatively young age group with 
very few subjects aged >60 years. Another reason may be the 
low rate of subjects with co-morbid conditions, but we did not 
question the co-morbidity status and cannot reach a definite 
conclusion.

Breakthrough infections have been reported after other 
COVID-19 vaccines as well.6 In a study conducted on 
HCWs, the rate of breakthrough cases among those vacci-
nated with BioNTech was 0.4%. The majority of break-
through cases have been reported to be asymptomatic.7 

The rate of breakthrough cases in the current study was 
7%, higher than the rate reported with the BioNTech vac-
cine, and most cases were symptomatic.

The emergence of new variants has resulted in contemplat-
ing whether the vaccines would be effective against these new 
variants as well. There are only a few studies on the effective-
ness of the CoronaVac vaccine against the new variants. The 
P.1 lineage or Gamma variant virus has been shown to evade 
neutralizing antibodies induced by the inactivated SARS-CoV 
-2 vaccine.4 In another study conducted in Brazil at a time 
when 86% of the genotypes were found to be of the gamma 
variant, being vaccinated with two doses of CoronaVac was 
37.1% effective in preventing COVID-19.8 While B.1.1.7 
(Alpha) was previously the dominant variant in Turkey, the 
delta variant was first detected in April 2021 and became the 
predominant variant by August 2021.9,10 The variant of SARS- 
CoV-2 that infected the HCWs was not investigated in the 
current study. Considering that the median time between vac-
cination and getting COVID-19 in the HCWs who stated that 
they were infected after the vaccination was 2 months, the delta 
variant was present in Turkey during that period. There is 
therefore a possibility that these individuals were infected 
with the delta variant. However, the date range of our study 
includes only a small part of the period in which the delta 
variant became the dominant variant in the community. The 
delta variant possesses enhanced infectivity and replication 
ability and it has been found to be associated with an increase 
in symptomatic breakthrough infections following mRNA vac-
cines. However, the upper respiratory tract SARS-CoV-2 IgG 
level has been found at low levels or to be absent in all subjects 
who had a breakthrough infection with the delta variant. Such 
infection is therefore believed to be the result of waning immu-
nity in vaccinated individuals.11,12 It was reported that neutra-
lizing antibody titers against the delta variant in CoronaVac 
recipients were significantly lower than unvaccinated, naturally 
infected patients.13Additional studies are needed on break-
through infections associated with the delta variant in subjects 
vaccinated with CoronaVac in countries where the delta var-
iant has become predominant, as in Turkey.

The rate of vaccination with the third dose lower in those 
who had COVID-19 after vaccination than those who had 
COVID-19 before vaccination. This may be due to the 
awareness about protection from reinfection after 
recovery.14 It has been reported that subjects who recovered 
and produced antibodies to SARS-CoV-2 were protected 
from reinfection for at least six months.

The strength of our study is that it was carried out in 
healthcare workers, who are at high risk of getting COVID- 
19 and who have a high probability of undergoing a PCR test 
when they suspect COVID-19 infection in themselves. In 
support of this notion, one-third of our study population 
had experienced COVID-19. A limitation of our study was 
that co-morbidity was not investigated and we were therefore 
unable to reveal whether the similarity of hospitalizations and 
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clinical presentations was due to a difference in the co- 
morbidity distribution between the groups. Another limita-
tion of our study is that it did not cover the period when the 
delta variant was predominant in Turkey. About half of our 
study group had been vaccinated with a single dose of 
BioNTech six months after CoronaVac vaccination. Our 
study period covered approximately 2 months after 
BioNTech vaccination. A third dose of vaccination with 
BioNTech possibly compensated for the decreased effective-
ness of CoronaVac 6 months after vaccination. This was 
another limitation of our study.

In conclusion, CoronaVac is protective against SARS-CoV 
-2 infection. Further research is needed on the protection 
provided by CoronaVac in the elderly and those with co- 
morbid conditions and against emerging variants, in addition 
to how long this protection lasts.
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1.5. CoronaVac effective in preventing 80% of Covid-19 deaths in Indonesia

A research conducted in Bali, Indonesia, 
showed that CoronaVac, an inactivated 
virus vaccine from Butantan and Chinese 
pharmaceutical company Sinovac, 
was able to prevent more than 80% 
of Covid-19-related deaths. The work 
was published on the MedRxiv preprint 
platform and is the first study on the 
effectiveness of the immunizing agent 
carried out in the country – that is, with 
real-world efficacy data.

Scientists analyzed vaccination and 
diagnostic laboratory data and included 
2,759 people who tested positive for 
Covid-19 between January and June 
2021, and 2,759 controls (who did not have 
the disease), all of similar ages and tested 
within the same week. Of the positive 
cases, 40% had comorbidities and most 
were not vaccinated (53.8%).

The results showed that CoronaVac was 
66.7% effective against SARS-CoV-2 
infections, 71% against hospitalizations 
and 87.4% against death. In the case of 

people over 50 years old, death prevention 
was even higher, reaching 90.6%. 

CoronaVac was the first vaccine used 
in Indonesia’s Covid-19 immunization 
program in January 2021. A phase 3 
clinical study conducted in the country 
had already shown an efficacy of 65.3% 
against the disease and seroconversion 
(antibody production) in 87% of 
vaccinees, which supported the approval 
of its emergency use.

Studies conducted in other countries, 
such as Chile, Turkey and China, have 
shown positive results for CoronaVac. 
In Brazil, Project S, an effectiveness 
study carried out by Butantan in the 
municipality of Serrana, in São Paulo, 
showed that the vaccine prevented 
80.5% of symptomatic Covid-19 cases 
and 95% of hospitalizations and death.

Published on: 02/04/2022
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Abstract40

Background: Inactivated SARS-CoV-2 vaccine has been included in the national COVID-1941

vaccination program in Indonesia since January 2021. The study aims to estimate the 42

effectiveness of CoronaVac vaccine in preventing SARS-CoV-2 infection, hospitalization, and 43

death in adult population aged 18 years in Bali, Indonesia.44

Methods: Test-negative, case control study was conducted by linking SARS-CoV-2 laboratory 45

records, COVID-19 vaccination, and health administrative data for the period of January 13 to 46

June 30, 2021, among adults aged 18 years in Bali. Case-subjects were defined as individuals 47

who had a positive RT-PCR test for SARS-CoV-2 during the period; they were matched with 48

controls based on age, sex, district of residence, presence of comorbidities and week of testing.49

Conditional and multivariable logistic regression was performed to estimate adjusted vaccine 50

effectiveness. 51

Results:52

Total 109,050 RT-PCR test results were retrieved during the January 13 to June 30, 2021 53

(Figure 1). Of which, 14,168 subjects were eligible for inclusion in the study. Total 551854

matched pairs were analyzed. Adjusted vaccine effectiveness (VE) against laboratory-55

confirmed SARS-CoV-2 infection was 14.5% (95% confidence interval -11 to 34.2) at 0-13 56

days after the first dose; 66.7% (58.1 to 73.5%) at 14 days after the second dose. Adjusted VE 57

in preventing hospitalization and COVID-19-associated death was 71.1% (62.9% to 77.6%)58

and 87.4% (65.1% to 95.4%) at 14 days after receiving the second dose, respectively.59

Conclusions: Two-dose of inactivated CoronaVac vaccine showed high effectiveness against60

laboratory confirmed COVID-19 infection, hospitalization, and death associated with COVID-61

19 among adults aged 18 years. 62

63

Keywords: inactivated vaccine, COVID-19, effectiveness, test-negative, Indonesia64

65
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Introduction66

Indonesia rolled-out the first phase of mass vaccination program on January 13th, 2021, using 67

the inactivated SARS-CoV-2 CoronaVac vaccine (Sinovac Life Sciences, Beijing, China). In 68

the first phase, mass COVID-19 vaccination was targeting healthcare workers and general 69

population including adults and elderly. A phase 1/2 clinical trial in China indicated that 70

CoronaVac was tolerable, with acceptable safety and immunogenicity, and therefore supported71

the conduct of a phase 3 clinical trial in three countries including Indonesia.1 The efficacy of 72

CoronaVac varied among the countries, ranging from 50.7% to 84% against SARS-CoV-273

infection.2-4 In Indonesia, two doses of CoronaVac vaccine had an efficacy of 65.3% against 74

COVID-19 illness after 14 days of injection; this supported the approval of emergency use75

authorization (EUA) by the Indonesia National Agency of Drug and Food Control (NADFC).76
2,577

Evidence regarding its effectiveness against SARS-CoV-2 infection, hospitalization, and death78

in the “real world” conditions have been reported in number of countries such as Chile, Turkey,79

and Brazil.6,7 However, studies suggest that inactivated COVID-19 vaccine VE varies from80

region to region. In Indonesia, where inactivated vaccine has been given to the population, study 81

on evaluating inactivated vaccine performance in preventing infection and severe outcomes still 82

limited especially in adults aged  18 years. The objective of this study was to estimate vaccine 83

effectiveness (VE) of inactivated CoronaVac vaccine against COVID-19 infection,84

hospitalization, and COVID-19-related death among adult aged 18 years in Bali.85

86
Methods87

Setting and design88

Bali is a one of the popular tropical islands in Indonesia, with a total land area of 5780 km289

and population of more than 4.3 million.8 Mass COVID-19 vaccination using inactivated 90

SARS-CoV-2 (CoronaVac) was initiated by the Ministry of Health of Indonesia on January 91

13, 2021, across Indonesia, including in Bali. As of July 31, 2021, COVID-19 vaccines have92

been given to 2.8 million (41.9%) of the targeted Balinese population. About 2.2 million 93

people aged 18 years had received at least one dose of COVID-19 vaccines (Supplementary 94

Figure S1); 1.2 million (43.1%) had received at least one dose of inactivated CoronaVac 95

vaccine.9 The observation was conducted during January 13 to June 30, 2021. During the 96

study period, the incidence of COVID-19 was increased during January-February and 97
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followed with a declining trend from March to June 2021. There was a sharp increase in 98

incidence in July due to B.1.617.2 (Delta) variants (Supplementary Figure S2, Figure S3).99

We conducted a record-based retrospective, test-negative, matched case control (1:1) study 100

to evaluate the effectiveness of inactivated CoronaVac vaccine in preventing laboratory 101

confirmed SARS-CoV-2 infection, among adults (aged 18 years) during January to June 102

2021. This test negative design was chosen due to several reasons. First, accessibility to 103

individual data who were laboratory-tested for SARS-CoV-2 was feasible through the 104

national surveillance system; second, it was cost-effective and allowed for faster results; and 105

lastly, the design could better control for potential biases, including healthcare seeking 106

behavior and access to COVID-19 testing.10107

108

Data sources109

We linked individual health electronic databases including SARS-CoV-2 reverse-transcription 110

polymerase chain reaction (RT-PCR) test results from the national laboratory testing database 111

(New All Record), COVID-19 vaccination registry, and hospitalization claims, managed by the 112

Ministry of Health of Indonesia, using unique national citizen identification number. Data with 113

foreign identification number and driving license number were excluded. We also checked the 114

consistency in identification number, name, date of birth and sex between these databases.115

Confirmatory SARS-CoV-2 PCR test was performed on naso and/or oropharyngeal swab 116

specimens in COVID-19 reference laboratories.11117

118

Selection of cases and matched controls119

Cases were adults aged 18 years identified as those who had at least one COVID-19-like 120

symptom (fever with body temperature documented at ≥38°C, chills, cough, shortness of 121

breath, fatigue or malaise, sore throat, headache, runny nose, congestion, muscle aches, nausea 122

or vomiting, diarrhea, abdominal pain, altered sense of smell or taste) and were tested RT-PCR 123

positive for SARS-CoV-2, between January 13 to June 30, 2021; were not confirmed as positive124

for SARS COV2 in the last 90 days (about 3 months) before the index date; and those who did 125

not receive any COVID-19 vaccines other than CoronaVac before sample collection. Controls 126

were defined as those who had negative RT-PCR test results during the same period, 127

irrespective for symptoms; and who did not receive any COVID-19 vaccines other than 128

CoronaVac before sample collection. Cases and control were matched based on age, sex, district 129

of residence and week of sample collection/testing. 130

131

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
perpetuity.

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint
The copyright holder for thisthis version posted February 4, 2022. ;https://doi.org/10.1101/2022.02.02.22270351doi:medRxiv preprint 



 |  63O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

5

Vaccination status132

Vaccination status of the subjects was determined by referring to linked individual vaccination 133

record and was determined based on their SARS-CoV-2 test date. Fully vaccinated cases and 134

controls were defined as having two doses of CoronaVac 14 days before the sample collection 135

date. Adults who received no single dose of CoronaVac vaccine were defined as unvaccinated136

and all other adults who received one dose 14 days before sample collection date were defined 137

as partially vaccinated.138

139

Statistical analysis140

Unadjusted and adjusted odds of having received CoronaVac vaccine were estimated using 141

conditional logistic regression. Odds ratios (ORs) and 95% confidence interval (CI) of 142

vaccination in cases and controls was compared. Adjusted ORs were estimated from models 143

including age (by year, as continuous) and presence of comorbidities and prior SARS-CoV-2144

infection. There was a considerable proportion of missing data for comorbidities (79%).145

Multiple imputation was performed with considering for covariates (age, sex, residence) and 146

outcome. Vaccine effectiveness (VE) was calculated as one minus the OR multiplied by 100%.147
12 Subgroup analyses were performed to assess VE based on age group (i.e., aged 18-49 years 148

vs. 50 years and older). Additional analysis was performed to estimate VE against secondary149

outcomes (hospitalization and death due to COVID-19) using multivariable logistic regression,150

accounting for covariates such as age, sex, district of residence, imputed presence of 151

comorbidities and week of sample collection. All statistical analyses were conducted using152

STATA software version 15.0 (Stata Cooperation, College Station, Texas, USA).153

154

Results 155

Study population156

Total 109,050 RT-PCR test results were retrieved during the January 13 to June 30, 2021157

(Figure 1). Of which, 14,168 subjects were eligible for inclusion in the study. Of these, 2886 158

(20.4%) were having positive RT-PCR test for SARS-CoV-2 and 11,282 (79.6%) were tested 159

negative for SARS-CoV-2 infection. From this, total 5518 (39%) subjects were defined as case-160

control pairs after matching. 161

Characteristics of the study population and matched case-control were presented in Table 1.162

The median age of the overall study population (n=14,168) was 50 years (interquartile range, 163

31-65 years); 50.8% were aged 50 years. Thirty percent (n=4259) resided in Denpasar city. 164

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
perpetuity.

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint
The copyright holder for thisthis version posted February 4, 2022. ;https://doi.org/10.1101/2022.02.02.22270351doi:medRxiv preprint 



64 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

6

Thirty four percent (n=4863) had received full vaccination; 42.5% (n=6016) had not received 165

vaccine. Those who receiving positive RT-PCR test results were appeared much older, males,166

had at least one comorbidity and unvaccinated.167

Among the case subjects, about 40% of subjects having comorbidities. Based on vaccination 168

status, 453 (16.4%) had received two doses of CoronaVac vaccine. Nineteen percent (n=535)169

case subjects had received the first dose of CoronaVac vaccine and about two-third (n=1771) 170

were unvaccinated. While among the control subjects, half of the subjects (n=1485/2759) were 171

unvaccinated. Twenty four percent had received two doses of CoronaVac vaccine. 172

173

Vaccine effectiveness174

After adjusting for covariates, compared to unvaccinated adults, two-dose of CoronaVac 175

improved protection against SARS-CoV-2 infection (VE: 66.7%; 95%CI: 58.1-73.5%) at 14 176

days after the second dose. Partial vaccination with CoronaVac was not significantly associated 177

with a reduced risk of laboratory-confirmed SARS-CoV-2 infection (VE: 14.5%; 95%CI: -11 178

to 34.2) at 0-13 days after the first dose. CoronaVac VE against COVID-19 infection was 179

reduced with increasing age; 66.6% to 84.2% in adults aged 18-49 years vs. 57.7% to 78.7% in 180

adults aged 50 years (Supplementary Table S1).181

The adjusted VE in preventing COVID-19-related hospitalization and death was 71.1%182

(95%CI: 62.9%-77.6%) and 87.4% (95%CI: 65.1%-95.4%), respectively, at 14 days after the 183

second dose (Table 3). Partial vaccination was less protective against COVID-19-related 184

hospitalization and death among people aged 18 and older (Supplementary Table S2). Vaccine 185

effectiveness against hospitalization was higher 79.4% (95%CI: 70-85.9%) in group of people 186

aged 50 years relative to people aged 18-49 years (65.8%; 95%CI:49.1-77%). Death due to 187

COVID-19 was not significantly associated with full vaccination in people aged 18-49 years 188

(VE:65.7%, 95%CI: -99.5% to 94.1%). This result could be happened due to an effect of small189

sample size and small number of events (mortality). Among older population, vaccine 190

effectiveness was 90.6% (95%CI:61.5-97.7%) in preventing death due to COVID-19.191

To address potential issues related to the small sample size and rare event or outcome, we 192

conducted an additional analysis using study population (n=14,168) (Supplementary Table S3,193

Table S4). Overall, the vaccine effectiveness was 65.4% (95%CI: 59.5-70.4%) in preventing 194

COVID-19 infection; 78.1% (95%CI: 73.6-81.9%) in preventing hospitalization; and 93.9% 195

(95%CI: 85-97.6%) in preventing COVID-19-related death in adults aged 18 years or older at 196

14-days after second dose. The effectiveness against both hospitalization and death due to 197
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COVID-19 was higher in that population aged 50 years or older (71.9% and 83.1%, 198

respectively) compared to group of people aged 18-49 years (88.7% and 94.1%, respectively) 199

(Supplementary Table S4). 200

201

Discussion202

High proportion of inactivated vaccine of CoronaVac have been used in national COVID-19203

vaccination program in Indonesia. So far, this is the first health record-based observational 204

study on assessing ‘real-world’ COVID-19 vaccine performance against laboratory-confirmed 205

SARS-CoV-2 symptomatic infection, hospitalization, and death in Indonesian population. The 206

study showed that complete regimen of CoronaVac vaccine appeared to be protective against 207

COVID-19 infection about 66.7% (58.1-73.5%) among Balinese adults aged 18 years, which 208

is consistent with the results of phase III trial.5 Yet, the effectiveness was reduced by age. 209

Furthermore, vaccination with CoronaVac vaccine was highly effective in preventing COVID-210

19-associated hospitalizations and death. This demonstrates that CoronaVac vaccination could 211

reduce the risk of development severe COVID-19, especially in older population.212

Our ‘real world’ estimated VE against symptomatic COVID-19 infection was consistent with 213

that randomized controlled trials of vaccine efficacy in Indonesia (65.3%; 95%CI: 20%-85.1%).214
2 Yet, it was lower than that of vaccine efficacy reported in Turkey (83.5%; 95% CI: 65.4%-215

92.1%)3 and higher than that efficacy reported from Brazil (51%; 95%CI: 36%-62%) at 14 days 216

after the second vaccination.13 Chilean cohort VE study involving general population aged 16 217

years old also demonstrated the VE was 65.9% (95%CI: 65.2%-66.6%) against COVID-19218

infection. While a TND case control study in Brazil demonstrated that two dose regimens of 219

CoronaVac was effective in reducing risk of symptomatic COVID-19 (46.8%; 95%CI: 38.7% 220

to 53.8%) at ≥14 days after the second dose among older population aged 70 years.7221

Our study showed that inactivated CoronaVac vaccine was also effective in preventing 222

hospitalization and COVID-19-associated death. We estimated that CoronaVac vaccine was 223

71.1% for the prevention of hospitalization and 87.4% for the prevention of COVID-19-related 224

death. None has reported CoronaVac VE estimates against these two outcomes in Indonesia. 225

Our VE estimates are dissimilar to estimates that have been reported elsewhere. A cohort study 226

in Chile among adults aged 16 years showed that CoronaVac vaccine was 87.5% (95% CI, 227

86.7 to 88.2) effective against hospitalization and 86.3% (95% CI, 84.5 to 87.9) effective 228

against COVID-19–related death.6,14 While a TND study in Brazil among elderly aged 70 years 229

or older, CoronaVac was effective against COVID-19-related hospitalization (55.5%; 95%CI: 230

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
perpetuity.

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint
The copyright holder for thisthis version posted February 4, 2022. ;https://doi.org/10.1101/2022.02.02.22270351doi:medRxiv preprint 



66 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

8

46.5% to 62.9%) and death (61.2%, 95%CI: 48.9% to 70.5%) at ≥14 days after the second dose,231

respectively.7 This discrepancy might be due to several factors including variation in study 232

population and design (e.g., targeted age group, sample size) and difference in risk of 233

transmission or epidemiological setting (e.g., a TND study in Brazil was conducted when P.1 234

or Gamma variant was predominant).235

The strengths of this study are that: i) we used comprehensive health administrative database 236

including individual laboratory test results, vaccination data and hospitalizations which include 237

information on date of sample collection, type of vaccine, date of vaccination, date of hospital 238

admission and underlying conditions; (ii) the subjects were chosen based on a standard 239

laboratory confirmation for SARS-CoV-2 results. Thus, biases due to misclassification from 240

infection or vaccination status were implausible. These findings are important to fill the gap in 241

our knowledge regarding the performance of inactivated CoronaVac vaccine in the real-world.242

However, our study has limitations. First, while we attempted to make a robust approach by 243

adjusting for number of potential confounding factors, including age, sex, geography, week of 244

testing (sample collection) and presence of comorbidities, there might be still unmeasured 245

confounding factors that biased the VE estimates (e.g., behavioral risk factors, type of variants).246

Second, this study was retrieved data from January to June 2021, which was just before the 247

peak of Delta variants (B.1.617.2) outbreaks. Hence, the VE estimates presented here is likely 248

reflected vaccine performance before Delta and Omicron becoming predominant variant in the 249

community. VE of CoronaVac against Delta and Omicron-related infection and severity might 250

be different. Studies elsewhere have reported the effects of Delta variants on the COVID-19251

vaccines performance.15,16 Further research is required to evaluate the effectiveness of252

CoronaVac against the circulating VOCs.253

254
255

Conclusions256

The two-dose regimens of inactivated CoronaVac vaccine was effective in preventing COVID-257

19 infection, hospitalizations for COVID-19 and COVID-19-related death in adults aged 18258

years or older. Full vaccination was significantly reduced the risk of severe outcomes especially 259

among 50 years or older.260
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388
Figure 1. Flowchart for case and control selection389
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Table 1. Characteristics of the adults aged 18 years eligible in the study and case-control 395
pairs included in the analysis396

397
Characteristics Total Eligible study population Matched pairs

Positive 
SARS-CoV-2

(n=2886)

Negative 
SARS-CoV-2

(n=11,282)

Cases 
(n=2759)

Controls 
(n=2759)

Age, years, median (IQR) 50 (31-65) 61 (45-69) 46 (30-64) 61 (45-69) 60 (41-70)
Age group, n (%)
18-49 y 6969 (49.2) 853 (29.6) 6116 (54.2) 847 (30.7) 847 (30.7)
50 y 7199 (50.8) 2033 (70.4) 5166 (45.8) 1912 (69.3) 1912 (69.3)
Sex
Male 7676 (54.2) 1730 (59.9) 5946 (52.7) 1648 (59.7) 1648 (59.7)
Female 6492 (45.8) 1156 (40.1) 5336 (47.3) 1111 (40.3) 1111 (40.3)
District of residence, n (%)
Jembrana 564 (4) 87 (3) 477 (4.2) 75 (2.7) 75 (2.7)
Tabanan 1500 (10.6) 233 (8.1) 1267 (11.2) 233 (8.5) 233 (8.5)
Badung 2031 (14.3) 474 (16.4) 1557 (13.8) 465 (16.7) 456 (16.7)
Gianyar 1573 (11.1) 408 (14.1) 1165 (10.3) 363 (13.2) 363 (13.2)
Klungkung 554 (3.9) 79 (2.7) 475 (4.2) 73 (2.7) 73 (2.7)
Bangli 803 (5.7) 222 (7.7) 581 (5.2) 202 (7.3) 202 (7.3)
Karangasem 916 (6.5) 144 (5) 772 (6.8) 138 (5) 138 (5)
Buleleng 1968 (13.9) 353 (12.2) 1615 (14.3) 343 (12.4) 343 (12.4)
Denpasar 4259 (30.1) 886 (30.7) 3373 (29.9) 867 (31.4) 867 (31.4)
Reported No. of comorbidities, 
n (%)
No 12,158 (85.8) 1698 (58.8) 10,460 (92.7) 1636 (59.3) 2473 (89.6)
Yes 2010 (14.2) 1188 (41.2) 822 (7.3) 1123 (40.7) 286 (10.4)
Vaccination status, n (%)
Unvaccinated 6016 (42.5) 1867 (64.7) 4149 (36.8) 1771 (64.2) 1469 (53.3)
1st dose (0-13 days) 1001 (7.1) 222 (7.7) 779 (6.9) 216 (7.8) 193 (7)
1st dose (14 days) 1408 (9.9) 340 (11.8) 1068 (9.5) 319 (11.6) 272 (9.9)
2nd dose (0-13 days) 880 (6.2) 77 (2.7) 803 (7.1) 74 (2.7) 158 (5.7)
2nd dose (14 days) 4863 (34.3) 380 (13.2) 4483 (39.7) 379 (13.7) 667 (24.2)

398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
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Table 2. CoronaVac vaccine effectiveness against laboratory-confirmed SARS-CoV-2417
infection in adults aged 18 years in Bali, Indonesia 418

419
Vaccination status Cases Controls Vaccine effectiveness (95% CI)

Unadjusted Adjusted*
Unvaccinated 1771 (64.2) 1469 (53.3) Ref Ref

0-13 days after 1st dose 216 (7.8) 193 (7) 22.9 (2.4- 39) 14.5 (-11 – 34.2)
14 days after 1st dose 319 (11.6) 272 (9.9) 24.1 (7.4-37.8) 10.5 (-12 – 28.6)
0-13 days after 2nd dose 74 (2.7) 158 (5.7) 67 (55.3-75.6) 63.1 (48.5-73.6)
14 days after 2nd dose 379 (13.7) 667 (24.2) 73.4 (78.4-67.2) 66.7 (58.1-73.5)

*Included covariates: age (as continuous), presence of comorbidities and prior SARS-CoV-2420
infection421

422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
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Table 3. CoronaVac vaccine effectiveness in preventing hospitalization and COVID-19-460
related death in adults aged 18 years in Bali, Indonesia461

462
Vaccination 
status

Hospitalization VE*
% (95%CI)

Death VE*
% (95%CI)Yes (n=2490) No 

(n=3028)
Yes 

(n=482)
No

(n=5036)
Unvaccinated 1932 (77.6) 1308 (43.2) Ref 450 (93.4) 2790 (55.4) Ref

0-13 days after 
1st dose

124 (5) 285 (9.4) 28.3 (5.3-45.7) 10 (2.1) 399 (7.9) 53.9 (10-76.3)

14 days after 
1st dose

218 (8.8) 373 (12.3) 34.1 (16.4-48.1) 15 (3.1) 576 (11.4) 58.6 (28.3-76.1)

0-13 days after 
2nd dose

50 (2) 182 (6) 61.2 (42.6-73.7) 3 (0.6) 229 (4.6) 76 (22.9-92.5)

14 days after 
2nd dose

166 (6.7) 880 (29) 71.1 (62.9-77.6) 4 (0.8) 1042 (20.7) 87.4 (65.1-95.4)

Abbreviations: VE, vaccine effectiveness; CI, confidence interval463
*Adjusted by age (as continuous), sex, presence of comorbidities and prior SARS-CoV-2 infection, week of 464
testing, district of residence465

466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
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Supplementary file499
500

Table S1. CoronaVac vaccine effectiveness against laboratory-confirmed SARS-CoV-2501
infection in adults (aged 18 years), by age group, in Bali, Indonesia502

503
504

Vaccination status Cases 
(n=2759)

Controls 
(n=2759)

VE 
% (95%CI)

Unadjusted Adjusted*
Age group: 18-49 years 
(n=1694)
Unvaccinated 247 (29.2) 95 (11.2) Ref Ref
0-13 days after 1st dose 133 (15.7) 122 (14.4) 57.2 (37.6-

70.6)
48.3 (22.6-
65.5)

14 days after 1st dose 144 (17) 131 (15.5) 65.7 (49.4-
76.8)

55.1 (32-
70.4)

0-13 days after 2nd dose 39 (4.6) 79 (9.3) 80.3 (68-
87.9)

78.2 (63.6-
87)

14 days after 2nd dose 284 (33.5) 420 (49.6) 82.2 (74.5-
87.5)

77 (66.6-
84.2)

Age group: 50 years (n=3824)
Unvaccinated 1524 (79.7) 1374 (71.9) Ref Ref
0-13 days after 1st dose 83 (4.3) 71 (3.7) -5 (-46.6–

24.8)
-10.6 (-64.3–
25.5)

14 days after 1st dose 175 (9.2) 141 (7.4) -2 (-30 –
20)

-13.2 (-50.6 
– 14.9)

0-13 days after 2nd dose 35 (1.8) 79 (4.1) 61.7 (42.3-
74.6)

58.1 (32.4-
74)

14 days after 2nd dose 95 (4.9) 247 (12.9) 74.3 (65.2-
80.9)

69.9 (57.7-
78.7)

*Included covariates: age (as continuous), presence of comorbidities and prior SARS-CoV-2505
infection506

507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
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Table S2. CoronaVac vaccine effectiveness in preventing hospitalization and death due to 525
COVID-19 in adults (aged 18 years), by age group, in Bali, Indonesia (n=5518)526

527
Vaccination 
status

Hospitalization VE*
% (95%CI)

Death VE*
% (95%CI)Yes (n=2490) No 

(n=3028)
Yes 

(n=482)
No 

(n=5036)
Age group: 18-
49 years 
(n=1694)
Unvaccinated 123 219 Ref 11 331 Ref
0-13 days after 
1st dose

53 202 34.5 (-1-57.5) 0 255 NA

14 days after 
1st dose

65 210 32.9 (-1.9-55.8) 1 274 78.7 (-84.6-97.6)

0-13 days after 
2nd dose

16 102 64.9 (32.7-81.7) 1 117 51.3 (-330-94.5)

14 days after 
2nd dose

99 605 65.8 (49.1-77) 2 702 65.7 (-99.5-94.1)

Age group: 
50 years 
(n=3824) 
Unvaccinated 1809 1089 Ref 439 2459 Ref
0-13 days after 
1st dose

71 83 14.1 (-28.1-
42.4)

10 144 35.7 (-26.1-67.3)

14 days after 
1st dose

153 163 34.7 (11.2-51.9) 14 302 57.2 (24.7-75.7)

0-13 days after 
2nd dose 

34 80 55.1 (26.5-72.6) 2 112 78.9 (12.7-94.9)

14 days after 
2nd dose

67 275 79.4 (70-85.9) 2 340 90.6 (61.5-97.7)

528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
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Table S3. Assessment of CoronaVac vaccine effectiveness against laboratory-confirmed 552
SARS-CoV-2 infection, hospitalization and death in adults aged 18 years in Bali, Indonesia,553
based on study population (n = 14,168)554

555
Vaccination status COVID-19

(n/N)
VE*
%

(95%CI)

Hospitalization
(n/N)

VE*
%

(95%CI)

COVID-19-
related 
death
(n/N)

VE*
%

(95%CI)

Unvaccinated 1867/6016 Ref 2841/6016 Ref 574/6016 Ref
0-13 days after 1st

dose
222/1001 6.7 (-12.1-

22.3)
158/1001 27.9 (8.7-

43.1)
10/1001 64.5 (31.6-

81.5)
14 days after 1st

dose
340/1408 -6.2 (-24.4-

9.3)
336/1408 32 (17.4-

44)
19/1408 62.9 (39.9-

77.1)
0-13 days after 2nd

dose
77/880 65 (54.7-

72.9)
75/880 65.6 (53.3-

74.7)
3/880 84.2 (50-

95)
14 days after 2nd

dose
380/4863 65.4 (59.5-

70.4)
308/4863 78.1 (73.6-

81.9)
5/4863 93.9 (85-

97.6)
*Based on adjusted multivariable logistic regression, accounting for age (continuous), sex, district of 556
residence, week of testing, presence of comorbidities, and prior infection.557

558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
perpetuity.

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint
The copyright holder for thisthis version posted February 4, 2022. ;https://doi.org/10.1101/2022.02.02.22270351doi:medRxiv preprint 



 |  77O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

19

Table S4. CoronaVac vaccine effectiveness in preventing hospitalization and death due to 590
COVID-19 in adults (aged 18 years), by age group, in Bali, Indonesia based on the study 591
population (n = 14,168)592

593
Vaccination 
status

Hospitalization VE*
% (95%CI)

Death VE*
% (95%CI)Yes (n=3718) No 

(n=10,450)
Yes 

(n=482)
No 

(n=5036)
Age group: 18-
49 years 
(n=1694)
Unvaccinated 187 689 Ref 14 862 Ref
0-13 days after 
1st dose

73 691 36 (8.2-55.4) 0 764 NA

14 days after 
1st dose

109 749 35.8 (9.3-54.5) 1 857 88 (1.6-98.5)

0-13 days after 
2nd dose

26 659 75.3 (59.4-85) 1 684 73.6 (-117.7-
96.8)

14 days after 
2nd dose

178 3608 71.9 (61.6-79.5) 2 3784 88.7 (36.5-98)

Age group: 
50 years 
(n=3824) 
Unvaccinated 2654 2486 Ref 560 4580 Ref
0-13 days after 
1st dose

85 152 12.9 (-22.6-
38.1)

10 227 44.4 (-7.7-71.2)

14 days after 
1st dose

227 323 26.6 (6.4-42.5) 18 532 57.8 (30.9-74.3)

0-13 days after 
2nd dose 

49 146 48 (21.8-65.4) 2 193 83.9 (34.1-96.1)

14 days after 
2nd dose

130 947 83.1 (77.9-87.1) 3 1077 94.1 (81.4-98.1)

*Based on adjusted multivariable logistic regression, accounting for age (continuous), sex, district of 594
residence, week of testing, presence of comorbidities, and prior infection.595
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611
612

Figure S1. COVID-19 vaccination coverage in adults 18 years (any type of vaccines) during 613
January 13 to June 30, 2021, in Bali, Indonesia (Data source: Ministry of Health of Indonesia).614

615
616
617
618
619
620

621
Figure S2. Trends in COVID-19 incidence in Bali over the period of study (Data source: Ministry 622
of Health of Indonesia).623
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630

631
Figure S3. Distribution of SARS-CoV-2 variants of concern (VOCs) in samples examined during 632
January to July 2021 in Bali, Indonesia. Variant proportions are estimated against total sequences of 633
collected samples of each month. Total samples are varied for each month. Data are subject to change 634
over time and will be updated as more data become available. Variant proportions may not represent 635
national estimates. Analysis is based on data submitted by Indonesia Genomic Laboratory 636
Surveillance Network as of 22 September 2021 (Data source: Ministry of Health of Indonesia).637
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Abstract40

Background: Inactivated SARS-CoV-2 vaccine has been included in the national COVID-1941

vaccination program in Indonesia since January 2021. The study aims to estimate the 42

effectiveness of CoronaVac vaccine in preventing SARS-CoV-2 infection, hospitalization, and 43

death in adult population aged 18 years in Bali, Indonesia.44

Methods: Test-negative, case control study was conducted by linking SARS-CoV-2 laboratory 45

records, COVID-19 vaccination, and health administrative data for the period of January 13 to 46

June 30, 2021, among adults aged 18 years in Bali. Case-subjects were defined as individuals 47

who had a positive RT-PCR test for SARS-CoV-2 during the period; they were matched with 48

controls based on age, sex, district of residence, presence of comorbidities and week of testing.49

Conditional and multivariable logistic regression was performed to estimate adjusted vaccine 50

effectiveness. 51

Results:52

Total 109,050 RT-PCR test results were retrieved during the January 13 to June 30, 2021 53

(Figure 1). Of which, 14,168 subjects were eligible for inclusion in the study. Total 551854

matched pairs were analyzed. Adjusted vaccine effectiveness (VE) against laboratory-55

confirmed SARS-CoV-2 infection was 14.5% (95% confidence interval -11 to 34.2) at 0-13 56

days after the first dose; 66.7% (58.1 to 73.5%) at 14 days after the second dose. Adjusted VE 57

in preventing hospitalization and COVID-19-associated death was 71.1% (62.9% to 77.6%)58

and 87.4% (65.1% to 95.4%) at 14 days after receiving the second dose, respectively.59

Conclusions: Two-dose of inactivated CoronaVac vaccine showed high effectiveness against60

laboratory confirmed COVID-19 infection, hospitalization, and death associated with COVID-61

19 among adults aged 18 years. 62

63

Keywords: inactivated vaccine, COVID-19, effectiveness, test-negative, Indonesia64

65
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Introduction66

Indonesia rolled-out the first phase of mass vaccination program on January 13th, 2021, using 67

the inactivated SARS-CoV-2 CoronaVac vaccine (Sinovac Life Sciences, Beijing, China). In 68

the first phase, mass COVID-19 vaccination was targeting healthcare workers and general 69

population including adults and elderly. A phase 1/2 clinical trial in China indicated that 70

CoronaVac was tolerable, with acceptable safety and immunogenicity, and therefore supported71

the conduct of a phase 3 clinical trial in three countries including Indonesia.1 The efficacy of 72

CoronaVac varied among the countries, ranging from 50.7% to 84% against SARS-CoV-273

infection.2-4 In Indonesia, two doses of CoronaVac vaccine had an efficacy of 65.3% against 74

COVID-19 illness after 14 days of injection; this supported the approval of emergency use75

authorization (EUA) by the Indonesia National Agency of Drug and Food Control (NADFC).76
2,577

Evidence regarding its effectiveness against SARS-CoV-2 infection, hospitalization, and death78

in the “real world” conditions have been reported in number of countries such as Chile, Turkey,79

and Brazil.6,7 However, studies suggest that inactivated COVID-19 vaccine VE varies from80

region to region. In Indonesia, where inactivated vaccine has been given to the population, study 81

on evaluating inactivated vaccine performance in preventing infection and severe outcomes still 82

limited especially in adults aged  18 years. The objective of this study was to estimate vaccine 83

effectiveness (VE) of inactivated CoronaVac vaccine against COVID-19 infection,84

hospitalization, and COVID-19-related death among adult aged 18 years in Bali.85

86
Methods87

Setting and design88

Bali is a one of the popular tropical islands in Indonesia, with a total land area of 5780 km289

and population of more than 4.3 million.8 Mass COVID-19 vaccination using inactivated 90

SARS-CoV-2 (CoronaVac) was initiated by the Ministry of Health of Indonesia on January 91

13, 2021, across Indonesia, including in Bali. As of July 31, 2021, COVID-19 vaccines have92

been given to 2.8 million (41.9%) of the targeted Balinese population. About 2.2 million 93

people aged 18 years had received at least one dose of COVID-19 vaccines (Supplementary 94

Figure S1); 1.2 million (43.1%) had received at least one dose of inactivated CoronaVac 95

vaccine.9 The observation was conducted during January 13 to June 30, 2021. During the 96

study period, the incidence of COVID-19 was increased during January-February and 97
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1.6. Study shows 99.9% effectiveness of CoronaVac in Colombian Amazon

A study published in the Tropical Diseases, 
Travel Medicine and Vaccines journal 
found that CoronaVac, a vaccine 
produced by Butantan and the Chinese 
pharmaceutical company Sinovac, was 
99.9% effective in preventing severe 
cases of Covid-19 in a population in the 
Amazon region of Colombia, and offered 
protection of 94.3% against mild cases  
of the disease.

The descriptive observational study was 
conducted between February and August 
2021 in the municipality of Mitú, Vaupés, 
with 7,849 individuals over the age of 18 
immunized with CoronaVac - equivalent 
to 99% of the population. The region was 
prioritized in the vaccination campaign 
due to its proximity to the Brazilian state 
of Amazonas, where the gamma variant 
(P.1) of SARS-CoV-2 has emerged.

Analyses showed that after immunization, 
5.7% of those vaccinated had Covid-19 
and only 0.1% required hospitalization.

Among those infected under the age of 
60 (406), 405 developed mild symptoms 
and only one had moderate symptoms. In 
the elderly (41), 40 had mild infection and 
one had severe disease.

Decrease of cases 
and deaths

In May 2021, there was a new peak of 200 
cases of Covid-19 in Mitú. “This increase 
was much lower than the August 2020 

peak, when 327 cases were reported,” the 
researchers point out in the paper. The 
mortality rate was also reduced from 2.2 
percent to 0.22 percent in the comparison 
between the two periods.

In addition, when the peak of immunized 
individuals was reached, there was a 
reduction of 72% in Covid-19 cases in  
the municipality.

Scientists highlight that the cases in the 
vaccinated population of Mitú can be 
attributed to the high circulation of the 
gamma variant at the time. However, 
the study shows that CoronaVac was 
able to control the severity of cases and 
mortality related to this strain.

Butantan and Sinovac vaccine represents 
40% of the Covid-19 vaccines used in 
Colombia and has already had more 
than 1.8 billion doses applied worldwide. 
In Brazil, 100 million doses were applied.

“This vaccine platform consists of 
inactivated SARS-CoV-2 virus and has 
already had proven safety, effectiveness 
and immunogenicity. The strategy has 
also been used successfully in Serrana, 
Brazil,” reports the article, referring to the 
results of Project S, a clinical effectiveness 
study conducted by Butantan in a 
municipality in São Paulo’s countryside.

Published on: 01/15/2022
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a region of the Colombian Amazon, was
herd immunity achieved?
Héctor Serrano-Coll1,2, Hollman Miller3, Camilo Guzmán1, Ricardo Rivero1, Bertha Gastelbondo1, Jorge Miranda1,
Ketty Galeano1, Jhon Montaña-Restrepo3 and Salim Mattar1*

Abstract

Introduction: Currently, more than 4.5 billion doses of SARS-CoV-2 vaccines have been applied worldwide.
However, some developing countries are still a long way from achieving herd immunity through vaccination. In
some territories, such as the Colombian Amazon, mass immunization strategies have been implemented with the
CoronaVac® vaccine. Due to its proximity to Brazil, where one of the variants of interest of SARS-CoV-2 circulates.

Objective: To determine the effectiveness of the CoronaVac® vaccine in a population of the Colombian Amazon.

Methods: Between February 24, 2021, and August 10, 2021, a descriptive observational study was carried out in
which a population of individuals over 18 years of age immunized with two doses of the CoronaVac® vaccine was
evaluated. The study site was in the municipality of Mitú, Vaupés, in southeastern Colombia, a region located in the
Amazon bordering Brazil. Results. 99% of the urban population of the Mitú municipality were vaccinated with
CoronaVac®. To date, 5.7% of vaccinated individuals have become ill, and only 0.1% of these require hospitalization.
One death was attributable to COVID-19 has been reported among vaccinated individuals, and the vaccine has
shown 94.3% effectiveness against mild disease and 99.9% against severe infection.

Conclusions: The herd immunity achieved through mass vaccination in this population has made it possible to
reduce the rate of complicated cases and mortality from COVID-19 in this region of the Colombian Amazon.

Highlights:

� CoronaVac® has shown 94.3% effectiveness against mild disease and 99.9% against severe infection in this
indigenous population.

� CoronaVac® reduces the mortality rate from 2.2% in 2020 to 0.22% in 2021.
� The herd immunity was achieved through mass vaccination in this region of the Colombian Amazon.
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Introduction
Currently, around 168 million cases and more than three
million deaths from Coronavirus disease 2019 (COVID-
19) have been reported, and more than 4.5 billion doses
of vaccines against SARS-CoV-2 have been applied
worldwide (August 11, 2021) [1]. However, only 26.6%
of its population has been fully immunized in developing
countries such as Colombia, so herd immunity is still far
from being achieved (August 11, 2021) [2]. The proxim-
ity to countries such as Brazil, where the appearance of
the P.1 variant has endangered the health system of this
country [3], Colombian Amazon was prioritized with the
vaccination’s program.
Due to storage and transportation facilities, the Coro-

naVac® vaccine (Sinovac, China) was chosen for mass
immunization in tropical regions of Colombia, such as
the Amazon. This vaccine platform consists of a chem-
ically inactivated SARS-CoV-2 virus and has proven to
be safe, effective, and immunogenic against this new
virus, and around 100 million doses of this vaccine have
been applied worldwide [4]. Furthermore, this strategy
of vaccination using CoronaVac® was used successfully
in a small population in Serrana, Brazil [5]. Therefore,
this vaccination strategy could be relevant to mitigate
the spread of SARS-CoV-2 in small and remote commu-
nities in Latin America.
On the other hand, as of august 10, 2021, Colombia

has received 13,299,364 vaccines against COVID-19;
7,872,675 (40.1%) from Sinovac, 7,872,440 (40.24%) from
Pfizer-Biotech, 2,085,073 (10.66%) from AstraZeneca,
1,171,453 (5,99%) from Janssen, and 608.142 (3.11) From
Moderna, and it is essential to note that of the total
number of vaccines applied in this country to date, 40%
corresponds to CoronaVac® [6].
This work aimed was to determine the effectiveness of

the CoronaVac® vaccine in a population of the Colom-
bian Amazon.

Methods
A descriptive observational study was carried out in
which a population of individuals older than 18 years im-
munized with two doses of the CoronaVac® vaccine
(Sinovac, China) was evaluated. The study period was
between February 24, 2021, to August 10, 2021. The
work was developed in the municipality of Mitú, Vaupés,
Colombia, a region located in the southeast of Colombia
(Amazonas) bordering Brazil (Fig. 1). Mitú is the capital
of Vaupés and has 7856 inhabitants, immunized with
two doses with an interval of 20 days with the Corona-
Vac® vaccine that uses SARS-CoV-2 chemically inacti-
vated with beta-Propiolactone [7, 8]. Sociodemographic
and clinical characteristics and vaccination data of pa-
tients were obtained from secondary sources as a raw
database supplied by the Mitu municipality’s health

secretary. The primary outcome of this study was to
evaluate the effectiveness of CoronaVac® in reducing
mortality and severe illness due to SARS-CoV-2 in indi-
viduals with a complete vaccination schedule. On the
other hand, the description of these outcomes was car-
ried out through an active search for COVID-19 cases
by the Mitu health secretary.
The disease’s severity was defined by the following cri-

teria [9, 10]: A) Mild disease: local symptoms in the
upper respiratory tract and may present with non-
specific symptoms such as fever, pain muscle, or general
discomfort. B) Moderate disease: clinical or radiological
evidence of lower respiratory infection, with compatible
lung images and O2 saturation > 93%, and C) Severe dis-
ease: respiratory rate greater than 30/min, oxygen satur-
ation < 93%, PAFI (the relationship between arterial
oxygen pressure and the inspired fraction of oxygen
(PaO2 / FIO2) less than 300, infiltrates greater than 50%.

Ethical aspects
The research was carried out following the international
ethical standards given by the World Health
Organization (WHO) and the Pan American Health
Organization, supported by the Declaration of Helsinki
and the Ministry of Health of Colombia resolution num-
ber 008430 of 1993 and endorsed by the Committee of
Ethics of the Institute of Biological Research of the
Tropic, University of Córdoba.

Analysis of data
The data were analyzed by the biostatistics group of the
Institute of Biological Research of the Tropic-University
of Córdoba using the statistical package for the Social
Sciences version 27 (SPSS) and the software GraphPad
Prisma 8, and univariate analysis was performed. For
qualitative variables, it was performed through the calcu-
lation of absolute and relative frequencies. The measures
of central tendency were calculated as quantitative
variables.

Results
Characteristics of the evaluated population
60.4% of the population of the municipality of Mitu is
predominantly indigenous. Besides, 99.9% (7849 people)
completed their vaccination schedule with two doses of
CoronaVac®. Of those vaccinated, 45.3% were women
and 54.7% men, the median age was 38 years and 84.6%
were under 60 years of age, eight (0.1%) women were
pregnant and voluntarily vaccinated (Table 1).

Incidence of SARS-CoV-2 infections after vaccination
From March 23 to August 10, 2021, 447 cases have been
presented, corresponding to 5.7% of vaccinated individ-
uals (Table 2). Regarding the severity of the infection,

Serrano-Coll et al. Tropical Diseases, Travel Medicine and Vaccines             (2022) 8:2 Page 2 of 6
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the age range, under 60 years there were 406 infections,
of these 405 (99.8%) were mild infections and one (0.2%)
with moderate severity, and in those over 60 years, there
were 41, of these 40 (97.6%) were mild infections and
one (2.4%) was severe, and this individual died as a dir-
ect consequence of COVID-19 (Table 3).
In May 2021, in Mitu, a new peak of SARS-CoV-2 was

observed with 200 cases. This increase is much lower
than the August 2020 peak, where 327 were reported. In
addition, it can be observed that between April–May
2021, the highest peak of individuals who completed
their CoronaVac® vaccination reduced COVID-19 cases
by 72% in June (Fig. 2). On the other hand, when com-
paring the fatality rate, it was 2.2% before vaccination
and 0.22% in the immunized population (Table 4).

Vaccination effectiveness in the different forms of the
severity of COVID-19
Regarding the vaccine’s effectiveness, it was observed
that it was 94.3% to prevent mild forms and 99.9% for
the case of moderate and severe forms. Besides, the vac-
cine was 99.9% effective in preventing cases of death at-
tributed to SARS-CoV-2 has been reported among the
vaccinated group (Table 4).

Discussion
The vaccine demonstrated a significant of 94.3% efficacy
in clinical trials for preventing SARS-CoV-2 infections
in different stages of severity. With this efficacy, herd
immunity may have been achieved through mass vaccin-
ation in this population. This vaccine’s effectiveness

Fig. 1 The geographic location of the municipality of Mitu. This figure showed that Mitu is located in the southeast of Colombia on the border
with Brazil

Serrano-Coll et al. Tropical Diseases, Travel Medicine and Vaccines             (2022) 8:2 Page 3 of 6
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study in a predominantly indigenous population is simi-
lar in size to the phase III studies conducted in Turkey
and Brazil, in which between 7000 and 13,000 partici-
pants were evaluated [11].
SARS-CoV-2 infections among those vaccinated were

mild, and their management was ambulatory. In
addition, it has been seen that vaccination with the im-
munogen from the pharmaceutical company Sinovac has
prevented the appearance of complicated infections and
fatal outcomes [12]. These findings are consistent with
those reported by phase III studies carried out in Brazil,
where it was shown that this vaccine reduces the risk of
hospitalization and death between 84 to 100% of

individuals vaccinated with CoronaVac® [12]. However,
our results in the older than 60 years show differences
with what was published in Brazilian older adults by
Ranzani et al. [13], who found protection of 49.4%. The
vaccine’s reduction could be explained because 83% of
their cases were infected with the P.1 variant of SARS-
CoV-2.
Furthermore, it is essential to analyze the course of in-

fection over time and the impact of vaccination against
SARS-CoV-2. In April 2021, the third wave of COVID-
19 cases began in Colombia. However, the incidence was
much lower than observed in the first peak of the pan-
demic between April and June 2020. The new cases pre-
sented in 2021 in the vaccinated population could be
due to the Brazilian variant P.1 of SARS-CoV-2 [14].
However, the morbidity and mortality of this new vari-
ant seem to be controlled with the CoronaVac® vaccine.
Regarding the effectiveness of this vaccine, it was ob-

served that it was 94.3% against mild disease and 99.9%
against severe infection in this population. Our findings
are similar to Turkey’s phase III study for CoronaVac®,
in which efficacy of 91% was observed. In contrast to
studies in Brazil and Chile, which reported low overall
efficacy of 50.38 and 65%, respectively. However, it is es-
sential to highlight that this vaccine reduced 90% of the
proportion of hospitalization in an intensive care unit
(ICU) and 86%mortality from SARS-CoV-2 [15, 16] in
the Chilean population. The epidemiological moments
of vaccination must also be taken into account. For ex-
ample, Chile began vaccination with a low viral trans-
mission different from the epidemiological scenario
studied in Brazil. When the transmission is lower, there
is less chance that vaccination will fail [17]. Our study is
similar to perform in the small city of Serrana, Brazil,
that vaccinated using CoronaVac®. In Serrana, 95% of
the city’s adult population was vaccinated, a reduction of
80% in symptomatic cases and hospitalizations dropped
by 86% and mortality by 95% [5].
So far, SARS-CoV-2 is a virus that is efficiently trans-

mitted and quickly infects the unvaccinated population.

Table 1 Characteristic of the individuals vaccinated with two
doses in Mitu municipality

Characteristic of the individuals vaccinated (%)

Sex

Female 3530 (45)

Male 4319 (55)

Median age in years (range) 38 (18–95)

Individuals < 60 years 6644 (84.6)

Individuals > 60 years 1205 (15.4)

Ethnicity

Indigenous 4745 (60.4)

Afro-Colombian 156 (2)

Other 2948 (37.6)

Pregnant women vaccinated

Yes 8 (0.1)

Total of people with two doses 7849 (99.9)

Table 2 Characterization of the SARS-CoV-2 infected individuals
post-vaccinated

Characteristic of the individuals infected (%)

Female 230 (51.5)

Male 217 (48.5)

Test used for SARS-CoV-2 diagnostic

Antigen 268 (60)

RT-qPCR 179 (40)

Severity of COVID-19

Mild 445 (99.6)

Moderate 1 (0.2)

Severe 1 (0.2)

Type of treatment

Ambulatory care 445 (99.6)

Hospitalized 2 (0.4)

Deceased by COVID-19 1 (0.2)

Total of people infected with COVID-19 447 (5.7)

Table 3 Severity of COVID-19 in population vaccinated
according to age range < 60 years vs > 60 years

Severity of COVID-19 according to age range (%)

< 60 years N = 406

Mild 405 (99.8)

Moderate 1 (0.2)

Severe 0

> 60 years N = 41

Mild 40 (97.6)

Moderate 0

Severe + deceased 1 (2.4)
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Due to the lack of genotypic information for the Mitú
municipality, we do not know if the P1 variant (Brazil)
managed to spread or if the action of the vaccine con-
tained it. On the other hand, one of the limitations of
this work could be in a possible under-registration of
the mild infections registered in this vaccine population,
since it was not possible due to the type of study that
was proposed to carry out a strict follow-up by RT-
qPCR to this population cluster.
The primary outcome of this study was to evaluate the

effectiveness of CoronaVac® in reducing mortality and
severe illness due to SARS-CoV-2. On the other hand,
one of the limitations of this work could be in a possible
under-registration of the mild infections registered in
this vaccine population, since it was not possible due to
the type of study that was proposed to carry out a strict
follow-up by RT- qPCR to this population cluster.
Finally, we can infer that to date, herd immunity has

been achieved through mass vaccination in this popula-
tion, which has impacted the reduction of complicated
cases and the mortality rate from COVID-19. However,
pediatric populations remain unvaccinated, which could

cause few breakthrough infections with an increase in
the number of cases at a given epidemiological moment.
It is also necessary to know if the CoronaVac® will pro-
tect against the new delta strain in Colombia. It will be a
real challenge for the vaccine in a couple of months
when it is believed that Delta could be predominant in
Colombia. Public health must continue long-term sur-
veillance to measure the effect of vaccination in the
studied population. It is unknown if the vaccine’s im-
munity will be maintained over time and if a booster of
this immunogen is needed in the short or medium term.
There is still a long way to walk on this exciting research
topic that will be key to controlling and mitigating the
pandemic caused by SARS-CoV-2.
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What science proves



1.7. Study in Serrana shows effectiveness of 80,5% from CoronaVac 
against cases of Covid-19 and 94,4% against deaths; vaccination 
also protected the non vaccinated against the gamma variant

The data of the first analysis from 
the Project S, effectiveness study of 
CoronaVac vaccine that Butantan 
conducted in the city of Serrana, 
located in the countryside of São 
Paulo, shows a direct effectiveness 
of 80,5% against symptomatic 
cases of Covid-19, 95% against 
hospitalizations and 94,4% against 
deaths. The research also indicates 
that, with 52% of the population 
vaccinated, the indirect effects 
began to manifest, including 
protecting those who weren’t 
immunized. Besides, at the time of the 
study (between february and may 
of 2021), the majority of cases were 
induced by the gamma variant (P.1, 
amazonic) of SARS-CoV-2, which put 
on evidence again that CoronaVac 
is efficient against this strain - that 
predominated in Brazil during the 
whole first semester of 2021.

The results of the research, 
conducted by scientists from 
Instituto Butantan, from the State 
Hospital of Serrana, of the Medicine 
School from Ribeirão Preto of the 
University of São Paulo and of the 
Municipal Secretary of Health 
from Serrana, are described in 

the article “Project S:  a stepped-
wedge randomized trial to assess 
CoronaVac effectiveness in Serrana, 
Brazil”, disclosed on the preprint 
platform SSRN.

The Project S - a stepped-wedge 
randomized trial - is the first 
clinical trial that demonstrated the 
efficiency of a vaccine in the real 
world and its indirect effect on the 
non vaccinated population, being 
held during a pandemic and without 
using a control group. The research 
is pioneer in demonstrating that a 
vaccine of inactivated virus used as 
an emergency measure of primary 
public health can change the course 
of an epidemic. In addition, the study 
shows that vaccines are essential to 
contain the number of cases and the 
viral transmission and to control the 
devastating effects of Covid-19.

The volunteers in Project S were 
vaccinated with CoronaVac, a vaccine 
from Butantan and the chinese 
pharmaceutical Sinovac, in a scheme 
of two doses with a gap of four weeks. In 
total, completed the vaccinal scheme 
81,3% of the adult population and 
60,9% of the urban population from 
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Serrana, which equals to 27 thousands 
of people. Of those, 16% were elderies, 
older than 60 years.

The general efficacy of the vaccine 
was estimated by comparing the 
incidence of cases before and after 
vaccination for the whole urban 
population. The direct efficacy was 
evaluated in the relation between 
the incidence of cases on individuals 
that were fully vaccinated and 
non vaccinated. Among those 
vaccinated, the direct effectiveness 
was 80,5% (IC 95%, 75,1 to 84,7) in the 
prevention of symptomatic cases; 
95% (IC 95%, 86,9 to 98,1) against 
hospitalization; and 94,9% (IC 95%, 
76,4 to 98,9) to prevent deaths. 
During the period of the study, 1,447 
cases of Covid-19 were reported 
in Serrana; from that number, 361 
(24,9%) were sequenced, indicating 
an incidence of the gamma variant 
from 92% to 100% in the city.

When analyzing the impact of the 
vaccination in individuals older than 
60 years, the direct effectiveness 
of CoronaVac stays very high: 
86,4% (IC 95%, 74,5 to 93) in the 
prevention of symptomatic cases, 

96,9% (IC 95%, 86,1 to 99,3) against 
hospitalizations and 96,9% (IC 95%, 
73,9 to 99,6) to prevent deaths.

The scientists say that it’s not 
possible to determinate a minimum 
level of immunization necessary to 
control the Covid-19 on a location, 
but the results of the Project S 
demonstrated that when 52% 
of the population had received 
the two doses of the vaccine, 
the indirect effects of protection 
began to appear on the other 
groups that haven’t completed the 
immunization yet - suggesting an 
immunization indicator to control 
the gamma variant of SARS-
CoV-2. Besides, during the study 
period, the number of infections 
among children was also reduced, 
indicating the indirect effect of 
CoronaVac in this population, 
which was not immunized. However, 
researchers say that the direct 
effects of vaccination were higher 
than the indirect, reinforcing the 
necessity of vaccinating the highest 
number of people as fast as possible.

Published on: 11/29/2021
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Abstract

Background:

A stepped-wedge trial is an approach for assessing vaccine effectiveness in the real world. By 

the end of the study, all participants could receive the intervention, eliminating the ethical 

dilemma of placebo, especially during a pandemic.

Methods:

We evaluated the effectiveness of CoronaVac in Serrana, Brazil, amid an uncontrolled 

community Covid-19 epidemic using a stepped-wedge randomized trial. The city was 

separated into 25 subareas, divided into four groups, and randomized to receive CoronaVac in 

a two-dose scheme with a four-week interval. Intervention was initiated in each group with a 

one-week interval. The primary endpoint was the incidence of symptomatic cases in fully 

immunized individuals. The secondary endpoints were Covid-19-related hospitalizations and 

deaths and incidence according to immunization coverage.

Findings:

The study occurred during epidemiological weeks 6 to 19 in 2021. Up to 27,406 participants 

received the first dose of the study vaccine, corresponding to 81·3% of the adults and 60·9% 

of the urban population. Among fully immunized individuals, the vaccine effectiveness was 

80·5 (95% CI, 75·1 to 84·7) for preventing symptomatic Covid-19 cases, 95% (95% CI, 86·9 

to 98·1) and 94·9% (95% CI, 76·4 to 98·9) for preventing Covid-19-related hospitalizations 

and deaths, respectively. There was a significant indirect protective effect in unvaccinated 

people when 52% of the adult population was fully vaccinated. The Gamma variant was 

dominant during the study.

Interpretation:
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CoronaVac effectively prevented symptomatic Covid-19 cases and protected against severe 

disease and death during Gamma variant circulation. Unvaccinated individuals benefited from 

high vaccine coverage levels.

(ClinicalTrials.gov Identifier, NCT04747821)

Funding

Fundação Butantan and São Paulo Research Foundation (FAPESP).
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Introduction

The ongoing Coronavirus Disease 2019 (Covid-19) pandemic has an unprecedented 

burden in modern times in loss of lives, people living with sequelae, and increased poverty.1 

Covid-19, caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

infection, is associated with a broad spectrum of clinical manifestations ranging from mild 

symptoms to death.2,3 

Among the measures to control disease’s devastating effects, vaccines have been 

proposed as a cornerstone to curb the number of cases and viral transmission. In December 

2020, the first vaccine was approved in the United Kingdom,4 and in mid-January 2021, two 

vaccines, inactivated SARS-CoV-2 vaccine (CoronaVac) and ChAdOx1 nCoV-19 vaccine 

(Oxford–AstraZeneca), were approved for emergency use in Brazil.4-6

Although currently approved vaccines have shown efficacy in randomized studies, 

phase 3 trials have limitations and do not demonstrate vaccine effectiveness, such as reduction 

in hospitalizations and deaths or decrease in virus transmission.7,8 Investigation of 

effectiveness in real world is challenging but highly relevant, especially in vaccine scarcity 

conditions. 

In the 1980s, the stepped-wedge trial design was proposed to assess the effectiveness 

of the Hepatitis B vaccine allowing all communities to eventually get access to 

immunization.9 More recently, this study design was proposed as an ethical approach for 

assessing vaccine effectiveness during the Ebola emergency, but it was never carried out 

because of the decrease in case incidence.10,11

The lack of a placebo group in stepped-wedge trials allows all participants to receive 

the intervention at the end of the study, eliminating the ethical dilemma of placebo, especially 

during a pandemic. Since the intervention occurs at different periods, group comparisons can 

be made between, as well as a broad analysis before and after intervention. In contrast to mass 
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vaccination, the indirect protective effect of vaccination also can be assessed in a stepped-

wedge trial. 10-12

In the present study, we used a stepped-wedge randomized trial to assess the 

effectiveness of an inactivated Covid-19 vaccine in an entire city in Brazil during the 

uncontrolled regional Covid-19 epidemic.

Methods

Study design and participants

This study is a stepped-wedge randomized trial conducted in Serrana, one of the 26 

municipalities of the Regional Health Department XIII in the State of São Paulo in Brazil. 

Each day, a quarter of the population commute to nearby cities, such as Ribeirão Preto, 

facilitating the transmission of infectious diseases. 

The estimated population for 2020 was 44,434 inhabitants, according to the Statistical 

Website of the State of São Paulo (populacao.seade.gov.br), which was based on an official 

and compulsory census conducted in 2010 (Table 1). Adults aged 18 years and over residing 

in the city were eligible for the study. A list of all inclusion and exclusion criteria are 

provided in the appendix. 

First, the city administration, Housing and Urban Development Company, Serrana 

State Hospital, the Butantan Institute, and local workers created a city participatory mapping 

and the urban region was divided into 25 subareas, according to the land use.13 Next, the 25 

urban subareas were reassembled in four color-coded groups (Green, Yellow, Gray and Blue), 

balancing population among groups and avoiding contiguous areas coded with the same color 

(Figure S1). The subareas were reassembled into the groups by an investigator (RP) who was 

not involved in the mapping nor had links with the city. 
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The study was reviewed and approved by the Ethics Committee of the Clinical 

Hospital, Ribeirão Preto Medical School, University of São Paulo (CAAE 

42390621.1.0000.5440). The study is registered on ClinicalTrials.gov (NCT04747821).

Randomization

The study was presented to the community on February 6, 2021 in a public venue with 

support from local authorities and leaders. During the event, intervention order for the groups 

was determined in a public draw. The randomized order was Green, Yellow, Gray, and Blue. 

Vaccination occurred in each color-coded group with one-week intervals (Figure 1).

Procedures

Eight public schools were adapted as study subsites where potential participants were 

assessed for eligibility, including confirmation of residential address and if the area was 

suitable for recruitment at that week, and were consented. All participants had blood drawn to 

assess the presence of antibodies against SARS-CoV-2 by using Elecsys anti-SARS-CoV-2 

and Elecsys anti-SARS-CoV-2 S (Roche Diagnostics), according to the manufacturer’s 

instructions, and test for pregnancy in women of childbearing age. 

Participants were vaccinated with CoronaVac (Sinovac Life Sciences, Beijing, PRC), 

an inactivated Covid-19 vaccine, in a two-dose scheme with four-week interval, from a single 

lot (#202009004). Participants who missed vaccination were rescheduled within one week. 

Vaccination subsites were open from Wednesday to Sunday between February 14 and April 

11, 2021.

All participants stayed for half-hour after vaccination under medical supervision. 

Participants were advised to seek medical attention at local healthcare units, which reported 

all cases of adverse events within seven days after immunization. During the study period, 
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vaccination was allowed by the National Immunization Program, which definition is provided 

in the appendix.

Since September 2020, there has been enhanced case surveillance for Covid-19 cases 

in Serrana. Any person with one or more symptoms (cough, fever, muscle pain, headache, 

nausea, vomiting, diarrhea, dysgeusia, anosmia, dyspnea, coryza, nasal congestion, sore 

throat, or fatigue) for at least two days had access to any of the local healthcare units of the 

municipality and was tested for free for SARS-CoV-2 by RT-PCR nasal swab. Results were 

available the next working day. Positive samples for SARS-CoV-2 during the study period 

were analyzed and sequenced for variant detection. The study surveillance started the day 

after randomization (epidemiological week 6). The case initial date considered for analysis 

was the day of the beginning of symptoms. Patients were followed for 28 days or until 

hospital discharge or death. Safety surveillance focused on medically attended adverse 

reactions. 

All cases reported by the Serrana health authorities or from other cities in public 

health surveillance systems (e-SUS and SIVEP-Gripe) as residing in Serrana were included in 

the analysis. Those systems also were used to collect information from cases residing in other 

municipalities of the Regional Health Department XIII.

Outcomes

The primary analysis units were the color-coded groups, which were used for 

allocation. Color-coded groups were randomized to receive vaccination at one-week intervals 

(Figure 1). The adult population (18 years or older) residing in each corresponding group was 

invited to join the study in the corresponding week. Only urban areas were considered for the 

study analysis, corresponding to 91·4% of the population (44,183); however, the study 
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vaccine also was offered to residents in rural areas of the municipality, including those in 

permanent and temporary settlements.

The study analysis comprehended from epidemiological weeks 6 to 19 in 2021 and 

involved three study periods for each color-coded group: Control period, before vaccination; 

Transition period, from first vaccination up to six weeks later; and Intervention period, 

starting six weeks after initial dose (when participants are expected have two weeks or more 

after full vaccination scheme) to epidemiological week 19 (Figure 1).

The primary endpoint was the incidence of symptomatic Covid-19 cases in fully 

immunized individuals. Secondary endpoints included the incidence of Covid-19-related 

hospitalizations and deaths, incidence of cases according to immunization coverage, change 

in the number of cases in comparison to neighboring cities, and frequency of SARS-CoV-2 

variants.

Statistical analysis

Information from study participants and case and safety surveillance were cross-

checked to determine the area and status regarding the intervention. To calculate vaccine 

effectiveness, case incidence was first determined using a mixed Poisson regression model to 

verify weekly changes in incidence rate ratios (IRR). Let be the number of Covid-19 cases 𝑦𝑦𝑖𝑖𝑖𝑖 

in the group  during the epidemiological week . 𝑖𝑖 (𝑖𝑖 =  1,2,3,4) 𝑗𝑗 (𝑗𝑗 =  6, ... ,19)

The model is written as follows:

𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇 + 𝛼𝛼𝑖𝑖 + 𝜃𝜃𝑋𝑋𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖

Here,  is the baseline rate,  is a random effect for the group ,  represents the 𝜇𝜇 𝛼𝛼𝑖𝑖~𝑁𝑁𝑁𝑁𝑁𝜎𝜎2
𝛼𝛼) 𝑖𝑖 𝑋𝑋𝑖𝑖𝑖𝑖

interventional group status during epidemiological week and . We categorized 𝑖𝑖 𝑗𝑗 𝜀𝜀𝑖𝑖𝑖𝑖~𝑁𝑁𝑁𝑁𝑁𝜎𝜎2
𝜀𝜀)

the treatment variable according to vaccination status, where the epidemiological weeks 6 and 

7 were assumed as reference, so that θ represents the gradual effect of the intervention.
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After case incidence estimation, vaccine effectiveness was calculated using two 

different methods: overall effectiveness and direct vaccine effectiveness.

The overall effectiveness was estimated by comparing the case incidence for the entire 

urban population in the control vs. the intervention period, as 100×(1–IRR) and 95% CIs for 

vaccine effectiveness estimated as 100×(1–upper or lower bounds of 95% CI for IRR), where:

𝐼𝐼𝐼𝐼𝐼𝐼 =
(𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ‒ 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑎𝑎𝑎𝑎 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝)

(𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ‒ 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑎𝑎𝑎𝑎 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝)
,

and the 95%CI for IRR was calculated as,  with the standard error 𝑒𝑒{𝑙𝑙𝑙𝑙𝑙𝑙(𝐼𝐼𝐼𝐼𝐼𝐼) ± 1·96 × 𝑆𝑆𝑆𝑆(𝑙𝑙𝑙𝑙𝑙𝑙(𝐼𝐼𝐼𝐼𝐼𝐼))}

for :𝑙𝑙𝑙𝑙𝑙𝑙(𝐼𝐼𝐼𝐼𝐼𝐼)

𝑆𝑆𝑆𝑆(𝑙𝑙𝑙𝑙𝑙𝑙(𝐼𝐼𝐼𝐼𝐼𝐼)) =
1

𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
+

1
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

.

The direct vaccine effectiveness (dVE) was calculated by comparing the incidence 

density between fully vaccinated and unvaccinated participants during intervention period as 

follows:

𝑑𝑑𝑑𝑑𝑑𝑑 = 1 ‒
( 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉) (𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ‒ 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑎𝑎𝑎𝑎 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉)

(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈) (𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ‒ 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑎𝑎𝑎𝑎 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈)
.

Indirect protective effect was determined combining two parameters. First, it was 

determined the epidemiological week when a significant and persistent decrease in case 

incidence occurred for the entire population. Second, the epidemiological week when an 

anticipated effect was observed in a color-coded group, i.e., when a significant reduction in the 

case incidence occurred before the sixth week after the second vaccine dose. After defining the 

epidemiological week that indirect protective effect occurred, the respective vaccine coverage 

was defined.
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The cumulative incidence for Covid-19-related hospitalization and death for Serrana 

and the other nearby municipalities from Regional Health Department XIII was calculated 

and compared between epidemiological weeks 6 and 19.

Role of the funding source

The study was supported by the Fundação Butantan, a non-profit foundation 

supporting activities of the Instituto Butantan, a public health research institution of the 

Government of São Paulo State, and by the São Paulo Research Foundation (FAPESP, grant 

2020/10127-1). The vaccine manufacturer, Sinovac Life Sciences, had no role in the study but 

provided the product at no cost.

Results

Between Feb 14, 2021, and April 11, 2021, 28,656 individuals gave written informed 

consent and were enrolled in the study, 908 were excluded before vaccination mainly due to 

unstable chronic disease, treatment with immunosuppressive therapy, impaired immune 

system diseases and alcohol or drug abuse, and 27,748 participants received the first vaccine 

dose. Also, 342 individuals were excluded from the study analysis because they lived in rural 

areas. Thus, 27,406 residents in urban areas received the first dose, corresponding to 82·9% of 

the adults and 62% of the estimated urban populations. Only 515 (1·9%) participants did not 

receive the second dose mainly due to Covid-19-related symptoms, treatment with 

immunosuppressive therapy, and pregnancy. Thus, 81·3% of the adults and 60·9% of the 

overall urban population completed the vaccination scheme. 

The participant distribution by gender was comparable (50·4% female), and 16% of 

the participants were 60 years or older. Before vaccination antibodies against nucleocapsid 
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and receptor-binding domain (RBD) were detected in 23·6% and 24·6% of participants, 

respectively. The baseline details per color-coded group are summarized in Table 1. 

The number of symptomatic Covid-19 cases detected during the study period was 

1,447. Of these, 149 resulted in hospitalization or death. In cases with reported symptoms 

between epidemiological weeks 6 and 19, there were 37 fatalities. The cumulative incidence 

of symptomatic and hospitalization cases is depicted in Figure S2. 

The overall vaccine effectiveness for the whole population, including vaccinated and 

unvaccinated people, was 48·1% (95% CI, 39·2 to 55·7) for preventing symptomatic Covid-

19 cases and 48·1% (95% CI, 13·2 to 69·0) for preventing disease-related hospitalization or 

death. Overall vaccine effectiveness according to study period and age is shown in Figure S3. 

Among fully immunized individuals, the direct vaccine effectiveness was 80·5 (95% CI, 75·1 

to 84·7) for preventing symptomatic Covid-19 and 95% (95% CI, 86·9 to 98·1) and 94·9% 

(95% CI, 76·4 to 98·9) for preventing Covid-related hospitalization and death, respectively 

(Table 2). A significant direct vaccine effectiveness in the elderly has been shown in Table 2.

Out of the 1,447 reported Covid-19 cases, 361 (24·9%) samples were completely 

sequenced during the study period. The Gamma variant accounted for 92% to 100% of the 

circulating lineage between epidemiological weeks 10 and 19. Moreover, other lineages were 

also detected, demonstrating the replacement of the ancestral lineage (Figure S4).

The analytical model revealed a significant increase in the IRRs in epidemiological 

week 10 when the Blue group received the first dose (1·59, p<0·001). This tendency was 

reverted by epidemiological week 13 (0·58, p<0·001). A significant indirect protective effect 

was observed in epidemiological week 13, when the adult population coverage reached 52%. 

Notably, the maximum decrease in case incidence occurred by week 15 (0·25, p<0·001), 

which corresponds to one week after Blue group received the second dose, and remained low 

until the end of the experimental period (Figure 2 and Table S2). 
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Concerning hospitalization and death, the peak number of cases occurred in week 10 

(2·00, p=0·02), and a maximum decrease was found on week 15 (0·17, p=0·02). For the 

remainder of the study, the hospitalization and death case numbers remained low and 

insignificant due to the small sample size (Figure 2 and Table S2).

Assessments of the IRRs for the symptomatic Covid-19 cases of each group were 

performed in a chronological sequence (Figure 2). The Green group, vaccinated between 

weeks 7 and 11, exhibited a significant decrease in the IRR, beginning at week 14 (0·32, 

p<0·001). In the Yellow group, vaccinated between weeks 8 and 12, a reduction in the IRR 

was detected at week 14 (0·35, p=0·046). The Gray group, vaccinated on weeks 9 and 13, 

displayed significant attenuation of the IRR at week 15 (0·30, p=0·049). In the Blue group, 

vaccinated between weeks 10 and 14, the IRR reduction was detected as early as at week 13 

(0·15, p<0·001), one week earlier than the previous group, demonstrating the indirect 

protective effect of vaccination. The model cannot be adjusted for hospitalizations and deaths 

due to the limited number of cases (Figure S5). 

From epidemiological weeks 6 to 13, the cumulative incidence for Covid-19-related 

hospitalization and death in Serrana overlapped with other cities in the region. However, this 

scenario changed during epidemiological week 13 when the incidence in Serrana was 

deterred, whereas in other cities in the region it remained high (Figure 3).

Discussion 

In the context of a public health emergency, this is the first study to demonstrate how 

a vaccine can change the course of an ongoing epidemic in a region with no other significant 

measures. Among fully immunized individuals, CoronaVac proved effective at preventing 

symptomatic Covid-19 cases and disease-related hospitalization and death in adults and 
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elderly. Notably, the stepped-wedge experimental design confirmed the collective immunity 

and the indirect protective effect of community vaccination.

Notably, our study demonstrated a direct vaccine effectiveness of 80·5 (95% CI, 75·1 

to 84·7) for symptomatic SARS-CoV-2 infection when the Gamma variant was predominant. 

A Chilean study reported vaccine effectiveness of 65·9% for symptomatic Covid-19 and 

87·5% and 86·3% for disease-related hospitalization and death, respectively, using 

administrative observational data from a mass vaccination campaign.14 It should be pointed 

out that in Chile the population was vaccinated over four months, whereas in Serrana the 

immunization was performed in two months. Since the stepped-wedge strategy produced 

results consistent with data obtained from a larger study, it should be considered a practical 

approach for assessing and predicting the real-world performance of new vaccines. 

Nonetheless, in a previous test-negative case-control study that enrolled healthcare 

workers in Manaus, Brazil, CoronaVac effectiveness was found to be 49·6% (95% CI, 11·3 to 

71·4) after the first dose and 36·8% (95% CI, -54·9 to 74·2) after the second dose against 

symptomatic cases.15 The attenuated effectiveness observed in Manaus could be attributed to 

study design differences and higher viral exposure. Our results reinforce the importance of 

immunization as a collective public health measure. 

Uncontrolled studies have evaluated the effectiveness of different vaccines, mainly in 

high-income countries, using the BNT162b2 messenger RNA (mRNA) vaccine (Pfizer–

BioNTech), the ChAdOx1 nCoV-19 vaccine (Oxford–AstraZeneca), and the mRNA-1273 

vaccine (Moderna).16-18 Although phase-3 clinical trials of CoronaVac have demonstrated an 

efficacy ranging from 50·7% in Brazil to 83·5% in Turkey,5,6 up to now, this is the first 

controlled clinical study proving its effectiveness in the real world. 

CoronaVac is known to have good efficacy in two weeks after complete immunization 

and, like other Covid-19 vaccines, does not trigger sterilizing immunity. Herein, we reported 
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that the groups vaccinated later in the experimental period attained the expected effectiveness 

even before completion of the immunization scheme, indicative of an indirect protective 

effect. Furthermore, the overall Covid-19 incidence was deterred in Serrana, in contrast with 

the persistent increase of cases in nearby cities. We also observed in the Intervention period a 

reversal in the increased trend of symptomatic SARS-CoV-2 cases among children (Figure 

S3), which would suggest an indirect protective effect of vaccination. 

The indirect benefits of other vaccines have already been demonstrated and 

calculated.19 Concerning Covid-19 vaccines, mechanisms for indirect effects, such as reduced 

viral load in respiratory fluids and faster viral clearance, have been proposed.20 The results of 

our study found clear indication of indirect protective effects on the unvaccinated population, 

but the direct vaccine effect is far more important and all efforts should keep focusing on 

increasing immunization coverage.

Of note, vaccination acceptance was high in all study areas, and the distribution of the 

stepped-wedge vaccination groups was uniform in the territory. This homogeneity is critical 

since an unbalanced distribution of vaccination coverage can lead to one or more highly 

transmissible foci and prevent broader disease control. This study cannot ascertain a 

minimum immunization level to control the disease throughout the entire territory. However, 

our results demonstrated that when 52% of the whole population was fully vaccinated, 

indirect protective effects were observed, suggesting that this might be the minimum level of 

immunization needed to be achieved for the Gamma variant. 

Considering that viral replication might change, it is advisable to make additional 

efforts to reach immunization levels as high as possible, especially in communities with 

reduced access to health systems. The ideal vaccination coverage might vary according to 

SARS-CoV-2 variant transmissibility and adherence to non-pharmacological measures. 

Unfortunately, this study did not assess if mask use, social distancing and other control 
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measures changed during and after the experimental period. However, it should be pointed 

out that Serrana authorities did not promote Covid-19 sanitary measures different from the 

surrounding region or restrict commuting at any moment. 

Like the present study, stepped-wedge clinical trials can provide information about 

vaccine effectiveness and build confidence in introducing a new immunization scheme. We 

strongly encourage the inclusion of demonstration studies into the clinical development plan 

of new vaccines to ease their introduction at a larger scale.21 In the current case, early results 

obtained in this trial were vital for boosting CoronaVac's credibility in a scenario of 

disinformation propagated by public figures.22 Close coordination between researchers, local 

and state authorities, and community leaders was critical for making this study possible, and it 

was reflected in the high vaccine acceptance. The role of community leaders in promoting the 

study immunization program was also an essential aspect of successful immunization.

Our study has limitations. First, due to the relatively short follow-up, we cannot 

extrapolate data for late outcomes, such as the duration of the vaccine protection. Second, as 

the number of severe patients was quite low, the statistical model for the indirect effect could 

not be adjusted for hospitalizations and deaths per group. Finally, if the rate of infection was 

trending down in Serrana, the calculated effectiveness could be biased. However, as the study 

period was relatively short and the case incidence in the nearby cities increased during the 

study period and in the following months, this stepped-wedge potential bias is unlikely to 

change the magnitude of our findings.10

In conclusion, this study demonstrates that collective immunization can increase 

Covid-19 vaccine effectiveness. Even in a scenario with new SARS-CoV-2 variant and in 

areas where very high transmission occurred, the direct and indirect effects of CoronaVac 

were remarkable. All the approved Covid-19 vaccines are expected to trigger collective 
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immunity, but each might have different immunization coverage to achieve this effect. 

Nonetheless, our study provided a proof-of-concept for Covid-19 control through vaccination.
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Figure legends

Figure 1. Study design and vaccine uptake in the population of Serrana, Brazil, 2021. 

The panel (a) shows the study periods and time of intervention for each step/group. The 

Control Period is shown in white. The Transition Period is shown with a diagonal pattern. The 

Intervention Period is in solid colors. V1: 1st dose of vaccine. V2: 2nd dose of vaccine. A: is 

the cut-off for analysis. The panel (b) shows the vaccine uptake per dose and age group and 

overall population.

Figure 2. Vaccina coverage and incidence rate ratios for the entire population (a) and for each 

color-coded groups (b-e) for symptomatic Covid-19 cases, Serrana, Brazil, 2021.

Figure 3. Cumulative incidence for Covid-19-related hospitalization and death between 

epidemiological weeks 6 and 19 in Serrana and other cities in the region with over 30,000 

inhabitants, 2021.
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Table 1. Characteristics of the Study Population, Overall, per Group, and According to Vaccination Status, 

Serrana, Brazil, 2021.

Characteristics Overall Green Group Yellow Group Grey Group Blue Group

Estimated population

Total Urban Population (n, %) 44,183 (100) 10,716 (24·3) 10,399 (23·5) 9,918 (22·4) 13,150 (29·8)

Total Adults (n, %) 33,074 (74·9) 8,026 (74·9) 7,835 (75·3) 7,323 (73·8) 9,890 (75·2)

0-17yr (n, %) 11,109 (25·1) 2,690 (25·1) 2,564 (24·7) 2,595 (26·2) 3,260 (24·8)

18-59yr (n, %) 28,104 (63·6) 6,704 (62·6) 6,586 (63·3) 6,319 (63·7) 8,495 (64·6)

60yr 4,970 (11·2) 1,322 (12·3) 1,249 (12·0) 1,004 (10·1) 1,395 (10·6)

Vaccinated with at least one dose

Total Urban Population (n, %) 27,406 (62·0) 6,764 (63·1) 6,203 (59·6) 6,026 (60·8) 8,413 (64·0)

Total Adults (n, %) 27,406 (82·9) 6,764 (84·3) 6,203 (79·2) 6,026 (82·3) 8,413 (85·1)

18-59yr (n, %) 23,041 (82·0) 5,549 (82·8) 5,166 (78·4) 5,091 (80·6) 7,235 (85·2)

60yr 4,365 (87·8) 1,215 (91·9) 1,037 (83·0) 935 (93·1) 1,178 (84·4)

Fully vaccinated

Total Urban Population (n, %) 26,891 (60·9) 6,647 (62·0) 6,084 (58·5) 5,897 (59·5) 8,263 (62·8)

Total Adults (n, %) 26,891 (81·3) 6,647 (82·8) 6,084 (77·7) 5,897 (80·5) 8,263 (83·5)

18-59yr (n, %) 22,580 (80·3) 5,447 (81·3) 5,057 (76·8) 4,976 (78·7) 7,100 (83·6)

60yr 4,311 (86·7) 1,200 (90·8) 1,027 (82·2) 921 (91·7) 1,163 (83·4)

Gender

Female (n, %) 13,541 (50·4) 3,344 (50·3) 3,122 (51·3) 2,959 (50·2) 4,116 (49·8)

Baseline seroconversion

RBD-reactive IgG (n, %) 6,605 (24·6) 1,398 (21·0) 1,427 (23·5) 1,647 (27·9) 2,133 (25·8)

Serology IGT (Reactive) (n, %) 6,345 (23·6) 1,341 (20·2) 1,374 (22·6) 1,578 (26·8) 2,052 (24·8)

Comorbidities

Diabetes (n, %) 2,172 (8·2) 574 (8·7) 522 (8·7) 494 (8·5) 582 (7·2)

Dyslipidemia (n, %) 1,352 (5·1) 337 (5·1) 338 (5·6) 268 (4·7) 409 (5·0)

Cardiovascular diseases (n, %) 260 (1·0) 74 (1·1) 67 (1·1) 46 (0·8) 73 (0·9)

Hypertension (n, %) 5,449 (20·5) 1,449 (22·1) 1,314 (21·8) 1,141 (19·7) 1,545 (18·9)

Failure to complete vaccination (n, %) 515 (1·9) 117 (1·7) 119 (1·9) 129 (2·1) 150 (1·8)
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Table 2. Effectiveness of CoronaVac vaccine in preventing Covid-19 outcomes in Serrana, Brazil, 2021.

 Effectiveness 95% CI

Overall effectiveness*

Symptomatic cases 48·1 39·2 - 55·7

Hospitalization and Death 48·1 13·2 - 69·0

Direct effectiveness**

Symptomatic cases 80·5 75·1 - 84·7

Hospitalization and Death 95·0 86·9 - 98·1

Death 94·9 76·4 - 98·9

18-59yr direct effectiveness**

Symptomatic cases 79·3 73·2 - 84·1

Hospitalization and Death 94·4 80·2 - 98·4

Death 93·9 45·3 - 99·3

≥60yr direct effectiveness**

Symptomatic cases 86·4 74·5 - 93

Hospitalization and Death 96·9 86·1 -99·3

Death 96·9 73·9 - 99·6

* Overall effectiveness was estimated by comparing the case incidence in the control and intervention 

periods for the entire urban population.

** Direct vaccine effectiveness was calculated by comparing case incidence between fully vaccinated 

vs. unvaccinated participants during the intervention period.

Control period, before vaccination; Intervention period, starting six weeks after initial dose (when 

participants are expected have two weeks or more after full vaccination scheme) to epidemiological 

week 19.



1.8. CoronaVac generates high antibody responses in healthcare 
workers with and without prior Covid-19 infection, 

say studies from Turkey

Two researches conducted in Turkey 
showed that CoronaVac, the vaccine 
of Butantan and Sinovac, produces 
effective humoral immunity in 
healthcare workers with and without a 
history of Covid-19, with seroconversion 
rates above 99%. In individuals who 
have already had the infection, the level 
of antibodies produced was 1.3 times 
higher than in those who have never 
been infected.

The first study, published in July 2021, 
analyzed 730 healthcare workers: 103 
(14%) had been previously infected with 
mild or asymptomatic SARS-CoV-2, 
and 627 (83%) had not been infected. 
All individuals were immunized with two 
doses of CoronaVac at a 28-day interval.

One month after the second dose, specific 
IgG antibodies to Spike protein were 
detected in both groups - parallel studies 
of phases 1 and 2 showed seroconversion 
in 98% of healthcare workers.

In previously infected people, antibody 
levels were significantly higher (1220 
AU/mL) than in the second group (913 
AU/mL). Furthermore, there was no 
difference in vaccine-related adverse 
reactions between previously infected 
and uninfected individuals, both in the 
first and in the second dose.

On the other hand, the second study, 
published in November 2021, was 
conducted with 330 healthcare workers 
of the Istanbul University Cerrahpasa, 

Faculty of Medicine, aged 19 to 65, who 
were immunized with CoronaVac. Of 
these, 255 had never had the disease 
and 75 had a previous history of Covid-
19 (five asymptomatic, 36 mild, 31 
moderate and three severe cases).

Samples collected 28 days after the 
second dose showed seroconversion 
of IgG antibodies in 100% of the 
previously infected and 99.2% of the 
uninfected. In all study participants, 
the efficacy rate of CoronaVac  
was 99.4%.

In the group without prior infection, 
the mean antibody titer was 48.4 AU/
mL after the first dose, which increased 
to 707.1 AU/mL after the second dose. 
Among those with a prior history of 
Covid-19, the mean antibody titer was 
301.9 AU/mL before vaccination, rising 
to 1331.2 AU/mL after the first dose and 
remaining at similar levels after the 
second dose.

In summary, participants who have had 
Covid-19 developed significantly higher 
seroconversion rates after the first dose 
of the vaccine than the participants 
with no history of the disease, but the 
rates of antibody development after 
full immunization were similar, between 
99% and 100%.

Published on: 
11/22/2021 and 07/29/2021
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1.9. CoronaVac induces the production of specific antibodies against 
the main proteins of the SARS-CoV-2 virus

A brazilian study published in 
Diagnostic Microbiology and 
Infectious Disease journal identified 
a high production of IgG specifics 
antibodies against the Spike (S) 
protein and against nucleocapsid 
(N) protein of SARS-CoV-2 on 
healthcare workers vaccinated 
with CoronaVac, with and without 
previous infection with Covid-19, 
and with and without comorbidities. 
These are the most important 
proteins of the virus that induce the 
higher immune response. 

Published in November 2021, the 
analysis was conducted by scientists 
of the Federal University of Paraná 
(UFPR) and from the National 
Center of Research in Energy and 
Materials of Campinas. The 133 
volunteers were professionals of 
the Complex Clinical Hospital 
of UFPR, from Curitiba, aged 
between 25 to 59 years, being nine 
immunosuppressed and 124 without 
comorbidities. The individuals 
were also divided into another 
two groups: those that presented 
positive serology for Covid-19 before 
the vaccination (16) and those that 
never had the disease (117).

A robust production of specific IgG 
antibodies for the S protein, that 
allows the virus to entry the human 

cells, was detected in 97% of the 
participants two weeks after the 
second dose. Besides, 52% presented 
IgG antibodies against the N protein 
- that’s because CoronaVac is an 
inactivated vaccine that contains 
the whole virus, therefore capable of 
promoting a wider immune response, 
not restricted to only one protein.

The levels of antibodies produced 
were similar, independent if the 
participant has had Covid-19  before 
or not. On immunosuppressed 
individuals, in general, the immune 
response was also similar to the 
group without comorbidities.

The researchers call the attention 
to the taxes of seroconversion 
observed for the protein N, the 
most conserved and stable of the 
virus. “Since this protein presents 
a low level of mutation, specific 
antibodies for that protein can be 
viable to combat the variants that 
have a high level of mutation in the 
S protein”, they said. However, they 
reinforce that more studies must be 
done to understand the protecting 
effect of specific antibodies against 
the other proteins of the virus.

Published on: 11/19/2021
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A B S T R A C T

This study aimed to calculate the seroconversion rate and IgG antibody dynamic range of the CoronaVac vac-
cine in healthcare workers (HCWs) after immunization. Serum samples from 133 HCWs from Southern Brazil
were collected 1 day before (Day 0) and +10, +20, +40, + 60, +110 days after administering the vaccine’s first
dose. Immunoglobulin G (IgG) was quantified using immunoassays for anti-N-protein (nucleocapsid) anti-
bodies (Abbott, Sligo, Ireland) and for anti-S1 (spike) protein antibodies (Euroimmun, L€ubeck, Germany).
Seroconversion by day 40 occurred in 129 (97%) HCWs for the S1 protein, and in 69 (51.87%) HCWs for the N
protein. An absence of IgG antibodies (by both methodologies), occurred in 2 (1.5%) HCWs undergoing semi-
annual rituximab administration, and also in another 2 (1.5%) HCWs with no apparent reason. This study
showed that CoronaVac has a high seroconversion rate when evaluated in an HCW population.

© 2021 Elsevier Inc. All rights reserved.
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1. Introduction

By July 5, 2021, approximately 1 year after the beginning of the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
pandemic, confirmed cases of infection worldwide numbered
183,560,151 people, including 3,978,581 deaths (World Health
Organization (WHO) 2021). After the description of this new human
coronavirus in December 2019, there was a global effort by research-
ers, public and private companies in the search for an effective vac-
cine to control this pandemic (Angeli et al., 2021; Golob et al., 2021;
Kumar et al., 2021). These studies resulted in late 2020, with the first
doses of immunization in the population, and there are currently
2,988,941,529 doses of the vaccine administered until July 5, 2021
(WHO, 2021).

Many SARS-CoV-2 proteins can induce an immune response,
amongst them: M (membrane), E (envelope), N (nucleocapsid), and S
(spike) (Zeng et al., 2020). However, the S and N proteins are the
most responsive to infection, which induces high titers of anti-SARS-
CoV-2 IgM and IgG antibodies. S protein has been more studied for
vaccines because it participates in the virus entry mechanism
through the connection of the S1 region receptor-binding domain

(S1-RBD) in virus particles with the angiotensin-converting enzyme
2 (ACE 2) in the host cell (Barchuk et al., 2021; Saelens and
Schepens, 2021). Then, the antibodies binding in this region can
cause viral neutralization. Both S and N proteins have also been used
for diagnosis, S protein is more specific despite being a more variable
portion. In contrast, N protein is a more preserved region, including
high homology with N protein SARS-CoV (>90%), but both may have
false-positive results (Jiang et al., 2020). To evaluate the neutraliza-
tion antibody activity, the gold-standard assay is the plaque reduc-
tion neutralization test (PRNT) that involves the measurement of the
ability of patient sera to prevent infection (Murray et al., 2021). How-
ever, since this assay is time-consuming and requires higher levels of
biological safety, multiple groups proposed anti-RBD ELISA assays as
a reliable tool to predict neutralization (Murray et al., 2021;
Padoan et al., 2021; Papenburg et al., 2021).

Worldwide efforts resulted in several vaccines against SARS-CoV-
2 with distinct antigen platforms systems (nonreplicating viral vec-
tor, protein subunit, inactivated virus, and mRNA), with the main
antigenic focus on S protein (Golob et al., 2021; Kumar et al., 2021).

The vaccination in Brazil started with CoronaVac (Sinovac Life Sci-
ences, Beijing, China) in January 2021, and until June 2021, 2 other
vaccines come into use in the country. However, CoronaVac (Sinovac
Life Sciences, Beijing, China) remains the most administered in Brazil-
ian territory (Brasil, Minist�erio da Sa�ude 2021), using the inactivated

* Corresponding author. Tel.: +55-41-3360-7974; fax: +55-41-3360-1811
E-mail address:meribordignon.nogueira@gmail.com (M.B. Nogueira).
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virus as a component of the vaccine (Golob et al., 2021; Kumar et al.,
2021). In phase I/II studies, this vaccine was safe, tolerable, presented
high immunogenicity, and had uncommon adverse reactions. A simi-
lar response was observed for both tested concentrations (3 mg and
6 mg), and 97% of seroconversion occurred in the participants with
18 to 59 ages (Padoan et al., 2021). In phase III trials, carried out with
health care workers, this vaccine presented 50.7%, 83.7%, and 100%
efficacy against symptomatic disease, cases requiring assistance, and
severe cases, respectively (Zhang et al., 2021a, 2021b). Phase III also
tested some serum samples against the B.1.1.28, gamma (P.1), and
zeta (P.2) variants, showing great antibody response (Palacios et al.,
2021).

As the vaccine has been administered to people with different
ethnicities, comorbidities, and ages, the results of pre-approval clini-
cal trials for its use may not perfectly reflect the response to the vac-
cine. Thus, vaccine response analyses, either by seroconversion or by
neutralizing antibody titration, are essential to assess the possible
impacts of this immunization on the population and must be moni-
tored so that the humoral response time can be defined. In this con-
text, this study aimed to identify the seroconversion rate and
antibody dynamic range after vaccination with SARS-CoV-2 (Corona-
Vac) in healthcare workers (HCWs) 40 days after its application.

2. Methods

2.1. Participants

In total, 170 participants were recruited at the Complexo Hospital
de Clínicas, UFPR, Clinical Laboratory, Curitiba, Brazil, during the vac-
cination of HCWs in this city. The Institutional Ethical Committee
approved the study (CAAE: 31687620.2.0000.0096), and all partici-
pants signed their consent.

The inclusion criteria were as follows: answering the question-
naire, being vaccinated with 2 doses of CoronaVac, and providing
serum samples. Fourteen participants were excluded because they
did not complete the questionnaire. In addition, 7 participants took
another vaccine, 1 participant did not have the second dose, and 15
participants did not provide a sample on days 0 (previous vaccina-
tion) or +40 (post-vaccination) (Fig. 1).

Serum samples of 133 healthcare workers included in this study
were collected on days 0 (previous first dose application), +10, +20,
+40, +60, and +110 after the first dose. On day 0 and +40, 133 serum
samples were analyzed, and on day +10, +20, +60 and +110, 123, 119,
114 and 132 serum samples were analyzed, respectively. All samples
were stored at �20 °C until analysis.

The participants were divided into 2 groups based on day 0 serol-
ogy according to anti-spike-1 (anti-S1) immunoglobulin G (IgG)
(Dutta et al., 2020, Fergie and Srivastava, 2021, Zeng et al., 2020):
reactive (n = 16) and nonreactive (n = 117). The participants were also

sorted according to the presence of comorbidities into 2 divisions:
immunosuppressed (n = 9) or not (n = 124) (Fig. 1; Table 1). The immu-
nosuppressed group consisted in participants who presented comor-
bidity associated with compromised humoral or cellular immune
response or those who used immunosuppressive drugs, such as HIV
infection, use of chemotherapy or steroids (prednisone at a dose of
20 mg/day or equivalent).

2.2. Seroconversion evaluation

Semi-quantitative assays were performed to detect anti-SARS-
CoV-2 IgG. For all serum samples, assays used the Chemiluminescent
Microparticle Immunoassay (CMIA) Architect-I System for anti-
nucleocapsid protein (anti-N) IgG (Abbott, Sligo, Ireland). Addition-
ally, for serum samples from days 0, +40 and +110, assays used the
Enzyme-Linked Immunosorbent Assay (ELISA) for IgG anti-S1 spike-
protein receptor-binding domain (RBD) (Euroimmun, L€ubeck, Ger-
many).

Samples were tested in duplicate, following the manufacturer’s
instructions. Results with a variation coefficient greater than 15.0%
were repeated.

2.3. Statistical analysis

According to the distribution of seroconversion at day +40, the
category variables were evaluated using Pearson’s chi-squared
test with Yates’ continuity correction. The age variable was evalu-
ated using the Wilcoxon signed rank sum test with continuity
correction. Samples paired over time were evaluated using the
Friedman ANOVA test (as implemented in the rstatix package),
followed by the Wilcoxon signed rank test as a post hoc pairwise
comparison. For samples without multiple observations over
time, the Wilcoxon signed rank test was used. All statistical anal-
yses were performed using R (R Core Team). P values less than
0.05 were considered significant.

3. Results

3.1. Seroconversion to S1 protein

Robust production of anti-S1-protein IgG was observed by day
+40 in 129 (97%) HCW participants by the index test result. Although
the reactive (Fig. 2D) and nonreactive (Fig. 2B) groups had different
average index values for S1-protein IgG on day 0 (P < 0.0001), on day
+40, the average index between the groups was not significantly dif-
ferent (P = 0.3704).

Fig. 1. Participants included and excluded in the study and division of groups for analysis. Comorbidities (immunosuppressive) included: Immunosuppressive drugs use, Crohn’s
disease, bariatric surgery, HIV and Diabetes.

2 L. Bochnia-Bueno et al. / Diagnostic Microbiology and Infectious Disease 102 (2022) 115597
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3.2. Seroconversion to N protein

Distributing the data in the division of groups is possible to
observe no significant production of the anti-N-protein IgG in nonre-
active group participants 10 days after the first vaccine dose
(P = 0.5027; Fig. 2A), and although there was a statistical difference in
the sample on day +20 (P < 0.0001), there was no apparent serocon-
version at that time. By contrast, there was a marked increase in
N-protein IgG levels in 69 (51.87%) participants on day +40 (Fig. 2A).

A significant difference was also observed in the average index for
this antibody between the reactive (Fig. 2C) and nonreactive groups
(Fig. 2A): day 0 (P < 0.0001) and day +40 (P = 0.0657).

3.3. Combined response

In the nonreactive group, better-developed antibody responses
were observed for N and S1 proteins (P < 0.0001; Fig. 2A, B), while in
the reactive group, the antibody response showed a significant

Table 1
Demographics characteristics of participants included in the study for each respective group.a

IgG Anti-S1 (Day 0) Comorbidities immunosuppressiveb

Reactive Nonreactive With Without
n (%) n (%) P value n (%) n (%) P value

Total 16 117 9 124
Female 13 (81.25) 93 (79.49) 1.0000 6 (66.67) 100 (80.64) 0.5636
Median Age (IQR) 44 (25.25�52.75) 49 (39.50�53.50) 0.2225 51 (45.50�54.50) 48 (38.25�53.75) 0.2297
a Information on the handling of special cases: 2 immunosuppressed (Rituximab 1400 mg/semiannually), 1 myasthenia gravis (Pyridostigmine 120 mg/day), 1 Crohn’s disease

ostomized 22 years ago (Azathioprine 100 mg/day), 2 participants with bariatric surgery (11 and 12 years), and 1 HIV+ (Tenofovir 300 mg, Lamivudine 300 mg + Dolutegravir 50
mg/day; CD4+ 541/mL).

b Comorbidities (immunosuppressive) included: Immunosuppressive drugs use, Crohn’s disease, bariatric surgery, HIV and Diabetes. The patient with Myasthenia gravis is not
included here because the treatment used was not immunosuppressive.

Fig. 2. Antibody rates in the S1-protein IgG seroconverted/not seroconverted groups at day 0. Boxplot graph presents median (line dividing the box), interquartile range (box), maxi-
mum value (line above the box), and minimum value (line below the box). The line connecting the boxes represents the trend of the data. The dotted line represents the days of the
vaccine application (2 doses). (A) N-protein IgG evaluation in S1-antibody nonreactive participants at day 0. (B) S1-protein IgG evaluation in S1-protein IgG nonreactive participants at
day 0. (C) N-protein IgG evaluation in S1-protein IgG reactive participants at day 0. (D) IgG anti-S1 protein evaluation in anti-S1 protein IgG reactive participants at day 0.

L. Bochnia-Bueno et al. / Diagnostic Microbiology and Infectious Disease 102 (2022) 115597 3
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difference (P < 0.0001) only for antibodies against S1 protein
(Fig. 2D), increasing the level of circulating humoral response. No sig-
nificant changes were observed in IgG anti-N protein analysis for the
reactive group at days +10, +20, and +40 (P = 0.2231). The antibody
index for IgG anti-N and anti-S1 presented at day +40 approximated
mean of 2.0 and 6.0, respectively.

Comorbidities were reported by some HCWs, including
Crohn’s disease, prior bariatric surgery, HIV+, or diabetes. In gen-
eral, the participants with comorbidities responded to the vac-
cine similarly to participants without any comorbidities (Fig. 3).
However, 2 cases in the immunosuppressed group did not
undergo seroconversion. Furthermore, 2 other HCWs (not in the
immunosuppressed group) did not seroconvert by day +40; both
had no apparent cause. These 4 HCWs without seroconversion
were re-evaluated at +60 and +110 days. One participant pre-
sented seroconversion of the S1 protein in a sample of +60 days
(Fig. 4).

In the anti-S1 reactive group on day 0, 6 (37.50%) participants did
not have a previous SARS-CoV-2 diagnosis, possibly due to asymp-
tomatic infection. Furthermore, in the anti-S1 nonreactive group, 7
(5.98%) participants had symptoms suggestive of SARS-CoV-2 (fever,
dry cough, tiredness, loss of taste or smell, aches and pains, headache,
sore throat, nasal congestion, red eyes, diarrhea, or a skin rash)
(WHO, 2021), although we did not have information about nasopha-
ryngeal RT-PCR or immunological rapid-test detection. Demographic
data according to immunologic response and comorbidities, are
shown in Table 1.

3.4. Antibodies level range

Overall, it is observed that the antibody index showed a decrease
in the comparison between days +40 vs +110. However, this antibody
index in this last sample collection is still significantly higher when
comparing days 0 vs +110 (all P < 0.0001) for both participants with-
out (Fig. 2A and 2B) and those with (Fig. 2C and 2D) immunity before
vaccination.

4. Discussion

The seroconversion rate of 97% for the anti-S1 IgG observed in
HCWs is important data and corroborates the results of phase I/II tri-
als of CoronaVac vaccine (Zhang et al., 2021a). However, it should be
noted that the necessary antibody titers for protection are not
entirely known. Furthermore, in the clinical trials carried out previ-
ously to vaccine registration, the primary outcome was disease sever-
ity, so it cannot be affirmed so far whether seroconversion or
antibody titers are associated with protection from infection.

Several mutations in the RBD region of the S1 protein have been
shown, giving rise to the viral variants of concern, as previously
described: gamma (P.1), zeta (P.2), beta (B.1.351), alpha (B.1.1.7), and
B.1.325 (Claro et al., 2021, Sabino et al., 2021, Tegally et al., 2021).
Such mutations confer the potential for the virus to escape the
humoral immune response produced due to the disease or to viral
vectors or mRNA vaccines (Garcia-beltran et al., 2021). Thus, studies

Fig. 3. Antibody rates for participants with and without immunosuppression. White boxes indicate nonimmunosuppressed participants. Gray boxes indicate immunosuppressed
participants. (A) S1-protein IgG evaluation. (B) N-protein IgG evaluation.

Fig. 4. Antibody rates for participants without seroconversion on day +40. Purple and green lines represent the participants with Rituximab treatment. The dotted line represents
the days of the vaccine application (2 doses). (A) N-protein IgG evaluation. (B) S1-protein IgG evaluation (color version of figure is available online).
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that evaluate vaccine efficacy against these new strains are valuable
(Madhi et al., 2021).

Seroconversion rates observed for anti-N protein IgG could be
valuable with the emergence of SARS-CoV-2 variants, considering the
lower mutation levels in this protein (Dutta et al., 2020), compared to
the high mutation levels in the S1 protein (Fergie and Srivas-
tava, 2021). Thus, seroconversion of N-protein antibodies may be an
alternative for the vaccine industry to produce efficient vaccines for
circulating strains, including those that may arise in the future. How-
ever, more studies are needed to understand the impact of antibodies
against other viral proteins in the protection against infection.

In this study, there was no difference in the analysis for the anti-N
protein IgG in the reactive group, possibly due to the antibody levels
present at day 0 in this group; the vaccine has not interfered in the
humoral response; the group remained at the same average index. A
total of 5.98% of the participants without seroconversion reported
they had been previously infected by SARS-CoV-2. All of them pre-
sented seroconversion after the complete vaccination. Moreover,
whether the person had experienced the disease or not, the levels of
antibodies at day +40 post-vaccine were the same. This finding agrees
with Krammer et al., 2021 in a study of individuals with and without
previous COVID-19, given the mRNA vaccine. This same response
level implies the same antigen concentration, showing no difference
in individual antibody response regardless of the previous infection.

Higher index of anti-S1 antibodies were observed in comparison
to the response of anti-N antibodies, corroborating what was exposed
by Jiang et al., 2020. The Khoury et al., 2021 determination can be
used to estimate the level of neutralizing antibodies; for a 50% pro-
tection caused by neutralizing antibodies, approximately 20% of the
antibody levels observed in the ELISA assays correspond to this level
of protection. And for 50% protection in severe cases, only 3% of anti-
body levels observed in ELISA assays correspond to such protection
in severe cases (Khoury et al., 2021). Therefore, it is possible to esti-
mate the index of neutralizing antibodies in this study.

In participants with immunosuppressive treatment (n = 2), the
absence of the antibody response was probably due to rituximab hav-
ing been administered approximately 1 month before the vaccine. In
this situation, as described by Kado et al., 2016, there is a significant B
lymphocytes decrease. Consequently, there is no production of anti-
bodies until the B lymphocytes recover in 6 to 24 months. In such
cases, the response must be evaluated after the repletion time, and
re-vaccination considered with medical and clinical endorsement.
Two other participants did not seroconvert on day +40. One of these
had late-response seroconversion on day +60. No explanation was
found for the other case, and more studies are needed to understand
what interfered with the immune response.

As with the humoral response developed by other inactivated
virus vaccines (Gresset-Bourgeois et al., 2017) and other vaccines for
SARS-CoV-2 (Bayart et al., 2021), the dynamics of antibodies pro-
duced by CoronaVac in this study shows a peak in the antibody index
followed by a sharp drop in that index. It is expected that even with
these lower levels, memory B lymphocytes persist for a faster
humoral response in cases of reinfection, resulting in less viral activ-
ity and minor damage to the host (Kurosaki et al., 2015). This lowest
observed index has not yet been evaluated to verify whether the
remaining humoral response is likely to generate a protective
response against an infection.

The antibodies anti-SARS-CoV-2 produced by vaccine induction
showed a significant decrease in the period of 3 to 6 months in other
studies (Bayart et al., 2021, Yigit et al., 2021), as well as in this one,
the need for a dose boosting has been recommended. Previous
reports have already shown that the heterologous or homologous
booster dose for SARS-CoV-2 vaccines (Ho et al., 2021), including
CoronaVac (Keskin et al., 2021), have a surprising effect in the short
term, even increasing the rate of effectiveness against the variants of
concern (Yue et al., 2021). However, the antibody concentration

needed to determine humoral protection remains unknown. How-
ever, it has been observed that about 6 months after completing the
vaccination schedule, vaccinated individuals begin to show suscepti-
bility to SARS-CoV-2 infection.

The immune response developed by vaccination depends not just
on antibodies but primarily on neutralizing antibodies (Kurosaki et al.,
2015). Both natural infection and vaccination act on the immune sys-
tem in complex ways, stimulating the production of nonneutralizing
antibodies (with their specific actions) and TCD4+ and TCD8+ T cells,
which also act to protect against COVID-19, as shown by Tarke et al.,
2021. That study evaluated the immune response to the SARS-CoV-2
variants and showed that cellular immunity-unlike the humoral
response, is little affected by the virus variants. In addition to the spe-
cific immune response, innate immunity is another essential protec-
tion mechanism against infections (Kurosaki et al., 2015).

The present study has some limitations: the humoral immunity
was studied semi-quantitatively, there was no quantification and
titration of anti-SARS-CoV-2 antibodies, and no testing for neutraliz-
ing antibodies. The total number of participants was small, and
immunosuppressed comorbidities were low in number and had
diverse etiologies. More studies are needed to elucidate the vaccine
response in these specific groups. However, this is the first study to
evaluate the dynamics of IgG anti-N and anti-S1 production after
CoronaVac immunization in the community.

The results of seroconversion have shown the importance of 2
doses for this vaccine as, until the second dose was applied, there
was no change in the production of N-protein IgG, as previously
described by Zhang et al., 2021 in phase I/II tests for this vaccine,
with the antibody response detectable just 14 days after the second
dose. The second dose is important for several types of vaccines,
including mRNA vaccines, as described by D€orschug et al., 2021,
resulting in a significant increase in antibody levels. Therefore, with
SARS-CoV-2, there would be no difference at this point.

In conclusion, significant antibody production was observed
40 days after the first CoronaVac dose in the large majority of study
participants, independent of comorbidities. The anti-N protein and
anti-S1 protein antibody responses of participants without prior
SARS-CoV-2 infection were comparable with those of the previously
infected group, in which the immune response was maintained or
optimized, with no decrease in levels.
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1.10. CoronaVac induces immunological memory that is efficient and 
similar to the one from convalescent patients, shows chinese study

An article published in the Clinical 
Microbiology and Infection 
journal showed that CoronaVac, 
the vaccine from Butantan and 
Sinovac, presents a high efficacy in 
the humoral response (antibodies 
production) and in the cellular 
response (T cells CD4+ and CD8+) 
against the SARS-CoV-2, and 
promotes immunological memory 
comparable to the convalescent 
patients. The study was conducted 
by Chinese researchers from 
Nanjing University between January 
and February of 2021.

The scientists analyzed the immune 
response of 100 healthcare workers 
(37 men and 63 women) aged 
between 23 and 59 that were 
vaccinated with CoronaVac. Blood 
samples were collected before the 
first dose (T1), two weeks after the 
first dose (T2), two weeks after the 
second dose (T3) and 8 to 10 weeks 
after the second dose (T4).

All participants presented 
seroconversion (antibodies 
production) 14 days after the 
second dose - 98% of the individuals 
produced specific IgG antibodies 
against the Spike protein and 
85% had antibodies capable of 
neutralizing SARS-CoV-2.

In addition, scientists detected 
powerful responses of the memory 
T cells CD4+ and CD8+, with 
comparable levels to those found 
in recovered patients that already 
had Covid-19. According to the 
authors, specific T cells CD4+ and 
CD8+ have already been associated 
with the reduction of the severity  
of the disease.

Volunteers also had memory B cells 
(that produce antibodies) that 
remained until the final analysis, 
eight to ten weeks after the second 
dose. Those cells are responsible for 
recognizing the virus antigens and 
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are capable of quickly reacting to 
the infection.

The researchers say that this study 
brings new information about the 
immunobiology of inactivated 
vaccines and may have implications 
for vaccine strategies in the future. 
“We identified memory T cells CD4+ 
associated with memory B cells 
specific for Spike protein and with 
memory T cells CD8+, indicating 
a convergent development 
of the adaptive humoral and  
cellular immunity”.

Factors that interfere in 
the immune response

Half of the participants received 
the second dose of the vaccine with 
a 14-21 days interval, while the other 
50 received the second dose from 
22 to 30 days after the first dose. 
The group immunized with a longer 
interval between doses had a higher 

level of neutralizing antibodies and 
a higher percentage of specific B 
cells for the Spike protein and of 
memory T cells CD4+ and CD8+.

The age also influenced the immune 
response: people between 20 and 
40 years old presented higher mean 
titers of neutralizing antibodies 
(GMT 42) than individuals older than 
40 (GMT 26). Despite that, both 
groups had similar levels of specific 
IgG antibodies for the Spike protein.
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1.11. CoronaVac induces rapid and durable antibody 
responses for up to 12 months, study says

A scientific study published by 
Chinese researchers from the 
Chinese Center for Disease Control 
and Prevention and from the Capital 
Medical University, both in Beijing, 
shows that CoronaVac induces 
a humoral and cellular immune 
response that remains in the body for 
one year. The article was submitted 
to the prestigious British medical 
publication The Lancet, and was 
published as a preprint.

A total of 150 volunteers were 
analyzed, aged between 18 and 59 
years old, who received the two doses 
of the vaccine with an interval of 14 
days. In order to follow the evolution 
of the immunological status of the 
participants, blood samples were 
collected before the first dose, and 
also one, three, six and twelve months 
after the second dose.

Scientists found that one month 
after the complete immunization, 
binding antibodies and neutralizing 
antibodies appeared rapidly. 
The seropositive rate of binding 
antibodies was 99% and the 
neutralizing antibody rate was 50%. 
From the third to the 12th month 

after immunization, there was a 
slight decrease in the neutralizing 
antibodies and binding antibodies. 
In the 12th month, however, the 
antibodies were still detectable.

In more technical terms, secretion 
of interferon-gamma (IFN-γ) and 
interleukin 2 (IL-2) specifically 
induced by RBD (receptor binding 
domain) persisted at high levels 
for up to six months, and could be 
observed throughout the 12-month 
analysis. In addition, SARS-CoV-
2-specific CD4 + TCM, CD4 + TEM, 
CD8 + TEM and CD8 + TE cells were 
all detectable and functional for up 
to 12 months after administration of 
the second dose.

Thus, the Chinese researchers have 
found the persistence of the immune 
response induced by CoronaVac 
in a 2-dose regimen. It was proven 
that the vaccine not only induced 
durable binding and neutralizing 
antibody responses, but also SARS-
CoV-2-specific memory CD4+ and 
CD8+ T cells for up to 12 months.

Published on:10/19/2021
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Summary

Background Understanding immune memory to COVID-19 vaccines is critical for the 

design and optimal vaccination schedule for curbing the COVID-19 pandemic. Here, 

we assessed the persistence of humoral and cellular immune responses for 12 months 

after two-dose CoronaVac. 

Methods Participants aged 18–59 years received two doses of 3 μg CoronaVac 14 days 

apart, and blood samples were collected before vaccination (baseline) and at 1, 3, 6, 

and 12 months after the second shot. Humoral responses of specific antibodies and 

neutralising antibodies were measured by using chemiluminescent immunoassay and 

wild-type SARS-CoV-2 microneutralisation assay, respectively. Cellular responses 

were measured by immunospot-based and intracellular cytokine staining assays. This 

trial is registered with ClinicalTrials.gov, NCT05072496.

Findings Total 150 participants were enrolled, and 136 of them completed the study 

through the 12-month endpoint. At 1 month after vaccination, binding and neutralising 

antibodies emerged rapidly, the seropositive rate of binding antibodies and 

seroconversion rate of neutralizing antibodies was 99% and 50%, respectively. From 3 

to 12 months, the binding and neutralizing antibodies declined slightly overtime. At 12 

months, the binding and neutralizing antibodies were still detectable and significantly 

higher than the baseline. IFN-γ and IL-2 secretion specifically induced by RBD 

persisted at high levels until 6 months, and could be observed at 12 months, while the 

levels of IL-5 and Granzyme B were hardly detected, demonstrating a Th1-biased 

response. Besides, specific CD4+ TCM, CD4+ TEM, CD8+ TEM and CD8+ TE cells were 

all detectable and functional up to 12 months after the second dose, as the cells produced 

IFN-γ, IL-2, and GzmB in response to stimulation of SARS-CoV-2 RBD.

Interpretation CoronaVac not only induced durable binding and neutralising antibody 

responses, but also SARS-CoV-2-specific CD4+ and CD8+ memory T cells for up to 12 

months.

Funding Beijing Municipal Science & Technology Commission
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Research in context

Evidence before this study

We searched PubMed for clinical trials published from the inception of the database to 

Oct 8, 2021, with the search terms “SARS-CoV-2”, “vaccine”, and “immune 

persistence”; no language restrictions were applied. We initially identified 206 

references but this number decreased to 11 when we included the term “clinical trial”. 

Of these references, 3 of which report human clinical trials of SARS-CoV-2 vaccines. 

In the first study, six healthcare workers who contracted SARS-CoV-2 received the 

BNT162b2 mRNA COVID-19 vaccine, and had markedly higher neutralizing 

antibodies than those infected naturally. In the second study, 54 participants with HIV 

received two doses of ChAdOx1 nCoV-19, and there is no difference in magnitude or 

persistence of SARS-CoV-2 spike-specific humoral or cellular responses compared 

with participants without HIV. In the third study, the titrate of SARS-CoV-2 spike-

specific IgG at day 320 after receiving a single dose of AstraZeneca ChAdOx1 declined 

to less than a third of the peak level, although the levels remained higher than the 

baseline. In the same study, a third injection boosted antibodies to a level that correlated 

with high efficacy after the second dose and boosted T-cell responses as well.

Added value of this study

To our knowledge, the present study is the first to report clinical data about immune 

persistence of an inactivated COVID-19 vaccine, which was monited for 12 months. 

Specific binding and neutralising antibodies peaked at 1 month after the second shot, 

and then dropped overtime, but remained significantly higher than baseline at 12 

months. ELISpot responses showed that cytokine secretion was heavily biased toward 

to Th1 (IFN-γ and IL-2) rather than Th2 (IL-5) pathway, indicating that CoronaVac 

mainly induced a Th1-biased cellular immune response. Additionally, IFN-γ- or IL-2-

producing CD4+ and CD8+ T cells were noted and detectable throughout the full 

observation period of 12 months following the boost. 
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Implications of all the available evidence

The CoronaVac, an inactivated COVID-19 vaccine, induced durable humoral and 

cellular immune responses for 12 months after the second shot, which would be 

valuable in restricting the COVID-19 pandemic. The mechanism of immune memory 

for the inactivated COVID-19 vaccine, of course, needs further investigation.
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Introduction

COVID-19 is a worldwide emergency.1 The urgent need for safe and effective 

interventions to mitigate the global spread of SARS-CoV-2 has prompted international 

efforts to develop vaccines. As of Oct 8, 2021, twenty-four COVID-19 vaccines have 

been approved for use2 and more than 6.44 billion doses have been administered.3 

However, compared with other vaccines, the time interval between research and 

development and application of COVID-19 vaccines is very short, the underlying 

immunological mechanisms are not well-understood, such as antibody persistence, 

immune memory, etc. Therefore, it is important that more follow-up studies need to 

investigate the kinetics of neutralising antibody and immune memory of T and B cells, 

which will not guide the design of vaccination schedule, but also improve efficacy of 

vaccines.

CoronaVac (Sinovac Life Sciences, Beijing, China) is an inactivated vaccine against 

COVID-19, which has been currently approved for emergency use in China4, and has 

also been included in the World Health Organization’s (WHO) emergency use 

listing.5 The data derived from phase 1-3 trials have shown that inactivated COVID-

19 vaccines are effective, immunogenic and safe in children and adolescents aged 3–

17 years,6 and adults aged 18 years and older.4 Here, we reported the status of 

persistence of antibodies and cellular responses within 12 months after two-dose of 

CoronaVac.

Methods

Study design, participants and collection of samples

The prospective cohort study was performed to evaluate the immunogenicity of an 

inactivated COVID-19 vaccine (CoronaVac, Sinovac Life Sciences, Beijing, China) 

in adults aged 18–59 years and followed up for 12 months after two vaccinations. 

This trial was run at Beijing Center for Disease Prevention and Control (CDC), China. 

Participants who were healthy, non-pregnant adults 18-59 years of age were recruited 

from staff at Beijing CDC and Huairou District CDC (Beijng, China). All participants 
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provided written informed consent before enrolment. The trial protocol was approved 

by the Ethics Committee of Beijing CDC (2020-28) and was performed in accordance 

with the requirements of Good Clinical Practice of China and the International 

Conference on Harmonisation. The main exclusion criteria included history of SARS-

CoV, SARS-CoV-2, or Middle East respiratory syndrome infection, high-risk 

epidemiology history within 14 days before enrolment (eg, travel or residence history 

in communities with case reports, or contact history with someone infected with 

SARS-CoV-2), axillary temperature of more than 37·0℃, history of allergy to any 

vaccine component. A complete list of exclusion criteria is in the protocol. 

The participants were administered 3 µg CoronaVac intramuscularly following a 2-

shot vaccine schedule, 14 days apart. Following that, the samples, including serum, 

plasma, and peripheral blood mononuclear cells were collected for investigation of 

exploratory end.

Procedures

CoronaVac, an inactivated vaccine containing whole-virion SARS-CoV-2, was 

developed by Sinovac Life Sciences (Beijing, China), and has been approved in 40 

countries for emergency use as of Sep 15, 2021.4,7 Using a 2-dose regimen, the 

participants received CoronaVac intramuscularly on day 0 and day 14, respectively. 

Blood samples were collected from participants on the day 0 before vaccination 

(baseline) and at 1, 3, 6, and 12 months after the second shot for analysing 

immunogenicity of vaccination.

The commercial chemiluminescence detection kits (2019-nCoV IgG antibody detection 

kit, Bioscience Diagnostics, Tianjin, China) were employed to measure SARS-CoV-2 

receptor-binding domain (RBD) specific IgG following manufacturer’s instructions as 

described before.8 The titrates of neutralising antibodies against live SARS-CoV-2 

(virus strain: SARS-CoV-2/human/CHN/CN1/2020, GenBank number MT407649.1) 

were quantified using the micro cytopathogenic effect assay6. All procedures related to 

virus neutralisation test were performed in a level 3 biosafety laboratory from Sinovac 
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Life Sciences, following WHO recommendations.

Peripheral blood mononuclear cells (PBMC) were isolated from whole blood samples 

before vaccination and at month 1, 3, 6, and 12 post-vaccination. Enzyme-linked 

immunospot (ELISpot) assays (Cellular Technology Limited, OH, USA) were used to 

evaluate cellular immune responses through measuring expression of interferon (IFN) 

γ, interleukin-2 (IL-2), IL-5 by PBMS stimulated with RBD according to 

manufacturer’s standard protocol. All measurements were subtracted by the 

unstimulated control values, while the subtracted values were corrected to zero. In 

addition, Flow cytometry (BD FACSLyric™, CA, USA) was employed to analyze 

proportions of the CD4+ memory T-cell and CD8+ memory T-cell subsets. Furthermore, 

intracellular production of IFN-γ, IL-2, and Granzyme B (GrzB) by T cells stimulated 

with RBD was also analyzed using flow cytometry as previously described. 9,10 The 

data were analysed with FlowJo software (Ashland, OR, USA). 

Outcomes

Overall objectives were to assess the durability of the SARS-CoV-2-specific immune 

responses after CoronaVac vaccination as two intramuscular doses 14 days apart for up 

to 12 months. The humoral immunogenicity outcomes include the titres of RBD-

specific IgG antibodies and neutralising antibodies against live SARS-CoV-2 at 

baseline and 1, 3, 6, and 12 months after the second shot of the vaccination. The positive 

cutoff value for RBD-specific IgG antibodies was defined as the sample cutoff (S/CO) 

value ≥1.0. Seroconversion of neutralising antibodies was defined as a titer of 8 or 

higher for neutralizing antibodies to live SARS-CoV-2. The cellular immune response 

outcomes include ELISpot assays for measuring secretion of IFN-γ, IL-2, IL-5, and 

GrzB by PBMS. The results are expressed as the number of spot-forming cells (SFCs) 

per 1,000,000 cells. In the meanwhile, the proportion of memory T-cell responses was 

also measured by ICS assays across as the above time points of the blood collection. 

Statistical analysis
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The sample size for this study was based on practical considerations rather than 

statistical power calculations. The data of immunogenecity were analysed descriptively 

using SAS (version 9·4). Titres of specific binding antibodies against SARS-CoV-2 

RBD were presented as sample cutoff values (S/CO) with 95% CIs. Efficacy of 

neutralising antibodies was prensented as geometric mean titres (GMTs) with 95% CIs. 

Cellular immune responses were presented as the number of spot-forming cells (SFCs) 

per 1 million cells or as a proportion of positive responders with 95% CIs. The 

geometric means were calculated with log10 values of the original data, then the two-

sided 95% CIs were calculated using Student’s t distribution, with subsequent antilog 

transformation applied. χ2 test was used to analyse categorical data, and ANOVA test 

was used to analyse numerical data. When the overall difference across the five time 

points was significant, paied t-test was used to compare the differences between groups. 

Two-sided p-values of less than 0.05 were considered significant. Figures were made 

using GraphPad Prism 8.0.1.

This study is registered with ClinicalTrials.gov, NCT05072496.

Role of the funding source

The funder had no role in study design, data collection, data analysis, data interpretation, 

or writing of the report. All authors had full access to all the data in the study and had 

final responsibility for the decision to submit for publication.

Results

Total 150 participants were enrolled this study. Among them, 145 participants received 

two dose of the investigational product, and 136 participants completed the scheduled 

visits 12 months after the second shot. Baseline demographic characteristics of the 

participants at enrolment were shown in figure1.

Chemiluminescent immunoassay (CLIA) showed that at baseline, none of the 

participants had any detectable RBD-specific IgG antibody (figure 2). At 1month after 

the second vaccination, titers of RBD-specific IgG antibodies were strikingly enhanced 
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to a maximum S/COvalue of 11·26 (95% confidence interval [CI], 9·29to 13·24), and 

the seropositiverate was 99% (141 of 143 participants). Although the mean 

concentration of the RBD-specific IgG antibodies at 3 months (S/CO value 3·87, [95% 

CI 2·85–4·90] ) was only one third of the peak level observed at the 1month, the 

seropositive rate still persisted at a high level (92%, 130 of 142). Thereafter, the 

antibody titers reached a plateau phase with only a gradual decline from 3 to 12 months 

( 6 months S/CO value 3·68, [95% CI 2·43–4·94]; 12 months S/CO value 2·11, [95% 

CI 1·50–2·72]). The seropositive rates of RBD-specific IgG antibody were 77% (105 

of 136) and 49%(67 of 136) at 6 and 12 months after the second vaccination, 

respectively.

As expected, there were no detectable titres of neutralising antibodies in serua of all 

study participants at baseline (figure 2). At 1month after the second vaccination, 

neutralising antibody titres increased substantially from baseline to a geometric mean 

titre (GMT) with peak level of 7·0 (95% CI 4·9–9·1), while the seroconversion rate was 

50% (71of 143 participants). Similar to RBD-specific IgG antibody, at 3 months after 

the second vaccination, a rapid decline in GMT of neutralising antibody (4·4, 95% CI 

2·3–6·4) was observed, followed by a plateau phase. Interestingly, GMT of neutralizing 

antibody did not decrease continuously at 6 months, but increased significantly 

compared with that at 3 months, reaching 5·3 (95% CI 3·1–7·4). At 12 months, GMT 

of the neutralising antibody decreased to 4·1 (95% CI 2·0–6·2), yet remained 

significantly higher than the baseline, and which there was no significant difference 

between the GMT of 3 months and 12 months after the second vaccination. The 

seroconversion rates of neutralising antibody at 3, 6, and 12 months were 21% (29 of 

140), 35% (48 of 136), and 20% (27 of 136), respectively, which were consistent with 

the changing trend of neutralising antibody titres.

SARS-CoV-2 RBD-specific IFN-γ, IL-2, IL-5, and GrzB ELISpot responses were 

assessed at 1, 3, 6, and 12 months after the second vaccination in PBMCs of all 

participants (figure 3). IFN-γ responses were elicited in participants with a peak 
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frequnce (SFCs 1107·7, [95% CI 941·1-1274·3]) at 1 month after the second 

vaccination, and stabilized towards 3 months (SFCs 1093.1, [95% CI 931·8-1254·5]). 

Although some decline in SFCs was seen, relative high levels of IFN-γ responses 

persisted to 6 months (SFCs 772·6, [95% CI 614·6-930·7]). At 12 months, IFN-γ 

responses further declined but were still detectable (SFCs 123·3, [95% CI 64·5-182·2]). 

In addition, IL-2 responses were also noted at each time point after the second 

vaccination, and showed a similar pattern to IFN-γ responses: high levels of IL-2 

responses persisted until the end of 6 months after the second vaccination. Although 

some participants had detectable IL-5 responses after vaccination, IL-5 responses were 

obviously lower than that of IFN-γ and IL-2 at each time point after vaccination, 

indicating a type 1 helper T-cell (Th1) biased cellular immune response. GrzB 

responses was not detecteble at each time point after vaccination.

Memory T-cell subsets, expression of IFN-γ, IL-2, and GrzB were ananlyzed by uisng 

ICS assays to evaluate the SARS-CoV-2 RBD-specific memory T cells in a subset of 

participants (N=119, in whom sufficient PBMC were available) (figure 4). The 

percentage of RBD-specific CD4+ T central memory (TCM) cells was significantly 

higher at 1 month (11·78%%) after the second vaccination than that of the baseline, 

repsenting 76% (86/113) of participants with detectable RBD-specific CD4+ TCM cells. 

Then, the fraction of RBD-specific CD4+ TCM cells slightly but significantly increased 

(15·25%) as compared with those of 1 month, declined until 6 months (1.97%), and 

stabilized towards 12 months (1·24%) after the second vaccination (figure 4). 

Coversingly, the percentages of subjects with detectable circulating SARS-CoV-2 

RBD-specific CD4+ TCM cells were 86% (95 of 110), 59% (64 of 108), and 56% (65 of 

117) at 3, 6, and 12 months after the second vaccination, respectively. In the meanwhile, 

the specific CD8+ effector memory (TEM) responses were also noted. A considerable 

fraction of RBD-specific CD8+ TEM cells was observed at 1 month (9·48%), then the 

fraction of specific CD8+ TEM peaked at 3 months (12·14%),and thereafter dropped 

over time (6 months 5·73% and 12 months 0·89%). The proportion of subjects with 

detectable circulating SARS-CoV-2 RBD-specific CD8+ effector memory (TEM) cells 
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were 69% (78 of 113),78% (86 of 110), 56% (60 of 108), and 31% (36 of 117) of 

participants at 1, 3, 6, and 12 months after the last vaccination, respectively. Besides, 

we also observed that the fractions of CD4+ TEM and CD8+ TE cells specific to SARS-

CoV-2 RBD increased over time and constituted up to about 7.51% of total peripheral 

blood CD4+ T cells and about 8.74% of total peripheral blood CD8+ T cells, respectively 

(figure 4). 

As known, memory T cells, once they meet same antigen(s), can rapidly express a wide 

variety of cytokines to engage, recruit, or activate innate cells or other adaptive 

lymphocytes. To assess functionality of the SARS-CoV-2-specific memory CD4+ and 

CD8+ T cell responses, we further measured intracellular cytokines expressed by these 

cells in response to SARS-CoV-2 RBD stimulation (figure 4). IFN-γ cytokine-

producing memory CD4+ T and CD8+ T cells exhibited similar kinetics, in which IFN-

γ production started at 1 month, reached the peak at 3 or 6 months, and thereafter 

dropped over time (figure 4). It has been well known that GzmB is a type of cytotoxic 

granules produced by NK cells and activated CTLs.11 As expected, the GzmB 

production by specific memory CD4+ T and CD8+ T cells increased rapidly at 1 month 

after the second vaccination, and maintained a high percentage to 3 months, and then 

gradually decreased. Interestingly, the fraction of CD4+ TCM, CD4+ TEM, CD8+ TEM，

and CD8+ TEcells producing IL-2 continued to rise from 1 to 6 months after the second 

dose and maintained at a high level throughout the entire follow-up period (until 12 

months). As shown in Fig4, the SARS-CoV-2-specific CD4+ TcM, CD4+ TEM, and CD8+ 

TEM, and CD8+ TE cells were all functional up to 12 months after the second dose, as 

the cells produced IFN-γ, IL-2, and GzmB in response to SARS-CoV-2-specific RBD. 

Therefore, CoronaVac is not only albe to elicit durable SARS-CoV-2-specific memory 

CD4+T cells, but also SARS-CoV-2-specific memory CD8+ T cells.

Dicussion
In the present study, we monitored the status of 12-month durability of humoral and 

cellular immune responses in 145 individuals who received two doses of CoronaVac (3 
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µg/per dose, with an interval of 14 days). Our findings extended previously reported 

results4 and showed that SARS-CoV-2 RBD-specific binding and neutralisation 

antibody responses to immunozazition with CoronaVac decreased gradually with 

timebing, but remained significantly higher than baseline after 12 months. More 

importantly, it is the first time that status of robustly expanded SARS-CoV-2 RBD-

specific memory CD4+ and CD8+ T cells in the peripheral circulation were monited 

through 12 months post booster vaccination. Furthermore, ELISpot responses and ICS 

used to characterize T cell cytokine responses showed that profile of cytokine secretion 

was mainly toward to Th1 (IFN-γ and IL-2) rather than Th2 (IL-5) pathway, suggesting 

that CoronaVac predominantly induces Th1-biased cellular immune responses. In 

addition, it is also worth to note that CoronaVac induced rapid and durable antibody 

responses as well as cellular immune responses for up to 12 months.

It is no doubt that understanding the duration of antibody responses to COVID-19 

vaccine is the key to continuously prevent infection. Although correlates of protection 

against SARS-CoV-2 infection in human are not yet established,12 the data od CLIA 

and micro cytopathogenic effect assay showed that binding and neutralizing antibodies 

elicited by two doses of CoronaVac were able to persist through 12 months after the 

second shot, indicating that CoronaVac has the potential to provide durable humoral 

immunity. However, to our knowledge at the moment, there are the limited data 

available showing that humoral responses to COVID-19 vaccines can last for the 12 

months. It has been shown that the Moderna mRNA-1273 vaccine (the 100-μg per dose) 

produces high levels of binding and neutralizing antibodies that declined slightly 

overtime until 90 days after the booster vaccination.12,13 Besides, a significant trend of 

waning antibody levels with time has been oberved in both AstraZeneca ChAdOx1 and 

Pfizer BNT162b2, with antibody levels reducing by about five-fold for ChAdOx1, and 

by about two-fold for BNT162b2, between 21–41 days and 70 days or more after the 

second dose, respectively.14 At 320 days, titres of SARS-CoV-2 spike protein-specific 

IgG in AstraZeneca ChAdOx1 declined to less than a third of the peak titres, although 

it remained higher than the baseline after receivinga single dose of 5×10¹⁰ viral particles 
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booster vaccine.15 Numerically, the humoral responses of CoronaVac are not as strong 

as other COVID-19 vaccines, however, we shoule bear that in our mind, i.e., it is 

difficult to directly evaluate the capcacies for producing antibodies among different 

vaccines without a head-to-head comparison due to heterogeneity of neutralization 

assays. Even though the same live virus is used for neutralization analysis, the results 

vary from laboratory to laboratory due to the lack of standardized laboratory methods 

for SARS-CoV-2 neutralization and experimental procedures, including virus titration, 

serum dilution, virus-serum neutralization, readout, and reporting methods.16 

Additionally, the relatively low humoral responses of CoronaVac in the present study 

might be associated with the relatively short vaccination schedule used. It has been 

shown that a more robust antibody response can be generated by the day 0 and 28 

vaccination schedule as compared to the day 0 and 14 schedule. We current use, 

therefore, the day 0 and 28 vaccination as routine for CoronaVac.4,8

Although recent work has much focused on antibody responses, memory CD8+ T cells 

play cruitical role in defencing virus infection through killing virus-infected cells and 

expressing relevant cytokines and cytolytic molecules.17 In addition, CD8+ T-cell 

responses may also contribute to protection, particularly in the setting of waning or 

borderline antibody responses,18 or potentially against viral variants that are partially 

resistant to antibodies.19 Previous studies on SARS and Middle East respiratory 

syndrome (MERS) have shown that the increases in specific antibodies are  

temporaryly, and that antibody levels decline quickly in patients after recovery, whereas 

the specific CD4+ and CD8+ T-cell responses play an essential role in the control of 

SARS and MERS.20,21 Besides, some studies have shown that the reduction in the 

number of T cells is related to poor clinical outcomes and immune pathogenesis, while 

adequate T cell counts and appropriate effector function are associated with patients 

having mild disease symptoms or successful rehabilitation.22 Grifoni et al. have reporte 

that circulating SARS-CoV-2-specific CD4+ and CD8+ T cells are 100% and 70% 

respectively in a small group of COVID-19 convalescent patients (n=20).23 a In 

addition, another study has shown that the percentages of CD4+ and CD8+ T cells 
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concomitantly increase from day 7 after infection, which persist for 7 days as the 

symptoms disappeared.24 In contrast, in the present study we also interrogated the 

presence of functional CD4+ and CD8+ memory T cells in participants who received 

the vaccine. ELISpot results showed that RBD-specific T cells secreting IFN-γ and IL-2 

persisted through 12 months after the second shot of vaccination. In the meanwhile, 

these SARS-CoV-2 RBD-specific memory CD4+ and CD8+ T cells still expressed 

detectable cytokines IFN-γ, IL-2, and GzmB throughout entire study duration. Together, 

these data demonstrate that CoronaVac are able to elicit SARS-CoV-2 RBD-specific 

memory CD4+ and CD8+ T cells, while these cells could be maintained and still have 

capacity producing effector cytokines after restimulation 12 months post boost. 

Although the classical immunological theory believes that the inactivated vaccines are 

not thought to induce CD8 T-cell responses, our data suggest that the structural integrity 

of whole SARS-CoV-2 might be the key to elicit antiviral CD8+ memory T-cell 

responses. The exact mechanism behind this hypothesis, of course, needs further 

investigation.

Previous reports on the development of SARS and the Middle East respiratory 

syndrome (MERS) vaccine candidates have shown that there are some raised concerns 

related to antibody-dependant enhancement (ADE) and induction of Th2 responses.25-

27 In contrast,  our data showed that profile of cytokine secretion was prodeminately 

Th1 (IFN-γ and IL-2) produced by BPBC stimulated with SARS-CoV-2 RBD 

compared to baseline of participants received CoronaVac, while concentrations of Th2 

cytokine IL-5 were hardly detectable. Similarly, phenotyping by flow cytometry 

demonstrated that substantial IFN-γ- and IL-2-producing cells mainly were CD4+ and 

CD8+ T cells. Herein, subjects vaccinated with CoronaVac seemed to have predominant 

Th1 responses, but little to no Th2 cytokines. These results are consistent with a 

previous animal study,28 and further proves the safety of CoronaVac.

However, it is notable that there are some limitations. First, because the participants 

involved in the study aged 18 to 59 years, the generalizability to those at risk for SARS-
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CoV-2 infection and other regions requires to be further studied. Second, we did not 

perform a more in-depth T cell analysis before and after vaccination due to the limited 

volumes of blood samples available. Finally, due to the ethical issues, we could not 

assess the induction of tissue-resident memory T cells. These are being addressed by 

the ongoing clinical programme.

In conclusion, two-dose of CoronaVac not only induces durable binding and 

neutralization antibody responses, but also elicit SARS-CoV-2 RBD-specific memory 

CD4+ and CD8+ memory T cells for up to 12 months.
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Figure 1: Design and Schedule of samples collection. 
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(A)                                   (B)

(C)

Figure 2: Status of sera IgG and neutralising antibody response following 
CoronaVac vaccination. 
Spike RBD-binding IgG (A) and SARS-CoV-2 neutralising antibody (B) measured by 

CLIA and micro cytopathogenic effect assay. Participants received CoronaVac at day 

0 and 14. Each data point represents a serum sample. The error bars of binding 

antibody are mean with 95% CI. The error bars of neutralising antibody are geometric 

mean with 95% CI. Seropositive rates of binding IgG and seroconversion rate of 

neutralising antibodies (C) were defined as S/CO value ≥1.0 and a titer of 8 or higher 

for neutralizing antibodies to live SARS-CoV-2, respectively. RBD=receptor binding 

domain
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(A)                        (B)                   (C)

Figure 3: Status of specific T-cell responses following CoronaVac vaccination. 
The number of specific T cells with secretion of IFN-γ, IL-2 and IL-5 of per million 

cells measured by ELISpot. Each data point represents the mean number of spots from 

triplicate wells for one participant, after subtraction of the unstimulated control. The 

error bars are geometric mean with 95% CI. IFN=interferon; IL=interleukin.
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(A)                                 (B)

(C)      CD4+ TCM          CD4+ TEM           CD8+ TEM            CD8+ TE

Figure 4：：Status of distribution and expression of cytokines by TCM and TEM 
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following CoronaVac vaccination.

(A) Percentage of TCM and TEM of total SARS-CoV-2-specific CD4+ T cells. (B) 

Distribution of TEM and TE of total SARS-CoV-2-specific CD8+ T cells. (C) 

Percentages of CD4+ TCM, CD4+ TEM, CD8+ TEM, and CD8+ TE cells expressed IFN-γ, 

IL-2, and GrzB responded specifically to RBD-stimulation. IFN=interferon; 

IL=interleukin; TCM= central memory T cells; TEM=effector memory T cells; 

TE=terminal effector T cells. The error bars are geometric mean with 95% CI. 



1.12. CoronaVac induces a high production of neutralizing  
antibodies, reveals brazilian study

A study published in Vaccines 
journal by researchers from the 
State University of Pará (UEPA) 
and the Federal University of Pará 
(UFPA), in Brazil, demonstrated 
that CoronaVac induces the 
production of antibodies capable 
of neutralizing SARS-CoV-2 on 
more than 70% of the immunized, 
reaching 93% in individuals between 
21 and 40 years old.

The scientists analyzed the serum 
of 358 residents in Belém, on Pará, 
aged between 21 and 96 - 138 men 
and 220 women. All of them were 
vaccinated with both doses of 
CoronaVac with a 20-day interval 
and blood samples were collected 
between March and April of 2021.

From the participants, 205 tested 
to evaluate the total of antibodies 
against SARS-CoV-2. Of those, 77,6% 
presented seropositivity. The other 
153 individuals tested the presence 
of neutralizing antibodies specifics 

for the receptor-binding domain 
(RBD) and 72,6% had positive results.

The titers of neutralizing antibodies 
were significantly higher on 
younger individuals - 93% among 
participants between 21 and 40 
years, 76% among 41 and 60 and 
72% among 61 and 80 - which may 
be associated with the senescence 
of the immune system, according 
to researchers. However, besides 
the presence of antibodies, the 
immunity is also associated with 
the response of memory T and B 
cells that may not be detected 
by the serological tests. Other 
studies have already shown that 
the Butantan vaccine induces 
significant response from those 
cells, responsible for detecting the 
presence of the virus and quickly 
react with the activation of the 
defense cells and the production  
of antibodies.

Published on: 10/12/2021
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1.13. CoronaVac produces antibodies against Covid-19 
on 87% of the vaccinated individuals in Indonesia

Published on: 10/10/2021

CoronaVac, Butantan’s and 
Sinovac’s vaccine against Covid-19, 
produced antibodies against SARS-
CoV-2 in 87,15% of the immunized 
28 days after the second dose, 
according to a study made with 
millions of people in Indonesia.

This is the result of a phase 3 clinical 
trial conducted by scientists of the 
Medicine School of the Universitas 
Padjadjaran, in Bandung, and by the 
Ministry of Health from Indonesia, 
published in Vaccine journal in 
September 2021.

The randomized, double-blinded 
and placebo-controlled clinical 
trial included a total of 1.620 healthy 
adults with age between 18 and 59, 
randomic divided among those that 
received both doses or placebo, in 
the months of August, September 
and October of 2020.

For those that did receive both 
doses, the efficacy of CoronaVac 
was 65,30% - a high efficacy that 
follows the pattern shown in studies 
conducted in other countries, such 
as Turkey, Chile and Brazil.

CoronaVac prevented 
severe cases and deaths

During the period of vigilance of 
the study, there were 49 cases of 
Covid-19 among the volunteers. 
From those, seven immunized and 
18 cases in the placebo group were 
symptomatic and occured in a 
period between 14 days and three 
months after the second dose. 
There weren’t any reports of severe 
cases or deaths by Covid-19 among 
the participants of the study.

For safety evaluation, the adverse 
events requested and non 
requested were collected after the 
first and second vaccination in 14 
and 28 days, respectively. Blood 
samples were collected for a trial of 
antibodies before and 14 days after 
the second dose.

The majority of the adverse 
reactions were classified as mild 
and the most reported was pain in 
the area of the injection. 

Of the 1.620 participants, 1.046 
were male (64,57%) and 574 were  
female (35,43%).
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a b s t r a c t

Background: The WHO declared COVID-19 a pandemic on March 11th, 2020. This serious outbreak and
the precipitously increasing numbers of deaths worldwide necessitated the urgent need to develop an
effective severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccine. The development of
COVID-19 vaccines has moved quickly. In this study, we assessed the efficacy, safety, and immunogenic-
ity of an inactivated (SARS-CoV-2) vaccine.
Methods: We conducted a randomized, double-blind, placebo-controlled trial to evaluate the efficacy,
immunogenicity, and safety of an inactivated SARS-CoV-2 vaccine and its lot-to-lot consistency. A total
of 1620 healthy adults aged 18–59 years were randomly assigned to receive 2 injections of the trial vac-
cine or placebo on a day 0 and 14 schedule. This article was based on an interim report completed within
3 months following the last dose of study vaccine. The interim analysis includes safety and immunogenic-
ity data for 540 participants in the immunogenicity subset and an efficacy analysis of the 1620 subjects.
For the safety evaluation, solicited and unsolicited adverse events were collected after the first and sec-
ond vaccination within 14 and 28 days, respectively. Blood samples were collected for an antibody assay
before and 14 days following the second dose.
Results: Most of the adverse reactions were in the solicited category and were mild in severity. Pain at the
injection site was the most frequently reported symptom. Antibody IgG titer determined by enzyme-
linked immunosorbent assay was 97.48% for the seroconversion rate. Using a neutralization assay, the
seroconversion rate was 87.15%. The efficacy in preventing symptomatic confirmed cases of COVID-19
occurring at least 14 days after the second dose of vaccine using an incidence rate was 65.30%.
Conclusions: From the 3-month interim analysis, the vaccine exhibited a 65.30% efficacy at preventing
COVID-19 illness with favorable safety and immunogenicity profiles.
� 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The coronavirus disease 2019 (COVID-19) has inflicted
catastrophic damage to public health, economic, and social stabil-
ity worldwide [1]. In December 2019, a series of pneumonia cases
of unknown origin emerged in Wuhan, Hubei, China, with clinical a
presentation resembling viral pneumonia. The outbreak began in
early November or December and the number of cases quickly

https://doi.org/10.1016/j.vaccine.2021.09.052
0264-410X/� 2021 The Author(s). Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Abbreviations: COVID-19, Coronavirus Disease 2019; ELISA, Enzyme Link
Immunoassay; GMT, Geometric Mean Titer; IgG, Immunoglobulin G; rRT-PCR,
Real-time Reverse Transcriptase-PCR; SARS, Severe Acute Respiratory Syndrome;
WHO, World Health Organization.
⇑ Corresponding author.
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rose. As of May 2020, >80,000 cases were confirmed in China,
including healthcare workers, which resulted in>4,000 deaths
[2–5]. The virus is airborne, highly transmissible between humans,
and has a long and insidious incubation period. The outbreak
rapidly escalated out of China and throughout the world, pushing
the World Health Organization (WHO) to declare a pandemic on
March 11th, 2020 [6]. As of December 20th, 2020, the number of
COVID-19 cases was>75 million with over 1.6 million deaths
occurring globally [7]. Based on a WHO report, by January 20th,
2021, there were 939,948 confirmed cases of COVID-19
with 26,857 deaths in Indonesia [8].

Currently, there is no effective treatment available for coron-
avirus infection. Vaccination is crucial for blocking the rapid spread
of deadly infectious diseases, such as the highly contagious COVID-
19, especially when effective treatments or cures are not available
[9]. Significant efforts have been focused on the development of
vaccines and therapeutic drugs. Over the past decade, the scientific
community and the vaccine industry have been asked to respond
urgently to epidemics including H1N1 influenza, Ebola, Zika, and
most recently, SARS-CoV-2 [10]. The WHO is currently preparing
a comprehensive analysis of vaccine and therapeutic drug candi-
dates that may be effective against SARS-CoV-2 and will use an
evidence-based framework to transparently select the most
promising therapeutic and vaccine candidates to evaluate in the
clinic [11]. Multiple SARS-CoV-2 vaccines types, such as DNA-
based and RNA-based formulations, recombinant subunit-
containing viral epitopes, adenovirus-based vectors, and purified
inactivated virus are under development. Purified inactivated
viruses have been traditionally used for vaccine development and
have been found to be safe and effective for preventing many viral
diseases including influenza and polio [12–14].

As of January 25th, 2021, there are 64 vaccines in human
clinical trials and 20 have reached the final stages of testing. At
least 173 preclinical vaccines are under active investigation in ani-
mals [15].The preclinical study results of inactivated SARS-CoV-2
Vaccine (Vero Cell), developed by Sinovac Life Sciences Co. Ltd.
indicate that the vaccine provided partial or complete protection
in macaques from severe interstitial pneumonia after a SARS-
CoV-2 challenge without observable antibody dependent enhance-
ment [16]. A phase I/II clinical trial has been conducted in China
since April 2020. The preliminary results indicate a favorable safety
and immunogenicity profile with a two-dose vaccine schedule. No
significant changes in inflammatory factors were observed indicat-
ing a small risk of immunopathology induced by the SARS-CoV-2
vaccine [17].

In this article, we report the efficacy of inactivated SARS-CoV-2
vaccine in preventing COVID-19 including safety and immuno-
genicity data based on the phase III trial collected during a
3-month period after the second injection in 18–59 year-old sub-
jects in Indonesia. This data set and trial results form the basis of
an application for emergency use authorization in Indonesia.

2. Materials and methods

2.1. Study design and population

This study was an observer-blinded, randomized, placebo-
controlled two arm with parallel groups, prospective intervention,
phase III study that began in August 2020 in Bandung, Indonesia to
evaluate the efficacy, immunogenicity, and safety of an inactivated
SARS-CoV-2 vaccine and its lot-to-lot consistency. The main exclu-
sion criteria included evolving mild, moderate, or severe illness,
especially infectious disease or fever (body temperature � 37.5℃)
, patients with serious chronic diseases, positive result from a
nasopharyngeal swab RT-PCR test, reactive IgG and IgM for

SARS-CoV-2, women who are lactating, pregnant or planning to
become pregnant during the study period, serious chronic diseases
(serious cardiovascular disease, uncontrolled hypertension and
diabetes, liver and kidney disease, malignant tumors, or any condi-
tion which according to the investigator may interfere with the
assessment of the trial objectives), uncontrolled coagulopathy or
blood disorders, history of asthma, history of allergy to vaccines
or vaccine ingredients, history of confirmed or suspected immuno-
suppressive or immunodeficient state, or received in the previous
4 weeks a treatment likely to alter the immune response [intra-
venous immunoglobulins, blood-derived products, or long-term
corticosteroid therapy (>2 weeks)], history of uncontrolled epi-
lepsy or other progressive neurological disorders, and having
received any vaccination within 1 month before or after adminis-
tration of the study vaccine.

After being informed about the study and signing an informed
consent form, the medical history of the subjects was evaluated,
and they were provided a physical exam. The blinded investigator
team evaluated the inclusion and exclusion criteria. Eligible
subjects were randomly assigned at a ratio of 1:1 into two
study arms to receive either 3 lg/0.5 mL dose of inactivated
SARS-CoV-2 vaccine or placebo on day 0 and 14. The randomiza-
tion list was generated automatically using the website, www.
sealedenvelope.com, and the vaccinated arms were grouped into
three different batch numbers (batch 1/batch 2/batch 3) of
SARS-CoV-2 vaccine. The subjects were randomized and vacci-
nated per treatment group by an unblinded team. The alphabetical
code remained confidential and maintained by the unblinded team
and was not to be opened until the end of the study.

The study protocol, subject information sheet and consent
forms, and the subject’s diary card was approved by the Research
Ethics Committee of Universitas Padjadjaran (Ethical Approval
No. 669/UN6.KEP/EC/2020) and Indonesian Regulatory Authorities.
This trial was conducted in accordance with ICH Good Clinical
Practice guidelines, the Declaration of Helsinki, and local regula-
tory requirements. The clinical trial was registered at clinicaltrials.-
gov with entry number NCT04508075 and in the Indonesian
Clinical Research Registry (INA-WXFM0YX).

2.2. Study vaccine

The study vaccine, developed by Sinovac Life Sciences Co., Ltd.,
was an inactivated SARS-CoV-2 whole virion vaccine with alu-
minum hydroxide as an adjuvant. The study vaccine was manufac-
tured by inoculating novel coronavirus (CZ02 Strain) into African
green monkey kidney cells (Vero Cell). The virus was successfully
incubated, harvested, inactivated using b-propiolactone, concen-
trated, purified, and adsorbed by aluminum hydroxide. The bulk
vaccine was then formulated with phosphate-buffered saline and
sodium chloride as the inactivated final product. A dosage of
3 lg/0.5 mL was selected for this study. Three batches of study vac-
cine were used (20200308, 20200412, and 20200419). The placebo
contained water for injection packaged in ampoules (0.5 mL/dose)
and manufactured by PT Bio Farma. The study vaccine was admin-
istered intramuscularly into the left deltoid region by an unblinded
investigator. The vaccine was stored at + 2℃ to + 8℃.

2.3. Surveillance for COVID-19 and efficacy assessment

The primary outcome of the study was to assess the efficacy of
two doses of the inactivated SARS-CoV-2 vaccine in preventing
COVID-19 cases compared with placebo. The primary efficacy end-
point was incidence of laboratory confirmed-symptomatic
COVID-19 cases starting at 14 days following the second dose.
COVID-19 case defined according to the case definition of the
national guidelines for the diagnosis and treatment of COVID-19
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in Indonesia [18]. Subjects were surveilled for COVID-19 disease
after the first dose of vaccine by a combination of active and pas-
sive surveillance. The surveillance team performed monthly con-
tact (by phone or text message) to actively collect information
from subjects whether they have any symptoms suggesting
COVID-19 disease or admitted to hospital for any reason. Any sub-
ject who has at least one specific symptoms (cough, taste or smell
disorders, or dyspnea) or has two or more non-specific symptoms
(fever, chills, sore throat, fatigue, nasal congestion or runny nose,
body pain, muscle pain, headache, nausea, vomiting, or diarrhea)
for at least two consecutive days was scheduled to have nasopha-
ryngeal swab sample taken for SARS-CoV-2 rRT-PCR test. Subjects
were also regularly reminded to report if they have any of the
above symptoms.

The rRT-PCR was performed by the Central Laboratory of
Universitas Padjadjaran. Nasopharyngeal samples were processed
in a dedicated BSL-2 laboratory with BSL-3 practices under a certi-
fied Class II Biological Safety Cabinet. Once a clinical sample was
treated with lysis buffer for RNA extraction, the samples then
moved to a less restrictive environment to complete the RNA
extraction and real-time RT-PCR. A 140 ll aliquot of the specimen
was added to 560 ll of lysis buffer (Qiagen Viral Mini kit). RNA
extraction was done based on the manufacturer’s protocol and
immediately processed for RT-PCR. The remaining nucleic acid
was stored at –80℃ for sequence analysis.

The real-time reverse transcriptase-PCR (rRT-PCR) reagent kit
from ABT (Beijing Applied Bioscience Technology) and the Multiple
Real-Time PCR Kit for Detection of 2019-nCoV were used. The
results were analyzed by software provided by the manufacturer
of the Light Cycler (Roche). Comparative viral load was calculated
using the CT (Cycle Threshold) values of consecutive specimens.
The incidence of suspected COVID-19 cases within 14 days to
6 months after the second dose of immunization was analyzed to
determine efficacy.

2.4. Immunogenicity assessment

To assess the immune response, 4 mL blood samples were col-
lected from 540 subjects before the first injection (Day 0) and
14 days after the second injection. The ability of the antibodies pre-
sent in the blood sample to bind to the receptor binding domain
(RBD) of SARS-CoV-2 was assessed blindly using an enzyme-
linked immunosorbent assay (ELISA) at the Clinical Trial Labora-
tory of Bio Farma. The ELISA titers were determined by end point
dilution and calculated using GraphPad Prism version 8.4.3 soft-
ware [19–21]. The antibody increment and GMT 14 days post-
last immunization were evaluated. ELISA seropositive antibody
IgG titer was defined as titer > 200 and seroconversion was defined
as a four-fold increase of anti-RBD antibody IgG titer (ELISA) at
14 days after two doses of vaccine compared with the baseline.
The neutralization of antibody (NAb) assay was also conducted at
the National Intitute of Health Reasearch & Development. A four-
fold increase in antibody titer compared with the baseline value
was considered as the measure of seroconversion. Seropositivity
was defined as detected antibody � 1:4. The immunogenicity data
were analyzed in the per protocol population using SPSS software.
Pre-vaccination titer levels for subjects with zero titer were
assigned a value of 200 for ELISA and 2 to enable GMT and titer
increment calculations.

2.5. Safety assessment

Subjects were given diary cards to record solicited adverse
events (local pain, redness, swelling, induration, fever, myalgia,
and malaise) and unsolicited adverse events occurring within
30 min, 7 days, and 8–28 days following each dose. Pain was

graded as mild (pain at injection site when touched), moderate
(pain with movements), and severe (significant pain at rest). Red-
ness, induration, and swelling intensity were measured using a
plastic bangle and categorized as mild (<5 cm), moderate (5–
10 cm), and severe (>10 cm). Fever was graded as mild (38.0–
38.4�C), moderate (38.5–38.9�C), and severe (�39.0�C). Fatigue,
myalgia, and unsolicited events were graded as mild (no interfer-
ence with activity), moderate (some interference with activity
not requiring medical intervention), and severe (prevents daily
activity, requires medical intervention).

Any serious adverse events were reported up to 6 months after
the second dose. Diary card was reviewed by the blinded investiga-
tor at 14 days following the first injection, 14, and 28 days after the
second injection. The safety data were reviewed by a Data Safety
Monitoring Board (DSMB) and analyzed in the intention-to-treat
population using SPSS software.

2.6. Sample size determination and statistical analysis

The study was powered for efficacy analysis. Sample size was
determined based on 95% confidence interval and 80% power.
Assuming that 2% of the population would develop COVID-19
infection in the placebo arm, a minimum of 810 subjects in each
vaccinated and placebo group would provide 80% power to reject
the null hypothesis of no difference if the true efficacy was 60%
with a 5% dropout rate. In this study, the total cohort was 1620
subjects with 810 subjects in the vaccinated group and 810 sub-
jects in the placebo group.

Vaccine efficacy (VE) will be estimated by (1 - RR) � 100, where
RR (relative risk) is calculated as the incidence in the vaccinated
group divided by the incidence in the placebo group per person-
years.

To analyze the immunogenicity, GMTs comparation between
vaccine and placebo group was calculated after logarithmic trans-
formation using t-test or ANOVA (F-test). Serum immune response
proportions (seropositive rate, seroconversion) and vaccine lot-to-
lot comparison was calculated using Chi-square test. The incidence
rates of solicited and unsolicited adverse events between both
groups were analyzed using Chi-square test. A p-value of<0.05
was considered to be significant.

3. Results

3.1. Study population

Between August 11, 2020, and October 21, 2020, a total of 1819
participants were screened and 199 subjects were excluded due to
not meeting the inclusion criteria or meeting one of the exclusion
criteria. From 1620 subjects randomized in the study, there were
17 subjects that withdrawn from the study prior to the second
dose [Fig. 1]. The first 540 participants were included in the
immunogenicity subset group.

There were 1046 male participants (64.57%) and 574 female
participants (35.43%). The participants were come from various
age distribution from 18 to 59 years with average 35.5 ± 11.2 years
old. Among the subset immunogenicity subjects, there were 314
male participants (58.15%) and 226 female participants (41.85%)
with an average age of 35.82 years ± 11.4 years old. The details
of the demographic data are provided in Table 1.

All study vaccines were administered according to the random-
ization list. Treatment compliance was defined as receiving both
doses of vaccine/placebo within the specified time period. For the
540 participants in the immunogenicity subset, 10 subjects with-
drew prior to the second dose vaccination and not included in
the immunogenicity analysis. Meanwhile, 1 subject withdrew after
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the second dose of the study vaccine. These dropout subjects
included 9 from the vaccinated group and 2 from the placebo
group. The details for treatment compliance in the subset immuno-
genicity group are presented in Table 2. Early withdrawal resulted
from consent withdrawal by the subject or the subject met the
contraindication criteria for the second vaccination (not in healthy
condition during the second vaccination schedule). The study
results presented in this article are based on a preliminary
immunogenicity and safety data analysis of 540 subjects in the

immunogenicity subset group, whereas the efficacy results are
based on preliminary efficacy data from 1620 subjects with
median � 2.5 months of surveillance period.

3.2. Efficacy

During the surveillance period, 320 COVID-19 suspect cases and
49 laboratory confirmed COVID-19 cases were collected. From
these 49 confirmed COVID-19 cases, 25 cases (7 cases in the vac-
cine group and 18 cases in the placebo group) were symptomatic
and occurred from 14 days following the second dose up to
3 months. There were no severe, critical, or deaths of laboratory
confirmed COVID-19 cases observed [Table 3].

Vaccine efficacy was defined as percentage reduction in relative
risk using the ratio of incidence rate in the vaccine group and pla-
cebo group. Incidence rate was calculated by the number of sub-
jects with laboratory-confirmed COVID-19 divided by the total

Fig. 1. Participant Disposition.

Table 1
Demographic Data.

Parameter Vaccine
(N = 811)

Placebo
(N = 809)

Total
(N = 1620)

Mean age [years] (SD) 35.6 (11.3) 35.4 (11.0) 35.5 (11.2)
Mean height [m] (SD) 1.63 (0.09) 1.63 (0.09) 1.63 (0.09)
Mean weight [kg] (SD) 65.6 (13.5) 64.8 (13.6) 65.2 (13.5)
BMI (kg/m2) 24.8 (4.4) 24.5 (4.5) 24.6 (4.5)
Sex n(%)
Male 505 (62.3) 541 (66.8) 1046 (64.57)
Female 305 (37.7) 269 (33.2) 574 (35.43)

Demographic Data in the Immunogenicity Subset Group

Parameter Vaccine
(N = 405)

Placebo
(N = 135)

Total
(N = 540)

Mean age [years] (SD) 36.0 (11.5) 35.3 (10.9) 35.82 (11.4)
Mean height [m] (SD) 161.8 (8.9) 161.7 (9.8) 161.8 (9.2)
Mean weight [kg] (SD) 64.6 (13.2) 65.9 (13.6) 64.9 (13.3)
BMI (kg/m2) 24.6 (4.3) 25.2 (4.7) 24.75 (4.4)
Sex n(%)
Male 229 (56.5) 85 (63.0) 314 (58.15)

Female 176 (43.5) 50 (37.0) 226 (41.85)

Abbreviations: N = number of participants, SD = Standard deviation.

Table 2
Treatment Compliance in Immunogenicity Subset Group.

Vaccine
n (%)

Placebo
n (%)

Total
N
(%)

Subjects screened for RT-PCR test 405 135 540
Subjects screened for IgM/IgG test 405 135 540
Subjects enrolled 405 135 540
First vaccination completed 405 135 540
Second vaccination completed 397 133 530
Intention-to-treat population (for safety and

efficacy analysis)
405 135 540

Per-protocol population (for immunogenicity
analysis 14 days after last injection)

397 133 530
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number of subjects at risk adjusted by time (person years). The
vaccine showed 65.3% efficacy in preventing symptomatic
COVID-19.

3.3. Immunogenicity

3.3.1. Antibody IgG titer by ELISA
The seropositive rate of SARS-CoV-2 IgG antibody in the vaccine

group at 14 days after the second injection was 99.74%. The
seropositive rate in the vaccine group increased significantly com-
pared with the placebo group. The seroconversion rate at 14 days
after the second injection in the vaccine group was 97.48% which
was significantly different compared with a 0.75% seroconversion
rate in the placebo group. There was a 23.5-fold increase of IgG
antibody GMT at 14 days after the second injection in the vaccine
group, whereas there was no significant increase of GMT in the pla-
cebo group. The results of the IgG analysis using ELISA are pre-
sented in Table 4.

3.3.2. Neutralization antibody
Neutralization antibody seropositive was defined as a

titer � 1:4 and seroconversion was defined as a change from a

titer < 1:8 to a titer � 1:8; or a 4-fold increase from baseline if
the titer at baseline � 1:8. After the full schedule of vaccine admin-
istration, the seropositive rate of SARS-CoV-2 antibody using the
neutralization assay in the vaccine group at 14 days was signifi-
cantly different compared with that of the placebo group. The sero-
conversion rate 14 days after the second injection in the vaccine
group was 87.15% with no seroconversion in the placebo group.
There was a 7.88-fold increase of antibody neutralization GMT at
14 days after the second injection. The neutralization antibody
results are presented in Table 4.

3.3.3. Lot-to-lot consistency
Another objective of the study was to evaluate the consistency

of 3 batches of inactivated SARS-CoV-2 vaccine. The IgG antibody
seropositive rate for the three batches of vaccine (batch numbers
20200308, 20200412, and 20200419) were 100%, 99.25%, and
100%, respectively, whereas the seroconversion rates were
96.18%, 97.76%, and 98.48%, respectively for the 14 day time point
after the second vaccination. The GMT of the three batches was
5093.78, 5421.63, and 5032.34, respectively, for the 14 day time
point after the second injection.

Table 4
Antibody Titer between the Vaccine and Placebo Groups.

Antibody Titer Time Point Parameter Group p-value

Vaccine (N = 397) Placebo (N = 133)

IgG (ELISA) V1 Seropositive rate n(%)
(95% CI)

44 (11.08)
(8.36–14.55)

14 (10.53)
(6.37–16.89)

0.859**)

GMT*)

(95% CI) Median
220.27
(212.87–227.93)
200.00

220.37
(206.45–235.24)
200.00

0.990***)

V3 Seropositive rate n(%)
(95 %CI)
Seroconversion n(%)
(95% CI)
GMT*) (95% CI) Median

396 (99.74)
(99.26–100)
387 (97.48)
(95.43–98.63) 5181.19
(4746.13–5656.14)
5333.35

7 (5.29)
(1.47–9.06)
1 (0.75)
(0.13–4.14)
223.61
(209.08–239.47)
200.00

<0.001**)

< 0.001**)

< 0.001***)

Neutralization Antibody V1 Seropositive rate n(%) (95% CI)
GMT*) (95% CI) Median

0 (0–0.96)
2.00 (�)
–

0 (0–2.81)
2.00 (�)
–

–

–
V3 Seropositive rate n(%)

(95% CI)
Seroconversion n (%) (95% CI)
GMT*) (95% CI)
Median

380 (95.72)
(93.25–97.31)
346 (87.15)
(83.50–90.09)
15.76
(14.57–17.04)
16

1 (0.75)
(0.13–4.14)
0 (0.00)
(0–2.81)
2.02
(1.98–2.05)
2

<0.001**)

< 0.001**)

< 0.001***)

*) The comparison results after logarithmic transformation. **) Chi-square test; ***) t-test.
V1 = before injection;
V3 = 14 days after second injection;
IgG seropositive = titer > 200; seroconversion = four-fold increasing anti-RBD antibody IgG titer compare to baseline 14 days after the second dose.
Antibody neutralization seropositive = titer � 1:4; seroconversion = a change from seronegative (titer < 1:8) to seropositive (titer � 1:8); or a 4-fold increase from baseline
titers if titer at baseline � 1:8.

Table 3
Summary of Primary Efficacy Endpoint.

Vaccine Placebo

Endpoint No. of
cases

Mean follow-
up days

Incidence rate
(per 100
person years)

No. of
cases

Mean follow-
up days

Incidence rate
(per
100person
years)

Vaccine
Efficacy (%)

Symptomatic confirmed laboratory cases COVID-19 starting
14 days after second injection

7 80.78

3.904

18 72.08

11.25

65.30%

Severe 0 0 0 0
–Critical 0 0 0 0

Death 0 0 0 0

E. Fadlyana, K. Rusmil, R. Tarigan et al. Vaccine 39 (2021) 6520–6528

6524



188 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

We compared the proportion of participants with seropositive
and seroconversion between the 3 batches of SARS-CoV-2 vaccine.
The results indicated that there was no significantly different pro-
portion between the 3 vaccine batches as shown in Table 5.

After the full schedule of vaccine, the seropositive rate of SARS-
CoV-2 antibody as determined by the neutralization assay for
batch numbers 20200308, 20200412, and 20,200,419 at 14 days
after the second injection was above 94%. The seroconversion rate
for each vaccine batch at 14 days after the second injection was
90.08%, 88.81%, and 82.58%, respectively. There was an increase
of 7 to 8-fold for neutralization antibody GMT in all batches at
14 days following the second injection.

3.4. Safety

Within the immunogenicity subset group (n = 540), the major-
ity of the reported local reactions was local pain, whereas the most
common systemic event was myalgia. In the vaccine group, local
pain was reported by 33.5% and 30.5% of the subjects after the first
and second injection, respectively [Fig. 2]. In the placebo group,
local pain was reported by 23.7% and 30.1% of the subjects after
the first and second injection, respectively. In the vaccine group,
myalgia was reported by 25.6% and 19.9% of the subjects after
the first and second injection, respectively. In the placebo group,
myalgia was reported by 12.6% and 9.0% of the subjects after the
first and second injection, respectively. Based on the system organ
class, majority of the unsolicited adverse event was categorized in
the nervous system diseases category, specifically headache
[Table S1].

The intensity of the adverse events was mostly mild in the vac-
cine and placebo groups. After the first injection, the percentage of

mild adverse events in the vaccine and placebo groups was 54.3%
and 46.7%, respectively. After the second injection, the percentage
of mild adverse events in the vaccine and placebo groups were
47.9% and 42.9%, respectively. There was a significant difference
in the distribution of severe adverse reactions after the second
dose between the vaccine and placebo groups, with a higher pro-
portion in the placebo group. Moderate adverse reactions after
the first dose in the vaccine groups were significantly higher than
the placebo group.

Of the 1620 subjects enrolled to the study, there were nine seri-
ous adverse events (SAE) that occurred in all subjects with a clas-
sification not related to vaccine products (five SAEs). One SAE was
very unlikely and three SAEs were reported as less likely to be
related to the vaccine product as assessed by the DSMB.

4. Discussion

The efficacy of 2 doses of SARS-CoV-2 vaccine at preventing
COVID-19 was evaluated up to 6 months after the second dose of
injection. However, this interim report consisted of an efficacy
analysis of 1620 participants within 3 months following the final
dose of study vaccine. The efficacy analysis was performed based
on the primary endpoint for all enrolled subjects with a data cut-
off date of January 9th, 2021. The efficacy in preventing symp-
tomatic confirmed cases of COVID-19 occurring at least 14 days
after the second dose of vaccine was 65.30% (person years) with
7 COVID-19 cases occurring in the vaccine group and 18 COVID-
19 cases occurring in the placebo group. There were no severe, crit-
ical, or incidents of death from laboratory confirmed COVID-19
infection.

Table 5
Comparison of Antibody Titer in Different Vaccine Batches.

Antibody Time Point Parameter

Batch

p-value**
Batch
20200308
(n = 131)

Batch
20200412
(n = 134)

Batch
20200419
(n = 132)

IgG (ELISA) V1 Seropositive rate n(%)
(95% CI)

14 (10.70)
(6.47–17.14)

16 (11.94)
(7.48–18.52)

14 (10.61)
(6.42–17.02)

0.927**)

GMT*)

(95% CI)
Median

215.16
(205.70–225.05)
200.00

223.40
(208.36–239.52)
200.00

222.26
(209.08–236.27)
200.00

0.384***)

V3 Seropositive rate n (%)
(95% CI)
Seroconversion n (%)
(95% CI)
GMT*)

(95% CI)
Median

131 (100)
(97.15–100)
126 (96.18)
(92.38–98.36)
5093.78
(4369.78–5937.59)
5105.05

133 (99.25)
(95.89–99.87)
131 (97.76)
(93.62–99.24)
5421.63
(4656.29–6312.77)
5787.62

132 (100)
(97.17–100)
130 (98.48)
(94.64–99.58)
5032.34
(4314.30–5869.76)
5302.40

0.374**)

0.476**)

0.898***)

Neutralization Antibody V1 Seropositive rate n(%)
(95% CI)

0
(0–2.85)

0
(0–2.94)

0
(0–2.91)

–

GMT*)

(95% CI)
Median

2.00
–
–

2.00
–
–

2.00
–
–

–

V3 Seropositive rate n (%)
(95% CI)
Seroconversion n (%)
(95% CI)
GMT*)

(95% CI)
Median

126 (96.18)
(91.38–98.36)
118 (90.08)
(83.76–94.11)
15.97
(14.03–18.18)
16.00

127 (94.78)
(89.61–97.45)
119 (88.81)
(82.35–93.10)
16.59
(14.47–19.02)
16.00

127 (96.21)
(91.44–98.37)
109 (82.58)
(75.21–88.10)
14.75
(12.78–17.02)
16.00

0.803**)

0.150**)

0.470***)

*) The comparison results after logarithmic transformation. **) Chi-square test; ***) ANOVA (F-test).
V1 = before injection.
V3 = 14 days after second injection.
IgG seropositive = titer > 200; seroconversion = four-fold increasing anti-RBD antibody IgG titer compare to baseline 14 days after the second dose.
Antibody neutralization seropositive = titer � 1:4; seroconversion = a change from titer < 1:8 to titer � 1:8; or a 4-fold increase from baseline titers if titer � 1:8 14 days after
the second dose.
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A phase III study for the study vaccine was also conducted in
Brazil, Turkey, and Chile. Each country has a specific study design
depending on its pandemic situation, but the main design is simi-
lar. Efficacy data from other countries may support the registration
in each country. Based on the interim result, vaccine efficacy in
Brazil and Turkey was 50.65% and 83.5%, respectively [22,23]. Vac-
cine effectiveness study was conducted in Chile with result of
65.9% [24]. The variability of efficacy result between the countries
may reflect variance in study characteristics such as population,
testing rate/capture of milder case, and force of infection [22].

The efficacy results in this study were higher compared with
that of the same study in Brazil. The Brazilian study showed that
after 14 days following vaccination with 2 doses of vaccine using
a 0 and 14 day schedule, the efficacy rate against COVID-19 was
50.65% for all cases, 83.70% for cases requiring medical treatment,
and 100.00% for hospitalized, severe, and fatal cases. This may be
the result of Brazil having a high-risk population, particularly
health care workers, thus leading to a higher COVID-19 infection
rate. In contrast, the Indonesian study used the general population
with a smaller occupational exposure to COVID-19 infection
[22,25].

Efficacy is one of the key indices to evaluate a vaccine. It mea-
sures the effect of vaccination by calculating the proportionate

reduction in cases among vaccinated subjects in a double-blind
placebo-controlled randomized clinical trial. VE is measured by
calculating the risk of disease among vaccinated and unvaccinated
subjects and determining the percent reduction in risk of disease
relative to the unvaccinated group. The greater the percent reduc-
tion of illness in the vaccinated group, the higher the VE [26–28].

In this study, the most common adverse events were pain at the
site of injection and myalgia which were reported in vaccine and
placebo recipients and with a significantly higher proportion of
participants in the vaccinated group compared with the placebo
group. Most adverse events were mild or moderate in severity. In
the vaccine group, fever was reported in 2.5% of the participants
after the first dose and 1.8% after the second dose of vaccine. No
significant differences in proportion between the vaccine and pla-
cebo group were observed. Overall, reactogenicity events were
mild and resolved within a couple of days after onset. These results
indicate that the vaccine was well-tolerated. The occurrence of
fever following vaccination with SARS-CoV-2 inactivated vaccine
was lower compared with other COVID-19 vaccine candidates,
such as the novel chimpanzee adenovirus vector vaccine, ChAdOx1
nCoV-19 viral-vector vaccines (18% in participants without parac-
etamol), or RNA vaccines (16% in younger vaccine recipients and by
11% of older recipients reported after the second dose) [29,30].

Fig. 2. Adverse Events occurring after the First and Second Vaccine Injection.
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The immune response based on the seropositive and
seroconversion rate of SARS-CoV-2 antibody IgG titer using ELISA
at 14 days after the second injection were 99.74% and 97.48%,
respectively. The IgG antibody GMT before injection and 14 days
after the second injection were 220.27 and 5181.19, respectively.
The seroconversion rate of RBD-specific IgG in this study were sim-
ilar to that of the phase II study which was 97% [GMT 1094.3 (95%
CI 936.7–1278.4)] at 14 days following the second dose [17].

The immune response based on the seropositive and serocon-
version rate of SARS-CoV-2 neutralizing antibody using the neu-
tralization assay in the vaccine group at 14 days after the second
injection were 95.72% and 87.15%, respectively. The neutralization
antibody GMT was 15.76 at 14 days after the second injection. The
study vaccine phase I/II clinical trials conducted in China in April
2020 to evaluate the safety and immunogenicity of 2 doses of vac-
cine at intervals of 0 and 14 days (emergency schedule) and 0–
28 days (routine schedule). In the phase I/II trials, it was found that
immune responses induced by the day 0 and 28 vaccination sched-
ule were larger than those induced from the day 0 and 14 vaccina-
tion schedule. In the phase 2 trial, the seroconversion rate of
neutralizing antibodies to live SARS-CoV-2 for the same dosage
used in this study were 92% with a GMT of 27.6 (95% CI 22.7–
33.50) at 14 days after the second dose and 94% with a GMT of
23.8 (95% CI 20.5–27.7) at 28 days after the second dose in the
day 0 and 14 vaccination cohort. Meanwhile, the seroconversion
rate was 97% with a GMT of 44.1 (95% CI 37.2–52.2) at 28 days after
the second dose in the day 0 and 28 vaccination cohort. However,
based on the phase I/II clinical trial results, this study used the
emergency vaccination schedule (day 0 and 14) which may be suit-
able for emergency use during the COVID-19 pandemic since anti-
body responses may be induced within a relatively short period of
time [17].

Comparing the three different batches of vaccine (batch number
20200308, 20200412, and 20200419), we observed no significant
differences in the proportion of participants with seropositive
and seroconversion rates based on ELISA and neutralization assay,
which demonstrated good consistency between each batch of the
SARS-CoV-2 vaccine. The results of this interim report show the
efficacy above the value required by the WHO [31].

Currently this study is still on-going to evaluate antibody per-
sistence and efficacy up to 6 months after the second dose of vac-
cine. One limitation of our study is that it only assesses the efficacy
of healthy adults aged 18–59 years with a limited number of sub-
jects. Therefore, it still requires further research to obtain vaccine
efficacy, safety, and immunogenicity data in the population aged
60 years of age and over, with or without comorbidities.

5. Conclusion

Based on the interim analysis, the vaccine showed a 65.30% effi-
cacy at preventing COVID-19 illness with a good safety and
immunogenicity profile.
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1.14. CoronaVac promotes high humoral and cellular immune 
response, Chilean study shows

Published on: 09/19/2021

A Chilean research published in 
the Clinical Infectious Diseases 
journal has attested the safety and 
immunogenicity of CoronaVac in 
healthy adults, showing that the 
vaccine induces a high cellular and 
humoral immune response (antibody 
production). Released in September 
2021, the study was conducted 
by researchers at the Pontificia 
Universidad Católica de Chile.

A total of 434 volunteers were 
followed, with 397 aged 18 to 59 
and 37 aged over 60. Among the 
participants, 390 took two doses 
of the vaccine and 44 received 
a placebo. No serious adverse 
effects were reported and the main 
symptoms were injection site pain 
and headache.

The humoral immune response 
was assessed in 81 volunteers. One 
month after the second dose of the 
vaccine, the seroconversion rate 
of IgG antibodies specific for the 
receptor-binding domain (RBD) of 

the SARS-CoV-2 Spike protein was 
84.4% for individuals aged 18 to 59 
years old and 70.3% for the elderly. 
It was also detected an increase in 
circulating neutralizing antibodies.

The scientists also assessed 
the cellular immune response 
in 47 participants. A significant 
T-cell response was detected, 
characterized by the secretion 
of interferon-gamma (IFN-) 
- cytokines that activate 
macrophages, important defense 
cells of the body.

“Results indicate that CoronaVac is 
safe and induces robust humoral and 
cellular responses, producing RBD-
specific antibodies with neutralizing 
capacity and activating T cells,” the 
study concludes.
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Clinical Infectious Diseases

Safety and Immunogenicity of an Inactivated Severe 
Acute Respiratory Syndrome Coronavirus 2 Vaccine in a 
Subgroup of Healthy Adults in Chile
Susan M. Bueno,1,2,a Katia Abarca,1,3 Pablo A. González,1,2 Nicolás M. S. Gálvez,1,2 Jorge A. Soto,1,2 Luisa F. Duarte,1,2 Bárbara M. Schultz,1,2 
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Eugenio Ramírez,16 Aracelly Gaete-Argel,17 Aarón Oyarzún-Arrau,17 Fernando Valiente-Echeverría,17 Ricardo Soto-Rifo,17 Daniela Weiskopf,18 
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Background. The development of effective vaccines against coronavirus disease 2019 is a global priority. CoronaVac is an inacti-
vated severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccine with promising safety and immunogenicity profiles. 
This article reports safety and immunogenicity results obtained for healthy Chilean adults aged ≥18 years in a phase 3 clinical trial.

Methods. Volunteers randomly received 2 doses of CoronaVac or placebo, separated by 2 weeks. A total of 434 volunteers were 
enrolled, 397 aged 18–59 years and 37 aged ≥60 years. Solicited and unsolicited adverse reactions were registered from all volun-
teers. Blood samples were obtained from a subset of volunteers and analyzed for humoral and cellular measures of immunogenicity.

Results. The primary adverse reaction in the 434 volunteers was pain at the injection site, with a higher incidence in the vaccine 
than in the placebo arm. Adverse reactions observed were mostly mild and local. No severe adverse events were reported. The humoral 
evaluation was performed on 81 volunteers. Seroconversion rates for specific anti-S1-receptor binding domain (RBD) immunoglob-
ulin G (IgG) were 82.22% and 84.44% in the 18–59 year age group and 62.69% and 70.37% in the ≥60 year age group, 2 and 4 weeks 
after the second dose, respectively. A significant increase in circulating neutralizing antibodies was detected 2 and 4 weeks after the 
second dose. The cellular evaluation was performed on 47 volunteers. We detected a significant induction of T-cell responses charac-
terized by the secretion of interferon-γ (IFN-γ) upon stimulation with Mega Pools of peptides from SARS-CoV-2.

Conclusions. Immunization with CoronaVac in a 0–14 schedule in Chilean adults aged ≥18 years is safe, induces anti-S1-RBD 
IgG with neutralizing capacity, activates T cells, and promotes the secretion of IFN-γ upon stimulation with SARS-CoV-2 antigens.

Keywords.  CoronaVac; phase 3 clinical trial; SARS-CoV-2; COVID-19; vaccines.

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is the emerging pathogen responsible for corona-
virus disease 2019 (COVID-19) [1–3]. This virus was first 

described in December 2019 in Wuhan, China, and it is the 
source of an ongoing pandemic, which by September 2021 
has resulted in almost 221 million infection cases and more 
than 4.5 million deaths worldwide [4]. International efforts 
are focused on generating vaccines to counteract COVID-19. 
Epidemiological studies show that individuals aged ≥60 years 
and those with chronic conditions are more susceptible to se-
vere disease, frequently resulting in death [5, 6]. More than 
294 vaccines are under development, with 37 undergoing 
phase 3 or 4 clinical trials and 10 approved for emergency 
use [7]. Although many different vaccine platforms are being 
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used and explored, most of them rely on a single viral compo-
nent, the full-length Spike (S) protein or the receptor binding 
domain (RBD) of the S protein [7, 8]. Whole virus inactivated 
platforms are a mature technology widely used against dif-
ferent viruses, and they can be easily stored and shipped at 
4ºC for several years, which is a significant advantage for de-
veloping countries [9, 10]. Whole inactivated vaccines carry 
a wider diversity of antigens that are more prone to be con-
served than the S protein in circulating variants, as is the case 
for the nucleocapsid (N) protein that has shown to promote 
protective T-cell immunity against related SARS-CoV vir-
uses. Thus, including the N, envelope (E), and matrix (M) 
proteins of SARS-CoV-2 as additional antigenic targets could 
boost protection for whole inactivated vaccines [11].

CoronaVac is a whole inactivated SARS-CoV-2 vaccine de-
veloped by Sinovac Life Sciences Co., Ltd. (Beijing, China) 
[12]. Phase 1/2 clinical trials carried out in China evaluated 
2 vaccination schedules with 2 doses separated by 14  days 
(0–14) or 28  days (0–28) [13, 14]. Both trials showed that 
this vaccine induces neutralizing antibodies 14 days after the 
second dose, suggesting that this vaccine is safe and likely in-
duces a protective immune response against SARS-CoV-2 [13, 
14]. Currently, 4 phase 3 clinical trials are evaluating the effi-
cacy of CoronaVac and are being carried out in Brazil, Turkey, 
Indonesia, and Chile. Here, we report an interim analysis 
of safety and immunogenicity parameters upon immuniza-
tion of a group of healthy Chilean adults with CoronaVac or 
placebo aged 18–59  years and ≥60  years in a 0–14  day vac-
cination schedule. The safety was evaluated in the total 434 
volunteers recruited, and a subgroup was included in immu-
nogenicity analysis. Given that this vaccine carries multiple 
SARS-CoV-2 antigens, the characterization of the humoral 
and cellular immune response was extended to components of 
the viral proteome beyond the S protein. Taken together, this 
is the first report characterizing the cellular and humoral im-
mune responses elicited by CoronaVac in a population other 
than the Chinese against several viral antigens. Our results 

indicate that CoronaVac is safe and immunogenic in healthy 
Chilean adults.

MATERIALS AND METHODS

Study Design, Randomization, and Volunteers

This clinical trial (clinicaltrials.gov NCT04651790) was con-
ducted in Chile at 8 different sites. The study protocol was 
performed according to the current Tripartite Guidelines for 
Good Clinical Practices, the Declaration of Helsinki [15], 
and local regulations. The trial protocol was reviewed and 
approved by the Institutional Scientific Ethical Committee 
of Health Sciences, Pontificia Universidad Católica de Chile 
(#200708006). Trial execution was approved by the Chilean 
Public Health Institute (#24204/20). Written informed con-
sent was obtained from each volunteer before enrollment. 
The study included healthy Chilean adults aged ≥18  years. 
Volunteers were inoculated with either 2 doses of CoronaVac 
or placebo separated by 2 weeks.

A complete list of inclusion/exclusion criteria is provided 
in the annexed study protocol. Volunteers were randomly as-
signed to immunization with CoronaVac or injection with pla-
cebo in a 1:1 ratio. A subgroup of volunteers was assigned to 
the immunogenicity arm and randomly received CoronaVac 
or placebo (3:1 ratio). Randomization was done using a sealed 
enveloped system integrated into the electronic case report 
forms in the OpenClinica platform. To collect adverse events 
(AEs), volunteers were instructed and trained to log in infor-
mation on the platform until 28  days after the second dose 
at the same hour each day. Local and systemic symptoms 
were requested for 7 days after each dose or until they ceased. 
Other AEs, drugs used, severe adverse events (SAEs), events 
of special interest, and symptoms of SARS-CoV-2 were also 
requested until the end of the study. Daily reminders were sent 
via email and SMS until 28  days after the second dose and 
then weekly until the end of the study. Table 1 summarizes 
the characteristics of the volunteers, and Figure 1 shows the 
study profile.

Table 1. Characteristics of the Volunteers at Baseline

Characteristic
18–59 y  
(n = 397)

≥ 60 y  
(n = 37)

Total  
(n = 434) P  Value

Age, mean ± standard deviation 38.2 ± 9.7 64.0 ± 4.3 40.4 ± 11.8  

Inoculation    .482

 Vaccine, n (%) 245 (61.7) 25 (67.6) 270 (62.2)

 Placebo, n (%) 152 (38.3) 12 (32.4) 164 (37.8)

Sex    .039

 Female, n (%) 251 (63.2) 17 (45.9) 268 (61.8)

 Male, n (%) 146 (36.8) 20 (54.1) 166 (38.2)

Ethnicity    .152

 White, n (%) 370 (93.2) 37 (100.0) 407 (93.8)

 Other, n (%) 27 (6.8) 0 (0.0) 27 (6.2)

P values are for comparison between total numbers in each characteristic.
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Procedures

CoronaVac consists of 3  µg of β-propiolactone inactivated 
SARS-CoV-2 (strain CZ02) with aluminum hydroxide as an ad-
juvant in 0.5 mL [12]. A study nurse administered unblinded 
ready-to-use syringes with CoronaVac or placebo (visually in-
distinguishable among them) intramuscularly in the deltoid 
area. To avoid any influence on the volunteers, the interaction 
with the nurse was restricted only to immunization. Then, 
safety evaluations were performed by the blinded clinical team. 
Blood samples were obtained at different time points for the im-
munogenicity arm and used to isolate sera and peripheral blood 
mononuclear cells (PBMCs). Further details can be found in the 
supplementary information.

To assess the presence of anti-SARS-CoV-2 antibodies, blood 
samples obtained before the first and second dose and 2 and 
4 weeks after the second dose were analyzed. The quantitative 
measurement of human immunoglobulin G (IgG) antibodies 
against the RBD of the S1 protein (S1-RBD) and the N pro-
tein of SARS-CoV-2 was performed using the RayBio COVID-
19 (SARS-CoV-2) Human Antibody Detection Kit (catalog 
#IEQ-CoVS1RBD-IgG and #IEQ-CovN-IgG). Arbitrary units 
obtained for these analyses were converted into World Health 
Organization (WHO) international units through a standard 
curve (National Institute for Biological Standards and Control 
code 20/268). The neutralizing capacities of circulating anti-
bodies were evaluated by 3 different techniques: surrogate virus 
neutralization test (sVNT) (Genscript catalog #L00847-A), con-
ventional virus neutralization test (cVNT), and pseudotyped 
virus neutralization test (pVNT) [16]. Further details on the 

methodology associated with these techniques can be found in 
the supplementary information.

To assess the cellular immune response, enzyme-linked 
immunospot (ELISPOT) and flow cytometry assays were per-
formed using isolated PBMCs. ELISPOT assays were performed 
to evaluate changes in the numbers of interferon-γ (IFN-γ) se-
creting cells. Flow cytometry assays were performed to charac-
terize T cells and the expression of activation-induced markers 
(AIMs) on these cells. The stimulus included in these assays 
considered the use of Mega Pools (MPs) of peptides derived 
from SARS-CoV-2 proteins [17]. Corresponding controls were 
held. Further details on the ELISPOT assays, antibodies used 
for flow cytometry, and the respective protocols can be found in 
the supplementary information.

Outcomes

The primary aim was to evaluate the frequency of solicited and 
unsolicited AEs occurring 7 days after each dose by age group 
(aged 18–59 and ≥60 years). Grading for solicited and unsolic-
ited AEs can be found in detail in Tables S1–S4. Secondary im-
munogenicity endpoints considered assessing the presence of 
anti-SARS-CoV-2 antibodies and the cellular immune response 
elicited by the vaccine in a subgroup of volunteers. A complete 
list of outcomes can be found in the study protocol.

Statistical Analysis

Information regarding the determination of sample size, AE 
analysis test, and immunogenicity analysis test can be found in 
the supplementary information.

Figure 1. Study profile. Recruitment of volunteers for the phase 3 clinical trial as of February 10, 2021.
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RESULTS

Safety Assessment

Volunteers on this study were recruited between November 
27, 2020, and February 10, 2021 (Figure 1). On February 24, 
2021, the last volunteer included in this analysis was inoculated 
with the second dose. As of February 24, 2021, only 80 volun-
teers from the placebo arm had received their second dose. 
Circulating SARS-CoV-2 strains detected during this time 
mainly were wild-type strains (original L strain) and the B.1.1.7 
strain. Remarkably, the P1 or Gamma variant was detected for 
the first time in Chile by the end of January 2021 [18]. A total 
of 434 volunteers were enrolled in this study; 390 volunteers re-
ceived 2 doses of CoronaVac and 44 received a placebo. The 
vaccination schedule for both groups was 0–14. A list of local 
and systemic solicited AEs reported is shown in Table 2. The 
most reported solicited local AEs was pain at the injection site 
(mostly grade 1), with an incidence of 55.6% in the vaccine arm 

compared with 40.0% in the placebo arm. Headaches (grade 
1 or 2) were the most common solicited systemic AEs with a 
frequency of 48.5% in the vaccine arm and 48.8% in the pla-
cebo arm. No SAEs or events of special interest were reported. 
Significant differences were observed between age groups re-
garding the frequency of local and systemic AEs (Table S4). 
A total of 55 unsolicited AEs were reported. During the study 
period, 3 COVID-19 cases occurred in the vaccinated group 
(breakthrough cases). One of them had a clinical progression 
score of 1 (asymptomatic), and the other 2 had a score of 2 
(symptomatic) [19].

Immunization With CoronaVac Induces the Secretion of anti-S1-RBD IgG, 
anti-N IgG, and Circulating Neutralizing Antibodies in Chilean Adults

Evaluation of IgG-specific against S1-RBD and the N pro-
tein of SARS-CoV-2 was performed independently through 
enzyme-linked immunosorbent assays (Figure 2). This humoral 

Figure 2. Immunization with CoronaVac induces specific IgG against SARS-CoV-2 antigens in participants aged 18–59 years and ≥ 60 years after 2 immunizations in a 
0–14 schedule. Titers of IgG antibodies after 2 doses of CoronaVac were evaluated for immunized participants (excluding seropositive participants at recruitment and placebo 
participants) before the first and second dose, and 2 (second dose + 2 weeks) and 4 weeks (second dose + 4 weeks) after the second dose for adults aged (A, C) 18–59 years 
and (B, D) ≥60 years. Specific IgG against the S1-RBD (upper panel) and the N protein (lower panel) of SARS-CoV-2 were measured. Data are expressed as the log10 of in-
ternational WHO arbitrary units versus time after each dose. Error bars indicate the 95% CI of the geometric mean units (GMUs). The spots represent the individual values 
of antibody units for each volunteer, with the numbers above each time showing the GMU estimates. The graph illustrates the results obtained for 45 participants in the 
18–59 years group and 27 participants in the ≥60 years group. One-way ANOVAs with repeated measures and post hoc Tukey tests were performed to evaluate statistical 
differences among the groups; *P < .05, **P < .005, ***P < .0005, ****P < .0001. Abbreviations: ANOVA, analysis of variance; CI, confidence interval; IgG, immunoglobulin 
G; N, nucleocapsid; RBD, receptor binding domain; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; WHO, World Health Organization.
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evaluation was performed on serum samples from 81 volun-
teers, 53 of whom were aged 18–59 years, and 28 of whom were 
aged ≥60 years. The data are shown in international WHO ar-
bitrary units. Increased levels of anti-S1-RBD circulating anti-
bodies were detected at all times evaluated after the first dose for 
both age groups (Figure 2A and 2B). These changes were also 
detected in fold change analyses normalized to preimmune sam-
ples (Figure S1A and S1B). These results suggest that immuniza-
tion with CoronaVac induces a significant production of S1-RBD 
specific IgG after vaccination with a 0–14 schedule. A modest in-
crease in IgG specific against the N protein was detected (Figure 
2C and 2D), with fold change analyses showing similar results to 
those for the international WHO arbitrary units (Figure S1C and 
S1D). We confirmed that doses of CoronaVac contain signifi-
cant amounts of the N protein (Figure S2). Seroconversion rates 
for S1-RBD and N protein specific IgG can be found in Table 3. 
Results obtained for seropositive volunteers at enrollment (not 

included in this analysis) and breakthrough cases are shown in 
Table S5.

To evaluate the neutralizing capacities of circulating anti-
bodies, sVNTs (Figure 3A and 3B), pVNTs (Figure 3C and 3D), 
and cVNTs for the D614G variant (Figure 3E and 3F) were per-
formed. This additional humoral evaluation was performed on 
serum samples from the same 81 volunteers, 53 of whom were 
aged 18–59 years, and 28 of whom were aged ≥60 years. Both 
sVNTs and cVNTs showed a significant increase in the neutral-
izing (or surrogate neutralizing) capacities of circulating anti-
bodies against SARS-CoV-2 2 and 4 weeks after the second dose. 
This could also be detected in fold change analyses (Figures S3 
and S4). The geometric mean titers and seropositivity rates for 
the sVNT, pVNT, and cVNT can be found in Table 4. These 
results suggest that immunization with CoronaVac in a 0–14 
schedule promotes anti-S1-RBD IgG with neutralizing capaci-
ties in both age groups.

Table 3. Seroconversion Rates and Geometric Median Units (GMU) of Circulating Antibodies Against SARS-CoV-2 Proteins

Antibodies Detected Group Indicators Second Dose Second Dose + 2 wk Second Dose + 4 wk

Anti-S1-RBD IgG (WHO A.U./mL) Total vaccine Seroconversion n/N 23/72 54/72 57/72

(%) (31.94) (75.00) (79.17)

GMU 19.60 76.50 72.43

(95% CI) (15.24–25.22) (57.67–101.5) (56.96–92.11)

18–59 years Seroconversion n/N 18/45 37/45 38/45

(%) (40.00) (82.22) (84.44)

GMU 25.33 103.33 99.40

(95% CI) (19.07–33.64) (75.31–141.8) (74.53–132.6)

≥ 60 years Seroconversion n/N 5/27 17/27 19/27

(%) (18.52) (62.96) (70.37)

GMU 12.67 45.84 42.24

(95% CI) (08.03–19.99) (27.51–76.36) (29.44–60.61)

Placebo Seroconversion n/N 0/12 0/9 0/0

(%) (0) (0) N/D

GMU 10.43 6.19 N/D

(95% CI) (04.33–25.10) (01.85–20.76) N/D

Anti-N IgG (WHO A.U./mL) Total vaccine Seroconversion n/N 2/72 5/72 7/72

(%) (2.78) (6.94) (9.72)

GMU 10.77 12.66 14.4

(95% CI) (07.95–14.57) (09.36–17.12) (10.89–19.04)

18–59 years Seroconversion n/N 2/45 5/45 6/45

(%) (4.44) (11.11) (13.33)

GMU 10.25 12.11 13.51

(95% CI) (06.97–15.08) (08.07–18.16) (09.21–19.81)

≥ 60 years Seroconversion n/N 0/27 0/27 1/27

(%) (0) (0) (3.70)

GMU 11.70 13.70 16.05

(95% CI) (06.96–19.67) (08.60–21.82) (10.65–24.18)

Placebo Seroconversion n/N 1/12 0/10 0/0

(%) (8.3) (0) (-)

GMU 11.06 9.61 N/D

(95% CI) (04.03–30.35) (02.90–31.90) (-)

Timepoints refer to the number of days after the first dose of vaccine or placebo in the schedule.
Abbreviations: A.U., arbitrary unit; CI, confidence interval; GMU, geometric median unit; IgG, immunoglobulin G; N, nucleoprotein; N/D, not determined; RBD, receptor binding domain; S, 
Spike protein; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; WHO, World Health Organization.
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Immunization With CoronaVac Induces IFN-γ-Producing T cells Specific 
for SARS-CoV-2 Antigens in Chilean Adults

To evaluate the cellular immune response elicited upon vacci-
nation with CoronaVac, the specific T-cell responses induced 
upon stimulation of PBMCs with MPs of 15-mer peptides 
derived from the S protein of SARS-CoV-2 (MP-S) and the 
remaining proteins of this virus (MP-R) were evaluated by 
ELISPOT in a total of 47 volunteers. Representative images of 
spot forming cells (SFCs) are shown (Figure 4A). We observed 
an increase in the number of SFCs for IFN-γ 2 and 4 weeks 
after the second dose (Figure 4D). Individual data from these 
MP also resulted in partial increases in SFC numbers (Figure 
4B and 4C). Similar trends were observed with fold change 
analyses (Figure S5). The specific T-cell responses against MPs 
of 9- to 11-mer peptides from the whole proteome of SARS-
CoV-2 (MP-CD8A and MP-CD8B) were also evaluated in 27 
volunteers. Stimulation with these MPs resulted in a modest 

nonstatistically significant increase in SFCs for IFN-γ (Figure 
4E and 4G). There was a subtle fold increase of SFCs for IFN-γ 
in volunteers stimulated with these 9- to 11-mer MPs (Figure 
S5). No changes were detected for the placebo group (Figure 
S6). These results suggest that immunization with CoronaVac 
induces a T-cell response polarized toward a Th1 immune 
profile, as the secretion of interleukin-4 by T cells was mainly 
undetected (Figure S7). As a positive control, PBMCs from 
volunteers were stimulated with an MP of peptides derived 
from cytomegalovirus (Figure S8).

The expression of AIMs upon stimulation of PBMCs with 
these MPs was evaluated by flow cytometry. Because MP-S 
and MP-R were initially determined in silico to stimulate 
CD4+ T cells optimally, the expression of AIMs was assessed 
on these cells for 43 volunteers. The gating strategy is shown in 
Figure 5A, and stimulation with MP-S and consolidated data 
from both MP-S + R resulted in increased expression of AIMs 

Figure 3. Immunization with CoronaVac induces neutralizing antibodies against SARS-CoV-2 in participants aged 18–59 years and ≥60 years after 2 immunizations in a 
0–14 schedule. (A-B) Neutralizing antibody titers were evaluated with a surrogate virus neutralization assay, which quantifies the interaction between the S1-RBD and hACE2 
precoated on enzyme-linked immunosorbent assay plates. Results were obtained from (A) 45 participants aged 18–59 years and (B) 27 ≥ 60 years before the first and second 
dose, and 2 (second dose + 2 weeks) and 4 weeks (second dose + 4 weeks) after the second dose. (C-D) Titers of neutralizing antibodies were evaluated with a pseudotyped 
viral system. Data are represented as the reciprocal dilution of sera that prevented infection by 80% (ID80) after the first dose. Numbers above the bars show the geometric 
mean titer (GMT), and the error bars indicate the 95% CI. Results were obtained from 45 participants (C) aged 18–59 years and (D) 24 ≥ 60 years before the first and second 
dose, and 2 (second dose + 2 weeks) and 4 weeks (second dose + 4 weeks) after the second dose. (E-F) Titers of neutralizing antibodies evaluated with a conventional neu-
tralization assay using an ancestral D614G variant strain of SARS-CoV-2. Data are represented as the reciprocal dilution of sera that prevented infection after the first dose. 
Numbers above the bars show the GMT, and the error bars indicate the 95% CI. Results were obtained from 45 participants aged (E) 18–59 year and (F) 27 ≥ 60 years before 
the first and second dose, and 2 (second dose + 2 weeks) and 4 weeks (second dose + 4 weeks) after the second dose. Data are represented as the reciprocal antibody titer 
versus time after each dose. Numbers above the bars show the GMT, and the error bars indicate the 95% CI. Data were analyzed by a Wilcoxon test to evaluate statistical 
differences among the groups; *P < .05, **P < .005, ***P < .0005, ****P < .0001. Abbreviations: CI, confidence interval; RBD, receptor binding domain; SARS-CoV-2, severe 
acute respiratory syndrome coronavirus 2.
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(Figure 5B and 5D). No changes were detected when stimu-
lating with MP-R alone (Figure 5C). Because MP-CD8A and 
MP-CD8B were determined in silico to stimulate CD8+ T cells, 

the expression of AIMs was evaluated on these cells for 21 vo-
lunteers. Modest increases in the expression of AIMs were de-
tected for both MP-CD8A and MP-CD8B (Figure 5E and 5F). 

Table 4. Seropositivity Rates and GMTs of Circulating Neutralizing Antibodies Against SARS-CoV-2 Proteins

Antibodies Detected Group Indicators Second Dose + 2 wk Second Dose + 4 wk

Surrogate virus neutralization Total vaccine Seropositivity n/N 63/72 59/72

(%) (87.5) (81.94)

GMT 14.23 15.54

(95% CI) (10.54–19.21) (11.23–21.51)

18–59 y Seropositivity n/N 44/45 39/45

(%) (97.78) (86.67)

GMT 20.78 18.95

(95% CI) (14.81–29.18) (12.87–27.92)

≥ 60 y Seropositivity n/N 19/27 20/27

(%) (70.37) (74.07)

GMT 8.21 11.75

(95% CI) (04.83–13.94) (06.55–21.12)

Placebo Seropositivity n/N 0/11 N/D

(%) (0) (-)

GMT 0 N/D

(95% CI) (0) (-)

Pseudotyped virus neutralization Total vaccine Seropositivity n/N 66/69 66/69

(%) (95.65) (95.65)

GMT 52.22 41.33

(95% CI) (35.12–77.65) (29.10–56.69)

18–59 y Seropositivity n/N 44/45 44/45

(%) (97.78) (97.78)

GMT 83.74 59.37

(95% CI) (51.78–135.4) (38.08–92.58)

≥ 60 y Seropositivity n/N 22/24 22/24

(%) (91.67) (91.67)

GMT 26.07 22.31

(95% CI) (14.91–45.59) (13.39–37.18)

Placebo Seropositivity n/N 0/10 N/D

(%) (0) (-)

GMT 0 N/D

(95%CI) (0) (-)

Conventional virus neutralization  Total vaccine Seropositivity n/N 55/72 60/72

(%) (76.39) (83.33)

GMT 10.10 15.54

(95% CI) (7.28–14.01) (22.18)

18–59 y Seropositivity n/N 36/45 38/45

(%) (80.0) (84.44)

GMT 10.60 14.81

(95% CI) (6.92–16.26) (9.49–23.09)

≥ 60 y Seropositivity n/N 19/27 22/27

(%) (70.37) (81.48)

GMT 9.32 16.84

(95% CI) (5.43–15.99) (8.95–31.67)

Placebo Seropositivity n/N 6/11 N/D

(%) (54.54) (-)

GMT 5.48 N/D

(95% CI) (1.84–16.29) (-)

Timepoints refer to the number of days after the first dose of vaccine or placebo in the schedule.

Abbreviations: CI, confidence interval; GMT, geometric mean titer; N, nucleoprotein; N/D, not determined; S, Spike protein; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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No changes were detected for the placebo group (Figure S9). 
Stimulation with cytomegalovirus and Concanavalin A  con-
firmed the capacity of these cells to express AIMs (Figure S10). 
Although more volunteers must be evaluated, ELISPOT and 
flow cytometry results suggest that stimulation with these MPs 
induces a cellular immune response in volunteers immunized 
with CoronaVac.

DISCUSSION

This study is a preliminary analysis of a phase 3 clinical trial 
performed in Chile with CoronaVac, an inactivated SARS-
CoV-2 vaccine. We found that 2 doses of CoronaVac, in a 
0–14 schedule, were safe and capable of inducing a humoral 
and cellular immune response in both age groups evaluated 
(18–59 and ≥60 years), which is in line with the phase 3 trial 
conducted in Turkey using the same vaccination schedule 
[21]. However, other studies using CoronaVac support the 
idea that a vaccination schedule with each dose separated by 
4 weeks (0–28) induces better immune responses and shows 
a better efficacy profile [13]. A  phase 2 trial conducted in 
China with CoronaVac compared both vaccination schedules 
and reported better immunogenicity in subjects vaccinated 
with a 0–28 schedule [13]. A recent study evaluating immune 
responses 6 months after the second dose in volunteers from 

both vaccination schedules reported higher seropositivity in 
individuals from the 0–28 schedule [22]. These results are 
consistent with published data from subjects vaccinated with 
messenger RNA (mRNA) vaccines, in which higher efficacy 
has been reported with longer intervals between doses [23, 
24]. Therefore, a different immunization schedule consid-
ering a booster 4 weeks after the first dose instead of 2 weeks 
is being tested.

This study has relevant limitations that must be addressed, 
such as the reduced samples size evaluated for the immuno-
genicity profile. Also, although the high immunogenicity de-
scribed here is encouraging, efficacy and death prevention data 
will be needed to guide the use of this vaccine in clinical and 
public health settings [13, 14, 20]. It is also important to note 
that further analyses are required to evaluate the relevance of 
this vaccine on emerging circulating variants.

Adverse reactions observed were primarily mild and local, 
which coincides with previous reports with this vaccine. No 
SAEs were reported for either the vaccine or placebo arm. We 
detected differences between the age groups in local and sys-
temic AEs, being more frequent in the 18–59 age group than in 
the ≥60 age group.

Seroconversion rates for S1-RBD-specific IgG and seropos-
itivity of neutralizing antibodies in this study are consistent 

Figure 4. Evaluation of cellular immune response through ELISPOT upon stimulation with Mega Pools of peptides derived from SARS-CoV-2 proteins in volunteers im-
munized with CoronaVac. Numbers of IFN-γ-secreting cells, determined through ELISPOT as spot forming cells (SFCs) were determined. (A) Representative pictures for each 
stimulus are shown. PBMCs were stimulated with (B) MP-S, (C) MP-R, (D) MP-S + R, (E) MP-CD8A, (F) MP-CD8B, and (G) MP-CD8A + B for 48 h for samples obtained before 
the first dose, and 2 (second dose + 2 weeks) and 4 weeks (second dose + 4 weeks) after the second dose. A total of 47 volunteers were evaluated for MP-S and MP-R and 
27 volunteers for MP-CD8A and MP-CD8B. Data shown represent median ± 95% CI. Statistical differences were evaluated by a Friedman test for repeated measures, fol-
lowed by a post hoc Dunn test corrected for multiple comparisons against day preimmune samples; n.s. = no statistical differences, *P < .05, **P < .005. Abbreviations: CI, 
confidence interval; ELISPOT, enzyme-linked immunospot; IFN, interferon; MP, Mega Pools; PBMC, peripheral blood mononuclear cell; SARS-CoV-2, severe acute respiratory 
syndrome coronavirus 2. 
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with the data reported in the phase 2 trial conducted in China 
for the same immunization schedule, dose, and age [13]. The 
geometric median unit values obtained for anti-S1-RBD and 
anti-N antibodies in this study are somewhat lower than those 
described for the BNT162b2 (490.17 and 34.40 after the second 
dose, respectively) and the mRNA-1273 (659.91 and 37.03 after 
the second dose, respectively) vaccines when using the same in-
ternational WHO units [25]. Possible differences in these values 
may be linked to a higher production of antibodies against a 
single antigen by mRNA vaccines compared with inactivated 
vaccines, which aim to induce a polyclonal response against sev-
eral viral proteins [26]. The low production of anti-N antibodies 
compared with IgG induced against the S1-RBD is not related 
to the absence of the N protein in CoronaVac. Previous reports 
indicate that humans naturally infected with SARS-CoV-2 de-
velop antibody responses mainly against the S and N proteins, 
in somewhat similar levels [12]. However, immunization studies 
of mice, rats, and nonhuman primates with CoronaVac showed 
that antibodies induced mainly were directed against the S pro-
tein and the S1-RBD, with a reduced number of antibodies 
against the N protein [12]. This is in line with our findings, 

suggesting that the enhanced secretion of antibodies against the 
S protein by CoronaVac, rather than against the N protein, may 
be playing a role in the protective response.

This is the first time a characterization of the cellular re-
sponse against proteins other than the S protein of SARS-
CoV-2 has been reported in humans immunized with 
CoronaVac. Unlike previous studies [13], we detected a robust 
T-cell response upon stimulation of PBMCs with MPs of pep-
tides from S (MP-S). We also evaluated the response elicited 
upon stimulation with 2 MPs of peptides designed to stim-
ulate a CD8+ T-cell response. Although more volunteers are 
required to raise more robust conclusions, the results suggest 
that the CD8+ immune response detected in vaccinated volun-
teers is not as robust as the CD4+ response. Because increased 
numbers of IFN-γ secreting cells and reduced amounts of 
interleukin-4 secreting cells align with a well-balanced Th1 
immune response that could lead to virus clearance, immuni-
zation with CoronaVac shows promising capacities of inducing 
an antiviral response in the host. This IFN-γ response has also 
been sought and observed in other vaccines against SARS-
CoV-2, such as the BNT162b1 designed by BioNTech [27] and 

Figure 5. Changes in activation-induced markers (AIMs) expression in T cells through flow cytometry upon stimulation with Mega Pools of peptides derived from SARS-
CoV-2 in volunteers immunized with CoronaVac. (A) The gating strategy used to evaluate changes in the expression of AIMs upon stimulation of PBMCs is shown. PBMCs 
were stimulated with (B) MP-S, (C) MP-R, (D) MP-S + R, (E) MP-CD8A, (F) MP-CD8B, and (G) MP-CD8A + B for 24 h for samples obtained before the first dose, and 2 (second 
dose + 2 weeks) and 4 weeks (second dose + 4 weeks) after the second dose. Changes in the expression of AIMs for CD4+ T cells (OX40+ CD137+) were measured upon stim-
ulation with (B) MP-S, (C) MP-R, and (D) MP-S + R. Changes in the expression of AIMs for CD8+ T cells (CD69+ CD137+) were measured upon stimulation with (E) MP-CD8A, 
(F) MP-CD8B, and (G) MP-CD8A + B. A total of 43 volunteers were evaluated for MP-S and MP-R and 21 volunteers for MP-CD8A and MP-CD8B. Data shown represent mean 
± standard deviation. Statistical differences were evaluated by a Friedman test for repeated measures, followed by a post hoc Dunn test corrected for multiple comparisons 
against preimmune samples. n.s. = no statistical differences, *P < .05, **P < .005, ****P < .0001. Abbreviations: MP, Mega Pools; PBMC, peripheral blood mononuclear cell; 
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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the recombinant adenovirus type-5 vectored COVID-19 vac-
cine designed by CanSino [28].

In summary, immunization with CoronaVac is safe and in-
duces robust humoral and cellular responses, characterized 
by increased antibody titers against the S1-RBD with neutral-
izing capacities and the production of T cells specific for several 
SARS-CoV-2 antigens and were characterized by the secretion 
of Th1 cytokines.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, so 
questions or comments should be addressed to the corresponding author.
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1.15. CoronaVac duplicates neutralizing antibodies and increases IgG 
4,4 times on those previously infected with Covid-19

A study conducted by researchers of 
the Medical University of Chongqing, in 
China, with 85 recovered patients from 
Covid-19 indicates that CoronaVac is 
capable of duplicating the amount of 
neutralizing antibodies and multiplying 
in 4,4 times the level of IgG antibodies in 
those previously infected. The preliminary 
results were disclosed at the Cell 
Discovery, a publication of the britannic 
group Nature, in the article Humoral 
responses in naive or SARS-CoV-2 
experienced individuals vaccinated with 
an inactivated vaccine.

The participants were between three and 
84 years old and were previously infected 
by SARS-CoV-2 in the beginning of 2020. 
The researchers measured the levels 
of  IgG antibodies and of neutralizing 
antibodies in the convalescent patients 
and selected the five that presented 
individually the lowest indicator at the 
end of 12 months. They received two doses 
of CoronaVac with a 21-day interval.

The level of neutralizing antibodies (that 
protect against an eventual reinfection 
by the SARS-CoV-2) among the 
convalescent pacients, which was 36 one 
day before the first dose, increased to 108 
two weeks after the second dose. In the 
control group, that indicator reached 56, 

meaning that the amount of neutralizing 
antibodies generated by the vaccine on 
those that already had Covid-19 was 
doubled in comparison to those that 
weren’t infected before.

Among the convalescents, the level of 
IgG antibodies, which were of 3,68 one 
day before the vaccination, increased 
to 47,74 two weeks after the second 
dose of CoronaVac. It’s 4,4 times above 
the level of 10,81 detected in the control 
group. The IgG is related to the humoral 
immunity, which is critical for the combat 
against SARS-CoV-2 and also performs 
a fundamental role in the prevention of 
viral reinfection.

During the 12 months of follow-up, 
the levels of neutralizing antibodies 
decreased from 631 in the end of the first 
month to 84 in the last month. In the case 
of IgG, the indicator decreased from 28,6 
to 7,2 during the same period.

The results suggest that CoronaVac 
stimulates the humoral memory of the 
convalescent patients, accelerating the 
production of neutralizing antibodies and 
its level of circulation in the blood flow.

Study published on: 08/17/2021
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Humoral responses in naive or SARS-CoV-2
experienced individuals vaccinated with an
inactivated vaccine
Pai Peng1, Hai-jun Deng 1, Jie Hu1, Xiao-yu Wei2, Jian-jiang Xue3, Ting-ting Li4, Liang Fang2, Bei-zhong Liu2,
Ai-shun Jin4, Feng-li Xu1, Kang Wu1, Quan-xin Long 1, Juan Chen1, Kai Wang 1✉, Ni Tang1✉ and
Ai-long Huang 1✉

Dear Editor,
The humoral immune response to severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2) is
critical for the clearance of the virus and also plays a key
role for the prevention of viral reinfection. It has been
extensively reported that antibody response to SARS-
CoV-2 tends to be diminished in course of time1–3.
Thus, the durability of the protective immune response
in coronavirus disease-2019 (COVID-19) recovered
patients is of great interest. There is increasing appre-
ciation of the key role that immunological memory plays
in durable protective immunity after infections or vac-
cinations, even with lower antibody titers4,5. Inactivated
vaccines as a conventional vaccine development have
been shown to be effective among other viruses6. It has
raised concern about the impact of prior infection by
SARS-CoV-2 on the immune response induced by
inactivated vaccines. For these reasons, we examined the
humoral immunity in convalescent patients for
12 months postsymptom onset (PSO) and evaluated the
immune response elicited by an inactivated vaccine in
naive or COVID-19 recovered individuals.
170 blood samples from a follow-up cohort of 85

COVID-19 patients were collected over a 12-month per-
iod PSO (Supplementary Fig. S1a). Participants with
57.6% male and 42.4% female aged from 3 to 84 (median:

48 years) were enrolled (Supplementary Table S1). After
the measurement of neutralizing antibodies (NAbs), five
participants with low NAb titers were given two injections
of CoronaVac vaccine (developed by Sinovac Life Sci-
ences, China) 21 days apart for the study of immunolo-
gical memory response. Meanwhile, 19 healthy individuals
were recruited as the control group (Supplementary Fig.
S1b, Table S2).
Anti-SARS-CoV-2 spike (anti-S) IgG/IgM/IgA and NAb

titers were measured with previously described MCLIA
kits and pseudovirus-based neutralization assay. Anti-S
IgG and NAbs were still detectable in 95.5% (42 of 44) and
93.2% (41 of 44) serum samples, respectively, at
12 months PSO (Fig. 1a). Correlation between anti-S IgG
levels and Nab titers (r= 0.64, p= 5.8e−21) was shown
over the study period (Supplementary Fig. S2a). Never-
theless, during the 12-month follow-up visit in the
COVID-19 recovery cohort, anti-S IgG/IgM/IgA and
NAb titers represented a sustained decline (Fig. 1a, Sup-
plementary Fig. S2b, c). For the neutralizing antibodies,
median of NAb titers decreased from 631 at Month 1 to
604 at Month 3, to 134 at Month 8 and to 84 at Month 12.
For the IgG antibodies, the median of signal-to-cutoff
ratio (S/CO) dropped from 28.6 at Month 1 to 27.7 at
Month 3, 11.5 at Month 8 and 7.2 at Month 12. At Month
12, the levels of specific antibodies were much lower than
the levels at Month 1 (82.8%, 96.4%, and 89.4% decrease
for IgG, IgM, and IgA antibodies, respectively). In addi-
tion, a longitudinal study was observed among nine par-
ticipants provided samples at all follow-up time points. In
spite of a general decline in humoral immune response,
the dynamic changes showed significant variation
between anti-S IgG/IgM/IgA antibodies and NAbs
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Fig. 1 (See legend on next page.)
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(Supplementary Fig. S2d–g). Both IgM and IgA levels in 7
of 9 individuals reached peak at 1 month PSO and fell
below the positive threshold thereafter. By contrast, IgG
and NAbs decreased slowly and remains 100% (9/9) and
78% (7/9) positive at 12 months PSO.
Blood samples from two vaccination cohorts were col-

lected pre-vaccination (day 0, the day before the first dose of
vaccine) and 7, 21, 35 days after the first dose of vaccine
(Supplementary Fig. S1b). The evaluation of immunological
memory induced by the inactivated vaccine was performed
by detection of specific antibodies and antibody-secreting
memory B cells among participants. NAbs were detective
only in COVID-19 recovered group within 7 days after the
first dose of vaccine (median of NAb titers 36 on Day 0; 77
on Day 7; 95 on Day 21; and 108 on Day 35) (Fig. 1b). The
median NAbs titer was 56 in the naive group 35 days after
the first dose of vaccine. Due to the previous presence of
SARS-CoV-2 specific antibodies, the majority of COVID-19
recovered individuals had detectable IgG from pre-
vaccination to post-vaccination (median S/CO value
before vaccination, 3.68; and 10.59, 27.33, and 47.74 on Day
7, 21, and 35 after vaccination, respectively) (Fig. 1c). In the
naive group, anti-S IgG was detected with lower values than
COVID-19 recovered individuals over 35 days after the first
dose of vaccine (median S/CO value before vaccination,
0.10; and 0.57, 0.83, and 10.81 on Day 7, 21, and 35 after the
first dose of vaccine, respectively). IgG levels of COVID-19
recovered individuals were 4.4 times that of naive indivi-
duals at Day 35 (median S/CO value, 47.74 vs 10.81).
Interestingly, IgM titers increased over time in naive group,
while no substantial changes displayed in COVID-19
recovered group (Fig. 1d). Furthermore, IgA of both
groups remained at a low level, even staying below the
positive threshold (Supplementary Fig. S3).
To further understand higher humoral response in

COVID-19 recovered individuals after vaccination, SARS-
CoV-2 specific memory B cells differentiated from per-
ipheral blood mononuclear cells of 5 SARS-CoV-2
experienced and naive individuals before vaccination
were determined by enzyme-linked immunosorbent assay

(ELISA) and enzyme-linked immunosorbent spot assay
(ELISpot). As expected, specific anti-S, anti-S1 fragment
of spike glycoprotein (anti-S1) IgG and the number of
anti-S IgG antibody-secreting cells presented higher levels
in SARS-CoV-2 experienced group than the naive group
(Fig. 1e, f).
Our findings demonstrated that anti-S IgG, IgM, IgA

and NAb titers declined gradually over 1 year in patients
infected with SARS-CoV-2. Even though antibody
response of most participants remained detectable, the
drop of more than 80% were shown in anti-S IgG, IgM,
IgA, and NAb titers. To evaluate the duration of protec-
tive immunity against SARS-CoV-2, further surveillance is
needed. Moreover, our results suggest that immunological
memory mediated by an inactivated vaccine could recall
higher response of IgG and NAb in COVID-19 recovered
individuals with low NAb titers than in naive persons at
12 months PSO. After infection, SARS-CoV-2 specific
memory B cells secreting antibody increased significantly
in COVID-19 recovered individuals compared to healthy
controls. It should be pointed out that maybe due to the
cross-activity between SARS-CoV-2 and seasonal cor-
onaviruses, SARS-CoV-2 S and S1-specific antibodies
secreted by memory B cells were detected at baseline in
naive persons7.
Compared to our data, rapid immune response elicited

by a single mRNA vaccine dose was showed in several
SARS-CoV-2 recovery cohorts vaccinated by mRNA-
based vaccines8–11. Further investigation is needed to
answer the necessity of vaccination for SARS-CoV-2
experienced individuals, and to answer whether the
immune response provides effective protection from
reinfection in this special group, especially for SARS-
CoV-2 variants.
The main limitation of this study is the small sample size

and relatively short period for the observation of vaccina-
tion cohorts. Even though our data provided a hint about
the role of memory B cell response in humoral response
after vaccination or reinfection, a deeper investigation car-
ried out by flow cytometry will be needed. An inactivated

(see figure on previous page)
Fig. 1 Immunological memory response of COVID-19 recovered individuals elicited by an inactivated vaccine at 12 months PSO. a Dynamic
changes of antibody response in a cohort of COVID-19 recovered individuals from 1 to 12 months. SARS-CoV-2 specific IgG/IgM/IgA and NAb titers
were measured with previously described MCLIA kits and pseudovirus-based neutralization assay. Medians (interquartile range, IQR) are shown. The
NAb titers were calculated as 50% inhibitory dose (ID50) and the limit of detection (LOD) was 40; the signal to cut-off ratio (S/CO) of IgG/IgM/IgA
above 1 was considered as positive. NAb titers (b), IgG (c), and IgM (d) levels of two cohort in which COVID-19 convalescent individuals or healthy
participants were injected by two-dose inactivated vaccine CoronaVac; e, f the status of SARS-CoV-2 specific memory B cells in COVID-19 recovered
individuals and naive individuals. Enzyme-linked immunosorbent assay (ELISA) (e) was performed to detected anti-S, anti-S1 IgG secreted by memory
B cells and enzyme-linked immunosorbent spot assay (ELISpot) (f) was performed to analyze the number of antibody-secreting cells. OD denotes
optical density, S spike protein and S1 fragment of spike glycoprotein. Empty triangles with red and empty circles with blue indicate healthy
individuals and SARS-CoV-2 experienced individuals, respectively; the horizontal dashed lines denote the lower LOD. In a–d, boxes denote the
median, first and third quartiles, while the whiskers show ×1·5 interquartile range (IQR) of antibody levels. In e, f, boxes and error bars denote mean ±
standard deviation. Statistical analysis was performed with the use of the two-tailed, nonparametric Mann–Whitney U test.
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virus vaccine including all components of SARS-CoV-2
might provide the distinct benefit to boost T-cell response
against other SARS-CoV-2 proteins, but T-cell immunity
was not investigated in our study.
Our results reveal the durability of immunological

response 1 year after natural SARS-CoV-2 infection and the
benefit from inactivated vaccines for COVID-19 recovered
individuals. It provides more information about immuno-
logical characteristics of SARS-CoV-2 inactivated vaccines,
thus will contribute to the development of vaccines and the
new strategies of vaccination.
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1.16. CoronaVac is safe and has an efficacy of 83,5%, 
according to Turkish clinical study

As it has been confirmed before by the 
phase 3 clinical trials conducted during 
2020 in Brazil to evaluate the efficacy of 
CoronaVac, a study from the Hacettepe 
University, in Turkey, demonstrated that 
Butantan’s and Sinovac’s vaccine is 83,5% 
efficient against SARS-CoV-2, besides 
being safe and well tolerated by the body. 
The research was published in The Lancet 
and in the National Library of Medicine of 
the United States.

The phase 3 study, randomized and 
double blinded, had 10.218 volunteers 
and was conducted between 14th of 
December, 2020 and 5th of January, 2021. 
The participants were assessed seven, 14 
and 28 days after receiving each dose 
of the vaccine. During the follow-up of 
about 43 days, nine symptomatic cases 
of Covid-19 were confirmed in the group 
that took the vaccine and 32 cases were 
reported in the group that had received 
the placebo. There were no deaths in 
neither of the groups. 

Besides, CoronaVac induced antibody 
production in 89,7% of the volunteers. 
From those, 92% also produced protector 
levels of neutralizing antibodies at least 14 
days after the second dose of the vaccine.

The article also highlighted that the 
vaccine demonstrated a good profile 
of safety, without severe adverse events 
during the period of the study. The 
majority of the adverse effects was of 
level 1 and occurred up to seven days 
after the injection. The total incidence 
was low (18,9%) and the main symptom 
was fatigue.

“Our results show that CoronaVac has a 
good efficacy against the symptomatic 
infection by SARS-CoV-2 and severe 
Covid-19 with a very good safety profile 
in a population between 18 and 59 years 
old”, said the authors of the article.  
“The tolerability of CoronaVac was 
excellent and the incidence of adverse 
events was low.”

Volunteers from different risk groups and 
occupations participated in the study, 
which made the results really close to 
the context of the real world. A total 
of 6.646 people received the vaccine, 
being 3.568 volunteers that received 
placebos (substance or treatment 
without an active drug ingredient, like 
an injection of saline solution). From the 
total of participants, 57,8% were male 
and 42,24% were female, all of them 
between 18 and 59 years old. 3.675 were 
healthcare workers and 1.463 were obese. 
And among all the participants, 6.217 had 
some kind of comorbidity - the majority 
reported having  arterial hypertension.

The phase 3 clinical trial conducted in 
Brazil by Instituto Butantan involved 16 
scientific research centers in seven states 
and in the Federal District. The study 
had 12,5 thousand healthcare workers 
participants, and obtained 62,3% of 
global efficacy in low, mild and severe 
cases, in a 21-day interval between doses.

Published on: 07/08/2021
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Efficacy and safety of an inactivated whole-virion SARS-CoV-2 
vaccine (CoronaVac): interim results of a double-blind, 
randomised, placebo-controlled, phase 3 trial in Turkey
Mine Durusu Tanriover*, Hamdi Levent Doğanay*, Murat Akova*, Hatice Rahmet Güner, Alpay Azap, Sıla Akhan, Şükran Köse, 
Fatma Şebnem Erdinç, Emin Halis Akalın, Ömer Fehmi Tabak, Hüsnü Pullukçu, Özgür Batum, Serap Şimşek Yavuz, Özge Turhan, 
Mustafa Taner Yıldırmak, İftihar Köksal, Yeşim Taşova, Volkan Korten, Gürdal Yılmaz, Mustafa Kemal Çelen, Sedat Altın, İlhami Çelik, 
Yaşar Bayındır, İlkay Karaoğlan, Aydın Yılmaz, Aykut Özkul, Hazal Gür, Serhat Unal*, and the CoronaVac Study Group†

Summary
Background CoronaVac, an inactivated whole-virion SARS-CoV-2 vaccine, has been shown to be well tolerated with a 
good safety profile in individuals aged 18 years and older in phase 1/2 trials, and provided a good humoral response 
against SARS-CoV-2. We present the interim efficacy and safety results of a phase 3 clinical trial of CoronaVac 
in Turkey.

Methods This was a double-blind, randomised, placebo-controlled phase 3 trial. Volunteers aged 18–59 years with no 
history of COVID-19 and with negative PCR and antibody test results for SARS-CoV-2 were enrolled at 24 centres in 
Turkey. Exclusion criteria included (but were not limited to) immunosuppressive therapy (including steroids) within 
the past 6 months, bleeding disorders, asplenia, and receipt of any blood products or immunoglobulins within the 
past 3 months. The K1 cohort consisted of health-care workers (randomised in a 1:1 ratio), and individuals other than 
health-care workers were also recruited into the K2 cohort (randomised in a 2:1 ratio) using an interactive web 
response system. The study vaccine was 3 μg inactivated SARS-CoV-2 virion adsorbed to aluminium hydroxide in 
a 0·5 mL aqueous suspension. Participants received either vaccine or placebo (consisting of all vaccine components 
except inactivated virus) intramuscularly on days 0 and 14. The primary efficacy outcome was the prevention of 
PCR-confirmed symptomatic COVID-19 at least 14 days after the second dose in the per protocol population. Safety 
analyses were done in the intention-to-treat population. This study is registered with ClinicalTrials.gov (NCT04582344) 
and is active but no longer recruiting.

Findings Among 11 303 volunteers screened between Sept 14, 2020, and Jan 5, 2021, 10 218 were randomly allocated. 
After exclusion of four participants from the vaccine group because of protocol deviations, the intention-to-treat 
group consisted of 10 214 participants (6646 [65·1%] in the vaccine group and 3568 [34·9%] in the placebo group) and 
the per protocol group consisted of 10 029 participants (6559 [65·4%] and 3470 [34·6%]) who received two doses of 
vaccine or placebo. During a median follow-up period of 43 days (IQR 36–48), nine cases of PCR-confirmed 
symptomatic COVID-19 were reported in the vaccine group (31·7 cases [14·6–59·3] per 1000 person-years) and 
32 cases were reported in the placebo group (192·3 cases [135·7–261·1] per 1000 person-years) 14 days or more after 
the second dose, yielding a vaccine efficacy of 83·5% (95% CI 65·4–92·1; p<0·0001). The frequencies of any adverse 
events were 1259 (18·9%) in the vaccine group and 603 (16·9%) in the placebo group (p=0·0108) with no fatalities 
or grade 4 adverse events. The most common systemic adverse event was fatigue (546 [8·2%] participants in the 
vaccine group and 248 [7·0%] the placebo group, p=0·0228). Injection-site pain was the most frequent local adverse 
event (157 [2·4%] in the vaccine group and 40 [1·1%] in the placebo group, p<0·0001).

Interpretation CoronaVac has high efficacy against PCR-confirmed symptomatic COVID-19 with a good safety and 
tolerability profile.

Funding Turkish Health Institutes Association.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
The COVID-19 pandemic continues to affect individuals 
and populations, magnifying socioeconomic and health 
inequalities globally.1–4 Vaccination is a crucial measure 
in breaking the transmission chain of SARS-CoV-2 
infections. Among several vaccines against SARS-CoV-2, 
13 in clinical development are inactivated vaccines, two of 

which are already in phase 4 trials. Although the basic 
cultivation techniques using Vero cells and inactivation 
strategies are similar, inactivated vaccines differ in 
the isolated virion strains and the adjuvants used.5,6 
The potential advantages of inactivated vaccines are 
non-replicability in the host, non-transmissibility, and 
the induction of a broad range of humoral and cellular 
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responses against different epitopes. Their production 
and scale-up are relatively easy in the context of good yield 
production systems and the availability of bio safety level 3 
facilities.7 Disadvantages include limited immunogenicity 
requiring adjuvants to enhance the immune response, 
large quantities of live virus to be handled, and the 
integrity of antigens or epitopes that should be verified.8

CoronaVac, an inactivated whole-virion SARS-CoV-2 
vaccine candidate developed by Sinovac Life Sciences 
(Beijing, China), has been in phase 3 trials since 
mid-2020 in Brazil, Indonesia, Chile, and Turkey. As of 
April 28, 2021, it has been approved in 22 countries for 
emergency use.9 In this Article, we present the interim 
safety and efficacy results of a phase 3 trial in Turkey 
investigating the use of CoronaVac in adults.

Methods
Study design and participants
We did a double-blind, randomised, placebo-controlled, 
case-driven phase 3 clinical trial to assess the safety and 

efficacy of the inactivated SARS-CoV-2 vaccine CoronaVac 
among volunteers in Turkey.

Volunteers aged 18–59 years with no history of 
COVID-19 were screened for eligibility. Exclusion 
criteria included (but were not limited to) positive PCR 
and total antibody tests for SARS-CoV-2; pregnancy, 
breastfeeding; known allergy to components of the study 
vaccine or placebo; recent (within the past 6 months) or 
planned use of immunosuppressive therapy, or use of 
immunoglobulins or any blood products within the 
past 3 months; asplenia; history of bleeding disorder; 
alcohol or drug abuse; and any confirmed or suspected 
autoimmune or immunodeficiency disease. The study 
protocol containing the full list of eligibility criteria is 
available online.10

Participants were recruited in two consecutive cohorts 
(K1 and K2) at 24 centres (appendix p 8) in Turkey 
between Sept 15, 2020, and Jan 6, 2021. K1 included 
actively working health-care workers such as doctors, 
nurses, and technicians working in health-care facilities, 

Research in context

Evidence before this study
We searched PubMed for research articles published up to 
April 28, 2021, with no language restrictions, using the terms 
“SARS-CoV-2” OR “COVID-19” AND “vaccine” AND “clinical trial” 
AND “efficacy”. We found four articles reporting the interim 
efficacy and safety results of phase 3 trials: ChAdOx1 nCoV-19 
vaccine (University of Oxford–AstraZeneca) showing an efficacy 
against symptomatic COVID-19 of 62·1% (95% CI 41·0–75·7) 
with two standard doses and 90·0% (67·4–97·0) with a low dose 
followed by a standard dose; Gam-COVID-Vac (Gamaleya 
National Research Centre for Epidemiology and Microbiology) 
showing an efficacy of 91·6% (85·6–95·2); mRNA-1273 
SARS-CoV-2 vaccine (Moderna) showing an efficacy of 
94·1% (89·3–96·8), and BNT162b2 mRNA COVID-19 vaccine 
(Pfizer–BioNTech) showing an efficacy of 95% (90·3–97·6). 
The results of the ENSEMBLE trial showed that the efficacy of a 
single dose of the Ad26.COV2.S vaccine (Janssen Research and 
Development) against moderate to severe or critical COVID-19 
with onset at least 14 days after administration was 66·9% 
(adjusted 95% CI 59·0–73·4) and at least 28 days after 
administration was 66·1% (55·0–74·8), and higher efficacies 
were obtained for severe or critical COVID-19. In the world’s first 
publicly reported animal trial of a SARS-CoV-2 candidate vaccine 
PiCoVacc, thereafter named CoronaVac in clinical trials, Gao and 
colleagues showed that the vaccine induced the production of 
SARS-CoV-2-specific neutralising antibodies in animals and 
provided complete protection against SARS-CoV-2 challenge in 
non-human primates. Phase 1/2 studies of CoronaVac showed a 
good safety and tolerability profile, and a dosage of 3 μg 
produced seroconversion rates of 92·0% with a 14-day 
immunisation schedule and 97·0% with a 28-day schedule in 
participants aged 18–59 years, and 98·0% with a 28-day 
schedule in participants aged 60 years and older in phase 2 trials.

Added value of this study
This study reports the interim analysis of a double-blind, 
randomised, placebo-controlled phase 3 clinical trial to assess 
the efficacy and safety of the inactivated and aluminium 
hydroxide-adsorbed SARS-CoV-2 vaccine in Turkey, in which 
both high-risk health-care workers and volunteers with an 
average COVID-19 exposure risk in the community were 
recruited. CoronaVac showed an efficacy of 83·5% for 
preventing PCR-confirmed symptomatic COVID-19, with no 
cases of COVID-19 requiring hospitalisation. The incidence of 
adverse events was low (18·9%). Preliminary immunogenicity 
results revealed that CoronaVac induced anti-receptor-binding 
domain antibodies in 89·7% of participants. The vaccine is 
stored and transported at 2–8°C and was granted emergency 
use authorisation for mass vaccination in Turkey on 
Jan 13, 2021.

Implications of all the available evidence
The world needs every possible dose of any safe and effective 
vaccine against SARS-CoV-2. Although novel genetic vaccine 
production platforms hold great potential for the rapid and 
adaptable mass production of vaccines, traditional platforms 
have a long experience of producing safe and tolerable 
vaccines with good immunogenicity. The results of this 
interim analysis have shown that CoronaVac fulfils the critical 
or minimal requirement of vaccines for the indication of 
pandemic use, hitting above the minimum efficacy of 50% as 
specified by the WHO target product profile as an option for 
mass vaccination. WHO has given emergency use approval to 
another inactivated vaccine from a different Chinese producer 
(Sinopharm-Beijing) and our results add to the existing 
evidence on safety and efficacy of inactivated vaccines for 
prevention of COVID-19.
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including but not confined to COVID-19 areas, and was 
launched to closely observe the safety of the vaccine 
before proceeding with the community. K2 included 
subjects representing the community in addition to 
health-care workers included in K1.

During the study, the Ministry of Health gave an 
emergency use authorisation for CoronaVac on 
Jan 13, 2021, and started an immediate vaccination 
programme initially for health-care workers and later for 
the public, prioritising older adults (aged ≥65 years). 
Although recruitment of volunteers was ongoing at this 
time, to comply with the principles of the Declaration of 
Helsinki regarding using a placebo for human subjects 
in medical research, the ethics committee suggested 
discontinuing the masking and injection of participants 
in the placebo group. Consequently, the placebo recipients 
were offered vaccines, first in K1 and later in K2.

The study protocol was approved by the clinical 
research ethics board of Hacettepe University (approval 
number 2020/10-26, July 16, 2020). The entire study 
protocol was published previously and is available on the 
Hacettepe University Vaccine Institute website.10 Signed 
informed consent was obtained from participants before 
screening.

Randomisation and masking
Randomisation into vaccine and placebo groups was 
done on day 0, at a 1:1 ratio in K1 and a 2:1 ratio in K2, 
using an interactive web response system (Omega-CRO, 
Ankara, Turkey). Participants and practitioners were 
masked to the group allocation. The masking was 
removed in the event of a medical emergency requiring 
acute intervention, upon the responsible investigator’s 
approval and the data and safety monitoring board’s 
knowledge.

Procedures
Oropharyngeal and nasopharyngeal swabs were obtained 
from all participants for baseline PCR testing with a 
Bio-Speedy Direct RT-qPCR SARS-CoV-2 detection 
kit (Bioeksen, Istanbul, Turkey) on a Bio-Rad CFX96 
Touch platform (Hercules, CA, USA), and serum total 
SARS-CoV-2 antibody testing was done. The ADVIA 
Centaur COV2T assay (Siemens Healthcare Diag -
nostics, Erlangen, Germany), a fully automated one-step 
antigen sandwich immunoassay using acridinium ester 
chemiluminescence technology, was used to detect total 
antibodies (IgG and IgM) against the SARS-CoV-2 spike 
protein receptor-binding domain (RBD) in serum 
samples. This assay is semiquantitative and has a lower 
detection threshold value (1 sample-to-cutoff ratio). All 
PCR and serum antibody tests were done at two central 
laboratories.

The study vaccine is an inactivated whole-virion 
vaccine with aluminium hydroxide as the adjuvant, 
prepared with a novel coronavirus (CZ02 strain) 
inoculated in African green monkey kidney cells 

(Vero cells). The inactivation process is done by adding 
β-propiolactone in the virus harvest fluid at a ratio 
of 1:4000 and inactivating at 2–8°C for 12–24 h. One dose 
of COVID-19 vaccine contains 3 μg of SARS-CoV-2 
virion in a 0·5 mL aqueous suspension for injection 
with 0·45 mg/mL of aluminium. The placebo contained 
all ingredients except the inactivated virus, in prefilled 
syringes. The injections were given in two doses, 14 days 
apart, intramuscularly in the deltoid muscle. As the 
placebo and study vaccine looked exactly the same, 
they were administered by staff masked to group 
allocation. Details of the procedures on visit dates and 
the pharmacological properties of the investigational 
product are provided in the appendix (pp 1–2).

Symptom-based active surveillance was done to detect 
participants with symptoms suggestive of COVID-19 
during follow-up (appendix pp 3–4). Anyone with at least 
one of the following symptoms for 2 days or more 
underwent PCR testing: fever or chills; cough; dyspnoea; 
fatigue; muscle or body pain; headache; new loss of sense 
of smell or change in taste; sore throat; nasal congestion 
or rhinorrhoea; nausea or vomiting; and diarrhoea. Cases 
of SARS-CoV-2 infection were classified according to the 
scale of clinical progression proposed by WHO.11 Clinical 
outcomes were assessed in a blinded manner.

Sampling for immunogenicity analyses was planned in 
a subgroup of volunteers selected sequentially. As the 
immunogenicity and T-cell response analyses are 
ongoing, we only report the initial results of the anti-
RBD antibody tests and neutralising antibody assays 
gathered at least 14 days after the second dose of vaccine 
or placebo. Virus neutralisation assays were done in an 
in-house microtitre plate, as described by Hanifehnezhad 
and colleagues.12 Five-fold diluted serum samples, 
starting from 1:5, were mixed with an equal volume of 
100 median tissue culture infectious dose of SARS-CoV-2 
Ank1 isolate (1:10 000) in quadruplicate and incubated for 
1 h at 37°C for neutralisation. The serum–virus mixtures 
were subsequently inoculated onto 90% confluent 
Vero E6 cells grown in 96-well plates. The assay was 
evaluated via inverted microscope when a 100% cytopathic 
effect was observed in the virus control wells. Reciprocals 
of serum dilutions inhibiting at least 50% of virus 
infectivity were expressed as mean antibody titre (SN50).

Outcomes
The primary outcome was the incidence of symptomatic 
COVID-19 cases confirmed by RT-PCR at least 14 days 
after the second dose of vaccination, assessed in the per 
protocol population. Secondary outcomes were the 
incidence of symptomatic COVID-19 cases confirmed by 
RT-PCR at least 14 days after the first dose (assessed in all 
participants who received at least one dose); incidence of 
hospitalisation or mortality at least 14 days after the 
second dose; the incidence of COVID-19 cases confirmed 
by RT-PCR at least 14 days after the second dose; the 
seroconversion rate, seropositivity rate, geometric mean 
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titre or geometric mean increase in neutralising antibody 
and IgG 14 days and 28 days after each dose; the incidence 
of adverse reactions from the day of first vaccination to 
28 days after the second dose; the incidence of adverse 
reactions and adverse events within 7 days after each 
dose; and the incidence of serious adverse events from 
the first vaccination to 1 year after the second dose 
(appendix pp 5–7).

For evaluating the efficacy of CoronaVac, COVID-19-free 
person-years were calculated for both study groups. 
Accordingly, the time from the anticipated date of 
prevention (14 days after the administration of the second 

dose) to either the date of unmasking or date of 
an RT-PCR-confirmed diagnosis of COVID-19 was 
ascertained for each participant and summed to calculate 
the total person-years without the disease. Total person-
years were divided by the number of participants 
diagnosed with COVID-19 to ascertain the vaccine 
efficacy in intervention and placebo groups.

Participants were questioned about all adverse events 
during all visits and through automated phone calls via 
an interactive voice response system (appendix pp 3–4). 
Predefined symptoms (solicited events) and other 
unspecified symptoms (unsolicited events) reported by 
the participants were recorded. All adverse events were 
assessed by study investigators for severity and causality. 
Any adverse event assessed by study investigators as 
possibly, probably, or definitely related to a study product 
was defined as an adverse reaction. All safety data, until 
the date of unmasking and data cutoff, were recorded 
and analysed in the current report. Further safety data 
are still being obtained in an open-label follow-up study.

Statistical analysis
For K1, the estimated sample size in both study groups 
was 588, based on assumptions that the risk of infection 
with SARS-CoV-2 would be 5% for the placebo group and 
2% for the vaccine group. Considering a 10% dropout rate 
and 5% baseline seropositivity or RT-PCR positivity, it 
was calculated that 680 subjects would be screened in 
both groups of K1. Total sample sizes were calculated as 
7545 for the vaccine group and 3773 for the placebo group 
in order to be able to detect a minimum clinically 
significant difference of 1% (with estimated incidence 
rates of 1% for the vaccine group and 2% for the placebo 
group) in a two-sided hypothesis testing design with 
95% CIs. With the addition of a 10% dropout rate and 
5% seropositivity or RT-PCR positivity at baseline, the 
total sample size was determined to be 13 000 participants, 
of whom 1360 would be in K1 and 11 640 in K2.

The initial study protocol indicated that if the efficacy 
of the vaccine could be demonstrated with an interim 
analysis done with 40 confirmed cases of COVID-19, 
masking would be removed and participants in the 
placebo group would be offered CoronaVac. Because 
the study was initiated with health-care workers at high 
risk, it was estimated that 5% of the placebo group 
(29 participants) and 2% of the vaccine group 
(11 participants) would have to be infected to demonstrate 
a clinical efficacy of 60%. If those rates could not be 
obtained in K1, enrolment would begin for K2. The 
enrolment rate remained very low for K1 and, after an 
interim safety analysis on Nov 18, 2020, the data and 
safety monitoring board decided to start enrolment into 
K2. Although the prespecified number of COVID-19 
cases for the interim efficacy analysis was 40, as the 
incidence throughout Turkey increased rapidly, the 
Ministry of Health asked for a preliminary analysis to be 
able to grant an emergency use authorisation for 

Figure 1: Trial profile
*Four participants in the vaccine group received two doses of the study product; however, because they were older 
than 59 years on the day of randomisation, they were excluded from all safety and efficacy analyses due to protocol 
violation.

10 218 randomly allocated 

11 303 individuals screened

6650 received first dose of vaccine (day 0) 

6563 received second dose of vaccine (day 14)

6646 included in intention-to-treat 
population (safety analyses)

6559 included in per protocol population 
(efficacy analyses)
981 included in receptor-binding 

domain-specific total antibody 
analysis

387 included in neutralising antibody 
analysis

87 did not receive second dose
60 positive for SARS-CoV-2
11 withdrew consent
4 vaccinated by Turkish Ministry of 

Health after unmasking
4 withdrew because of adverse 

events
2 had protocol violations 
2 had serious adverse events
2 pregnant
1 received incorrect injection
1 missed appointment

4 excluded from all analyses because of 
protocol deviations*

1085 not randomised
596 seropositive or PCR positive for SARS-CoV-2
438 withdrew informed consent

24 did not meet inclusion criteria
8 had COVID-19 symptoms
8 excluded by study investigators
4 had uncontrolled hypertension
3 had close contact with COVID-19
2 lost to follow-up
2 pregnant

3568 received first dose of placebo (day 0)

3470 received second dose of placebo (day 14)

3568 included in intention-to-treat 
population (safety analyses)

3470 included in per protocol population 
(efficacy analyses)
432 included in receptor-binding 

domain-specific total antibody 
analysis

98 did not receive second dose
45 unmasked before the second dose
35 positive for SARS-CoV-2

9 withdrew consent
4 received incorrect injection
2 lost to follow-up
1 withdrawn because of adverse 

events
1 withdrawn by study investigator
1 pregnant
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CoronaVac. Therefore, a non-predefined interim analysis 
was done on Dec 24, 2020, with 29 cases, which showed 
an efficacy above 60%. Afterwards, as community 
vaccination commenced, study participants were 
unmasked starting with K1 in blocks. The masked 
follow-up of those participants continued until their 
code was unmasked, and 41 COVID-19 cases were 
attained by the time all of the codes were unmasked and 
the prespecified interim analyses for efficacy and safety 
were done. Therefore, the cutoff date for inclusion in 
the analyses of the primary efficacy outcome and the 
secondary efficacy outcomes was the unmasking date of 
each participant in both groups. The follow-up period 
was defined as the period (days) from the randomisation 
date to the unmasking date. The data lock date was 
March 16, 2021. Safety data in the CoronaVac intention-
to-treat group were gathered in an unmasked manner 
after the unmasking date, and an extended safety 
analysis until the data lock date is also presented.

All analyses were done using SPSS for Windows 
(version 25.0). Descriptive analyses were presented using 
mean and SD for continuous variables and frequency 
and percentage for categorical variables. 95% CI was 
presented for efficacy, calculated as events per COVID-19-
free person-years (ie, the sum of RT-PCR-confirmed 
COVID-19 cases divided by the sum of time from vaccine 
protection to diagnosis or unmasking).

Time to diagnosis of COVID-19 from the time of 
anticipated vaccine protection in both groups was 
presented with Kaplan-Meier survival curves. Safety 
analyses were done in the intention-to-treat population. 
Because the study product is an inactivated vaccine, 
a single dose was not expected to be as efficacious 
as two doses, and the primary efficacy analysis was 
therefore done in the per protocol population (defined as 
participants who received two doses of vaccine or placebo 
in accordance with group allocation. To compare adverse 
events between the study groups, the χ² test was used 
when the χ² condition was met; otherwise, Fisher’s exact 
test was used. A Mantel-Haenszel test of trend was used 
in the analysis of the positive anti-RBD antibody results 
among age groups within both sexes. A log-rank test was 
used for the comparison of follow-up duration between 
the treatment groups. The independent data and safety 
monitoring board monitored the quality of evidence, 
adverse events, revisions in line with the current 
literature, individual privacy, and data reliability from 
the planning stage to the end of the study.

This study is registered with ClinicalTrials.gov 
(NCT04582344).

Role of the funding source
The Turkish Health Institutes Association (TUSEB) 
provided the funding for this study; approved the final 
protocol, final manuscript, and the decision to submit for 
publication, but had no role in data collection, data 
analysis, data interpretation, or writing of the report. 

Omega-CRO (Ankara, Turkey) acted as the contract 
research organisation representing TUSEB and con-
tributed to correspondence between investigators, the 
ethics committee, and the Ministry of Health; monitoring, 
site management, storage, and distribution of the 
consumables; developing electronic case report forms, 
the interactive web response system, and the interactive 
voice response system; and data management, statistical 
analyses, and overall project management. Sinovac Life 
Sciences provided the investigational products and 
reviewed the data and final manuscript before submission; 
however, the authors retained editorial control.

Results
11 303 volunteers were screened for eligibility, and 
10 218 were randomly allocated (6650 [65·1%] to the 
vaccine group and 3568 [34·9%] to the placebo group) 
between Sept 15, 2020, and Jan 6, 2021 (figure 1). After 
administration of the first dose and before receiving the 
second dose, 87 participants in the study group and 98 in 
the placebo group were excluded. After receiving two doses, 

Vaccine group 
(n=6646)

Placebo group 
(n=3568)

Age, years

Median (IQR) 45 (37–51) 45 (37–51)

18–44 3259 (49·0%) 1764 (49·4%)

45–59 3387 (51·0%) 1804 (50·6%)

Sex

Female 2831 (42·6%) 1476 (41·4%)

Male 3815 (57·4%) 2092 (58·6%)

Body-mass index*, kg/m²

Median (IQR) 25·7 (23·2–28·4) 25·7 (23·2–28·4)

<25 2592 (42·5%) 1372 (41·9%)

25–30 2536 (41·6%) 1414 (43·1%)

≥30 971 (15·9%) 492 (15·0%)

Study cohort†

K1 458 (6·9%) 461 (12·9%)

K2 6188 (93·1%) 3107 (87·1%)

Health-care worker 2297 (34·6%) 1378 (38·6%)

Comorbidities present‡

Hypertension 483 (11·8%) 249 (11·6%)

Cardiovascular disease other than hypertension 104 (2·6%) 46 (2·1%)

Chronic respiratory disease 118 (2·9%) 63 (2·9%)

Diabetes 199 (4·9%) 97 (4·5%)

Malignancy 36 (0·9%) 14 (0·7%)

Autoimmune or autoinflammatory disease 34 (0·8%) 23 (1·1%)

Data are median (IQR) or n (%). *Data were available for 6099 participants in the vaccine group and 3278 in the 
placebo group. †919 health-care workers were enrolled into the K1 cohort (1:1 vaccine-to-placebo randomisation 
ratio), of whom 667 were enrolled before Nov 18, 2020, at which point an interim safety analysis without unmasking 
revealed that the vaccine had a good safety profile and K2 was initiated; 252 volunteers were further recruited into K1 
until Jan 4, 2021, after which the enrolment was solely into K2 (2:1 vaccine-to-placebo randomisation ratio). 
‡Data were available for 4076 participants in the vaccine group and 2141 in the placebo group; participants with a 
medical history of malignancy or autoimmune or autoinflammatory disease did not have active disease at the time of 
enrolment and were not on immunosuppressive treatment.

Table: Characteristics of study participants
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four (0·1%) participants in the vaccine group were 
excluded from all analyses because of protocol deviations 
(being older than 59 years on the day of randomisation). 
Finally, 10 214 participants (6646 [65·1%] assigned to the 
vaccine group and 3568 [34·9%] assigned to the placebo 
group) formed the intention-to-treat population, and 
10 029 participants who received two doses of CoronaVac 
(6559 [65·4%] participants) or placebo (3470 [34·6%] 
participants) formed the per protocol population. On the 
date of data cutoff, 10 214 participants in the intention-
to-treat population had reached a median 90 days 
(IQR 82–102) of follow-up after the first dose. All 

recruitment, randomisation, and follow-up procedures 
were completed in 24 study centres (appendix p 8).

The main characteristics of the participants are shown 
in the table. The median age of the participants was 
45 years (IQR 37–51), and 5191 (50·8%) were older 
than 45 years. 5907 (57·8%) participants were male, 
4307 (42·2%) were female, 3675 (36·0%) were health-
care workers, and 1463 (15·6%) were obese (body mass 
index ≥30 kg/m²). Among 6217 participants with 
comorbidity data reported, hypertension was the most 
prevalent condition (732 [11·8%] participants).

150 cases of COVID-19 were observed among 
10 214 participants from the date of randomisation 
to the date of unmasking (median follow-up 43 days 
[IQR 36-48], incidence rate 122·5 cases [95% CI 
104·7–142·2] per 1000 person-years). In the per protocol 
population (n=10 029), 41 cases of symptomatic COVID-19 
occurred at least 14 days after the second dose of vaccine 
or placebo (91·1 cases [66·2–121·6] per 1000 person-
years). Of these cases, nine were reported in the vaccine 
group (n=6559; 31·7 cases [14·6–59·3] per 1000 person-
years) and 32 in the placebo group (n=3470; 192·3 cases 
[135·7–261·1] per 1000 person-years), yielding a vaccine 
efficacy of 83·5% (95% CI 65·4–92·1; p<0·0001) for the 
prevention of PCR-confirmed symptomatic COVID-19.

Cumulative incidences of COVID-19-related events 
in the vaccine and placebo groups are shown in 
figure 2. There were no fatal cases of COVID-19. 
Hospitalisa tion was recorded in none of the participants 
in the vaccine group and six in the placebo group 
(36·4 hospitalisations [13·5–77·5] per 1000 person-
years), giving a vaccine efficacy of 100% (20·4–100·0; 
p=0·0344) for the prevention of COVID-19-related 
hospitalisation. The distribution of COVID-19 cases 
with regard to the WHO Clinical Progression Scale 
is given in the appendix (p 9). 20 PCR-confirmed 
symptomatic COVID-19 cases occurred between 
days 14 and 27 after the first dose in both groups 
(efficacy 46·4% [0·4–71·2], p=0·0486).

1413 participants (981 in the vaccine group and 432 in 
the placebo group) were involved in the immunogenicity 
analyses. 880 (89·7%) vaccine recipients and 19 (4·4%) 
placebo recipients were seropositive for RBD-specific total 
antibody (p<0·0001; figure 3). Sero positivity decreased 
with increasing age in women (ptrend=0·0003) and men 
(ptrend=0·0084). Virus neutralisation assays in selected 
samples (n=387) from seropositive participants in the 
vaccine group showed SN50s of at least 1/15 in 356 (92·0%) 
of the tested samples (figure 4).

Analyses of adverse events were done in the intention-to-
treat population, which excluded four participants who 
had protocol deviations (n=10 214; figure 1). The vaccine 
showed a satisfactory safety profile, with no grade 4 adverse 
events or deaths during the study period. Six (0·1%) of 
6646 participants in the vaccine group and one (<0·1%) 
of 3568 in the placebo group were withdrawn from the 
study because of adverse events. 3845 adverse events were 

Figure 2: Cumulative incidence curves for COVID-19 cases
(A) Cumulative incidence of COVID-19 in the per protocol population (assessed by analysing cases occurring 
14 days or more after the second dose of vaccination). (B) Cumulative incidence of COVID-19 in the intention-to-
treat population (starting immediately after randomisation).
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reported among 1862 participants (1259 [18·9%] in the 
vaccine group and 603 [16·9%] in the placebo group, 
p=0·0108; figure 5A). Adverse events resolved in a median 
of 1 day (IQR 0–2). 3242 (84·3%) of 3845 adverse events 
were solicited (predefined) events, and were higher in the 
vaccine group (1148 [17·3%] participants) than in the 
placebo group (537 [15·1%], p=0·0039). Unsolicited 
(non-predefined) adverse events had a low incidence in 
both groups (figure 5A). Among all adverse events, 
3469 (90·2%) were grade 1 and 3365 (87·5%) occurred 
within 7 days after injection. A comprehensive breakdown 
of adverse events is provided in the appendix (pp 10–14).

Local reactions were more commonly reported in 
vaccine recipients (180 [2·7%] participants) than in 
placebo recipients (52 [1·5%], p<0·0001). The most 
common solicited local reaction was inoculation site 
pain, which occurred significantly more frequently in the 
vaccine group (157 [2·4%] participants) than in the 
placebo group (40 [1·1%], p<0·0001). Other local adverse 
events, including erythema, paraesthesia, and swelling, 
were rare and did not differ significantly in incidence 
between groups (figure 5B).

The frequency of systemic adverse events was 
significantly higher in the vaccine group (1179 [17·7%] par-
ticipants) than in the placebo group (571 [16·0%], 
p=0·0263). Events reported more frequently in the 
vaccine group than in the placebo group included fatigue 
(546 [8·2%] in the vaccine group vs 248 [7·0%] in the 
placebo group, p=0·0228), myalgia (267 [4·0%] vs 
106 [3·0%], p=0·0071), chill (164 [2·5%] vs 63 [1·8%], 
p=0·0217), and nausea (46 [0·7%] vs 7 [0·2%], p=0·0008; 
figure 5C).

11 (0·1%) participants had serious adverse events 
during the study period (six [0·1%] in the vaccine group 

and five [0·1%] in the placebo group; appendix pp 10–14). 
Initially, two serious adverse events in the vaccine group 
were reported to have a causal relationship with the 
vaccine. The first participant had a grade 3 systemic 
allergic reaction that occurred more than 24 h after the 
administration of the first dose of vaccine and resolved 
uneventfully in the following 24 h. The other participant 
presented with seizure 43 days after the second dose of 
the vaccine; however, after an extensive work-up, this 
patient was diagnosed with an infiltrative glial neoplasm 
and, in the final assessment, this adverse event was 
judged to be unrelated to the vaccine.

Discussion
This interim analysis indicated that, in a population aged 
18–59 years, CoronaVac had high efficacy for preventing 

Figure 3: Seropositivity of RBD-specific total antibodies in the vaccine and placebo groups 14 days after the second dose, by age and sex
The participants with positive RBD-specific antibodies in the placebo group neither reported any symptoms during the follow-up nor had a laboratory confirmed 
diagnosis of COVID-19, probably representing cases with asymptomatic SARS-CoV-2 infection. RBD=receptor-binding domain.

0·0 5·7 2·3 3·2 8·8
14·3 14·3 14·0 10·3

95·6100·0
94·3 97·7 96·8

91·2
85·7 85·7 86·0 89·7

4·4

0

10

20

30

40

50

60

70

80

90

100

Female
(n=36)

Male
(n=53)

Female
(n=88)

Male
(n=93)

Female
(n=148)

Male
(n=223)

Female
(n=119)

Male
(n=221)

Vaccine group
(n=981)

Placebo group
(n=432)

Age 18–29 years Age 30–39 years Age 40–49 years

Vaccine group

Age 50–59 years Overall

RB
D-

sp
ec

ifi
c t

ot
al

 a
nt

ib
od

y 
po

sit
iv

ity
 st

at
us

 (%
)

Seronegative Seropositive

Figure 4: Neutralising antibody titres among the subset of participants included in the immunogenicity 
analysis

30
1

61

14

150

33

82

7 9

387

0

50

100

150

200

250

300

350

400

450

Negative 1/5 1/15 1/25 1/75 1/125 1/375 1/625 >1/625 Total

N
um

be
r o

f s
am

pl
es

Neutralising antibody titre



 |  219O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

Articles

220 www.thelancet.com   Vol 398   July 17, 2021

symptomatic COVID-19 (83·5% relative to placebo) and 
COVID-19-related hospitalisation (100%) at least 14 days 
after the second dose. Efficacy in subgroups was not a 
secondary outcome and the trial was not designed or 
powered to analyse the efficacy of the vaccine with regard 
to demographic variables and risk factors. Such analyses 
will require further trials designed accordingly. Anti-
RBD antibodies developed in 89·7% of volunteers in a 
subset of our study sample, and 92·0% of those who 
were seropositive also produced protective levels of 
neutralising antibodies at least 14 days after the second 
dose of vaccine.

Inactivated SARS-CoV-2 vaccine candidates have 
shown promising results in preclinical trials.13-15 Gao and 
colleagues13 showed that, in mice, rats, and rhesus 
monkeys, 6 µg CoronaVac induced SARS-CoV-2-specific 
neutralising antibodies that effectively neutralised 
ten representative SARS-CoV-2 strains and provided 
complete protection against SARS-CoV-2 challenge in 
non-human primates. BBV152 (manufactured by Bharat 
Biotech), another inactivated vaccine, generated a quick 
and robust immune response with no histo pathological 
changes in the lungs upon SARS-CoV-2 challenge in 
animal studies, provided adequate protection against 

SARS-CoV-2 infection in rhesus monkeys, induced 
T-helper-1 cell-skewed immune responses with elevated 
IgG2a/IgG1 ratios, and increased levels of SARS-CoV-2-
specific IFNγ+CD4+ T-lymphocyte responses.15,16 A phase 1 
trial also revealed moderate seroconversion rates that 
persisted for up to 3 months after the second dose.17,18 The 
immune response elucidated with inactivated vaccines is 
not confined just to the spike protein but rather to other 
SARS-CoV-2 proteins—the matrix proteins, envelope 
proteins, and nucleoprotein—which theoretically could 
be reflected as a vast array of immunogenic responses.6,7 
Voss and colleagues19 showed that, in people previously 
infected with SARS-CoV-2, the plasma IgG response 
against SARS-CoV-2 was oligoclonal and more than 
80% of spike protein IgG antibodies were directed 
towards non-RBD epitopes in the spike protein. This 
finding indicates that non-RBD-directed antibodies 
might have a role in protection against SARS-CoV-2 
infection.

Phase 1/2 trials of CoronaVac in volunteers aged 
18–59 years and older than 60 years showed that the 
vaccine doses and schedules investigated (3 µg or 6 µg, 
applied 14 days or 28 days apart) all had similar safety and 
immunogenicity profiles.20,21 Considering the produc tion 

Figure 5: Adverse events
(A) Overall adverse events. (B) Local adverse events. (C) Systemic adverse events. p values are shown only for significant differences. See appendix (pp 10–12) for 
full data. 
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capacity and emergent need for vaccines, the 3 μg dose of 
CoronaVac has been suggested for efficacy assessment.20 
Palacios and colleagues22 reported an overall efficacy of 
CoronaVac against symptomatic COVID-19 of 50·7% 
(95% CI 36·0–62·0) 14 days or more after the second dose; 
however, the efficacy in preventing the need for assistance 
(defined as a score ≥3 on the WHO Clinical Progression 
Scale) was 83·7% (58·0–93·7) and efficacy against 
moderate and severe cases was 100% (56·4–100·0). In 
a subset of participants, neutralising antibody assays 
showed that there were no significant differences in the 
frequency of seroconversion or geometric mean titres 
of neutralising antibodies against the B.1.128 variant 
compared with those against the P.1 and P.2 variants. The 
study cohort only included health-care workers actively 
working with COVID-19 patients, and a PCR-positive 
case with local symptoms (such as sore throat, nasal 
congestion, or rhinorrhoea) was considered as a failure 
of the vaccine, thus indicating that the vaccine might 
confer lower protection against asymptomatic or mildly 
symptomatic cases. The interim report of the phase 3 trial 
in Chile with a subset of 434 health-care workers, including 
those aged 60 years or older, revealed high seroconversion 
rates for specific anti-S1-RBD IgG and neutralising 
antibodies, along with a robust T-cell response.23 The 
interim phase 3 results of other COVID-19 vaccines 
have shown efficacies ranging from 62·1% to 95%.24–28 
Higher and more rapidly established efficacies were 
observed with mRNA-based vaccines.25,26 Considering the 
immunogenic mechanisms of inactivated vaccines, 
because one dose is not expected to be as efficacious as 
two doses, we did not expect to and could not show an 
early protective effect after the first dose, in contrast to 
findings with mRNA vaccines.

The tolerability of CoronaVac in this study was excellent 
and the incidence of adverse events, most of which were 
solicited systemic events, was low. The majority of the 
adverse events were grade 1 and occurred within 7 days 
after the injection. No grade 4 adverse events were 
observed and there was only one adverse event (an 
allergic reaction) that required hospitalisation.

The targeted sample size could not be reached because 
CoronaVac was granted emergency use authorisation 
by the Turkish Ministry of Health while the study 
recruitment was ongoing, and an immediate vaccination 
programme was initiated for health-care workers and 
later for the general public in Turkey. To comply with 
ethical standards, recruitment was closed earlier than 
planned and the placebo recipients were offered vaccines, 
depending on their vaccination priority.

The strengths of this study include the low dropout 
rate, reflecting the good tolerability of the vaccine. 
Additionally, the participants were from different risk 
groups and occupations, rendering the results of the 
study more generalisable to the real-world context. 
Additionally, active symptom surveillance was pursued to 
detect COVID-19 cases.

This study also has several limitations. First, the 
median follow-up period after randomisation to the date 
of unmasking was 43 days (IQR 36–48), which is a very 
short duration of follow-up. It is not possible to comment 
on the long-term protective effects of the two-dose 
immunisation schedule with this interim analysis.

Second, one should bear in mind that the study 
population consisted of relatively young (median age 
45 years [37–51]) and healthy individuals with a low 
prevalence of chronic diseases, and the overall event rate 
was very low. Therefore, the generalisability of the 
findings of this interim analysis needs to be evaluated 
cautiously. In particular, the number of patients 
hospitalised with COVID-19 was quite low and the study 
population consisted of individuals at relatively low risk 
of severe or critical COVID-19, restricting our ability to 
make generalised conclusions about severe disease.

Third, the study used a 14-day interval immunisation 
scheme, whereas the community immunisation was 
with a 28-day interval. It has been claimed that, although 
28-day immunisation schemes elucidated better immu-
nogenicity after the second dose, longer intervals 
between the two doses are correlated with a higher 
probability of contracting COVID-19 before getting fully 
immunised and a great chance of emergence of mutant 
variants that can replicate in the setting of suboptimal 
levels of neutralising antibodies.29 As our results pertain 
to the data before the emergence of variants of concern, 
we cannot comment on the efficacy of CoronaVac on the 
prevention of infection with mutant viruses. Although 
one of the prespecified outcomes was seroconversion, 
we have avoided using this term in our reporting of 
the results because the immunoassay we used was a 
semiquantitative assay. In fact, all of the participants 
were seronegative at the time of screening; therefore, the 
seropositivity 14 days after the second dose of vaccine 
would indicate seroconversion. However, we could not 
exclude the possibility that some samples with antibody 
levels below a sample-to-cutoff ratio of 1 might have very 
low concentrations of established antibodies. The current 
report neither involves data on the sequential serum 
neutralising antibody titres nor the magnitude of T-cell 
responses or the duration of protectivity. However, a 
study setting has been established to analyse the 
proliferation and functional capacity of CD4+ and CD8+ 
T cells, and the results of an initial study in a group of 
COVID-19 survivors have been reported by Tavukcuoglu 
and colleagues.30 This setting is now being used to 
analyse the samples from selected participants of this 
trial to show the functional capacity of T cells induced by 
CoronaVac to reinvigorate antiviral immunity against 
SARS-CoV-2.

In summary, our results show that CoronaVac has good 
efficacy against symptomatic SARS-CoV-2 infection and 
severe COVID-19 (ie, that requiring hospitalisation), 
along with a very good safety profile in a population aged 
18–59 years. Because this analysis included a very short 
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follow-up period before the emergence of viral variants 
and included a young and low-risk population, further 
data are needed on the performance of CoronaVac to 
demonstrate the efficacy of the vaccine against the 
variants of concern and the duration of protection, and to 
assess the safety and efficacy in older adult populations, 
adolescents, and children, and individuals with specific 
chronic diseases.
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1.17. Global efficacy of CoronaVac can reach 62,3% with an interval 
of 21 days between doses

An article written by Butantan to The 
Lancet showed that the efficacy of 
CoronaVac for symptomatic cases 
reached 50,7% within 14 days of interval 
between both doses, more than the 
50,38% disclosed in January based on 
the initial data of the phase 3 clinical 
trials. Besides, the global efficacy, which 
demonstrates the capacity of the vaccine 
to protect in mild, moderate and severe 
cases, may reach 62,3% when the interval 
between both doses is 21 days or more.

The data is part of a deepening of the 
clinical studies conducted in 2020 with 
more than 12.000 participants, all of them 
healthcare workers. The research was 
led by the director of clinical trials from 
Instituto Butantan, Ricardo Palacios. The 
article also says that the minimum efficacy 
of the vaccine is already shown in the 

second week after the first dose. However, 
for the immunization to be complete, it is 
necessary to receive both doses.

Initially, the phase 3 clinical trial showed 
that, for mild and severe cases that may 
need medical assistance, the efficacy 
of the vaccine varied between 78% and 
100%.  The results of the new research, 
however, demonstrated that CoronaVac 
had an efficacy between 83,7% and 
100%. It means that CoronaVac can 
reduce most of the cases that may need 
some sort of medical care.

The article also suggests that CoronaVac 
can protect against the variants P.1 and 
P.2 of SARS-CoV-2.

Published on: 04/14/2021
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Abstract 

Background 

Vaccines are urgently needed to tackle the unprecedented morbidity and mortality of 

COVID-19. Administration of inactivated viruses are the common and mature 

platform of developing new vaccines. CoronaVac is an inactivated vaccine that has 

undergone preclinical tests and phase I/II clinical trials. 

Methods 

We conducted a randomised, double-blind, placebo-controlled phase 3 clinical trial 

with CoronaVac among healthy healthcare professionals in 16 centres in Brazil. 

Participants received two doses of vaccine (3 μg in 0.5 mL) vaccine or placebo at day 

0 and 14. The primary efficacy endpoint was the number of symptomatic COVID-19 

cases confirmed by RT-PCR 14 days after the second dose of the vaccine. Prevention 

of disease severity was a major secondary efficacy endpoint, and adverse events 

incidence up to seven days after immunization was the primary safety outcome. The 

trial was registered at ClinicalTrials.gov, NCT04456595. 

Findings 

Between July 21 and Dec 16, 2020, 12 396 participants were enrolled and received at 

least one vaccine or placebo dose. There were 9,823 participants who received the 

two doses and were followed for at least 14 days and had, therefore, reached the final 

efficacy analysis. There were 253 confirmed COVID-19 cases in the cohort: 85 cases 

(11.0/100 person-year) among 4,953 participants in the vaccine group, and 168 cases 

(22·3/100 person-year) among 4,870 participants in the placebo group. The primary 

efficacy against symptomatic COVID-19 was 50·7% (95%CI 36·0-62·0). The 
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secondary efficacy against cases requiring assistance (score ≥3) and moderate and 

severe cases (score ≥4) were 83·7% (95%CI 58·0-93.7) and 100% (95%CI 56·4-

100.0) respectively. All 6 cases of severe COVID-19 occurred in the placebo group. 

The incidence of adverse reactions, which was mainly pain at the administration site, 

was higher in the vaccine group (77·1%) than in the placebo group (66·4%). There 

were 67 serious adverse events reported by 64 participants and all were determined to 

be unrelated to vaccination, including two fatal cases. In a subset of participants, 

neutralizing antibody assays showed similar seroconversion and geometric mean titres 

against B.1.128, P.1, and P.2 variants. 

Interpretation 

A phase 3 clinical trial conducted in healthcare professionals in Brazil demonstrated 

that the inactivated CoronaVac vaccine has a good safety profile and is efficacious 

against any symptomatic SARS-CoV-2 infections and highly protective against 

moderate and severe COVID-19.  

 

Funding: Fundação Butantan, Instituto Butantan, and São Paulo Research Foundation 

- FAPESP (Grants 2020/10127-1 and 2020/06409-1)   
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Introduction 

Three coronaviruses (SARS-CoV-1, MERS, and SARS-CoV-2) have been identified 

as the cause of severe acute respiratory disease in humans this century. An inactivated 

vaccine was developed for the first of these diseases, SARS, but its development was 

discontinued in phase I clinical trial because the transmission receded. 1 After the 

emergence of COVID-19, the same group updated this development using a SARS-

CoV-2 strain isolated in January 2020. The new product, later named CoronaVac 

(Sinovac Life Sciences, Beijing, China), had promising performance in non-clinical 

studies, as shown by the reduction of disease in non-human primate challenge 

experiments.2 Safety and immunogenicity results in phase I/II clinical trials, in 

younger 3 and older adults 4, prompted the conduction of this phase III clinical trial.  

 

Our study focused on healthcare professionals directly caring for or in close contact 

with COVID-19 patients. The obtention of  results in a timely fashion is significant 

for vaccine development in a pandemic of such proportion and a a major common 

challenge for all COVID-19 vaccine developers. Brazil has been one of the countries 

most affected by the COVID-19 pandemic and overall incidence rates have reached 

high levels, especially in healthcare professionals caring for COVID-19 patients. 

Therefore, a focus on the latter group was proposed to provide a rapid means to 

determine the potential efficacy of a vaccine candidate.5 This population has been 

shown to have higher incidence of disease in epidemiological surveys 6,7 and could, in 

principle, adhere better to study case surveillance. Therefore, the objective of the 

present phase III clinical trial was to assess the efficacy and safety of an inactivated 

COVID-19 vaccine in healthcare professionals. The greater number of presumed 
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cases and a high degree of adherence to the protocol were expected to rapidly meet 

the research objectives and eventual Emergency Use Authorization for CoronaVac.  

 

Methods 

Study design and participants 

This is a phase III multicentre endpoint-driven, randomized, placebo-controlled 

clinical trial to assess the safety and efficacy of a two-dose schedule of an inactivated 

COVID-19 vaccine (CoronaVac, Sinovac Life Sciences, Beijing, China) containing 

aluminium hydroxide adjuvant in healthcare professionals ddirectly dealing with 

COVID-19 patients. Volunteers were recruited in sixteen clinical sites in Brazil, with 

1:1 allocation ratio between vaccine and placebo. Initially, the study included only 

participants aged 18-59 years without previous SARS-CoV-2 infection. After phase 

I/II data in the elderly population became available,4 those with 60 years of age or 

above were also enrolled, and a study amendment dropped any restriction of prior 

infection. The primary efficacy objective considered the whole study population 

regardless of age group and previous infection. The sample size for efficacy was 

calculated considering an attack rate of 2.5% and one interim analysis. The required 

number of cases was 61 for the interim analysis and 151 for the primary outcome 

analysis with estimated recruitment of 13,060 participants. The primary safety 

objective was incidence of adverse events by age group with up to 11800 participants 

in the 18-59 years group and up to 1260 in the group of 60 years or older.  

 

Participants needed to be 18 years of age or older and work as healthcare 

professionals caring for COVID-19 patients and had to agree to participate by signing 

the informed consent form. The main exclusion criteria were pregnant or lactating 
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women, unstable chronic disease, previous use of any COVID-19 vaccines, and acute 

disease symptoms including COVID-19 in the previous 72 hours. The full protocol 

has been published previously.8 

The study complied with ICH Good Clinical Practices and Brazilian ethical and 

regulatory guidelines, and was approved by the Brazilian National Research Ethics 

Council - CONEP - (CAAE 34634620.1.1001.0068) and the Brazilian National 

Regulatory Agency  - ANVISA - (CE 47/2020) and is registered in the 

ClinicalTrials.gov platform (NCT0445659). 

 

Randomization and masking 

Two permuted block randomization lists were created according to age group, 18-59 

years, and 60 years or older. Vaccine and placebo were randomized at a 1:1 ratio and 

all sites accessed the same randomization lists through an IWRS provided by Cenduit 

(Durham, NC, USA). Study vaccines and placebos were provided in prefilled syringes 

with similar characteristics. An unblinded pharmacist at each clinical site prepared the 

vaccine or placebo. The pharmacist only received a coded request for an experimental 

product and delivered the randomized product without any contact with the study 

participant or her/his identification information in a concealed syringe to a blind 

research staff. Participants and all other study staff as well as monitors, lab 

technicians, and data management team remained unaware of the product allocation. 

 

Procedures 

CoronaVac is an inactivated vaccine candidate against COVID-19 derived from the 

CN02 strain of SARS-CoV-2 grown in African green monkey kidney cells (Vero 

cells). At the end of the incubation period, the virus was harvested, inactivated with β-
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propiolactone, concentrated, purified, and finally absorbed by aluminium hydroxide. 

The placebo was aluminium hydroxide diluent with no virus. Both the vaccine and 

placebo were prepared in a GMP-accredited facility. Vaccine (3 μg in 0.5ml) and 

placebo were provided in a ready-to-use syringe and administered intramuscularly 

following the two-dose schedule of 0,14 (+14) days. The selected vaccine doses have 

been proven to be sufficient for protection against SARS-CoV-2 challenge in 

macaques.2 

This study was carried out in 16 clinical research centres in Brazil. All participants 

who provided the informed consent were enrolled after baseline assessment of 

inclusion and exclusion criteria, medical history, physical examination, vital signs, 

pregnant test, and blood tests. At screening, blood samples and a throat swab were 

collected for laboratory detection of SARS-CoV-2. 

CoronaVac or placebo preparation was performed by the unblinded pharmacist at 

each site and then administered by nurses in a blinded fashion. After vaccination, 

safety evaluation was conducted by investigators who were unaware of treatment 

assignments onsite for 60 minutes. Follow-up contacts were allocated to each 

participant to verify the occurrence of adverse events and COVID-19 symptoms. 

These contacts could be made electronically, by telephone, or in-person, at the 

discretion of the study team and the participant informed the team about the means of 

contact they preferred. Contacts were made between the third and fifth day after each 

vaccination and thereafter every week for the first 13 weeks after vaccination and 

every two weeks for the remainder of the study. Once fever or other symptoms related 

to COVID-19 was reported, the participants were asked to seek assistance from the 

study team to collect a throat swab to diagnose COVID-19. All possible cases were 
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followed up to the resolution of all symptoms and the duration and severity of each of 

the signs and symptoms documented. 

An independent data and safety monitoring committee was established prior to the 

study initiation. Safety data were assessed and reviewed by the committee to ensure 

safety. 

 

Outcomes 

The primary endpoint was the efficacy of CoronaVac against confirmed symptomatic 

COVID-19 with onset at least 14 days after the second injection in the per protocol 

population. All the cases were judged by a blind independent clinical endpoint 

adjudication committee. Confirmed COVID-19 cases were defined as: 1) at least two 

consecutive days with one or more specific symptoms (cough, newly developed taste 

or smell disorders, shortness of breath or dyspnea); or 2) with two or more non-

specific symptoms (fever [axillary temperature ≥37·5℃], chills, sore throat, fatigue, 

nasal congestion or runny nose, body pain, muscle pain, headache, nausea or 

vomiting, diarrhoea; or 3) imaging features of COVID-19; and 4) detection of SARS-

CoV-2 nucleic acid in respiratory swab by RT-PCR. A case definition based on the 

U.S. Food and Drug Administration (FDA) criteria was also used as a sensitivity 

analysis.9. Following the latter criteria, a positive case was considered as anyone who 

presented at least one of the following symptoms for two days or more, with a 

positive SARS-CoV-2 RT-PCR result: fever or chills, cough, shortness of breath or 

difficulty in breathing, fatigue, muscle or body pain, headache, sore throat, nasal 

congestion or runny nose, nausea or vomiting, and diarrhoea. The primary efficacy 

was also evaluated in distinct subgroups, including age groups, race, and ethnic group, 

with or without underlying medical conditions, different vaccination intervals 
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between two doses (<21 days or ≥21 days), and severity of COVID-19 according to 

WHO Clinical Progression Scale.10  A modified intention-to treat analysis was also 

performed to verify the exploratory aim of evaluating the efficacy after a single dose. 

All the cases included for efficacy analysis had symptoms initiating up to December 

16, 2020. 

The primary safety endpoint was incidence of adverse reactions within 7 days after 

injection. The safety profile was assessed based on the safety set (SS), consisting of 

all the participants who received at least one dose vaccination. The events included in 

this analysis were those initiating up to December 16, 2020 and corresponded to a 

median follow-up of two months after the second dose. 

Serum samples from a subset of the first participants per age group of the 

coordinating clinical site were analysed to determine neutralization titres by 

cytopathic effect-based virus neutralization test (CPE - VNT)using SARS-CoV-2 

wild-type variants: B.1.128  (SARS-CoV-2 / human / BRA / SP02 / 2020 strain 

(MT126808.1), SARS-CoV-2-P.1 (MAN 87201 strain) and SARS-CoV-2-P.2 (LMM 

38019 strain) in 96-well plates containing 5E+04 cells / mL of Vero cells (ATCC 

CCL-81). All procedures related to VNT were performed in a level 3 biosafety 

laboratory, from the Institute of Biomedical Sciences of the University of São Paulo, 

following WHO recommendations. 

 

Statistical analysis  

The primary efficacy analysis of was a -modified per protocol analysis calculated 

with all virologically confirmed cases of COVID-19 occurring in the period from the 

beginning of vaccination to two weeks after the second dose, using Cox proportional 

hazards regression model. This model calculates the estimated vaccine efficacy (1 - 
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hazard ratio), and the Wald test based on the Cox model compared to the p-values 

described above, and 95% confidence interval according to the appropriate alpha level 

was similarly transformed and presented. Cumulative incidence charts were also 

created with this model. The hypothesis test of the primary efficacy endpoint in the 

per protocol population was based on the on each analysis’ alpha spent levels and 

followed up with the corresponding confidence intervals. Interim efficacy analysis 

was set to be triggered upon collection of at least 61 primary endpoint cases. The 

safety analysis included all participants who received at least one dose of CoronaVac 

or placebo. For neutralization assays, seroconversion was defined as a person with a 

post-vaccination titre ≥20 with a baseline negative result. The Geometric Mean Titres 

(GMT) were also calculated for those that seroconverted in each group. The Pearson 

Chi-square test or Fisher’s exact test was adopted for the analysis of categorical 

outcomes. The 95% confidence intervals (95%CIs) of categorical outcomes were 

computed with the Clopper-Pearson method. Hypothesis testing was two-sided and P-

values<0.05 was considered statistically significant. 

 

Role of the funding sources 

Employees of Fundação Butantan and Instituto Butantan participated in the study 

design, data collection, data analysis, data interpretation, and the report writing. Those 

organizations are non-profit. All the authors have full access to all the data in the 

study and the corresponding authors had final responsibility for the decision to submit 

for publication. 
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Results 

From July 21 to December 16, 2020, 12,842 participants were screened, and 12,408 

were randomized at 16 study sites in Brazil. A total of 12,396 participants received at 

least one dose of CoronaVac or placebo (Figure 1), 6,195 in the vaccine group and 

6,201 in the placebo group. 

Among those 12,396 participants, 5·1% were elderly participants aged 60 years or 

older, 64·2% were female, and most participants self-identified themselves as white 

(75·3%). More than half of the participants (55·9%) had underlying diseases, 22·5% 

of them were obese (BMI ≥30 kg/m²). The average age and BMI of participants were 

39·5 years and 26·8 kg/m2, respectively (Table 1). 

All 12,396 participants were involved in the safety set (SS) and monitored for adverse 

events from the beginning of vaccination up until 12 months after the first dose 

vaccination. By the cut-off date, the incidence of adverse events and adverse reactions 

were 78·8% and 71·7%, respectively, by the cut-off date (Appendix p6). Generally, 

the vaccine group reported more adverse reactions than the placebo group (77·1% vs. 

66·4%; p<0001), and most adverse reactions were solicited (73·1% vs. 60·0%, 

p<0·0001) (Figure 2A). 

Among solicited adverse reactions, the incidence of local adverse reactions was 

61·5% in the vaccine group, and this was higher than the 34·6% in the placebo group 

(p<0·0001). Local adverse reactions were mainly driven by pain at the injection site 

(60·3% vs. 32·5%, p<0·0001). All solicited local reactions were more frequently in 

the vaccine group, and the incidences were less than 6% in the vaccine group, except 

pain at the injection site (Figure 2B). Systemic adverse reactions were similar in the 

vaccine and placebo groups (48·4% vs. 47·6%, p=0·3882), including headache and 
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fatigue, the most common systemic symptom collected in this trial. Myalgia was more 

frequent in the vaccine group (11·7% vs. 10·5%, p=0·0257). Fever (≥37.8°C) was 

rare and only reported by 0·2% and 0·1% (p=0·2666) participants in the vaccine and 

placebo groups, respectively (Figure 2C). Unsolicited ARs were reported by 36·8% in 

the vaccine and 35·8% in the placebo groups (p=0·2177, Figure 2A). Only tremor, 

flushing and local reactions in the administration site (reported in an unsolicited 

period) showed higher incidence in the vaccine group. No difference was found for 

other unsolicited symptoms (Appendix p7-10). 

In this study, 67 serious adverse events were reported by 64 participants, 33 in the 

vaccine group and 31 in the placebo group (Appendix p20-23). The overall incidence 

of SAE was 0·5%. All SAEs were determined as unrelated to the vaccine. Two deaths 

were reported in this trial: one case of cardiopulmonary arrest (placebo group), and 

one case of medication overdose (vaccine group); all of them unrelated to the vaccine. 

One additional death due to COVID-19 (placebo group) occurred as outcome on an 

ongoing case by the data cut time.  

Among 9,823 participants in the per protocol analysis, 253 cases of symptomatic 

COVID-19 were reported during the primary efficacy analysis period (Table 2). There 

were 85 cases (11.0/100 person-year) among 4,953 participants in the vaccine group, 

and 168 cases (22·3/100 person-year) among 4,870 participants in the placebo group. 

The efficacy to prevent symptomatic COVID-19 was 50·7% (95%CI 35·9-62·0). 

Considering the α spending in the interim analysis, the corrected efficacy was 50.7% 

(95.4%CI 35·7-62·2). Sensitivity analysis of primary efficacy was conducted based 

on other case definitions, and the efficacy results ranged from 51·2% to 54·1% 

(Appendix p24). 
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A key secondary endpoint was to evaluate the efficacy to prevent COVID-19 disease 

at different clinical severities. There were 35 cases scored 3 and above, 10 cases 

scored 4 and above, 6 severe cases (including one fatal case) reported among the 9823 

participants. For cases scored 3 and above, 5 cases were in the vaccine group, 30 were 

in the placebo group, resulting in a vaccine efficacy of 83·7% (95%CI 58·0-93·7). All 

cases scored 4 and above were in the placebo group, resulting in 100% vaccine 

efficacy against moderate and sever cases (95%CI 56·4-100·0). 

Subgroup analyses were also conducted by the interval between two doses, the 

exposure status to SARS-CoV-2 pre-vaccination, age group, and underlying disease. 

Participants with two doses interval of fewer than 21 days showed similar efficacy 

(49·1%; 95%CI 33·0-61·4) as the primary efficacy analysis. For the small portion of 

participants who received two doses of vaccine or placebo with an interval of 21 days 

or more, the efficacy was calculated at 62·3% (95%CI 13·9-83·5). The efficacy was 

similar between different exposure status to SARS-CoV-2 pre-vaccination 

(Unexposed: 50·5%; Exposed: 49·5%), and between other age groups (18 to 59 years: 

50·7%; ≥60 years: 51·1%). For participants with underlying diseases, a total of 130 

cases were reported in this population, resulting in 48·9% efficacy (95%CI 26·6-

64·5). For participants with cardiovascular disease, diabetes, and obesity, the efficacy 

was 39·5% (95%CI -66·4-78·0), 48·6% (95%CI -115·3-87·7) and 74·9% (95%CI 

53·7-86·4), respectively. Two-hundred and fifty participants of Asian ethnicity 

reported 4 cases, of which 1 in the vaccine group and 3 in the placebo group, resulted 

in 66·0% efficacy (95%CI -226·8-96·5). 

After the first dose or 14 days after the first dose, secondary efficacy endpoints were 

analysed using the intention-to-treat (ITT) approach. Among the 12,396 participants, 
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378 cases were reported after the first dose, of which 126 were in the vaccine group 

and 252 were in the placebo group, resulting in an efficacy of 50·8% (95%CI 39·0-

60·3) after the first dose, similar to the calculated efficacy with the complete 

vaccination schedule. For 14 days after the first dose, 313 cases were collected among 

11,431 participants, 94 were in the vaccine group and 219 were in the placebo group, 

resulting in an efficacy of 57·9% (95%CI 46·4-66·9) (Figure 3). 

One hundred and nine participants had samples processed for neutralization assay 

before vaccination and two weeks after the second dose. Six of them had positive pre-

vaccination samples (four for the vaccine and two for the placebo groups) and were 

not included in the seroconversion assessment. Two of four vaccinated participants 

with previous antibody titres had a 4-fold increase or higher for all tested variants. 

Three participants (5.2%) out of 58 in the placebo arm seroconverted for the variant 

B.1.1.28, but not to the other variants. Thirty-two (71.1%; GMT 64.4) of the 45 

participants vaccine arm seroconverted for B.1.1.28, 31 (68.9%; GMT 46.8) for P.1, 

and 36 (80.0% GMT 45.8) for P.2. There were no significant differences in GMT 

against the B.1.128 variant as compared to P.1 GMT (p=0.34) and P.2 GMT (p=0.72).  

In vaccinated individuals who seroconverted, 21 of 22 (95.5%; GMT 72.8) adults 

aged 18 to 59 years, 21 had seroconversion for B.1.1.28, 17 of 22 (77.3%; GMT 60.9) 

for P.1 and 21 of 22 (95.5%; GMT 50.4)) for P.2. Of the 23 samples analysed from 

participants aged 60 years or more, 11 (47.8%; GMT 58.1) evidenced seroconversion 

for B.1.1.28, 14 (60.9%; GMT 34.5) for P.1, and 15 (65.2%; GMT 40.0) for P.2. 

When the different age groups are compared, there were significant in seroconversion 

rates for B.1.1.28 (p<0.001) and P.2 (p=0,022) variants, but not for the P.1 variant 

(p=0.337). The differences in GMT between age groups were not significantly 
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different for the B.1.1.28 variant (p=0.086) nor the P.2 variant (p=0.174) but was 

different for the P.1. variant (p=0.029). 

 

Discussion 

The PROFISCOV study was designed to test CoronaVac in a group exposed to 

SARS-CoV-2 more often and at potentially higher infectious doses than in a 

community exposure. Using a smaller sample size compared to other large Phase III 

clinical trials with vaccine candidates, we were able to demonstrate that this vaccine 

was safe, well-tolerated, and efficacious. Efficacy to prevent any symptomatic 

COVID-19 started at 50.7% and became more extensive as disease severity increased. 

Of note, the case definition and professional profile of the study population allowed 

highly sensitive surveillance and the study was able to detect even the mildest cases of 

COVID-19. The conditions of this trial should be considered when the results are 

extrapolated to other populations or comparisons with other trials are suggested.  

The vaccine performance met the requirements for Emergency Use Authorization in 

32 countries and regions allowing a fast response to an ongoing public health 

emergency at a speed similar to other vaccine candidates receiving heavy subsidies 

from governments and international organizations.  

One of the factors that might have affected the study’s overall efficacy was the 

interval between two doses of 14 days. Although there were a limited number of 

participants in this study having doses with an interval of 21 days or higher, there was 

a trend to higher efficacy. Furthermore, previous neutralization data in adults were 

lower with a 14-days interval3 , and, in this study, participants aged 60 years or more 

had a lower response than adults with the same 14-days schedule. These results 

contrast with previous studies where the immune responses in adults and elderly 
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populations with a 28-days interval schedule were comparable 3,4. Taken together, 

these data suggests that it is advisable to encourage longer intervals between doses, 

i.e., 28 days, in the vaccine implementation. The study cannot make a clear 

assumption of efficacy with a single dose due to the limited number of outcomes and 

the odds of having more participants infected around the time of first injection in the 

vaccine arm (Figure 3). However, it must be noticed that the efficacy of CoronaVac 

was already present after the second week of the first dose.  

The study was not designed to provide subgroup efficacy analysis by previous SARS-

CoV-2 exposure, age group, or underlying medical conditions. Nonetheless, the 

efficacy found in participants with obesity is promising because this condition has 

been associated with lower immune response in other inactivated vaccines.11  

There is international concern that the emergency of SARS-CoV-2 variants may alter 

vaccine efficacy. Two variants haveemerged in Brazil after this trial started, the so-

called P.2 and P.1 Out of them, only the P.2 variant was circulating on the study 

centres during the period covered by this analysis. Although these variants have 

several mutations that are key to the function of many antibodies, there was a 

consistent neutralization of all these variants by serum of participants given the 

inactivated vaccine. This is expected as the vaccine contains the whole virus.  

The observed safety and tolerability profiles were outstanding. As it was observed 

with other COVID-19 vaccines, no vaccine-enhanced disease effect was documented, 

besides post-implementation surveillance is advisable.12 Local pain was the most 

frequent adverse reaction. Differences in adverse event rates between experimental 

and control products became an issue in several COVID-19 vaccine developments, as 

study blinding could be compromised leading to changes in participant behaviour. 
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Since CoronaVac showed similar reactogenicity to placebo, such concern was not an 

issue in this trial. 

This pivotal trial for CoronaVac was able to demonstrate the safety and efficacy of a 

new COVID-19 vaccine with one of the most efficient approaches among first-wave 

developers maintaining the highest standards in science and ethics. After the results of 

this study were initially released on January 12, 2021, Butantan have delivered 38,2 

million doses to the Brazilian Public Health System and Sinovac distributed 

additional 180 million doses in around 30 low-and-middle-income countries up to 

April 07, 2021. The deployment rate of this vaccine was higher and more opportune 

for those countries than other initiatives 13 demonstrating the success of the Sinovac-

Butantan co-development and confirming that the use of traditional inactivated virus 

vaccine strategies cannot be ruled out as a platform of rapid public health response to 

epidemics or pandemics caused by emerging pathogens, such as SARS-CoV-2. 
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Figure legends 

Figure 1: Study Profile. 

All participants enrolled from Jul. 21 to Dec. 16, 2020, were shown in the diagram. 
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Figure 2: Overview of Adverse Reactions and Solicited Local/Systemic Adverse 

Reactions. 

The percentage of participants who had adverse reactions after any administration of 

vaccine or placebo was shown. (A) The overview of the percentage of participants who 

had any adverse reactions; (B) The percentage of participants who had local solicited 

adverse reactions by different symptoms; (C) The percentage of participants who had 

systematic solicited adverse reactions by different symptoms. 
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Figure 3. Efficacy of vaccine against COVID-19 cases after the 1st dose and the 

Kaplan-Meier cumulative incidence curves 

(A) The Kaplan-Meier cumulative incidence curves of symptomatic Covid-19 cases 

after the 1st dose of vaccination. (B) The number of cases collected, incidence density, 

and efficacy of 14 days after the 1st dose and 2nd dose. Analysis was based on the 

intention-to-treat population; Incidence density: per 100 person-years. 

A 

 

 

B 

Time No. of 

cases 

Vaccine 

n/N(incidence 

density) 

Placebo 

n/N(incidence 

density per 100 

person-year) 

Efficacy (95%CI) 

14 days after 
1st dose 

313 94/5717(8·0) 219/5714(19·0) 57·9 (46·4, 66·9) 

14 days after 
2nd dose 

253 85/4953(11·0) 168/4870(22·3) 50·7 (35·9, 62·0) 

  

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3822780

Pr
ep

rin
t n

ot 
pe

er
 re

vie
we

d



248 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

Tables 

Table 1: Baseline characteristics of participants who received at least one dose of 

vaccine or placebo 

 Vaccine 

(N=6195) 

Placebo 

(N=6201) 

Total 

(N=12396) 

Age Group       

18~59 years 5879 (94·9%) 5885 (94·9%) 11764 

(94·9%) 

≥60 years 316 (5·1%) 316 (5·1%) 632 (5·1%) 

Gender       

Male 2270 (36·6%) 2171 (35·0%) 4441 (35·8%) 

Female 3925 (63·4%) 4030 (65·0%) 7955 (64·2%) 

Ethnic       

White 4685 (75·8%) 4633 (74·8%) 9318 (75·3%) 

Multiracial 1012 (16·4%) 1065 (17·2%) 2077 (16·8%) 

Black or African 

American 

329 (5·3%) 319 (5·2%) 648 (5·2%) 

Asian 148 (2·4%) 163 (2·6%) 311 (2·5%) 

American Indian 

or Alaska Native 

11 (0·2%) 13 (0·2%) 24 (0·2%) 
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 Vaccine 

(N=6195) 

Placebo 

(N=6201) 

Total 

(N=12396) 

Underlying Disease 3441 (55·5%) 3484 (56·2%) 6925 (55·9%) 

Cardiovascular 

disease 

792 (12·8%) 773 (12·5%) 1565 (12·6%) 

Diabetes 218 (3·5%) 197 (3·2%) 415 (3·4%) 

Obesity 1386 (22·4%) 1403 (22·6%) 2789 (22·5%) 

Age, years  39·42 (10·7) 39·59 (10·8) 39·50 (10·8) 

BMI, kg/m2 26·841 (5·1) 26·792 (5·3) 26·817 (5·2) 

Data are n (%) and mean (SD). 

  

  

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3822780

Pr
ep

rin
t n

ot 
pe

er
 re

vie
we

d



250 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

Table 2. Efficacy against COVID-19 cases 14 days after the 2nd dose 

 Total 

No. of 

cases 

Vaccine Placebo Vaccine Efficacy 

(95%CI) 

n/N(incidence 

density) 

n/N(incidence 

density per 100 

person-year) 

Overall 253 85/4953(11·0) 168/4870(22·3

) 

50·7 (35·9, 62·0) 

[1] 

Severity     

Score 3 and 

above 

35 5/4953(0·7) 30/4870 (4·1) 83·7(58·0, 93·7) 

Score 4 and 

above 

10 0/4953 (0·0) 10/4870 (1·4) 100·0(56·4, 100·0) 

[2] 

Severe 6 0/4953 (0·0) 6/4870 (0·8) 100·0(16·9, 100·0) 

[2] 

Interval between 

two doses 

        

<21 days 226 77/4184(11·6) 149/4148(22·7

) 

49·1(33·0, 61·4) 

≥21 days 27 8/769(8·6) 19/722(23·1) 62·3(13·9, 83·5) 
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 Total 

No. of 

cases 

Vaccine Placebo Vaccine Efficacy 

(95%CI) 

n/N(incidence 

density) 

n/N(incidence 

density per 100 

person-year) 

Exposure to 

SARS-Cov-2 pre-

vaccination 

   

Unexposed 200 67/3637(13·3) 133/3587(26·8

) 

50·5(33·6, 63·1) 

Exposed 9 3/401(5·9) 6/408(11·7) 49·5(-101·8, 

87·4) 

Age group     

18~59 years 247 83/4741 (11·3) 164/4663 

(22·8) 

50·7(35·8, 62·1) 

≥60 years 6 2/212 (10·8) 4/207 (21·9) 51·1(-166·9, 91·0) 

Underlying 

Disease  

        

  No 123 41/2222(13·2) 82/2140(27·8) 52·4(30·8, 67·3) 

  Yes 130 44/2731(10·6) 86/2730(20·8) 48·9(26·6, 64·5) 
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 Total 

No. of 

cases 

Vaccine Placebo Vaccine Efficacy 

(95%CI) 

n/N(incidence 

density) 

n/N(incidence 

density per 100 

person-year) 

Cardiovascular 

disease 

16 6/621(7·1) 10/608(11·6) 39·5(-66·4, 78·0) 

Diabetes 8 3/175(11·2) 5/159(21·1) 48·6(-115·3, 87·7) 

Obesity 63 13/1099(5·8) 50/1112(23·0) 74·9(53·7, 86·4) 

Asian 

4 

1/125(5.38) 3/125(15.54) 66.02(-226.82, 

96.47) 

[1] The efficacy corrected based on the α spending in the interim analysis was 50.7% 

(95.4%CI: 35.7, 62.2). 

[2] Calculated based on Poisson regression model 
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Appendix 1 Protocol violation 

Table 1-1. Data set division of each protocol violation 
No. Protocol Violations Efficacy Evaluation Safety Evaluation 

PPS ITT mITT SS SS1 SS2 

1 Not vaccinated after randomisation N N N N N N 

2 Received 1 dose vaccination N Y N Y Y N 

3 Withdraw before 14 days after the second dose vaccination N Y N NA NA NA 

4 Received 3 doses vaccination N Y Y Y Y Y 

5 Participated in any COVID-19 vaccine clinical trial or vaccinated COVID-19 vaccine in the past N Y Y NA NA NA 

6 Received the second dose vaccination beyond the window period N Y Y Y Y Y 

7 Received wrong vaccine* N Y Y NA NA NA 

8 The time of data analysis was before 14 days after the second dose vaccination N Y N NA NA NA 

9 PCR positive between the first dose vaccination to the 14 days after the second dose vaccination N Y Y NA NA NA 

10 Diagnosed COVID-19 between the first dose vaccination to the 14 days after the second dose vaccination N Y Y NA NA NA 

*Details see Table 1-2. 
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Table 1-2. List of wrong vaccinations* 
No. of subject Wrong dose vaccination No. of vaccine Date of wrong dose vaccination Describe of protocol violation 

111451 1 111454 2020/8/6  

111577 2 111571 2020/8/25  

112384 1 112386 2020/8/20  

112538 2 114579 2020/9/4  

112828 2 111828 2020/9/8  

113046 2 113007 2020/9/9  

115170 2 115191 2020/9/23  

115191 2 115170 2020/9/23  

116623 1 116593 2020/9/17  

116737 2 wrong arm** 2020/10/1 Due to the error of the unblinded pharmacist, subject 116737 was 
assigned the wrong vaccine in V2. 

116811 1 wrong arm** 2020/9/18 Due to the error of the unblinded pharmacist, subject 116811 was 
assigned the wrong vaccine in V1. 

116881 1 wrong arm** 2020/9/18 Due to lack of supervision, the unblinded pharmacist assigned the 
wrong vaccine to subject 116881 in V1. 

117927 2 118063 2020/10/9  

118339 1 wrong arm** 2020/9/26 Due to the error of the unblinded staff, an error occurred in the 
allocation of vaccine to subject 118339. Date of occurrence of PD: 
2020-09-26 

119167 2 119538 2020/10/20  

119278 1 wrong arm** 2020/10/3 Due to the absence of double review, subject 119278 was assigned 
the wrong vaccine in V1. 
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120446 1 120426 2020/11/6  

120579 1 Unknown** 2020/10/19 The unblinded monitor confirmed that subject 120579 was 
vaccinated on October 19, 2020, but the IWRS indicated that this 
assignment did not occur on that day. Therefore, it is unknown 
which vaccine the subject has been assigned. 

*From the protocol deviation list provided by the monitor 
**In the overall and corresponding dose safety analysis, from a conservative perspective, subjects with “wrong arm” and “unknown” are analyzed by vaccine group. 
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Appendix 2 Study sites 

Table 2. Information of study sites 
Code. Study Site Address Principal Investigator 

SAO06 Instituto de Infectologia Emílio Ribas Sao Paulo, SP, Brazil, 01246-900 Luiz Carlos Pereira Júnior, MD, PhD 

CWB01 Hospital das Clínicas da Universidade Federal do Paraná Curitiba, PR, Brazil, 80060-900 Sonia Mara Raboni, MD, PhD 

POA01 Hospital São Lucas da Pontificia Universidade Catolica do 
Rio Grande do Sul 

Porto Alegre, RS, Brazil, 90619-900 Fabiano Ramos, MD, PhD 

BHZ01 Universidade Federal de Minas Gerais Belo Horizonte, MG, Brazil, 30750-140 Mauro Martins Teixeira, MD, PhD 

BSB01 Universidade de Brasília Brasilia, DF, Brazil, 71691-082 Gustavo Adolfo Sierra Romero, MD, PhD 

SCS01 Universidade Municipal de São Caetano do Sul São Caetano do Sul, SP, Brazil, 09521-160 Fábio Eudes Leal, MD, PhD 

SAO06 Instituto Israelita de Ensino e Pesquisa Albert Einstein Sao Paulo, SP, Brazil, 05652-900 Luis Fernando Aranha Camargo, MD, PhD 

VCP01 Hospital das Clínicas da UNICAMP Campinas, SP, Brazil, 13083-888 Francisco Hideo Aoki, MD, PhD 

RAO01 Hospital das Clínicas da Faculdade de Medicina de Ribeirão 
Preto da Universidade de São Paulo 

Ribeirao Preto, SP, Brazil, 14015-069 Eduardo Barbosa Coelho, MD, PhD 

SAO01 Centro de Pesquisas Clínicas do Instituto Central do Hospital 
das Clínicas da Faculdade de Medicina da Universidade de 
São Paulo 

Sao Paulo, SP, Brazil, 05403-000 Esper Georges Kallás, MD,PhD 

PET01 Universidade Federal de Pelotas, Faculdade de Medicina. 
Departamento de Clínica Médica 

Pelotas, RS, Brasil, 96030-002 Danise Senna Oliveira, MD, PhD 

SJP01 Faculdade de Medicina de São José do Rio Preto - FAMERP São José Do Rio Preto, SP, Brazil, 15090-000 Maurício Lacerda Nogueira, MD, PhD 

CWB01 Universidade Federal de Mato Grosso, Faculdade de Ciências 
Médicas, Hospital Univeristário Júlio Müller. 

Cuiabá, MT – Brasil, 78048-902 Cor Jesus Fernandes Fontes, MD, PhD 

BAT01 Hospital de Amor Barretos, SP, Brazil 14780-000 Gecilmara Cristina Salviato Pileggi, MD, PhD 

CGR01 Hospital Universitário Maria Aparecida Pedrossian, 
Universidade Federal de Mato Grosso do Sul 

Campo Grande, MS, Brazil, 79080-190 Ana Lúcia Lyrio de Oliveira, MD, PhD 
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RIO01 Instituto de Infectologia Evandro Chagas - Fiocruz Rio De Janeiro, Brazil, 21710-232 André Machado de Siqueira, MD, PhD 
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Appendix 3 Adverse Events 

Table 3-1. Overview of adverse events in subjects after vaccination 

Category 

Vaccine group Placebo group Total 

P value (N=6202)   (N=6194)   (N=12396)   

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) No. of events No. of subjects 
(%) 

Total AEs 29041 5096(82·2%) 25619 4670(75·4%) 54660 9766(78·8%) <0·0001 

AEs related to vaccine 21162 4782(77·1%) 17270 4111(66·4%) 38432 8893(71·7%) <0·0001 

   Solicited AEs 14949 4536(73·1%) 11119 3714(60·0%) 26068 8250(66·6%) <0·0001 

   Unsolicited AEs 6213 2284(36·8%) 6151 2215(35·8%) 12364 4499(36·3%) 0·2177 

   Systemic AEs 14164 3625(58·5%) 14056 3525(56·9%) 28220 7150(57·7%) 0·0842 

   Local AEs 6998 3854(62·1%) 3213 2188(35·3%) 10211 6042(48·7%) <0·0001 

   AEs within 60 min 611 460(7·4%) 525 413(6·7%) 1136 873(7·0%) 0·1064 

   AEs within 0-7 days 16583 4613(74·4%) 12625 3823(61·7%) 29208 8436(68·1%) <0·0001 

   AEs in 8-28 days 4046 1619(26·1%) 4132 1615(26·1%) 8178 3234(26·1%) 0·9837 

   Grade 1 Adverse Event 17693 4652(75·0%) 13889 3901(63·0%) 31582 8553(69·0%) <0·0001 

   Grade 2 Adverse Event 3306 1648(26·6%) 3158 1546(25·0%) 6464 3194(25·8%) 0·042 

   Grade 3 Adverse Event 144 98(1·6%) 205 128(2·1%) 349 226(1·8%) 0·0441 

AEs unrelated to vaccine 7813 2398(38·7%) 8295 2442(39·4%) 16108 4840(39·0%) 0·3869 
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Table 3-2. Adverse reactions reported within 28 days after whole-schedule vaccination 

Category 

Vaccine group 
(N=6202)   

Placebo group 
(N=6194)   

Total 
(N=12396)   P value 

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) No. of events No. of subjects 
(%) 

 

Total adverse reactions 21162 4782(77·1%) 17270 4111(66·4%) 38432 8893(71·7%) <0·0001 

  Solicited adverse reactions 14949 4536(73·1%) 11119 3714(60·0%) 26068 8250(66·6%) <0·0001 

    Local adverse reactions 6767 3815(61·5%) 3074 2143(34·6%) 9841 5958(48·1%) <0·0001 

      Vaccination site pain 5508 3742(60·3%) 2555 2014(32·5%) 8063 5756(46·4%) <0·0001 

      Swelling 434 359(5·8%) 147 130(2·1%) 581 489(3·9%) <0·0001 

      Pruritus 306 263(4·2%) 207 181(2·9%) 513 444(3·6%) <0·0001 

      Redness 264 241(3·9%) 93 89(1·4%) 357 330(2·7%) <0·0001 

      Induration 255 235(3·8%) 72 67(1·1%) 327 302(2·4%) <0·0001 

    Systemic adverse reactions 8182 2999(48·4%) 8045 2947(47·6%) 16227 5946(48·0%) 0·3882 

      Headache 3034 2128(34·3%) 3098 2157(34·8%) 6132 4285(34·6%) 0·5583 

      Fatigue 1209 989(16·0%) 1164 922(14·9%) 2373 1911(15·4%) 0·1059 

      Myalgia 879 727(11·7%) 771 648(10·5%) 1650 1375(11·1%) 0·0257 

      Nausea 573 490(7·9%) 629 522(8·4%) 1202 1012(8·2%) 0·2939 

      Diarrhea 576 492(7·9%) 576 501(8·1%) 1152 993(8·0%) 0·7659 

      Arthralgia 411 353(5·7%) 369 321(5·2%) 780 674(5·4%) 0·2195 

      Cough 392 343(5·5%) 369 322(5·2%) 761 665(5·4%) 0·4254 
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Category 

Vaccine group 
(N=6202)   

Placebo group 
(N=6194)   

Total 
(N=12396)   P value 

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) No. of events No. of subjects 
(%) 

 

      Chills 359 309(5·0%) 350 313(5·1%) 709 622(5·0%) 0·8693 

      Pruritus 315 263(4·2%) 266 225(3·6%) 581 488(3·9%) 0·0874 

      Appetite impaired 241 217(3·5%) 268 243(3·9%) 509 460(3·7%) 0·2169 

      Vomiting 64 61(1·0%) 66 61(1·0%) 130 122(1·0%) 1·0000 

      Hypersensitivity 66 58(0·9%) 68 58(0·9%) 134 116(0·9%) 1·0000 

      Rash 53 49(0·8%) 47 42(0·7%) 100 91(0·7%) 0·5281 

      Fever 10 9(0·2%) 4 4(0·1%) 14 13(0·1%) 0·2666 

Unsolicited adverse reactions 6213 2284(36·8%) 6151 2215(35·8%) 12364 4499(36·3%) 0·2177 

    Tremor 10 10(0·2%) 1 1(0·0%) 11 11(0·1%) 0·0117 

    Complex local pain syndrome 2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 1·0000 

    Wheezing 2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 1·0000 

    Vaccination site pain 133 124(2·0%) 70 65(1·1%) 203 189(1·5%) <0·0001 

    Vaccination site redness 19 17(0·3%) 10 10(0·2%) 29 27(0·2%) 0·2473 

    Vaccination site swelling 16 15(0·2%) 6 6(0·1%) 22 21(0·2%) 0·0781 

    Oedema 14 14(0·2%) 6 6(0·1%) 20 20(0·2%) 0·1150 

    Vaccination site induration 18 17(0·3%) 3 3(0·1%) 21 20(0·2%) 0·0026 

    Vaccination site warmth 10 10(0·2%) 5 5(0·1%) 15 15(0·1%) 0·3015 
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Category 

Vaccine group 
(N=6202)   

Placebo group 
(N=6194)   

Total 
(N=12396)   P value 

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) No. of events No. of subjects 
(%) 

 

    Oedema peripheral 4 4(0·1%) 1 1(0·0%) 5 5(0·0%) 0·3749 

    Intestinal angina 5 5(0·1%) 3 3(0·1%) 8 8(0·1%) 0·7265 

    Paraesthesia oral 6 6(0·1%) 1 1(0·0%) 7 7(0·1%) 0·1249 

    Gastritis 4 4(0·1%) 2 2(0·0%) 6 6(0·1%) 0·6874 

    Abdominal pain lower 2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 1·0000 

    Gastroesophageal reflux 
disease 2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 1·0000 

    Muscular weakness 5 5(0·1%) 3 3(0·1%) 8 8(0·1%) 0·7265 

    Joint swelling 2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 1·0000 

    Ecchymosis 5 5(0·1%) 2 2(0·0%) 7 7(0·1%) 0·4530 

    Petechiae 2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 1·0000 

    Alopecia 2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 1·0000 

    Sinusitis 7 7(0·1%) 4 4(0·1%) 11 11(0·1%) 0·5486 

    Flushing 39 37(0·6%) 20 18(0·3%) 59 55(0·4%) 0·0142 

    Hyperaemia 13 13(0·2%) 10 8(0·1%) 23 21(0·2%) 0·3829 

    Hypoacusis 2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 1·0000 

    Photophobia 2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 1·0000 

    Anxiety disorder 5 4(0·1%) 2 2(0·0%) 7 6(0·1%) 0·6874 
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Category 

Vaccine group 
(N=6202)   

Placebo group 
(N=6194)   

Total 
(N=12396)   P value 

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) No. of events No. of subjects 
(%) 

 

    Tachycardia 7 7(0·1%) 4 4(0·1%) 11 11(0·1%) 0·5486 

    Palpitations 2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 1·0000 
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Table 3-3. Adverse reactions reported within 14 days after first dose vaccination 

Category 

Vaccine group  
(N=6196)   

Placebo group  
(N=6200) 

Total  
(N=12396)   

P value 

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) No. of events No. of subjects 
(%) 

Total adverse reactions  11658 4058(65·5%) 9964 3438(55·5%) 21622 7496(60·5%) <0·0001 

Local adverse reactions        

Vaccination site pain 2890 2750(44·4%) 1442 1387(22·4%) 4332 4137(33·4%) <0·0001 

Induration 90 88(1·4%) 35 34(0·6%) 125 122(1·0%) <0·0001 

Swelling  185 162(2·6%) 77 72(1·2%) 262 234(2·0%) <0·0001 

Redness 97 95(1·5%) 52 48(0·8%) 149 143(1·2%) <0·0001 

Pruritus  154 147(2·4%) 133 126(2·0%) 287 273(2·2%) 0·1993 

Warmth 6 6(0·1%) 2 2(0·0%) 8 8(0·1%) 0·1794 

Rash 5 4(0·1%) 2 2(0·0%) 7 6(0·1%) 0·4529 

Systemic adverse reactions        

    Fever  8 7(0·1%) 8 8(0·1%) 16 15(0·1%) 1·0000 

    Hypersensitivity 53 47(0·8%) 50 44(0·7%) 103 91(0·7%) 0·7537 

    Rash  42 36(0·6%) 32 30(0·5%) 74 66(0·5%) 0·4625 

    Diarrhea 502 451(7·3%) 512 454(7·3%) 1014 905(7·3%) 0·9450 

    Appetite impaired  208 188(3·0%) 231 213(3·4%) 439 401(3·2%) 0·2230 
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Category 

Vaccine group  
(N=6196)   

Placebo group  
(N=6200) 

Total  
(N=12396)   

P value 

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) No. of events No. of subjects 
(%) 

    Vomiting  48 47(0·8%) 51 49(0·8%) 99 96(0·8%) 0·9185 

    Nausea  464 423(6·8%) 521 445(7·2%) 985 868(7·0%) 0·4599 

    Myalgia 686 604(9·8%) 631 545(8·8%) 1317 1149(9·3%) 0·0677 

    Headache  2615 1944(31·4%) 2726 1996(32·2%) 5341 3940(31·8%) 0·3348 

    Cough  380 337(5·4%) 364 318(5·1%) 744 655(5·3%) 0·4458 

    Fatigue  1016 860(13·9%) 943 798(12·9%) 1959 1658(13·4%) 0·1018 

    Arthralgia 331 293(4·7%) 308 276(4·5%) 639 569(4·6%) 0·4659 

    Chills  274 252(4·1%) 285 266(4·3%) 559 518(4·2%) 0·5596 

    Pruritus 243 213(3·4%) 226 194(3·1%) 469 407(3·3%) 0·3387 

    Oedema 8 8(0·1%) 3 3(0·1%) 11 11(0·1%) 0·1457 

    Chest pain 7 7(0·1%) 4 4(0·1%) 11 11(0·1%) 0·3873 

Warm at the vaccination site  6 6(0·1%) 2 2(0·0%) 8 8(0·1%) 0·1794 

    Rash at the vaccination site  5 4(0·1%) 2 2(0·0%) 7 6(0·1%) 0·4529 

    Tremor 8 8(0·1%) 1 1(0·0%) 9 9(0·1%) 0·0214 

    Paraesthesia oral 5 5(0·1%) 1 1(0·0%) 6 6(0·1%) 0·1248 

    Lower abdominal pain 2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 0·6248 
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Category 

Vaccine group  
(N=6196)   

Placebo group  
(N=6200) 

Total  
(N=12396)   

P value 

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) No. of events No. of subjects 
(%) 

    Gastritis  2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 0·6248 

    Back pain 26 26(0·4%) 19 17(0·3%) 45 43(0·4%) 0·1733 

    Muscle spasms 4 4(0·1%) 2 2(0·0%) 6 6(0·1%) 0·4529 

    Muscular weakness 3 3(0·1%) 1 1(0·0%) 4 4(0·0%) 0·3748 

    Hyperhidrosis  12 12(0·2%) 7 7(0·1%) 19 19(0·2%) 0·2627 

    Ecchymosis 2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 0·6248 

    Alopecia 2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 0·6248 

    Oral herpes 16 16(0·3%) 10 9(0·2%) 26 25(0·2%) 0·1681 

    Rhinitis  5 5(0·1%) 3 3(0·1%) 8 8(0·1%) 0·5075 

    Conjunctivitis  4 4(0·1%) 2 2(0·0%) 6 6(0·1%) 0·4529 

    Sinusitis  4 4(0·1%) 1 1(0·0%) 5 5(0·0%) 0·2185 

    Amygdalitis  2 2(0·0%) 2 1(0·0%) 4 3(0·0%) 0·6248 

    Flushing 18 18(0·3%) 13 12(0·2%) 31 30(0·2%) 0·2803 

    Palpitation  2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 0·6248 
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Table 3-4. Adverse reactions reported within 28 days after second-dose vaccination 

Category 

Vaccine group 
(N=5453) 

Placebo group 
(N=5481) 

Total  
(N=10934) 

P value 

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) No. of events No. of subjects 
(%) 

Total adverse reactions 9481 3294(60·1%) 7329 2418(44·3%) 16810 5712(52·2%) <0·0001 

Local adverse reactions        

Vaccination site pain  2746 2520(46·0%) 1188 1079(19·8%) 3934 3599(32·9%) <0·0001 

Induration 180 174(3·2%) 40 39(0·7%) 220 213(2·0%) <0·0001 

Swelling 265 235(4·3%) 76 70(1·3%) 341 305(2·8%) <0·0001 

Redness 186 174(3·2%) 51 51(0·9%) 237 225(2·1%) <0·0001 

Pruritus 174 154(2·9%) 109 89(1·6%) 283 243(2·2%) <0·0001 
Sclerosis at the vaccination 

site  2 2(0·0%) 0 0(0·0%) 2 2(0·0%) 0·5000 

Epidermis exfoliation at the 
vaccination site 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

Pustules at the vaccination 
site 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

Systemic adverse reactions 
  

  
  

 

    Fever  3 3(0·1%) 4 4(0·1%) 7 7(0·1%) 0·7258 

    Hypersensitivity  37 32(0·6%) 43 37(0·7%) 80 69(0·6%) 0·5482 

    Rash  25 25(0·5%) 25 23(0·4%) 50 48(0·4%) 0·8852 

    Diarrhea  335 300(5·5%) 340 296(5·4%) 675 596(5·5%) 0·9329 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3822780

Preprint not peer re
vie

wed



 |  267O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

Category 

Vaccine group 
(N=5453) 

Placebo group 
(N=5481) 

Total  
(N=10934) 

P value 

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) No. of events No. of subjects 
(%) 

    Appetite impaired 126 110(2·0%) 143 131(2·4%) 269 241(2·2%) 0·1714 

    Vomiting 50 50(0·9%) 48 45(0·8%) 98 95(0·9%) 0·6805 

    Nausea  304 263(4·8%) 311 266(4·9%) 615 529(4·8%) 0·8586 

    Myalgia 526 439(8·0%) 478 403(7·4%) 1004 842(7·7%) 0·2365 

    Headache 1957 1354(24·7%) 1922 1317(24·2%) 3879 2671(24·4%) 0·5044 

    Cough 283 247(4·5%) 282 245(4·5%) 565 492(4·5%) 1·0000 

    Fatigue 593 496(9·1%) 636 538(9·9%) 1229 1034(9·5%) 0·1504 

    Arthralgia 229 187(3·4%) 202 178(3·3%) 431 365(3·3%) 0·6706 

    Chills  185 164(3·0%) 200 186(3·4%) 385 350(3·2%) 0·232 

    Pruritus 155 129(2·4%) 117 100(1·8%) 272 229(2·1%) 0·0615 

    Oedema 6 6(0·1%) 3 3(0·1%) 9 9(0·1%) 0·5076 
Complex local pain 

syndrome 2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 1·0000 

    Intestinal angina 3 3(0·1%) 1 1(0·0%) 4 4(0·0%) 0·6249 

    Gastritis  2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 1·0000 

    Pain in limb 29 25(0·5%) 18 15(0·3%) 47 40(0·4%) 0·1532 

    Neck pain  11 11(0·2%) 5 5(0·1%) 16 16(0·2%) 0·2098 
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Category 

Vaccine group 
(N=5453) 

Placebo group 
(N=5481) 

Total  
(N=10934) 

P value 

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) No. of events No. of subjects 
(%) 

Dyspnea  19 18(0·3%) 10 10(0·2%) 29 28(0·3%) 0·1844 

Rhinallergosis  8 8(0·2%) 5 5(0·1%) 13 13(0·1%) 0·5808 

    Erythema  36 35(0·6%) 25 23(0·4%) 61 58(0·5%) 0·1470 

    Ecchymosis 3 3(0·1%) 1 1(0·0%) 4 4(0·0%) 0·6249 

    Skin warm  2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 1·0000 

    Pharyngitis  2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 1·0000 

    Flushing 21 20(0·4%) 7 7(0·1%) 28 27(0·3%) 0·0190 

    Hyperaemia 6 6(0·1%) 5 4(0·1%) 11 10(0·1%) 0·7538 

    Eye irritation 4 4(0·1%) 3 2(0·0%) 7 6(0·1%) 0·6874 

    Anxiety disorder  5 4(0·1%) 1 1(0·0%) 6 5(0·1%) 0·3749 

    Tachycardia 5 5(0·1%) 2 2(0·0%) 7 7(0·1%) 0·4530 
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Table 3-5. Adverse events in subjects with concomitant diseases 

Concomitant disease 

Vaccine group Placebo group Total 

P value (N=3447)   (N=3478)   (N=6925)   

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) No. of events No. of subjects 
(%) 

Cardiovascular disease 2553 560/794(70·5%) 2083 480/771(62·3%) 4636 1040/1565(66·5%) 0·0006 
Diabetes 802 150/219(68·5%) 554 123/196(62·8%) 1356 273/415(65·8%) 0·2543 
Obesity 5147 1058/1388(76·2%) 4171 933/1401(66·6%) 9318 1991/2789(71·4%) <0·0001 
Chronic lung disease 7 4/5(80·0%) 2 1/4(25·0%) 9 5/9(55·6%) 0·2063 
Malignant disease 85 19/27(70·4%) 87 18/25(72·0%) 172 37/52(71·2%) 1·0000 
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Table 3-6. Adverse reactions in subjects with concomitant diseases 

Category 

Vaccine group 
 (N=3447)   

Placebo group 
 (N=3478) 

Total  
(N=6925) P value 

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) 
No. of 
events 

No. of subjects 
(%) 

Total adverse reactions 12974 2701(78·4%) 10961 2413(69·4%) 23935 5114(73·9%) <0·0001 

Solicited adverse reactions 9046 2562(74·3%) 6962 2176(62·6%) 16008 4738(68·4%) <0·0001 

  Local adverse reactions 3935 2134(61·9%) 1836 1235(35·5%) 5771 3369(48·7%) <0·0001 

   Vaccination site pain 3143 2096(60·8%) 1512 1156(33·2%) 4655 3252(47·0%) <0·0001 

   Swelling 277 225(6·5%) 96 84(2·4%) 373 309(4·5%) <0·0001 

   Redness 156 141(4·1%) 55 52(1·5%) 211 193(2·8%) <0·0001 

   Induration 162 147(4·3%) 43 38(1·1%) 205 185(2·7%) <0·0001 

   Vaccination site pruritus 197 163(4·7%) 130 113(3·3%) 327 276(4·0%) 0·0017 

  Systemic adverse reactions 5111 1764(51·2%) 5126 1761(50·6%) 10237 3525(50·9%) 0·6653 

   Headache 1813 1241(36·0%) 1927 1297(37·3%) 3740 2538(36·7%) 0·2725 

   Fatigue 784 620(18·0%) 752 588(16·9%) 1536 1208(17·5%) 0·2414 

   Myalgia 552 448(13·0%) 502 417(12·0%) 1054 865(12·5%) 0·2165 

   Nausea 343 294(8·5%) 410 337(9·7%) 753 631(9·1%) 0·0950 

   Diarrhea 370 312(9·1%) 352 306(8·8%) 722 618(8·9%) 0·7360 

   Arthralgia 270 225(6·5%) 255 221(6·4%) 525 446(6·4%) 0·7693 

   Pruritus 210 167(4·8%) 174 145(4·2%) 384 312(4·5%) 0·1829 
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Category 

Vaccine group 
 (N=3447)   

Placebo group 
 (N=3478) 

Total  
(N=6925) P value 

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) 
No. of 
events 

No. of subjects 
(%) 

   Cough 263 226(6·6%) 236 202(5·8%) 499 428(6·2%) 0·2121 

   Chills 233 197(5·7%) 216 189(5·4%) 449 386(5·6%) 0·6374 

   Appetite impaired 150 132(3·8%) 171 154(4·4%) 321 286(4·1%) 0·2271 

   Rash 31 28(0·8%) 36 32(0·9%) 67 60(0·9%) 0·6978 

   Hypersensitivity 47 41(1·2%) 50 40(1·2%) 97 81(1·2%) 0·9113 

   Vomiting 40 38(1·1%) 44 39(1·1%) 84 77(1·1%) 1·0000 

   Fever 5 5(0·2%) 1 1(0·0%) 6 6(0·1%) 0·1232 

Unsolicited adverse reactions 3928 1396(40·5%) 3999 1364(39·2%) 7927 2760(39·9%) 0·2802 
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Appendix 4 Serious Adverse Events 

Table 4. Serious Adverse Events by System Organ Class/Preferred Term 

SAE  

Vaccine group  
(N=6202)   

Placebo group  
(N=6194)   

Total  
(N=12396)   

P value 

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) No. of events No. of subjects 
(%) 

Overall SAE 34 33(0·5%) 33 31(0·5%) 67 64(0·5%) 0·9004 

  Infection and infestations 13 13(0·2%) 14 13(0·2%) 27 26(0·2%) 1·0000 

    COVID-19 2 2(0·0%) 9 9(0·2%) 11 11(0·1%) 0·0384 

    Appendicitis 5 5(0·1%) 1 1(0·0%) 6 6(0·1%) 0·2186 

    Pyelonephritis 2 2(0·0%) 2 2(0·0%) 4 4(0·0%) 1·0000 
    Severe acute respiratory 
syndrome (SARS) 0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 

    Vestibular neuronitis 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

    Urinary tract infection 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

    Diverticulitis 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

    Pelvic inflammatory disease 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

    Nasal abscess 0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 
  Injury, poisoning and 
procedural complications 4 4(0·1%) 5 5(0·1%) 9 9(0·1%) 0·7537 

    Road traffic accident 1 1(0·0%) 2 2(0·0%) 3 3(0·0%) 0·6247 

    Limb injury 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 
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SAE  

Vaccine group  
(N=6202)   

Placebo group  
(N=6194)   

Total  
(N=12396)   

P value 

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) No. of events No. of subjects 
(%) 

    Foot fracture 0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 

    Fall  1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

    Ankle fracture 0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 

    Fracture  0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 

    Sacroiliac fracture 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

  Psychiatric disorders  3 3(0·1%) 2 2(0·0%) 5 5(0·0%) 1·0000 

Suicidal ideation 2 2(0·0%) 0 0(0·0%) 2 2(0·0%) 0·5000 

    Bipolar disorder 0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 

    Suicide attempt 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

    Alcohol abuse 0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 
  Pregnancy, puerperium and 
perinatal conditions 1 1(0·0%) 3 3(0·1%) 4 4(0·0%) 0·3746 

    Abortion 1 1(0·0%) 2 2(0·0%) 3 3(0·0%) 0·6247 

    Foetal death 0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 
  General disorders and 
administration site conditions 3 3(0·1%) 0 0(0·0%) 3 3(0·0%) 0·2499 

    Systemic inflammatory 
response syndrome 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

    Death  1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 
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SAE  

Vaccine group  
(N=6202)   

Placebo group  
(N=6194)   

Total  
(N=12396)   

P value 

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) No. of events No. of subjects 
(%) 

    Chest pain  1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 
  Musculoskeletal and 
connective tissue disorders 2 2(0·0%) 1 1(0·0%) 3 3(0·0%) 1·0000 

    Arthralgia  0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 

    Intervertebral disc disorder 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

    Intervertebral disc protrusion 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 
  Respiratory, thoracic and 
mediastinal disorders 3 3(0·1%) 0 0(0·0%) 3 3(0·0%) 0·2499 

    Dyspnea  1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

    Asthma 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

    Acute pulmonary oedema 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

  Nervous system disorders 1 1(0·0%) 1 1(0·0%) 2 2(0·0%) 1·0000 

    Syncope  0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 

    Transient ischaemic attack 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

  Renal and urinary disorders 0 0(0·0%) 2 2(0·0%) 2 2(0·0%) 0·2497 

    Nephrolithiasis 0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 

    Obstructive nephropathy 0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 

  Gastrointestinal disorders 1 1(0·0%) 1 1(0·0%) 2 2(0·0%) 1·0000 
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SAE  

Vaccine group  
(N=6202)   

Placebo group  
(N=6194)   

Total  
(N=12396)   

P value 

No. of events No. of subjects 
(%) No. of events No. of subjects 

(%) No. of events No. of subjects 
(%) 

    Abdominal pain  0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 

Haemorrhoids thrombosed 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

  Vascular disorders 2 2(0·0%) 0 0(0·0%) 2 2(0·0%) 0·5000 

    Deep vein thrombosis 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

    Hypertension  1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 
  Metabolism and nutrition 
disorders 0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 

    Hypokalaemia 0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 

  Cardiac disorders 0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 

    Cardio-respiratory arrest 0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 
  Reproductive system and 
breast disorders 0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 

    Endometriosis 0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 
  Skin and subcutaneous tissue 
disorders 1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

    Rash  1 1(0·0%) 0 0(0·0%) 1 1(0·0%) 1·0000 

  Hepatobiliary disorders 0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 

    Cholelithiasis 0 0(0·0%) 1 1(0·0%) 1 1(0·0%) 0·4997 
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Appendix 5 Efficacy Analysis 

Table 5-1. Efficacy analysis by case definitions 

Case definition Total No. of cases 
Vaccine Placebo 

Vaccine Efficacy (95%CI) 
n/N(incidence density) n/N(incidence density per 

100 person-year) 

Case definition 1 253 85/4953(11·0) 168/4870(22·3) 50·7 (35·9, 62·0) 

Case definition 2 261 87/4953(11·1) 174/4870(22·8) 51·2(36·9, 62·3) 

Case definition 3 250 80/4953(10·4) 170/4870(22·7) 54·1 (40·1, 64·8) 

Case definition 4 243 79/4953(10·5) 164/4870(22·2) 53·0(38·6, 64·1) 
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Table 5-2. Efficacy analysis by follow-up time after first-dose vaccination 

Follow-up time (after 
first-dose vaccination) Total No. of cases 

Vaccine Placebo 
Vaccine Efficacy (95%CI) 

n/N(incidence density) n/N(incidence density per 
100 person-year) 

Within 14 days 63 32/6195(11·4) 31/6201(11·0) -3·3(-4·8, -1·9) 

Within 28 days 104 38/6195(5·7) 66/6201(9·8) 42·5(32·9,50·7) 

Within 42 days 158 48/6195(8·1) 110/6201(18·5) 56·5(49·6,62·5) 

Within 56 days 221 63/6195(7·6) 158/6201(19·1) 60·4(56·5,63·9) 

Within 70 days 274 86/6195(8·0) 188/6201(17·7) 54·7(53·2,56·1) 

Within 84 days 326 104/6195(8·2) 222/6201(17·7) 53·7(52·7,54·7) 

Within 98 days 357 116/6195(8·4) 241/6201(17·6) 52·5(51·9,53·1) 
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Table 5-3. Efficacy analysis by exposure history to SARS-CoV-2 

Exposure to SARS-
Cov-2 pre-vaccination Total No. of cases 

Vaccine Placebo 
Vaccine Efficacy (95%CI) 

n/N(incidence density) n/N(incidence density per 
100 person-year) 

Unexposed     

Score 2 and above 200 67/3637(13·3) 133/3587(26·8) 50·5(33·6, 63·1) 

Score 3 and above 27 2/3637(0·4) 25/3587(4·5) 92·1(66·7, 98·1) 

Score 4 and above 10 0/3637(0·0) 10/3587(1·8) 100·0(56·0, 100·0) 

Severe 6 0/3637(0·0) 6/3587(1·1) 100·0(16·3, 100·0) 

Exposed     

Score 2 and above 9 3/401(5·9) 6/408(11·7) 49·5(-101·8, 87·4) 

Score 3 and above 0 0/401(0·0) 0/408(0·0) NE 

Score 4 and above 0 0/401(0·0) 0/408(0·0) NE 

Severe 0 0/401(0·0) 0/408(0·0) NE 
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Appendix 6 PROFISCOV Study Group 

Instituto Butantan, São Paulo, SP, Brazil 

Clinical Trials and Pharmacovigilance Centre 

Ricardo Palacios, Mônica Tilli Reis Pessoa Conde, Roberta de Oliveira Piorelli, Elizabeth González Patiño, Hugo Alberto Brango García, Joane 
do Prado Santos, Rodrigo Piske Finotto, Ana Paula Batista, Camila Santos Nascimento Albuquerque, Flávia Marilia Cestari Magalhães, Carolina 
de Moura Albino, Rafaela Fernandes Silva, Paloma Bomfim, Luiz Henrique Moraes Caetano de Camargo, Mirian Nascimento 

Quality Control Laboratory 

Patrícia Dos Santos Carneiro Matheus Trovão de Queiroz, Rubia Galvão Claudio 

Development and Innovation Center 

Viviane Fongaro Botosso, Soraia Attie Calil Jorge, Fabyano Bruno Leal, Renato Mancini Astray 

Scientific Development Center 

Sandra Coccuzzo Sampaio Vessoni, Mauricio Cesar Ando, Guilherme Rabelo Coelho, Monique da Rocha Queiroz Lima 
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University of São Paulo 

School of Medicine. São Paulo, SP, Brazil 

Clinical Research Center II and Research Medical Laboratory – LIM 60, Department of Infectious and Parasitic Diseases, Clinicas Hospital  

Esper Kallás , Amanda Caroline Ribeiro Sales, Amanda Nazareth Lara, Angela Carvalho Freitas, Angela Naomi Atomiya, Bárbara Labella 
Henriques, Camila Rodrigues, Camila Sunaitis Donini, Danielle Rodrigues Alves, Elizabeth de Faria, Fábio De Rose Ghilardi, Joana Ramos 
Deheinzelin, Jorge Salomão Moreira, Juliana Ishimine da Silva, Karine Armond Bittencourt de Castro, Leon Capovilla, Livia Zignago Moreira 
dos Santos, Luara Teófilo Pignati, Luiz Gonzaga Francisco de Assis Barros D'Elia Zanella, Mariana Maria Rocha Santos de Souza, Marília 
Bordignon Antonio, Marjorie Marini Rapozo, Michel Silvio Duailibi, Natacha regina de Moraes Cerchiari, Patricia Rocha de Figueiredo, Pedro 
Henrique Fonseca Moreira de Figueiredo, Raphaella Goulart de Souza Vieira, Renata Pissuto Pinheiro, Ricardo de Paula Vasconcelos, Rosário 
Quiroga Ferrufino, Simone de Barros Tenore, Tatiana Fiscina de Santana, Zelinda Bartolomei Nakagawa, Elaine Cristina Bau, Lilian Ferrari, 
Denivalda da Silva Gomes Araújo, Gabriela de Castro Keller, Ketlin Kauane Cordeiro Santos, Rosângela Vitória  Soares Silva, Beatriz Sales 
Mourão, Taynan Ferreira Rocha, Carlota Miranda Paredes, Carolina Cardona Siqueira Lobo, Taís Vargas Freire Martins Lúcio, Athos 
Nascimento Souza, Elenn Soares Ferreira, Gabriel Lopes Borba, Neivaldo Fiorin, Thiago Evaristo Tavares Luzzi, Denise Sales Mourão, Ederson 
Santo Xavier, Nailson de Jesus Ramos das Virgens, Thiago Antonio do Nascimento, Bruna Samanta da Silva Moreira, Karine Milani da Silva 
Dias, Leandro Concolato Miranda, Mary Helen Oliveira Morais, Priscilla Almeida Souza, Rayana Silva Paes, Geovanna Guarnier Cardin Farias, 
Gustavo Coutinho Rezende, Rosimeire Aparecida da Silva Zabotto, Verônica dos Anjos Souza da Silva, Ana Paula da Silva Barros, Clemildes 
Vieira de Almeida, Gislayne Aparecida de Lima Marcelino, Jéssica Aparecida Soares, Josélia Bezerra dos Santos, Márcia Alves de São Pedro, 
Maria Esmelindra Monteiro de Moraes, Helena Tomoko Iwashita Tomiyama, Alberto Hiroyuki Tomiyama, Aline Tatiane Lumertz dos Anjos, 
Andrea Niquirilo, Claudia Satiko Tomiyama, Elisabeth Alves Pereira, Eric Silvestre, Maria Angelica Alcalá Neves, Raissa Reis Silva, Yasmine 
Perez Levy Ribeiro, Maria Cândida de Souza Dantas, Issler Moraes da Silva,Renan Fernandes Carvalho 

Institute of Tropical Medicine (IMT-SP) 

Ester Cerdeira Sabino, Maria Cássia Mendes Correa, Anderson de Paula, Tania Regina Tozetto Mendoza, Mariana Severo, Jaqueline Goes de 
Jesus, Flávia Sales, Erika Manuli, Darlan da Silva Cândido, Ingra Morales 
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Laboratory of Clinical and Molecular Virology, Department of Microbiology, Institute of Biomedical Science. São Paulo, SP, Brazil 

Edison Luiz Durigon, Danielle Bruna Leal de Oliveira, Erika Donizette Candido, Guilherme Pereira Scagion 

Department of Internal Medicine, Ribeirão Preto Medical School, Ribeirão Preto, SP, Brazil 

Eduardo Barbosa Coelho, Silvia Caroline Santana Moura Carvalho, Bárbara Cristina Santana Mello, Fábio André Dias, Marina Silva Campos, 
Juliana Rezende, Marilda Aparecida Ribas, Soraya Regina Abu Jamra, Daniela Aparecida Lorencini, Simone Aparecida Mattos Garcia, Onildo 
Passafaro, Ariane Teixeira Vicente, Diogo Henrique Martins, Ana Carolina Conchon Costa, Fabiana Alves Rodrigues Druzili, Carolina Leite 
Freitas, Luciana Mara Cangemi, Aila Mabla Azarias de Castro, Diego Lorencini, Leila Cristina Franco dos Santos, Janaina de Andrade Pereira, 
Taiz Francine Brasil da Silva, Ramaiane Aparecida Pugnolli, Ana Rayza Palaretti, Ana Claudia Aparecida Rodrigues, Camila Pereira, Jessica 
Merighe Godoi, José Fernando Aguiar, Nathalia Ziegler Oliveira, Ana Carolina Andrade Emerenciano, Barbara Marques Coutinho, Andrea 
Moreira de Freitas, Fernanda Munari Meneguim, Bianca Rizzotto Ferreira, Luan Lucas Reis da Costa, Gabriel Bazo, Fabio da Veiga Ued, 
Tatiane de Paula Rosa, Daiana Cristina Lorencini Aguiar, Gabriela Gimenes Faustino Ilana, Amanda Hereman Malavasi, Mayara Gomes Brito, 
Lucas Braz Barbosa Coelho 

Emilio Ribas Institute of Infectious Diseases, São Paulo, SP, Brazil 

Luiz Carlos Pereira Junior, Ana Paula Rocha Veiga, Guilherme Assis dos Anjos, Alexandre de Almeida, Najara Ataide de Lima Nascimento, 
Diogenes Coelho Junior, Gabriela Prandi Caetano, Ana Carla Carvalho de Mello e Silva, Rafael Affini Martins, Natália Mercedes Cabral Amdi, 
Cinthya Mayumi Ozawa, Magna Magalhaes Siva, Anna Karina Queiroz Mostachio, Katia Sayama Tsutui, Ana Paula Augusto dos Santos, 
Alessandra Moreti dos Santos, Marcia Aparecida dos Santos Gouveia, Lilian Mathias Moreira, Léia Dias Barbosa, Margarete Rodrigues de 
Carvalho, Mirian Ishi, Mariana Takahashi Ferreira Costa, Nelson Alberto Freitas Guanez, Odijoselia Ferreira de Sá, Virginia Barbosa Leite, 
Luciana Elizabete Cunha, Ivan Máximo da Silva, Vinicius Silva Araújo, Marian Romero Soares Rodrigues, Adriano Samoel Batista de Souza 
Nascimento, Marco Aurélio Conceição, Catia Dionisio dos Santos, Luciana Aparecida Pereira, Alessandra de Fatima Margarida, Debora Carla 
dos Santos, Andréia Aparecida Hermann, Ana Kesia de Souza Lima, Nailda Dantas Nunes Leal, Sergio Luiz de Lara Campos, Mariane Pereira, 
Caroline Franco Zanotti, Paloma Martins Vieira, Paloma Priscila Rocha Aronca, Denis Jose Fumagali, Alpetras Martins Maciel, Thais Monteiro 
Nunes Pereira, Milton Tadeu da Silva, Bruno Tenório de Oliveira, Maria Elena Ana Correa da Silva, Margarete Leme, Mercia Rocha Moreira, 
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Silvia Garcia, Vlaudeflide dos Santos, Maria Elizabete Mendes Alves dos Santos, Bianca Carolina Ferreira, Sonia Silva Ferreira, Leticia Kadiri 
da Silva, Neide Aparecida Leite dos Santos, Fernanda Lima Arruda, Vilma Aparecida Adami, Claudia Solange da Silva 

Faculdade de Medicina de São José do Rio Preto (FAMERP), São José de Rio Preto, SP, Brazil 

Mauricio Lacerda Nogueira, Cassia Fernanda Estofolete, Karen Sanmartin Rogovsky, Samuel Noah Scamardi, Camilo Alberto Correa de 
Vasconcellos Dias, Altaís Helena Camargos Robles, Ingrid Emily Alencar Bento, Bruna Basaglia, Elis Regina da Silva Ferreira, Danatielle 
Mega Ferreira, Eliane Aparecida Fávaro Pereira, Ana Maria Dias de Sousa Marconi, Talita Garcia Lopes Viçoso, Bethania Cirqueira de Oliveira, 
Hellen Carla Padovani, Theo Rodrigues da Silva, Elissandra Josepha Eugenia Machado Batista, Francielli Regini Carvalho de Faria, Carla 
Gabriela de Lima Mattos, Kamilla Amaral David Rocha, Rafael Alves da Silva, Bárbara Boreli Almeida, Marini Lino Brancini, Solange de 
Fátima Vargas Scaranaro, Marilia Mazzi Moraes, Lorena Fernanda da Silva, Debora Rodrigues de Brito, Victor Miranda Hernandes, Sonia 
Aparecida Miranda, Debora Rodrigues de Brito, Andresa Lopes dos Santos, Henrique Munhoz Moya Gimenes, Silvio Orlando Isso, Perpetua 
Pereira Dias Fernandes, Eduarda Veronezi Claro, Raphaely Rodrigues Obara, Erica Seixas Floriano, Gislaine Celestino Dutra da Silva 

School of Medical Science and Hospital of Clinics, State University of Campinas – UNICAMP, Campinas, SP, Brazil 

Francisco Hideo Aoki, Mariangela Resende, Adriane Maira Delicio Abati, Paulo Afonso Martins Abati, Diego Cassola Pronunciato, Alisson 
Aliel Vigano Pugliesi, Letícia Pisoni Zanaga, Eduardo Hiroshi Tikazawa, Marcelo Gustavo Lopes, Giovana Cury Queiroz, Anna Kim, Maria 
Helena Pavan, Alex Bento de Carvalho, Ehideé Isabel Gómez La-Rotta, Fernanda Sucasas Frison, Edite Kazue Taninaga, Inajara de Cassia 
Guerreiro, Leila Tassia Pagamicce, Cleusa Gimenes dos Santos, Sofia Domingues Barthman, Maria Silvia Kroll, Elisangela Aparecida Ramos 
Domingos, Rosilene Balbina de Souza, Liene Gomes Magossi, Hamilton Bertan, Lara Paro Dias, Mayra Carvalho Ribeiro, Mariane Galvão 
Roberto Tavares, Mariana Vieira Morau, Rafael Nishimoto, João Kleber Novais Pereira, Regina Helena Dahas de Carvalho, Kely Carolyne 
Alves de Sousa, Nanci Michele Saita, Maria Valéria de Omena AThyde, Cristina Medeiros da Silva Aguilar, Valéria Galdino, Robson Pereira da 
Silva, Luisa Lazarini Rubio, Elisandra Valéria Negrison Calixto, Manoel Vicente Carminitti Feiteiro, Vagner Oliveira Duarte, Ronald Jorge 
Menghini dos Santos, Rosangela Aparecida dos Santos, Eliana Ferreira Paes, Ingrid Rocha Franco de Lima, Edilene Menezes Sabino, Marcos 
Roberto Guimarães, Karina Dias Teixeira Vieira, Diogo Rodrigues Machado, Maxlei Silveira Marini, Graciela Amaral, Fabio Augusto 
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Cavaglieri Feiteiro, Elaine Cristina Paixão de Oliveira, Talita Lobato de Souza, Vanessa Alcântara de Carvalho, Edjane de Oliveira Marinho 
Feiteiro, Victor Rodrigues Olivato, Letícia Pinheiro de Mattos, Francisca Pontes Santinoni, Jessica do Nascimento, Mariana de Campos, Natalie 
de Oliveira Alves 

Universidade Municipal de São Caetano do Sul, São Caetano do Sul, SP, Brazil 

Fabio Eudes Leal, Aline Lopes de Almeida, Maria Laura Mariano de Matos, Letícia Cleto Duarte Sugiyama, Gabriela Mora Santos, Cristiane 
Alves da Silva Ferraz, Caroline Machado Nunes, Leticia Reis Lopes, Amarilys Luiza Druziani, Marine Antunes Pires, Gabriela Júlio Fernandes 
Viana, Fernanda de Almeida Euclides, Sônia Yoo Im, Suzane Pereira da Silva, Claudia Cristina Ferreira Ramos, Carolina de Oliveira Silva, 
Giovana Ferreira Pinheiro, Isabelle Moiano Roseira Galo, Carina Vitória Paradas Dias, Livia Mirella Mengar, Nicole Gallone Rizzo, Renata 
Nunes Achar Fuji, Andrea de Barros Coscelli Ferraz, Michelle Cirilo, Andreia Inacio Avelino, Vanessa Vieira Hornink, Cristina Antonia de 
Jesus Catalã, Selma Arnold da Silva, Erika Regina Manuli, Milena Borges, Eric Boragan Gugliano, Milena Pereira Canavesi Caetano, Yara 
Chinaglia, Fernando Monteiro de Sá Luiz, Raquel da Silva Terezam, Giselia Sabino Cruz, Luma Ramirez de Carvalho, Ranilson José da Silva, 
Edvaldo Alves, Giovana Lourenço Munhoz, Luiza Caroline Rinaldi, Carla Cristina Munhoz, Maria José Barzan, Stella Maris Pereira Sobrinho 
Rodrigues, Bárbara Suéllen Guimarães Marin Ferreira, Tainaira da Silva Gramalio, Carla Andrea Ciarineli, Bruna Fornazieri Piotto, Kimberley 
Yaunde da Silva Matos 

Instituto Israelita de Ensino e Pesquisa Albert Einstein, São Paulo, SP, Brazil 

Luis Fernando Aranha Camargo, Carolina Devite Bittante, Telma Priscila Lovizio Raduan, Mariana Silva Soares, Maria Clara Pimentel Lopes, 
João roberto Resende Fernandes, Kamilla Ferreira de Moraes, Ariane Teixeira Vicente, Ericka Constantinov Oliveira, Aleksandra Cristina 
Mussi, Cristiane Okada, Bruna Camargo Gonçalves, Roberta Carolina Haddad, Caroline dos Reis Pedroso, Mariza Kogake Nocamatsu, Elke 
Ferreira Salim, Tarsila Gomes Feijão de Oliveira, Elaine de Jesus Santos, Bruna Camargo Gonçalves, Daniela Regina Gusmão Ferreira, Luciane 
dos Santos Vieira Alves, Hannah Maureen Garcia Mota, Mariana Gabriela Rodrigues, Gisele Alves Pinheiro, Luiza Blumer Ribeiro, Isabel 
Cristina dos Santos, Regiane Mendes Brandão, Ariana Silva de Lima Teixeira, José Carlos da Silva, Rosana Soares Gomes, Fernanda Oliveira 
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1.18. Butantan’s vaccine has global efficacy superior to 
the one demanded by WHO

The Instituto Butantan and the 
Government of São Paulo said that 
CoronaVac had 50,38% of global efficacy 
in the clinical trial developed in Brazil, 
and the protection of 78% in mild cases 
and 100% in moderate and severe cases 
of Covid-19. All the indexes are superior to 
the baseline of 50% demanded by WHO 
(World Health Organization).

The results were submitted to an 
independent international committee 
and are already with Anvisa (National 
Health Surveillance Agency), that is 
analyzing the request of emergency use 
of the vaccine in Brazil. The research 
involved 16 scientific research centers in 
7 states and in the Federal District. The 
double blinded test had 12,5 thousand 
healthcare workers as volunteers.

“It is an excellent vaccine waiting to 
be used in a country where around one 
thousand people are dying each day. 
We hope the authorities understand the 
urgency of the moment and help our 
population receive the vaccines as fast 

as possible”, said the President of Instituto 
Butantan, Dimas Covas.

“These results are extremely important 
for public health, and can prevent people 
from getting sick and overloading the 
hospitals. It’s our chance to avoid people 
from dying”, said the State Secretary of 
Health, Jean Gorinchteyn. “We have a 
vaccine that was tested in real life, in the 
middle of a pandemic and on those that 
were the most exposed”, concluded him.

The study verified that from a sample 
of 9,2 thousand participants, 85 of 
the very mild cases were from people 
that received the vaccine, and 167 of 
volunteers that received placebo.

The results of efficacy in the moderate 
cases, classified as score 3, in patients 
that needed to receive some sort of 
assistance, was 77,96%. Only seven 
vaccinated people had the moderate 
disease, against 31 of the placebo group.

For the severe cases that required 



290 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA

hospitalization, the efficacy was 100%. 
None of the infected patients that 
received the vaccine from Butantan 
needed hospitalization. Among those 
that received placebo, there were seven 
patients that needed to be hospitalized.

All the volunteers are healthcare workers, 
with a high and continuous risk of being 
exposed to the coronavirus. They received 
two doses of the vaccine, with a gap of 
two weeks between the application. The 
research also demonstrated that the 
vaccine is extremely safe - no severe 
adverse reactions were reported by  
the participants.

The vaccine is developed by Butantan 
in an international partnership with the 
biopharmaceutical Sinovac Biotech, in 
Beijing, China. The product is based on 
the inactivation of SARS-CoV-2 to induce 
the immunological human system to 

react against the virus. The technology is 
similar to other vaccines widely produced 
by the institute in São Paulo.

In November 2020, the Lancet journal, 
one of the most relevant in the world, 
published the results of safety of the 
vaccine from Butantan in phases 1 and 2, 
conducted in China, with 744 volunteers. 
The article showed that the product is 
safe and capable of inducing immune 
response in 97% of the cases until 28 days 
after the application.

Published on: 01/14/2021
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1.19. Studies confirm the safety of the coronavirus vaccine 
developed in partnership with Butantan

Published on : 08/10/2020

CoronaVac vaccine, developed in 
partnership with Instituto Butantan, 
proved to be safe and with a good 
immunogenicity index. The finding 
is from a study published by the 
Chinese pharmaceutical company 
Sinovac Life Science. The research 
analyzed the behavior of 600 
volunteers vaccinated in China 
during phase 2 of clinical trials.

Each volunteer received two doses, 
with half of the participants taking 
the vaccine itself and the other 
half taking a placebo. According 
to the results of the studies, there 
is no concern about the safety of 
the vaccine used in the volunteers. 
Among the main adverse reactions is 
the mild pain at the application site.

The vaccine developed by Sinovac 
Life Science is one of the most 
promising in the world because it 
uses technology already known and 
widely applied in other vaccines. 
Instituto Butantan estimates that 
its incorporation into the health 
system should occur more easily.

The Asian laboratory has already 
conducted tests in about a thousand 
volunteers in China, in phases 1 
and 2. Previously, the experimental 
model applied in monkeys showed 
expressive results in terms of immune 
response against SARS-CoV-2.

The pharmaceutical company 
provided Butantan with the vaccine 
doses to conduct phase 3 clinical 
trials in volunteers in Brazil, aiming to 
demonstrate its efficacy and safety.

If the vaccine is approved, 
technology will be transferred 
for scale-up production and free 
delivery by SUS. The next steps 
will be the registration of the 
immunizer by Anvisa (National 
Health Surveillance Agency) and 
distribution throughout Brazil.
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It fights 
coronavirus variants2.

2.1. CoronaVac boosts immunity against variants of those 
who already had Covid-19, Chinese study shows

A paper published in the journal 
Emerging Microbes and Infections 
showed that, in unvaccinated 
individuals who had recovered 
from Covid-19 for 12 months, 
immunization with CoronaVac 
induced an increase in antibody 
levels and high neutralizing activity 
against the delta, alpha and beta 
variants of the SARS-CoV-2 virus. 
The study was published earlier 
this month and was conducted by 
scientists at the Clinical Research 
Center for Infectious Diseases, 
Shenzhen, China. 

The study included 22 convalescent 
Covid-19 patients who received 
an inactivated virus vaccine one 
year after recovery, with 13 taking 
CoronaVac. They were followed during 
three phases: (a) one month after 
infection, (b) one year after recovery, 
before vaccination, and (c) two weeks 
to three months after immunization. 

The researchers assessed the 
duration of immunity acquired by 
the infection and vaccine efficacy. 
After 12 months of recovery, the 

volunteers’ IgG antibody level had 
dropped by 23.7%, and the virus’ 
neutralizing ability was also reduced, 
especially against variants. 

With CoronaVac, there was a 
fourfold increase in IgG antibodies, 
reaching levels similar to those seen 
one month after infection. Moreover, 
neutralizing activity against the 
original strain and its variants 
increased from seven to 17-fold. 

“These results showed that the 
levels of broadly nAbs were 
significantly decreased in the 
convalescent individuals after one 
year since they recovered from 
COVID-19, suggesting the high risk 
of reinfection of various emerging 
variants. The vaccination with 
inactivated vaccine potentially 
improved the plasma neutralizing 
activities against the WT SARS-
CoV-2 and variants, which could 
even last for 3 months post 
vaccination,” the authors stated.

Published on: 03/03/2022
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Since the outbreak of the coronavirus disease 2019 
(COVID-19) in December 2019 [1], the continuously 
emerging severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) variants have been identified 
and reported in different regions and countries world-
wide, such as Alpha (B.1.1.7), Beta (B.1.351), Gamma 
(P.1), Delta (B.1.617.2), Omicron (B.1.1.529), Kappa 
(B.1.617.1), Eta (B.1.525), and Iota (B.1.526) [2,3]. 
SARS-CoV-2 variants have contributed to several 
waves of the COVID-19 pandemic, whose transmissi-
bility and infectivity are much higher than the original 
wild-type (WT) virus. More seriously, these variants 
largely escaped the neutralization by convalescent 
and vaccine-elicited plasma and monoclonal neutra-
lizing antibodies (nAbs), greatly hindering the devel-
opment of effective measures to prevent and control 
the virus infection.

Vaccination has long been a crucial measure to pro-
tect human against the infection of pathogens and can 
establish solid immune barriers in populations. Cur-
rently, various kinds of SARS-CoV-2 vaccines includ-
ing inactivated vaccine (Sinopharm, Sinovac), DNA 
vaccine (Inovio), mRNA vaccine (Pfizer/BioNTech, 
Moderna), adenovirus vector vaccine (AstraZeneca/ 
Oxford, Johnson & Johnson, Cansino), and protein 
vaccine (Novavax, Zhifei), showed good efficacy and 
therefore were adopted by various countries for popu-
lation immunization [4–7]. For the individuals pre-
viously infected with SARS-CoV-2, it is debated 
whether they should be vaccinated or not. Indeed, 
the natural virus infection could induce robust anti-
body responses in COVID-19 patients which could 
be maintained after 7 months since the symptom 

onset [8]. However, the neutralizing activities of the 
convalescent plasma were gradually decreased, 
especially after one year of recovery [9], suggesting a 
risk of re-infection of SARS-CoV-2 variants.

Indeed, several studies have reported that break-
through infections occurred in some vaccine recipi-
ents, indicating that there is a strong correlation 
between the immune protection and the value of 
nAbs [10]. Therefore, it is very important to monitor 
the longitudinal dynamics of plasma nAbs against 
the emerging SARS-CoV-2 variants continuously. 
The antibody responses to the mRNA and viral vector 
vaccines have been evaluated in individuals who pre-
viously infected with SARS-CoV-2 [11]. It is found 
that the high levels of nAbs against both the WT 
virus and variants were initialized by one or two 
doses of vaccines [12]. However, the antibody 
response to SARS-CoV-2 variants boosted by the inac-
tivated vaccine in convalescent individuals is still 
unknown and the level of enhancement and the 
broad spectrum in neutralizing activity remain elusive.

In this study, we monitored the longitudinal 
dynamics of plasma IgG, IgA, and IgM binding to 
the SARS-CoV-2 WT receptor binding domain 
(RBD) in 22 of convalescent COVID-19 individuals 
who received at least one dose of inactivated vaccine 
(Figure S1A, Table S1). The levels of RBD-specific 
antibodies gradually declined with time over. Then 
we evaluated the changes of plasma antibodies after 
the inoculation of the inactivated vaccine. The fol-
low-up period was divided into three phases including 
the early stage of recovery (median time: one month), 
late stage of recovery (median time: one year, i.e. 
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before vaccination), and post vaccination (Figure 
S1B). The geometric mean values of RBD-specific 
IgG, IgA, and IgM decreased to 23.7%, 34.4%, and 
29.1%, respectively in the late stage of recovery (Figure 
S1C). After the vaccination with inactivated vaccine, 
the levels of IgG had 3.9-fold increase as compared 
with those before vaccination, and reached the similar 
levels with those in the early stage of recovery. By con-
trast, the boosted vaccination failed to induce a recal-
ling IgA or IgM response, suggesting that virus- 
specific IgG may play a more important role in the 
long-term antibody protection.

To further evaluate the neutralizing activities of 
plasma against SARS-CoV-2 variants, we constructed 
seven kinds of pseudoviruses based on the HIV-1 
backbone, including WT (Wuhan reference strain), 
Alpha, Beta, Delta, Kappa, Eta, and Iota variants 
(Figure S2), and then performed the pseudovirus-neu-
tralization assay. The diverse mutations in the region 
of spike protein contributed to their distinct neutraliz-
ing resistance. As shown in Figure 1(a), Figure S3, and 
Table S2, although the convalescent plasma showed 
effective neutralizing activities in the early stage of 
recovery, their geometric mean titers (GMTs) of 

Figure 1. Neutralizing activities against WT SARS-CoV-2 and variants in convalescent individuals received the inactivated vaccine. 
(a) Plasma neutralizing activities against each SARS-CoV-2 strain in three follow-up time points were measured and shown in the 
values of 50% inhibition dilution (ID50). (b) The broad spectrum of plasma nAbs in three follow-up time points. The GMT of nAbs 
against each variant was compared to that against WT, respectively. The positive rates of nAbs were marked at the bottom of each 
column. (c) The durability of broadly nAbs post the boosted vaccination. Paired plasma samples were collected from five individ-
uals at Week 2 (n = 4) or Week 4 (n = 1) and Month 3 post vaccination and then tested the neutralizing activities against WT SARS- 
CoV-2 and variants. “-” represents decreased neutralization activity, “+” represents increased neutralization activity. The paired t 
test is performed here. “****” means P < .0001, “***” means P < .001, “**” means P < .01, “*” means P < .05, “ns” means not sig-
nificant. The GMT, fold-change, and significance of difference were labeled on the top. The limit of detection was 1:20 dilution. The 
data below the limit was set to 20 for visualization.
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nAbs were largely decreased in the late stage of recov-
ery, especially against various SARS-CoV-2 variants. 
After the boosted vaccination with inactivated vaccine, 
the neutralizing activities of plasma against the WT 
and six mutated viruses we tested were significantly 
increased 6.9-fold to 17.3-fold as compared with 
those before vaccination, whose levels were compati-
ble to those in the early stage of recovery.

To better evaluate the broadness of plasma nAbs 
in different stages of follow-up, we rearranged these 
neutralization results by different time periods to 
directly compare their neutralizing values against 
SARS-CoV-2 variants. As shown in Figure 1(b), the 
plasma collected in the early stage of recovery had 
high levels of nAbs against both WT SARS-CoV-2 
and variants, whose GMTs ranged from 176 to 630 
and neutralizing antibody positive rates were 100% 
in all seven tested viruses. Along with the time 
over, the levels of nAbs were significantly decreased 
after one year. Especially, most of plasma samples 
lost their neutralizing activities against SARS-CoV- 
2 variants, and the positive rates of nAbs had also 
been dropped to 9.1% to 77.3%. Among them, a 
total of 22 individuals accepted at least one dose of 
inactivated vaccine and contributed their blood 
samples. The levels of nAbs were remarkably 
increased as compared with those before vaccination 
and rapidly raised to the similar levels in the early 
stage of recovery. Meanwhile, the positive rates of 
nAbs against SARS-CoV-2 variants were also 
increased to 90.9% to 100%. Thus, we clearly demon-
strated that the vaccination with inactivated vaccine 
rapidly enhanced the neutralizing activities against 
the SARS-CoV-2 variants in individuals who have 
recovered from COVID-19 up to one year.

Finally, we also explored the durability of neutraliz-
ing antibody response elicited by the boosted vacci-
nation in these convalescent individuals. We have 
obtained serial plasma samples from five individuals 
(donor 2, 11, 16, 19 and 20) at Week 2 or Week 4 
and Month 3 post vaccination. As shown in Figure 1 
(c) and Figure S4, the levels of nAbs were slightly 
decreased with time, but dropped more obviously 
against the variants including Delta, Kappa, Eta, and 
Beta. These results suggested that it is very important 
to monitor the levels of nAbs against the emerging 
SARS-CoV-2 variants in the convalescent COVID-19 
individuals.

Compared with several previous studies, the results 
described here were rational and novel. Xiang et al 
detected the levels of nAbs against Beta variant in con-
valescent patients one year after infection, and found 
that those individuals who effectively neutralized the 
WT virus displayed limited neutralizing activities 
against Beta variant (diminished to 22.6%) [13]. Fur-
thermore, Li et al detected the RBD-specific antibody 
responses in 1782 plasma samples from 869 

convalescent donors after 12 months post infection 
in Wuhan, China, and found that the levels of plasma 
IgG and nAbs significantly declined with time [9]. 
Combined with our study, these results emphasized 
the risk of reinfection with SARS-CoV-2 variants in 
convalescent COVID-19 individuals recovered more 
than one year. Since the different vaccines have diverse 
immunogenicity, the effectiveness of all being applied 
SARS-CoV-2 vaccines should be comprehensively 
evaluated. Lucas et al had analyzed the immune 
response to SARS-CoV-2 in the cohorts of previously 
infected (recovered) or uninfected (naive) individuals 
who received the mRNA vaccine. The results showed 
that individuals in both groups obtained neutraliz-
ation capacity against all tested variants. Moreover, 
plasma samples from previously infected individuals 
exhibited better neutralizing activities than those 
from uninfected donors generally. After the vacci-
nation with mRNA vaccine, the high levels of nAbs 
could persist about 4–6 months, and were then 
reduced over time because of the waning immunity 
[14]. In addition, similar immune responses were 
also observed in the population who previously 
infected with SARS-CoV-2 and then received one 
dose of Ad26.COV2.S vaccine or the replicating pox-
virus vector-based RBD vaccine, suggesting that the 
boosted vaccination could bring a solid immune pro-
tection to the convalescent individuals. However, it 
lacks the report about the antibody responses in con-
valescent individuals after the boosted vaccination 
with the inactivated vaccine. Our results here demon-
strated that the vaccination with inactivated vaccine 
was also effective in enhancing the levels of nAbs in 
convalescent individuals, especially against the emer-
ging SARS-CoV-2 variants. Importantly, according 
to a recent research report, the titers of nAbs were 
positive correlation with immune efficacy against 
COVID-19. The vaccinators with ID50 values of 10, 
100, and 1000 owned 78%, 91%, and 96% immune 
efficacy, respectively, after 4 weeks inoculated with 
mRNA vaccine [15], suggesting that the convalescent 
patients obtained high immune efficacy in the early 
stage of recovery and post the vaccination with inacti-
vated vaccine in this study.

In conclusion, we evaluated the plasma neutraliz-
ation against various SARS-CoV-2 variants in the con-
valescent individuals who received the inactivated 
vaccine. These results showed that the levels of broadly 
nAbs were significantly decreased in the convalescent 
individuals after one year since they recovered from 
COVID-19, suggesting the high risk of reinfection of 
various emerging variants. The vaccination with inac-
tivated vaccine potentially improved the plasma neu-
tralizing activities against the WT SARS-CoV-2 and 
variants, which could even last for 3 months post vac-
cination. This study for the first time demonstrated 
that the inactivated vaccine potentially induced the 
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neutralizing activity against the emerging SARS-CoV- 
2 variants in the convalescent individuals, which could 
minimize the risk of breakthrough infections in future.
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2.2. CoronaVac booster dose is effective against omicron,  
Chilean study finds

A phase 3 clinical study published 
on the MedRxiv platform showed 
that the third dose of CoronaVac, 
a vaccine from Butantan and 
Sinovac, significantly increases T 
cell response and the amount of 
neutralizing antibodies capable 
of recognizing the omicron and 
delta variants of SARS-CoV-2. The 
research was coordinated by the 
Pontifical Catholic University of 
Chile and the Millennium Institute on 
Immunology and Immunotherapy, 
which had already released 
preliminary results of the study in 
December 2021.

The researchers included 186 
volunteers in the study who received 
a booster dose of the Butantan 
vaccine six to eight months after 
the second dose. During this period, 
the level of neutralizing antibodies, 
which was at 124.8 GMU (geometric 
mean units) one month after the 
second dose, was reduced to 39 
GMU – a factor also observed in 
other vaccines, justifying the need 
for a booster. 

With the third dose of CoronaVac, 
neutralizing antibodies jumped to 
499 GMU, a 12-fold increase. By 
analyzing the neutralizing ability 
against omicron and delta in 30 
of the volunteers, the scientists 

identified neutralizing antibody 
mean titer of 50.7 against omicron 
and 159.2 against delta, and the 
seropositivity rate (antibody 
production) was 76.7% and  
93%, respectively.

Cellular immune response, more 
specifically CD4+ T cell activity, was 
assessed in 40 of the participants. 
“We observed that CD4+ T cell 
activation was increased twenty 
weeks after the second dose as 
compared to the other time points 
in both age groups, suggesting that 
CoronaVac can stimulate CD4+ T 
cell responses that are sustained 
over time,” the study authors state. 
T cells also showed a good response 
to omicron and delta, similar to the 
response against the original strain 
of SARS-CoV-2.

In an analysis released in October 
2021 by the Chilean Ministry of 
Health, the vaccine’s protection 
against Covid-19 hospitalizations 
in the country increased from 84% 
to 88% after the booster dose. 
Other studies have shown that the 
CoronaVac booster dose boosts 
immune response, including against 
coronavirus variants.

Published on: 02/07/2022
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Abstract 42 

Background: CoronaVac® is an inactivated SARS-CoV-2 vaccine approved by the 43 

World Health Organization. Previous studies reported increased levels of 44 

neutralizing antibodies and specific T cells two- and four-weeks after two doses of 45 

CoronaVac®, but the levels of neutralizing antibodies are reduced at six to eight 46 

months after two doses. Here we report the effect of a booster dose of CoronaVac® 47 

on the anti-SARS-CoV-2 immune response generated against variants of concern 48 

(VOC) Delta and Omicron in adults participating in a phase 3 clinical trial in Chile.  49 

Methods: Volunteers immunized with two doses of CoronaVac® in a four-week 50 

interval received a booster dose of the same vaccine between twenty-four and 51 

thirty weeks after the 2nd dose. Four weeks after the booster dose, neutralizing 52 

antibodies and T cell responses were measured. Neutralization capacities and T 53 

cell activation against VOC Delta and Omicron were detected at four weeks after 54 

the booster dose. Findings: We observed a significant increase in neutralizing 55 

antibodies at four weeks after the booster dose. We also observed an increase in 56 

CD4+ T cells numbers over time, reaching a peak at four weeks after the booster 57 

dose. Furthermore, neutralizing antibodies and SARS-CoV-2 specific T cells 58 

induced by the booster showed activity against VOC Delta and Omicron.  59 

Interpretation: Our results show that a booster dose of CoronaVac® increases the 60 

anti-SARS-CoV-2 humoral and cellular immune responses in adults. Immunity 61 

induced by a booster dose of CoronaVac® is active against VOC, suggesting an 62 

effective protection. 63 

  64 
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Background 65 

The ongoing pandemic caused by severe acute respiratory syndrome 66 

coronavirus-2 (SARS-CoV-2) has promoted the rapid development of safe, 67 

immunogenic, and effective vaccines against SARS-CoV-2 to be used by the 68 

general population, which have successfully reduced the transmission of the 69 

disease burden. CoronaVac® is an inactivated SARS-CoV-2 vaccine developed by 70 

Sinovac Life Sciences Co., Ltd. (Beijing, China) and is among the current vaccines 71 

approved by the World Health Organization (WHO) to combat coronavirus disease 72 

2019 (COVID-19) and one of the most used vaccines worldwide1,2. Phase I/II 73 

clinical trials in China demonstrated that this vaccine induces cellular and humoral 74 

response upon immunization 3–5. Furthermore, the ongoing phase 3 clinical trial in 75 

Chile has described an increase in the levels of IgG and neutralizing antibodies in 76 

adults aged 18-59 years and ³ 60 years two- and four-weeks after the second dose 77 

of CoronaVac® 56. In addition, this vaccination promotes the activation of a T cell 78 

immune response against SARS-CoV-2 antigens in a 0-14 immunization schedule 79 

5 (two-weeks interval), being an effective vaccine to prevent COVID-19 7,8. In Chile, 80 

93.7% of the target population has received a first vaccine dose, and 91.4% were 81 

fully vaccinated with CoronaVac® on December 10th of 2021 in a 0-28 days 82 

vaccination schedule 9. Although this primary immunization schedule induces 83 

neutralizing antibody present in the serum of vaccinated people 10, these titers 84 

decrease in time 6,11,12 and have lower levels of neutralization against highly 85 

transmissible variants of concern (VOC) as compared to the original vaccine strain, 86 

potentially decreasing the effectiveness of these vaccines as new variants emerge 87 
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13–17. For these reasons, the use of booster doses was approved in Chile in August 88 

2021 in Chile for high-risk populations and adults at five months after 89 

administration of the second dose 18. In this sense, a report published in October 90 

2021 in Chile, showed that the effectiveness of CoronaVac® against COVID-19 91 

increase from 56% to 80% fourteen days after the application of the booster dose 92 

19. Notably, a previous study performed in adults aged 18-59 years old 93 

demonstrated that a booster dose of CoronaVac®, applied six months after the first 94 

dose to individuals that previously received two doses of this vaccine, increased 95 

the levels of antibodies 3-5-fold as compared to the levels observed four weeks 96 

after the second dose 12. Here, we further extend these findings by reporting the 97 

levels of neutralizing antibodies and specific T cells against SARS-CoV-2 and its 98 

activity against VOC Delta and Omicron in adults ≥18 years old that participated in 99 

the phase 3 clinical trial carried out in Chile, who were vaccinated in a 0-28-days 100 

vaccination schedule and received a booster dose five months after the second 101 

dose. 102 

 103 

Materials and methods 104 

Volunteers and sample collection 105 

Blood samples were obtained from volunteers recruited in the clinical trial 106 

CoronaVac03CL (clinicaltrials.gov #NCT04651790) carried out in Chile starting in 107 

November 2020. The Institutional Scientific Ethical Committee of Health Sciences 108 

reviewed and approved the study protocol at the Pontificia Universidad Católica de 109 

Chile (#200708006). Trial execution was approved by the Chilean Public Health 110 

Institute (#24204/20) and was conducted according to the current Tripartite 111 
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Guidelines for Good Clinical Practices, the Declaration of Helsinki 20, and local 112 

regulations. Informed consent was obtained from all volunteers upon enrollment. 113 

Volunteers receive two doses of CoronaVac® (3 µg or 600SU of inactivated SARS-114 

CoV-2 inactivated along with alum adjuvant) in a four-week interval (0-28-day 115 

immunization schedule) and then a booster dose five months after the second 116 

dose. A complete inclusion and exclusion criteria list have been reported 5. On 117 

November 11th, 2021, one hundred and eighty-six volunteers in the immunogenicity 118 

branch received the booster dose. The antibody and cell mediated immune 119 

responses were evaluated volunteers that had completed all their previous visits in 120 

one of the centers of the study (Figure 1A). Blood samples were obtained from all 121 

the volunteers before administration of the first dose (pre-immune), two, four, and 122 

twenty weeks (or five months) after the second dose, and four weeks after the 123 

booster dose (Figure 1B). 124 

Procedures 125 

The presence of antibodies against RBD with neutralizing capacities were 126 

measured in sera from seventy-seven volunteers that had completed all their study 127 

visits, including one month after the booster dose of CoronaVac®. The neutralizing 128 

capacities of circulating antibodies were evaluated by a surrogate virus 129 

neutralization test (sVNT) (Genscript Cat#L00847-A). Samples were two-fold 130 

serially diluted starting at a 4-fold dilution until reaching a 512-fold dilution. Assays 131 

were performed according to the instructions of the manufacturer and as reported 132 

previously 5. Neutralizing antibody titers were determined as the last fold dilution in 133 

which the interaction between hACE2 and RBD was inhibited by 30% or more. 134 

Samples with a percentage of inhibition ≤30% at the lowest dilution (1:4) were 135 
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assigned as seronegative with a titer of 2. A sample was considered seropositive 136 

when its titer was higher than the pre-immune titer. The percentage of inhibition 137 

was determined as: 100 * [OD450nm value of negative control - OD450nm value of 138 

sample] / [OD450nm of negative control]. A standard curve was used to plot the 139 

neutralization response in the samples as international units (IU) using the WHO 140 

International Standard for SARS-CoV-2 antibody (NIBSC code 20/136), which was 141 

prepared according to the instructions of the manufacturer 21. Data were analyzed 142 

using a sigmoidal curve model with a logarithm transformation of the concentration, 143 

and the final concentration for each sample was the average of the product of the 144 

interpolated IU from the standard curve and the sample dilution factor required to 145 

reach the OD450 value that falls within the linear range determined for each 146 

sample. Samples with undetermined concentration at the lowest dilution tested 147 

(1:4) were assigned to the lower limit of quantification (16.4 IU). The Geometric 148 

Mean Units (GMU) and titers (GMT) were represented in Figure 2 and 149 

Supplementary Figure 1, respectively. Table 2 shows comparisons among the 150 

visits.  151 

Conventional virus neutralization tests (cVNT) were performed in sixty-two 152 

of the previous seventy-seven volunteers and evaluated as previously reported 5.  153 

Briefly, Vero E6 cells were infected with a SARS-CoV-2 strain obtained by viral 154 

isolation in tissue cultures (33782CL-SARS-CoV-2 strain, D614G variant). 155 

Neutralization assays were carried out by the reduction of cytopathic effect (CPE) 156 

in Vero E6 cells (ATCC CRL-1586). The titer of neutralizing antibodies was defined 157 

as the highest serum dilution that neutralized virus infection, at which the CPE was 158 

absent as compared with the virus control wells (cells with CPE). Vero E6 cells 159 
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were seeded in 96-well plates (4×104 cells/well). For neutralization assays, 100 µL 160 

of 33782CL-SARS-CoV-2 (at a dose of 100 TCID50) were incubated with serial 161 

dilutions of heat-inactivated sera samples (dilutions of 1:4, 1:8, 1:16, 1:32, 1:64, 162 

1:128, 1:256, and 1:512) from participants for 1h at 37 °C. Cytopathic effect on 163 

Vero E6 cells was analyzed 7 days after infection.  164 

A pseudotyped virus neutralization test (pVNT) assay was performed to 165 

assess the capacity of the antibodies against SARS-CoV-2 VOC in samples from 166 

thirty volunteers of the seventy-seven previously analyzed by sVNT. As previously 167 

reported 14, a HIV-1 backbone expressing firefly luciferase as a reporter gene and 168 

pseudotyped with the SARS-CoV-2 spike glycoproteins (HIV-1-SΔ19) from from 169 

lineage B.1 (D614G) or variants Delta (T19R, del157/158, L452R, T478K, D614G, 170 

P681R, D950N) and Omicron (A67V, ∆H69-V70, T95I, Y145D, ∆G142 -V143-171 

Y144, ∆N211, EPE 213-214, G339D, S371L, S373P, S375F, K417N, N440K, 172 

G446S, S477N, T478K, E484A, Q493R, G496S, Q498R, N501Y, T547K, D614G, 173 

H655Y, N679K, P681H, N764K, N865K, Q954H, N969K, L981F)  was prepared as 174 

previously described 22. Serum samples were two-fold diluted starting at 1:10 or 1:4 175 

and the estimation of the ID80 was obtained using a 4-parameter nonlinear 176 

regression curve fit measured as the percent of neutralization determined by the 177 

difference in average relative light units (RLU) between test samples and 178 

pseudotyped virus controls. Also, cVNT assays were performed to assess the 179 

capacity of the antibodies against SARS-CoV-2 Delta variant in samples from 180 

nineteen volunteers of the seventy-seven previously analyzed by sVNT. 181 

 ELISPOT and flow cytometry assays were performed to evaluate the cellular 182 

immune response in forty volunteers of the seventy-seven previously analyzed 183 
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(Figure 1A), stimulating PBMCs with four Mega Pools (MPs) of peptides derived 184 

from the proteome of SARS-CoV-2 23: peptides from the S protein of SARS-CoV-2 185 

(MP-S), the remaining proteins of the viral particle (excluding S protein peptides) 186 

(MP-R), and shorter peptides from the whole proteome of SARS-CoV-2 (MP-CD8-187 

A and MP-CD8-B) 23. Thirty of the previously analyzed volunteers were also 188 

stimulated with three Mega Pools (MP) of VOC, provided by La Jolla Institute for 189 

Immunology. MP derived from the S protein of SARS-CoV-2 WT, SARS-CoV-2 190 

B1.617.2 MP 4326 (Delta variant), and SARS-CoV-2 B1.1.529 MP 4359 (Omicron 191 

variant) 14 were used to evaluate T cell activation at four weeks after the booster 192 

dose. Positive and negative controls were held for each assay. The number of Spot 193 

Forming Cells (SFC) for interferon gamma (IFN-g) were determined by ELISPOT 194 

and the expression of Activation-Induced Markers (AIM) by T cells was evaluated 195 

by flow cytometry. Assays were performed according to the instructions of the 196 

manufacturer and as reported previously 5. Further details on the ELISPOT assay, 197 

antibodies used for flow cytometry, and the respective protocols can be found in 198 

the Supplementary information and Supplementary Table 1.  199 

Interleukin 2 (IL-2) and IFN-g secretion were evaluated in the supernatants 200 

of twenty-two volunteers previously stimulated for 20h with SARS-CoV-2 MP of 201 

peptides derived from the Spike protein of VOC, using a Luminex 200 xMap 202 

multiplex system (Luminex Corporation, Austin, TX). The limit of detection for the 203 

cytokine measured ranged from 4.2 to 13,390 pg/mL, according to manufacturer’s 204 

instructions. Further experimental details can be found in Supplementary 205 

Information. 206 
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 207 

Statistical analyses 208 

Statistical differences for the immunogenicity results considered repeated 209 

measures ANOVA with the Geisser-Greenhouse correction and Dunnet’s a 210 

posteriori multiple tests to compare between the booster dose and the other visits. 211 

Analyses were performed over the base 10 logarithms of the data for neutralizing 212 

antibody by sVNT, cVNT and pVNT. Cellular immune responses were analyzed by 213 

a Friedman test for repeated measures for ELISPOT and flow cytometry for the 214 

comparisons between booster dose and the other visits. Secretion of cytokines 215 

were compared between the secretion induced by the WT strain against the VOC 216 

Delta and Omicron by repeated measures ANOVA. The significance level was set 217 

at 0.05 for all the analyses. All data were analyzed with GraphPad Prism 9.0.1. 218 

 219 

Results  220 

A booster dose of CoronaVac® induces a significant increase in 221 

antibody titers with neutralizing capacity in adults. 222 

One hundred and eighty-six volunteers from the immunogenicity branch that 223 

received a booster dose of the CoronaVac® were included in this study. The first 224 

dose of the vaccine was inoculated from January to March of 2021, and the second 225 

dose was inoculated 28 days after the first one. The neutralizing capacity of serum 226 

antibodies was evaluated in seventy-seven and sixty-two volunteers by sVNT and 227 

cVNT, respectively, at the five different time-points indicated in Figure 1B. 228 

As shown in Figures 2A and D, the peak level of antibodies with 229 

neutralizing capacity in the total population evaluated, tested by sVNT and cVNT, 230 
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is reached at two weeks after the second dose (GMU 168.0, 95% CI=19.5-34.2 231 

and GMT, 95% CI=) and four weeks after the second dose (GMU 124.8, 95% 232 

CI=96.3-161.7 and GMT 13.5, 95% CI=9.6-19.2). However, this neutralizing 233 

capacity significantly decreased twenty weeks after the second dose (GMU 39.0, 234 

95% CI=32.4-47.0 and GMT 8.3, 95% CI=9.6-19.2), which is in line with previous 235 

reports where the immunity against SARS-CoV-2 wanes six months after infection 236 

or vaccination 24,25. After the booster dose, the neutralizing capacity of the 237 

antibodies increased even more than the one reported two weeks after the second 238 

dose (GMU 499.0, 95% CI=370.6-673.0 and GMT 89.5 ± 64.0-125.2). Overall, we 239 

observed that four weeks after the booster dose the neutralizing capacity increased 240 

more than 12-fold (sVNT) and 10-fold (cVNT) as compared to the response at 241 

twenty weeks after the second dose, and almost 3-fold as compared to two weeks 242 

after the second dose (Figures 2A and D).  243 

In adults 18-59 years old, the neutralizing capacity of circulating antibodies 244 

tested by sVNT and cVNT (Figures 2B and E, respectively) reached its maximum 245 

four weeks after the booster dose (GMU 918.8, 95% CI=623.4-1354 and 176.9, 246 

95% CI=111.7-280.1) increasing more than 18- and 12-fold as compared to five 247 

months after the second dose (GMU 48.9, 95% CI=37.6-63.5 and GMT 14.2, 95% 248 

CI=7.1-28.4) and more than 4-fold as compared to two weeks after the second 249 

dose (GMU 220.2, 95% CI=150.7-321.7 and GMT 17.5, 95% CI=9.8-31.3) 250 

(Figures 2B and E). The seropositivity rate in this group reached 100% at four 251 

weeks after the booster dose (Table 2). On the other hand, 53.2% of the total 252 

volunteers analyzed here were adults ≥60 years. In this group, the same tendency 253 
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was observed, as seen in Figure 2C and F, observing an increase in the level of 254 

neutralizing antibodies evaluated by both techniques of more than 9-fold at four 255 

weeks after the booster dose (GMU 300.5, 95% CI=203.5-443.6 and GMT 47.3, 256 

95% CI=32.1-69.5) as compared to the response observed twenty weeks after the 257 

second dose (GMU 32.4, 95% CI=25.1-41.8 and GMT 5.0, 95% CI=3.5-7.0). 258 

Equivalent to the 18-59 years old group, the seropositivity rate in this age group 259 

reached 100% four weeks after the booster dose (Table 2). The seropositivity rate 260 

achieved at four weeks after the booster dose was the highest when compared 261 

with the other visits in this study in the total vaccinated group and in both groups 262 

analyzed. 263 

 264 

A booster dose of CoronaVac® induces a robust cellular immune 265 

response in adults. 266 

The cellular responses following a booster dose of CoronaVac® were 267 

evaluated in 40 volunteers. We observed that CD4+ T cell activation was increased 268 

twenty weeks after the second dose as compared to the other time points in both 269 

age groups, suggesting that CoronaVac® can stimulate CD4+ T cell responses that 270 

are sustained over time (Figure 3A-C). Importantly, we observed a significantly 271 

further increase in CD4+ T cell activation in both age groups following the booster 272 

dose, as compared to the pre-immune sample and samples obtained at two and 273 

four weeks after the second dose (Figure 3A-C). However, this difference was not 274 

significant as compared to the sample obtained twenty weeks after the second 275 

dose (Figure 3A-C). Moreover, we did not observe a significant increase in the 276 

expression of AIM by CD8+ T cells following the booster dose as compared to any 277 
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other time point, suggesting that specific CD8+ T cell responses induced by 278 

CoronaVac® are not detected with the current methodologies, even after a third 279 

dose (Supp. Figure 2A and C).  Accordingly, we observed an increase in IFN-g 280 

production upon stimulation with mega-pools of peptides (MPs) S and R by 281 

ELISPOT at four weeks after the booster dose for both groups, as compared to the 282 

pre-immune sample (Figure 3D-F). As in the case of flow cytometry, we did not 283 

observe significant increase of IFN-g+ SFCs upon stimulation with CD8 MPs at any 284 

time point (Supp. Figure 2). These results suggest that although humoral 285 

responses decrease over time following vaccination with CoronaVac®, CD4+ T cell 286 

responses remain significantly increased as compared to pre-immune samples and 287 

the booster dose promotes a small increase both IFN-g production and CD4+ T cell 288 

activation that is not significantly different as compared to the levels observed 20 289 

weeks after the second dose. 290 

 291 

Neutralizing antibodies and specific T cells induced by a booster dose 292 

of CoronaVac® recognize Delta and Omicron variants of SARS-CoV-2. 293 

As we observed that the neutralization capacity and the T cell responses 294 

increased significantly with the booster dose and knowing that vaccinated 295 

volunteers exhibit decreased neutralization against VOC14, we proceeded to 296 

evaluate the neutralizing capacities of antibodies in the serum from thirty booster-297 

vaccinated individuals in pseudotyped virus neutralization test (pVNT) assay 298 

against two variants of concern of SARS-CoV-2, comparing with the level obtained 299 

for the D614G SARS-CoV-2 variant (B.1 lineage, Figure 4A-B). We observed that 300 
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the titers of antibodies with neutralizing capacities against Delta and Omicron 301 

variant show a significant reduction as compared to the levels achieved for the 302 

D61G variant (D614G: GMT 241.8, CI=155.7-375.6, Delta: 159.2, CI=99.1-256.0 303 

and Omicron: GMT 50.7, CI=30.4-84.8), with a reduction of 1.5 for Delta and 4.8 304 

for Omicron (Figure 4A). However, when we compared the changes in 305 

seropositivity for Delta and Omicron (Figure 4B), we observed a 93% and 76.7%, 306 

respectively, following the booster dose (Table 3). Neutralization assays against 307 

Delta variant with a cVNT in a different group of nineteen volunteers also show that 308 

antibodies induced four weeks after the booster dose have reduced capacity to 309 

neutralize this VOC (Supp Figure 4A), although the seropositivity rate observed is 310 

84% (Supp Figure 4B). 311 

The cellular responses for VOC following a booster dose of CoronaVac® 312 

were also evaluated in thirty volunteers using MPs of peptides derived from the 313 

Spike protein of Delta and Omicron variants. We observed equivalent numbers of 314 

AIM by CD4+ T cells after four weeks of the booster dose upon stimulation with MP-315 

S of SARS-CoV-2 WT, Delta, or Omicron variant (Figure 5A), with no significant 316 

differences between the response against the MP-S of the variants as compared to 317 

the MP-S of the WT strain. IFN-g secreting T cells were also analyzed in these 318 

samples and no differences were observed (Figure 5B). We also quantified the 319 

production of different cytokines in the supernatant of PBMCs stimulated with the 320 

MP-s of WT, Delta, and Omicron variants, observing that at four weeks after the 321 

booster dose the stimulated cells secrete equivalent levels of IL-2 and IFN-g 322 

(Figure Supp 3). These results suggest that although the humoral response 323 

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted February 7, 2022. ;https://doi.org/10.1101/2021.11.16.21266350doi:medRxiv preprint 

350 |    CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article



measured as neutralization capacities and seroconversion against these VOC is 324 

lower as compared to the humoral response against the D614G strain, the cellular 325 

responses against SARS-CoV-2 VOC is equivalent to the responses elicited by the 326 

wild type strain in volunteers vaccinated with booster dose. 327 

 328 

Discussion 329 

In this report we evaluated the humoral and cellular immune response 330 

generated four weeks after the application of a booster dose of inactivated 331 

CoronaVac® vaccine in a cohort of volunteers enrolled in the phase 3 clinical trial 332 

held in Chile. The data reported here showed that although there was an adequate 333 

humoral response after two doses of CoronaVac®, with a 65.9% of effectiveness in 334 

preventing COVID-19 8, both the sVNT and cVNT assays showed a decrease in 335 

the GMT of neutralizing capacities of circulating antibodies against SARS-CoV2 336 

twenty weeks after the second dose (Figure 2). Due to this decrease in 337 

neutralizing capacities, a booster dose of CoronaVac® was evaluated in a clinical 338 

study in China, showing promising results in enhanced humoral immune 339 

responses12,26. The evaluation of the immune response reported here shows that 340 

after the booster dose, the neutralizing titers and seroconversion rates increase in 341 

the whole group, to a higher extent than two weeks after the second dose, where 342 

the peak in neutralization was previously observed, which is in line with the 343 

observed by Clemens et al.,15 . Also, we observed a steady activation of the CD4+ 344 

T cells and secretion of IFN-g during the time-points evaluated (Figure 3). 345 
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Since the neutralizing antibody titers correlated with protection against 346 

SARS-CoV-2 infection 10, these results likely imply a better outcome and protection 347 

against COVID-19, as reported in previous studies performed in Israel that showed 348 

a decrease in the transmission and the disease severity disease by this virus 349 

twelve or more days after booster inoculation. In Chile, the effectiveness and 350 

prevention in hospitalization increased when assessed fourteen days after the 351 

booster dose of CoronaVac® 19,27. Another study, performed with a booster dose of 352 

CoronaVac®, showed that an additional dose result in good neutralization capacity 353 

against parental SARS-CoV-2 and against Delta variant four weeks after the 354 

booster dose, generating a long-lasting humoral response, which was due to an 355 

enhancement of the memory immune response generated by B cells 26.  356 

Adults ≥60 years old produced lower levels of antibodies with neutralizing  357 

capacities than the whole group during this study, which was also described 358 

previously (Figure 2C and F) 5. This result is in line with previous data reported for 359 

a population vaccinated in Chile 6, among hospital workers who received two 360 

doses of CoronaVac® 28, and in a study with the mRNA-1273 vaccine 29. In this 361 

sense, our results are equivalent to those described in a phase I/II of the clinical 362 

trial performed with CoronaVac® in China, showing that the neutralizing antibody 363 

titers in this group decreased at five months after the second dose and that a 364 

booster dose is required 6-8 months after the first vaccination to rapidly increase 365 

and maintain the neutralizing antibody titers 30. 366 

In the case of the T cell response (Figure 3), other studies have shown that 367 

Pfizer BNT162b2 and mRNA-1273 induce durable CD4+ T cell activation and 368 

cytokine production up to six months following vaccination, but it remains to be 369 
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elucidated whether expression of AIM by CD4+ T cells and cytokine production 370 

further increase following a booster dose with these vaccines 31,32. Here, we 371 

observed that the activation of CD4+ T cells and IFN-g  production stays increased 372 

up to twenty weeks after the second dose, and after the booster dose both 373 

parameters increased in the 18-59 years old group and was maintained at the 374 

levels observed twenty weeks after the second dose in adults ≥60 years old. In 375 

contrast to BNT162b2 and mRNA-1273 vaccines, CoronaVac® delivers not only 376 

the Spike protein upon immunization but also other viral antigens, which may 377 

explain why vaccinated individuals still display AIM+ CD4+ T cells five months after 378 

the second dose, regardless of a third dose.  379 

When the neutralization capacity analyzed by pVNT of the VOC Delta and 380 

Omicron was evaluated four weeks after the booster dose, we observed 381 

differences in the neutralization capacity as compared to the D614G variant 382 

(lineage B.1), which does not exhibit mutations in the RBD of the S1 protein 383 

(Figure 4 and table 3). We previously reported that CoronaVac® is able to induce 384 

neutralization against the Delta variant at 4 weeks after the second dose, although 385 

to a lesser extent compared to the WT strain 14. Another study recently reported a 386 

significant increase in the neutralizing capacity after a booster dose with 387 

CoronaVac® for the Delta variant, as compared to the levels observed in volunteers 388 

vaccinated with two doses 26,33. Although we did not observe similar levels of 389 

enhanced neutralization against the variants Delta after the booster dose using 390 

pVNT (Figure 4A), the seropositivity against Delta variant is almost 100% (Figure 391 

4B)33. Here, we also show that a booster dose induces neutralization against the 392 
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variant Omicron, which has rapidly spread worldwide and is the predominant 393 

circulating variant to date 34. The high number of mutations described in the RBD of 394 

this variant has been associated with increased evasion of neutralizing responses 395 

in either unvaccinated or vaccinated subjects 34,35. Although the neutralization 396 

observed in subjects vaccinated with a booster dose of CoronaVac® is significantly 397 

lower to the observed against the D614G variant, we observed a seropositivity of 398 

76.7% following the booster, suggesting some degree of protection in most of the 399 

vaccinees. In this sense, it has been reported that a heterologous schedule of 400 

vaccination may induce a higher neutralization ability and a better neutralization 401 

against variants of concern as Delta 36 and Omicron16. In line with this, a 402 

heterologous vaccination with CoronaVac® and a booster dose of Pfizer BNT162b2 403 

showed a good neutralization titer against VOC Delta and Omicron, with respect to 404 

the ancestral virus 16. Similarly, a comparison between heterologous and 405 

homologous booster schedules after the vaccination with CoronaVac®, shows an 406 

increase in neutralization against the VOC Delta and Omicron15. There are 407 

discrepancies between the results in neutralization titers, which can be attributed to 408 

the neutralization assays performed and/or the study population; however, 409 

important booster responses are observed in these studies, and seropositivity 410 

reached after the booster dose of CoronaVac® against VOC are also similar 16.  411 

In the case of the cellular response, this is the first report to characterize 412 

CD4+ T cell responses following a booster dose of CoronaVac® against the 413 

Omicron variant of SARS-CoV2.  Previous studies using the same MP from VOC 414 

evaluated here have shown that CD4+ T cells respond to VOC in a similar extent 415 

as compared to the ancestral strain in individuals vaccinated with CoronaVac® 14,37 416 
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and mRNA vaccines, which has been explained by the high conservation of T cell 417 

epitopes. In this sense, the booster dose of CoronaVac® induces the expression of 418 

CD4+ T cell activation markers and secretion of IFN-g and IL-2 against the VOC 419 

Delta and Omicron, which is comparable to the response generated against the 420 

WT strain (Figure 5). In line with this, a recent study has shown that T cell 421 

responses against the ancestral strain are cross-reactive against the Omicron 422 

variant in convalescent individuals and volunteers vaccinated with Pfizer 423 

BNT162b2 38, supporting the idea that the induction of T cell responses against the 424 

ancestral strain may be protective against the Omicron variant. 425 

Our report shows that the booster dose of CoronaVac® in a 0-28 days 426 

schedule induces antibodies with neutralizing capacities, which are higher than the 427 

levels observed at 2- and 4-weeks after the second dose, generating an increased 428 

humoral response even in adults ≥60 years old. Besides this, our results suggest 429 

that a third dose of CoronaVac® supports CD4+ T cell activation, which may confer 430 

either protection or enhanced immune responses against the virus and prevent 431 

severe disease following exposure to SARS-CoV-2 exposure. Importantly, the 432 

humoral and cellular immune response promoted by a booster dose of CoronaVac 433 

shows activity against Delta and Omicron variants and probably results in better 434 

effectiveness of this vaccine during predominance of these VOC.  435 

 436 

Limitations 437 

This study presents several limitations, such as the reduced sample size for 438 

the assays and the absence of data for neutralization against Omicron variant with 439 
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a conventional viral neutralization test. The assessment of total antibody response 440 

against Spike proteins and other SARS-CoV-2 proteins would also add additional 441 

information about the humoral immune response against SARS-CoV-2 after the 442 

booster dose. Due to the limit of quantification of the technique, samples with 443 

undetermined concentration at the lowest dilution tested (1:4) were assigned the 444 

lower limit of quantification (16.4 IU) and other neutralization assays. 445 
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Figures legends 660 

 661 

Figure 1: Study profile, enrolled volunteers, and cohort included in the study 662 

by November 11th, 2021. A. From the one hundred and eighty-six vaccinated 663 

individuals that received the booster dose, seventy-seven volunteers that received 664 

two doses of CoronaVac® in a 28 days interval (0-28 days schedule of 665 

vaccination), were selected from the center assigned for the immunogenicity study. 666 

Seventy-seven volunteers were tested for neutralizing antibodies by sVNT, sixty-667 

two were selected to analyze neutralizing antibodies by cVNT and forty were 668 

selected to analyze cellular immunity. Analyses for immunity against SARS-CoV-2 669 

variants were performed in 30 volunteers for sVNT, pVNT and T cells assays. B. 670 

Timeline of 0–28 days schedule of vaccination and booster dose immunization. 671 

Text in red denotes timepoints at which blood draws occurred. 672 

 673 

Figure 2: Quantification of circulating antibodies inhibiting the interaction 674 

between the S1-RBD and hACE2 and in live SARS-CoV-2 in volunteers that 675 

received the booster dose of CoronaVac®. A-C. Inhibiting antibodies were 676 

detected in serum of volunteers immunized with CoronaVac® using a surrogate 677 

Viral Neutralization Test (sVNT), which quantifies the interaction between S1-RBD 678 

and hACE2 on ELISA plates. Results were obtained from a total of seventy-seven 679 

volunteers (A), thirty-six of them were adults between 18-59 years old (B), and 680 

forty-one of them were ≥ 60 years old (C). Data is represented as WHO arbitrary 681 

units/mL, the numbers above each set of individual data points show the 682 

Geometric Mean Units (GMU), the error bars indicate the 95% CI, and the number 683 
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at the right represents the fold increase of the GMU four weeks after the third dose 684 

as compared with the respective times after administration of the second dose. D-685 

F. Neutralizing antibodies were detected in serum of volunteers that received a 686 

booster dose of CoronaVac® twenty weeks after the second dose, using a 687 

conventional Viral Neutralization Test (cVNT), which quantifies the reduction of 688 

cytopathic effect (CPE) in Vero E6 cells infected with SARS-CoV-2. Results were 689 

obtained from 62 volunteers (D), 30 of them were adults between 18-59 years old 690 

(E), and 32 of them were ≥ 60 years old (F). Data are expressed as the reciprocal 691 

of the highest serum dilution preventing 100% cytopathic effect, the numbers 692 

above each set of individual data points show the Geometric Mean Titer (GMT), 693 

the error bars indicate the 95% CI, and the number at the right represents the fold 694 

increase of the GMU the third dose + 4 weeks as compared with the respective 695 

times after administration of the second dose. CI were not adjusted for multiplicity 696 

and should not be used for inference. A repeated measures One-Way ANOVA test 697 

assessed statistical differences to compare all times against 3rd dose + four weeks. 698 

****p<0.0001.  699 

 700 

Figure 3: Changes in activation-induced markers (AIMs) expression in CD4+ T 701 

cells and in the number of IFN-gg-secreting cells specific for SARS-CoV-2 after 702 

a booster dose of CoronaVac®. A-C. AIM+ CD4+ T cells were quantified in 703 

peripheral blood mononuclear cells of volunteers that received a booster dose of 704 

CoronaVac® twenty weeks after the second dose by flow cytometry, upon 705 

stimulation with mega-pools of peptides derived from SARS-CoV-2 proteins. The 706 
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percentage of activated AIM+ CD4+ T cells (OX40+, CD137+) were determined upon 707 

stimulation for 24h with MP-S+R in samples obtained at pre-immune, two weeks 708 

after the second dose, four weeks after the second dose, twenty weeks the second 709 

dose, and four weeks after the booster dose. Data from flow cytometry was 710 

normalized against DMSO and analyzed separately by a Friedman test against the 711 

booster dose. Results were obtained from a total of forty volunteers (A), twenty-712 

one were of them were adults between 18-59 years old (B), and nineteen of them 713 

were ≥ 60 years old (C). Changes in the secretion of IFN-g were quantified as the 714 

number of Spot Forming Cells (SFCs) in peripheral blood mononuclear cells of 715 

volunteers that received a booster dose of CoronaVac® 20 weeks after the second 716 

dose. D-F. Data was obtained upon stimulation with MP-S+R for 48h in samples 717 

obtained at pre-immune, two weeks after the second dose, four weeks after the 718 

second dose, twenty weeks the second dose, and four weeks after the booster 719 

dose. Results were obtained from a total of 40 volunteers (D), 21 were of them 720 

were adults between 18-59 years old (E), and 19 of them were ≥ 60 years old (F). 721 

Data from ELISPOT were analyzed separately by Friedman test against the 722 

booster dose *p<0.05; **p<0.005; ***p< < 0.001; ****p<0.0001. 723 

 724 

Figure 4: Quantification of circulating neutralizing antibodies against SARS-725 

CoV-2 variants in volunteers that received the booster dose of CoronaVac®.  726 

A. Neutralizing antibodies were detected in the serum of thirty volunteers, four 727 

weeks after the booster dose of CoronaVac®, using a pseudotyped virus 728 

neutralization test (pVNT). Data are expressed as the reciprocal of the highest 729 
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dilution preventing 80% of the infection (ID80). Numbers above the bars show the 730 

Mean, and the error bars indicate the 95% CI. The number at the right represents 731 

the fold decrease of the GMT four weeks after the booster dose as compared with 732 

the response of D614G B. Seropositivity rate of neutralizing antibodies is shown for 733 

each time point analyzed. Numbers above the bars show the percentage of 734 

seropositivity rate in the respective graphs. Numbers above the bars show the 735 

percentage of seropositivity rate in the respective graphs. A repeated measures 736 

One-Way ANOVA test assessed statistical differences of the GMT to compare 737 

each variant against D614G. *p<0.05; ***p < 0.001; ****p<0.0001 738 

 739 

 740 

Figure 5: A booster dose of CoronaVac® induce changes in the number of 741 

IFN-gg-secreting cells and in activation-induced markers (AIMs) expression in 742 

CD4+ T cells specific for the Spike protein of SARS-CoV-2 variants. A. 743 

Changes in the secretion of IFN-g, determined as the number of Spot Forming 744 

Cells (SFCs) were determined. Data was obtained upon stimulation of PBMC with 745 

MP-S of variant of concern of SARS-CoV-2 for 48h in samples obtained four weeks 746 

after the booster dose. Data shown represent mean + 95%CI. Data from thirty 747 

volunteers were analyzed at four weeks after the booster dose to compare among 748 

the MP-S of the variant of concern. Data from ELISPOT were analyzed separately 749 

by Friedman test against the WT MP-S. No significant differences were obtained. 750 

B. AIM+ CD4+ T cells were quantified in peripheral blood mononuclear cells of thirty 751 

volunteers four weeks after that received a booster dose of CoronaVac® by flow 752 
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cytometry, upon stimulation with mega-pools of peptides derived from proteins of 753 

variant of concern of SARS-CoV-2. The percentage of activated AIM+ CD4+ T cells 754 

(OX40+, CD137+) were determined upon stimulation for 24h with MP-S+R in 755 

samples obtained four weeks after the booster dose. Data shown represent mean 756 

+ 95%CI. Data from flow cytometry was normalized against DMSO. No significant 757 

differences were obtained between WT and the variant MP stimulation. 758 

  759 
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Table 760 

Table 1: Demographic and clinical data of seventy-seven volunteers 761 
analyzed. 762 
 763 
 764 

 Age 
group 

AHT  
N (%) 

AR N 
(%) 

MD N 
(%) 

Obesity N 
(%) 

Insulin 
resistance           

N (%) 
COPD  
N (%) 

HT 
 N (%) 

Female sex  
N (%) 

41 
(53.2) 

11 
(14.3) 

8  
(10.4) 

1  
(1.3) 

6  
(7.8) 

6  
(7.8) 

3  
(3.9) 

7  
(9.1) 

18-59 years old 18 (23.4) 3  
(3.9) 

6  
(7.8) 0 2  

(2.6) 
3  

(3.9) 0 2  
(2.6) 

≥60 years old 23 (30.0) 8  
(10.4) 

2  
(2.6) 

1  
(1.3) 

4  
(5.2) 

3  
(3.9) 

3  
(3.9) 

5  
(6.5) 

Male sex N (%) 36 (46.8) 11  
(14.3) 

8  
(10.4) 

3  
(3.9) 

11  
(14.3) 

1  
(1.3) 0 1  

(1.3) 

18-59 years old 17 
(22.0) 

4  
(5.2) 

4  
(5.2) 

2  
(2.6) 

4  
(5.2) 0 0 0 

≥60 years old 19 (24.6) 7 ( 
9.1) 

4  
(5.2) 

1  
(1.3) 

7  
(9.1) 

1  
(1.3) 0 1  

(1.3) 
         
Arterial hypertension: AHT; Chronic obstructive pulmonary disease: COPD; Mellitus diabetes: MD; 765 
Hypothyroidism: HT; Allergic rhinitis: AR 766 
  767 
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Table 2: Seropositivity rates, Geometric Mean Titer (GMT), and Geometric 768 
Mean Units (GMU) of circulating neutralizing antibodies against SARS-CoV-2 769 
RBD. 770 

Methodology Age 
group Indicators 

2nd dose 
+ 2 

weeks 

2nd dose 
+ 4 

weeks 

2nd dose 
+ 20 

weeks 

3rd dose 
+ 4 

weeks 

sVNT 

Total 
Vaccine 

Seropositivity 
n/N 72/77 73/77 38/77 75/77 

(%) 93.5 94.8 49.4 97.4 
GMU 168.0 124.8 39.0 499.4 

95% CI 126.8-
222.5 

96.3-
161.7 32.4-47.0 370.6-

673.0 
GMT 25.8 16.6 3.5 53.0 

95% CI 19.5-34.2 13.1-21.0 3.0-4.1 40.8-68.8 

18-59 

Seropositivity 
n/N 35/36 36/36 24/36 36/36 

(%) 97.2 97.2 66.7 100 
GMU 220.2 155.0 48.9 918.8 

95% CI 150.7-
321.7 

108.0-
222.6 37.6-63.5 623.4-

1354 
GMT 33.3 19.1 4.3 82.8 

95% CI 23.4-47.3 14.0-26.1 3.4-5.4 59.7-
114.8 

≥60 

Seropositivity 
n/N 38/41 39/42 15/42 40/42 

(%) 90.5 92.9 35.7 95.2 
GMU 134.1 104.1 32.4 300.5 

95% CI 89.2-
201.6 

71.8-
151.0 25.1-41.8 203.5-

443.6 
GMT 20.8 14.7 2.4 36.5 

95% CI 13.6-31.9 10.3-21.0 2.4-3.5 25.3-52.7 

cVNT 

Total 
Vaccine 

Seropositivity 
n/N 49/62 51/62 44/62 62/72 

(%) 79.0 82.3 71.0 100 
GMT 12.8 13.5 8.3 89.5 

95% CI 8.8-18.5 9.6-19.2 5.6-12.2 64.0-
125.2 

18-59 
Seropositivity 

n/N 25/30 27/30 23/30 30/30 

(%) 83.3 90.0 76.7 100 
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GMT 17.5 18.8 14.2 176.9 

95% CI 9.8-31.3 11.2-31.7 7.1-28.4 111.7-
280.1 

≥60 

Seropositivity 
n/N 24/32 24/32 21/32 32/32 

(%) 75.0 75.0 65.6 100 
GMT 9.5 9.9 5.0 47.3 

95% CI 5.8-15.4 6.2-15.8 3.5-7.0 32.1-69.5 

sVNT: Surrogate Virus Neutralization; cVNT: Conventional Virus Neutralization; GMT: Geometric 771 
mean titer; GMU: Geometric mean units.772 
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Table 3: Seropositivity rates, Geometric Mean Titer (GMT) of circulating 773 
neutralizing antibodies against SARS-CoV-2 RBD of D614G and variants of 774 
concern (Delta and Omicron). 775 
 776 

  Variant D614G Delta 
(B.1.617.2) 

Omicron 
(B.1.1.529) 

pVNT 

Indicators 
3rd dose 

+ 4 
weeks 

3rd dose + 4 
weeks 

3rd dose + 4 
weeks 

Seropositivity 
n/N 30/30 28/30 23/30 

(%) 100 93.3 76.6 

GMT 241.8 159.2 50.7 

95% CI 155.7-
375.6 99.1-256.0 30.4-84.8 

 777 

GMT: Geometric mean titer. 778 

 779 

 780 
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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2.3. Chinese study proves effectiveness of CoronaVac 
against severe cases of the delta variant

A research published in the Annals 
of Internal Medicine journal showed 
that the vaccines of inactivated 
virus such as CoronaVac presents a 
high effectiveness against the delta 
variant of SARS-CoV-2, protecting 
against severe cases during the 
circulation of delta between May and 
June of 2021 in Guangdong, in China.

The scientists assessed 10.805 adult 
patients that were diagnosed with 
Covid-19, divided into three groups: 
non vaccinated, vaccinated with 
one dose and fully immunized 
(two doses) with the vaccines of 
inactivated virus most used in China 
- CoronaVac (applied on about 
60% of the participants) and HB02/
Sinopharm (applied on about 40%). 
Afterwards, they estimated the 
effectiveness of the vaccines against 
the infection, against symptomatic 
cases, against pneumonia and 
against the severe disease.

On individuals with a complete 
vaccinal scheme, the effectiveness 
was 52% against infections, 60% 
against symptomatic cases, 78% 
against pneumonia and 100% 

against severe cases of Covid-19. 
And, among the partially immunized, 
the vaccines provided a protection 
of 10,7% against infections, 6,8% 
against symptomatic cases and 
11,6% against pneumonia.

The results highlight the efficacy in 
the real world of inactivated virus 
vaccines, confirming the findings 
of other studies of effectiveness 
already published, such as Project 
S from Butantan and a Chilean 
research with ten million people, 
that evaluated CoronaVac. 
“Besides, the research reinforces the 
importance of both doses, showing 
that the partial vaccination does 
not provide enough protection”, 
emphasize the authors of the article.

The researchers highlighted that the 
vaccine of inactivated virus are the 
best candidates for immunization 
in developing countries, since it’s 
easier to transport and doesn’t 
need ultracold chain storage. Over 
two billion doses of CoronaVac were 
already applied in 45 countries.

Published on: 02/01/2022
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spike protein mutations T19R, D157-158, L452R, T478K,
D614G, P681R, and D950N, the B.1.617.2 variant repro-
duces at a faster rate than previous lineages seen in
China, posing substantial challenges for disease control
(21, 22). This was the first outbreak of the B.1.617.2 variant
in mainland China. It lasted from 21 May to 18 June 2021,
during which time 167 persons infected with the Delta var-
iant were identified in clinical settings, in quarantine, or
through community screenings. In addition to case identifi-
cation, contact tracing of the outbreak continued through
23 June 2021, after which no more cases were reported.
Before the start of this outbreak, China had already started
to rapidly roll out mass immunization campaigns, and
Guangdong province was one of the forerunners of vaccine
deployment. Specifically, more than 90 million doses of
inactivated vaccine were administered in Guangdong
before mid-June 2021. As such, the outbreak was an
opportunity to gain insight into the effectiveness of
inactivated vaccines against the B.1.617.2 variant.

By analyzing vaccination, surveillance, screening, trac-
ing, and quarantine data on China's COVID-19 prevention
and control, we could assess the real-world effectiveness
of inactivated vaccines against COVID-19 caused by the
B.1.617.2 variant. More than 2 billion doses of inactivated
COVID-19 vaccine have been administered in more than
80 countries and regions. Thus, evidence on the effective-
ness of inactivated vaccines against the rampantly
growing variant is critical for public health agencies and
communities globally.

METHODS

Study Population andDesign
The local outbreak in Guangdong was started by an

imported infection from abroad; that patient transmitted
it to a local resident, who was the index case patient. All
secondary local cases were well traced and linked to the
index case in a single long chain of transmission (23, 24).
In accordance with national and provincial protocols for
COVID-19 prevention and control, close contacts were
defined as all people who lived in the same household
or stayed in the same public space without protection
within close proximity in the 4 days before illness onset
for symptomatic cases or sampling of the first positive
specimen for asymptomatic cases (25). All close contacts
were traced, mandatorily quarantined in centralized man-
aged facilities, and followed with multiple reverse tran-
scriptase polymerase chain reaction tests; they became
part of our study cohort as the outbreak was proceeding
and being managed. The Close Contacts Management
section of the Appendix (available at Annals.org) gives
additional information on close contact definition and
management, and the Laboratory Confirmation section
gives information on specifications of test kits. Of note, all
case patients were themselves close contacts of their
upstream cases before they became infected. Therefore,
the case patients and their close contacts made up a
cohort together and should not be considered independ-
ent groups in an outbreak with a clear chain of transmis-
sion. We did a retrospective cohort analysis of all infected

individuals and their close contacts identified in the
Guangdong outbreak.

In addition to the index case (the first local infection),
health authorities identified 12500 individuals, including
secondary case patients and close contacts. All positive
specimens were subject to whole-genome sequencing.
Individuals were excluded if basic demographic information
was missing or if they received noninactivated vaccines.
Because immunization campaigns in China requested a
21-day interval after the first dose and COVID-19 vaccines
were provided only to adults until July 2021, persons who
received 2 doses of vaccine but less than 21 days apart or
were younger than 18 years were also excluded.

This study was approved by the institutional ethics
committee of the Guangdong Provincial Center for
Disease Control and Prevention. The data in the study
were collected per administrative requirements of
disease control and surveillance and were anonymized
for analysis. Participants were informed about the require-
ments of disease surveillance and provided oral consent.

Vaccination Status
To determine vaccination status, we used the num-

ber of doses received and time elapsed since the most
recent dose. On the basis of vaccination electronic
records, participants were categorized into an unvacci-
nated group, a partially vaccinated (1-dose) group, and a
fully vaccinated (2-dose) group. The unvaccinated group
consisted of persons who did not receive any COVID-19
vaccines before their last known contact with a confirmed
case patient. The partially vaccinated group comprised
those who received their first dose 21 days or more
before the last known contact. Persons who received
their second dose at least 14 days before the last known
contact made up the fully vaccinated group. Our primary
analysis was a 3-group comparison. Those who received
their first dose within 21 days (intermediate first dose) or
their second dose within 14 days (intermediate second
dose) before the last known contact were excluded from
the primary analysis to avoid ambiguity in definition.
Figure 1 illustrates categorization of the groups.

Figure 1. Vaccination status definitions.

Last contact

Unvaccinated

Fully vaccinated

Dose 1
Dose 2

<14 d

Intermediate 1st-dose

Partially vaccinated

Intermediate 2nd-dose

<21 d

≥21 d

≥21 d

≥21 d ≥14 d
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Outcomes
The primary outcome was pneumonia caused by the

B.1.617.2 variant of SARS-CoV-2. Secondary outcomes
were infections, symptomatic infections, and severe or
critical illness associated with the B.1.617.2 variant.
However, results are reported following the hierarchy of
outcome severity. Symptoms and severity were defined
according to China's Diagnosis and Treatment Protocol
for COVID-19 Patients (26). Pneumonia was diagnosed
using chest imaging characteristics. Severe cases were
those in which the patient had a respiratory rate above
30 breaths/min, resting blood oxygen saturation of 93%
or lower, or PaO2–FIO2 ratio of 300 mm Hg or lower (26).
In critical cases, patients had respiratory failure leading
to mechanical ventilation, experienced shock, or sus-
tained any other organ failure that required intensive
care (26). Severity was based on a participant's most seri-
ous manifestations during the follow-up period.

Characteristics and Covariates
Epidemiologic investigators collected sociodemo-

graphic information, including age, sex, address, occu-
pation, and contact frequency. These variables could
potentially confound the vaccine effectiveness (VE) esti-
mates by correlating with both vaccination and outcomes
and were used as covariates in subsequent analyses. Age
was categorized as 18 to 34 years, 35 to 49 years, or 50
years or older. In adherence to the national prevention
and control scheme, investigators adjudicated contact fre-
quency as occasionally, sometimes, or frequently. Contact
frequency might correlate with vaccination status because
vaccinated persons could be tempted to reduce adher-
ence to nonpharmaceutical measures, such as social dis-
tancing (27, 28). Occupation might have been associated
with vaccination status, in that professionals in occupa-
tions with high exposure risk were granted priority for
vaccination during early 2021. To control potential con-
founding due to cross-occupation heterogeneity in the
chances of vaccination and exposure to the virus during
social interaction, we created indicators of working in res-
taurant services, working as a health care provider, and
being currently unemployed. In addition, geographic
area might lead to bias in estimation of VE if left unad-
justed for because areas with different intensity of trans-
mission might also have had different access to vaccines.
Specifically, 2 subdistricts in Guangzhou (subdistricts A
and B for simplicity) were epicenters of the outbreak. The
cases in these 2 communities accounted for more than
60% of all outbreak cases. As such, residents of these 2
subdistricts could have had higher risk for exposure, yet
access to vaccines in these communities was not neces-
sarily the same as in other places. Therefore, an indicator
was created for each of the 2 epicenter subdistricts and
used as a covariate in addition to the sociodemographic
variables.

Statistical Analysis
Primary Analysis
Characteristics of participants in each group were
described using mean values (with SDs) and percentages.
To estimate the unadjusted VE, the risk ratio (RR) of each

outcome was calculated in reference to the unvaccinated
group and subtracted from 1. In addition, we used multi-
variable logistic regressions to account for covariates that
could potentially confound effect estimates. To estimate
adjusted VE (aVE) from multivariable logistic regressions,
we first calculated the adjusted RR (aRR) that equaled
the ratio of the predicted event probability in each vacci-
nation group to that in the unvaccinated group; the
Adjusted Risk Ratio section of the Appendix elaborates
on this (29–31). The aVE was then calculated as 1 � aRR.
We used aRRs to calculate aVEs because RRs are intui-
tively understandable for cohort studies and because
odds ratios consistently underestimated RRs for protec-
tion effects, leading to potentially exaggerated VE esti-
mates (32). The SEs of aRRs were estimated using the
delta method, which is frequently used for nonlinear
transformations of regression coefficients (33). We used
Stata, version 16 (StataCorp), with the logit routine and
its postestimation features for analyses.

Sensitivity Analysis
In a prespecified sensitivity analysis, vaccination status
was based on each person's number of doses before the
outbreak. In this analysis, anyone who received their first
dose but not their second dose before 7 May 2021 (14
days before 21 May 2021) was assigned to the partially
vaccinated group, whereas those who received both
doses before 7 May 2021 made up the fully vaccinated
group. Those who received the initial dose after 7 May
2021 were excluded from this analysis. In addition, a
between-dose window was not considered when deter-
mining vaccination status.

We also did several post hoc sensitivity analyses, mak-
ing 1 change to the base case at a time (Post Hoc Sensitivity
Analyses section of theAppendix). Specifically, we included
all vaccination statuses as distinct exposure groups, used
cluster-robust SEs, and replaced logistic regressions with
Poisson regressions that allowed direct estimation of inci-
dence rate ratios in the sensitivity analyses. To examine the

Figure 2. Study flow diagram.
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2.4. Three doses of CoronaVac induce antibodies against 
omicron in 95% of vaccinees, Chinese study shows

In a paper published in the Nature 
journal, researchers from the 
Chinese Academy of Sciences 
have shown that a booster dose 
of CoronaVac promotes immune 
response against the omicron 
variant of SARS-CoV-2 in 95 percent 
of those vaccinated, and increases 
the capacity to neutralize this strain 
by rapidly activating memory B 
cells, which produce antibodies.

Chinese scientists collected blood 
samples from 60 volunteers who 
received three doses of CoronaVac 
to assess neutralizing antibody titers 
against the omicron and delta variants 
- live virus was used in this study. None 
of the recruited individuals had been 
infected with the SARS-CoV-2 virus 
prior to the analysis.

According to the research, after the 
third dose, 95% of the participants 
showed seroconversion against 
omicron. The neutralizing antibody 
titers against the original strain 
(from Wuhan, which triggered the 
pandemic) and against the delta 
and omicron variants were 254, 78 
and 15.5, respectively. The antibody 
titers count, however, represents 
only one part of the immune 
response, which is completed by 

memory B cells, which can recognize 
an invader, divide, and quickly start 
producing antibodies to fight it.

To assess the potential of the 
immune memory of the three-dose 
vaccinees, the scientists isolated 
323 B-cell-derived monoclonal 
antibodies, half of which (163) 
recognized the receptor-binding 
domain (RBD) of the virus. A subset 
of the monoclonal antibodies (24 of 
163) that was also identified was able 
to neutralize all variants of concern 
of SARS-CoV-2, including omicron.

According to the researchers, 
studies have shown that omicron 
can resist the antibodies produced 
with two doses of vaccine, which 
reinforces the need for a third 
dose. “Our study revealed that the 
three-dose CoronaVac vaccination 
regimen induces an enhanced 
immune response, with significantly 
increased neutralization. In addition, 
a subset of highly potent neutralizing 
antibodies against the variants of 
concern was present in at least four 
individuals [among 60 investigated].”

Published on: 1/28/2022
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Memory B cell repertoire from triple vaccinees against diverse 
SARS-CoV-2 variants
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Omicron, the most heavily mutated SARS-CoV-2 variant so far, is highly 

resistant to neutralizing antibodies, raising unprecedented concerns about the 

effectiveness of antibody therapies and vaccines 1,2. We examined whether sera 

from individuals who received two or three doses of inactivated vaccine, could 

neutralize authentic Omicron. The seroconversion rates of neutralizing 

antibodies were 3.3% (2/60) and 95% (57/60) for 2- and 3-dose vaccinees, 

respectively. For three-dose recipients, the geometric mean neutralization 

antibody titre (GMT) of Omicron was 16.5-fold lower than that of the ancestral 

virus (254). We isolated 323 human monoclonal antibodies (mAbs) derived from 

memory B cells in 3-dose vaccinees, half of which recognize the receptor binding 
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XGv347 with 40-fold decrease in binding, but unchanged neutralization against 

Omicron when compared to WT (Extended Data Table 3), suggesting that epitope, 

rather than binding affinity, might play more crucial roles in the neutralizing potency 

and breadth of an antibody. Consistent with XGv289, the substitution of G446S alters 

the hydrophobic microenvironment generally established by RBD and a group of 

antibodies bound at the right shoulder, including XGv289 and XGv282, triggering a 

conformational shift on CDRs and disrupting antibody recognition (Extended Data 

Fig. 13). In addition, the mutation E484A breaks hydrogen bond-connection with R74 

from XGv282 HCDR2 and losses of charge interactions between R346, K444 from 

WT RBD and D56, D58 of XGv265 LCDR2 due to conformational alterations, 

further decreasing the binding of XGv282 and XGv265 to the Omicron variant, 

respectively (Extended Data Fig. 13). Taken together, G446S, acting as a critical 

mutation site, can alter the local conformation at the binding interface, conferring 

greater resistance to one class of antibodies bound at the right shoulder of RBD. 

The therapeutic activities of mAbs 
Given the excellent neutralizing breadth and potency at cell-based levels for above 

antibodies, we next sought to assess the correlation between in vitro neutralization 

and in vivo protection. A number of representative mAbs with high neutralizing 

potency and breadth, belonging to different classes, such as XGv347, XGv289, 

XGv282, XGv265 and XGv052, produced in the HEK293F cell line were selected for 

therapeutic evaluation in a well-established mouse model challenged with the Beta 

variant 28. Upon Beta intranasal challenge, adult BALB/c showed robust viral 

replication in the lungs at 3-5 days post inoculation (dpi). To evaluate the protection 

efficacy of these mAb, BALB/c mice challenged with the Beta variant were 

administered a single dose of as low as 5 mg/kg of XGv347, XGv289, XGv282, 

XGv265 and XGv052 individually or combinations of XGv282 and XGv347 (2.5 

mg/kg for each), and XGv052 and XGv289 (2.5 mg/kg for each) in therapeutic 

settings (Fig. 4a). Heavy viral loads with high levels of viral RNAs (> 109 copies/g) 

were detected in the lungs at day 5 post-infection in the control group of mice treated 

with PBS. However, a single dose of XGv282 reduced the viral RNA loads by 

~10,000-fold in the lungs compared to the control group (Fig. 4b). Remarkably, a 

single dose of XGv289, XGv265, XGv347, XGv052 or antibody cocktails of XGv282 

and XGv347, XGv052 and XGv289 resulted in a complete clearance of viral particles 
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in the lungs (Fig. 4b, 4c). A potential synergistic effect was observed for combined 

therapies of XGv282 + XGv347 at 2.5 mg/kg for each (Fig. 4b, 4c). In addition, 

histopathological examination revealed severe interstitial pneumonia, characterized 

by alveolar septal thickening, inflammatory cell infiltration and distinctive vascular 

system injury developed in mice belonging to the control group at day 5 (Fig. 4d). In 

contrast, no obvious lesions of alveolar epithelial cells or focal hemorrhage were 

observed in the lung sections from mice that received indicated antibody treatments 

(Fig. 4d, Extended Data Fig. 14). To further evaluate whether XGv347 could serve as 

therapeutic interventions against Omicron in vivo, we tested the protective efficacy of 

XGv347 on hACE2 transgenic mice challenged by Omicron. We recorded the body 

weight for each mouse daily after infection for 5 days and found that the therapeutic 

treatment group maintained their body weight, whereas the control group substantially 

lost weight (Fig. 4e), indicating that XGv347 applied after the infection could greatly 

improve the physiological condition of the Omicron-infected mice. Similar to the 

studies with the Beta strain of mice, therapeutic administration of XGv347 conferred 

a clear benefit on the hACE2 transgenic mouse model (K18-hACE2) 29 as indicated 

by a complete clearance in viral RNA loads in the lungs and trachea at day 5 post 

Omicron challenge (Fig. 4f). More importantly, K18-hACE2 mice infected with 

Omicron developed moderate interstitial pneumonia characterized by focal to 

multifocal widen alveolar interstitium accompanied by infiltration of inflammatory 

cells (Fig. 4g). While, no obvious pathological injury was observed in the lung from 

mice that received XGv347 treatments (Fig. 4g). Collectively, these results suggest 

that some of the antibodies, at least best-in-class antibodies like XGv347, from the 

repertoire elicited by a 3-dose vaccination regimen retain therapeutic potential against 

currently circulating VOCs. 

Discussion 
The ongoing pandemic has witnessed frequent occurrences of SARS-CoV-2 variants 

that increase transmissibility and reduce potency of vaccine-induced and therapeutic 

antibodies 4,30. More recently, there has been unprecedented concern that the Omicron 

variant has significantly increased antibody escape breadth due to newly occurred and 

accumulated mutations in the key epitopes of most neutralizing antibodies. 

Alarmingly, Omicron nearly ablates the neutralization activity of most FDA approved 

antibody drugs, including LY-CoV555, LY-CoV016, REGN10933, REGN10987, 
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2.5. Booster dose of CoronaVac can neutralize variants 
of concern, study shows

A research published in Emerging 
Microbes & Infections journal 
demonstrated that the third dose of 
CoronaVac protects not only against 
the original strain of SARS-CoV-2, but 
also against the variants alfa, beta 
and delta. Besides, the memory of 
the T cells may be awakened quickly 
after the booster dose, if the person 
gets infected by the virus. Published 
in November of 2021, the study was 
conducted by Chinese scientists of the 
Biomedicine Institute from the Chinese 
Academy of Medical Sciences.

The researchers evaluated the 
capacity of protection against 
the variants alfa, beta and delta 
in blood samples of 53 patients 
vaccinated with CoronaVac and 
of 12 animal models, 14 days after 
the booster dose - administered 8 
months after the second dose.

The seroconversion (antibodies 
production) exceeded 90% and 
the antibodies were capable of 
neutralizing the variants.

In a previous analysis, scientists 
collected samples of six of the 53 

volunteers to detect IgG antibodies, 
neutralizing antibodies and memory 
T cells response against the original 
strain of the coronavirus. 

The IgG antibodies and the neutralizing 
antibodies gradually increased after 
five days and the seroconversion 
reached 100% in 14 days. The response 
of the T cells was also fast.

“Our findings indicate that, 
although the neutralizing antibodies 
decreased with time after both 
doses, the response of antibodies 
can be quickly awakened with the 
third dose, and the immunological 
memory of the T cells is still active”, 
informed the authors.

The scientists added that it is 
essential to keep analyzing the 
persistence of the immunity and the 
effectiveness of the booster dose of 
the vaccines, conducting long term 
clinical trials.

Published on: 11/16/2021
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2.6. CoronaVac is more than 75% effective against alpha, 
gamma and delta variants; only 2% of Chileans vaccinated 
in phase 3 developed Covid-19

Two studies published by Chilean 
scientists provide evidence 
that CoronaVac, a vaccine 
from Butantan and the Chinese 
pharmaceutical company Sinovac, 
is efficient in combating Covid-
19 and effective against the new 
variants of SARS-CoV-2. In the first 
study, the indicators of neutralizing 
antibodies generated by the vaccine 
were above 97% against the original 
strain of the virus, above 80% against 
the alpha and gamma variants, and 
above 75% against the delta variant. 
In the second study, the efficacy of 
CoronaVac in preventing Covid-19 
cases was over 90% in a group of 
over two thousand people.

Both studies were conducted 
by scientists from the Pontificia 
Universidad Católica de Chile, 
Instituto de Salud Pública de Chile 
and the Universidad de Chile, and 
were published in the scientific 
journal Frontiers of Immunology. The 
importance of the studies is due to the 
fact that the vaccination in the Andean 
country was predominantly done with 
CoronaVac, with 70% of the people 
receiving the Butantan immunizer.
 

CoronaVac efficacy 
against SARS-CoV-2 
variants 

According to the study “Recognition 
of variants of concern by antibodies 
and T cells induced by a SARS-CoV-2 
inactivated vaccine”, CoronaVac 
promoted antibodies capable 
of blocking the receptor-binding 
domain (RBD, specific parts of the 
coronavirus that allow it to invade 
and infect human cells) of all SARS-
CoV-2 variants of concern. The 
neutralizing antibody seropositivity 
rates were over 97% for the original 
strain, over 80% for the alpha and 
gamma variants, over 75% for the 
delta variant, and over 60% for the 
beta variant.

In this analysis, the researchers 
evaluated volunteers enrolled 
in the phase 3 clinical trial who 
were immunized with two doses 
of CoronaVac in Chile. After 
administration of the second dose, 
serum samples were collected to 
measure the neutralizing capacity 
of the antibodies against the 
variants of concern. “It is important 
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to highlight that, after SARS-CoV-2 
infection, the antibody blocking capacity 
of vaccinated volunteers increased for all 
variants tested,” scientists pointed out. 
According to them, immunization with 
CoronaVac in any regimen stimulates 
cellular responses against all variants of 
concern and contributes to neutralizing 
the infection caused by the virus.
 

Among 2,263 Chileans 
vaccinated with CoronaVac, 
only 45 developed Covid-19

The Immune Profile and Clinical Outcome 
of Breakthrough Cases After Vaccination 
with an inactivated SARS-CoV-2 Vac-
cine study, meanwhile, evaluated the 
safety, immunogenicity and efficacy of 
CoronaVac in preventing severe cases of 
Covid-19. From the 2,263 fully vaccinated 
individuals at the end of June 2021, only 
45 (i.e., 1.99%) experienced symptoms 
of infection 14 days or more after the 
second dose.

Of these 45, 43 developed mild cases. 
The exceptions were two cases of men 
over 60. The first of them, a 62-year-old 
man with two comorbidities (hypothyroi-

dism and obesity), developed a mild case 
and required supplemental oxygenation. 
The second, a 69-year-old man with four 
comorbidities (obesity, hypertension, 
bicuspid aortic, and atrial fibrillation), 
developed a more severe condition and 
required mechanical ventilation. Both 
recovered and are well.

The researchers pointed out that vacci-
nation with CoronaVac is effective. “The 
cases of the disease were mostly mild and 
did not necessarily correlate with the lack 
of vaccine-induced immunity, suggesting 
that other factors, to be defined in future 
studies, could lead to symptomatic infec-
tion after CoronaVac vaccination.”

Published on: 11/9/2021 
and 9/29/2021
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Recognition of Variants of Concern
by Antibodies and T Cells Induced by
a SARS-CoV-2 Inactivated Vaccine
Felipe Melo-González1,2†, Jorge A. Soto1,2†, Liliana A. González1,2†, Jorge Fernández3†,
Luisa F. Duarte1,2†, Bárbara M. Schultz1,2†, Nicolás M. S. Gálvez1,2†,
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Daniela Moreno-Tapia1,2, Carolina Iturriaga4, Omar P. Vallejos1,2, Roslye V. Berrı́os-Rojas1,2,
Guillermo Hoppe-Elsholz1,2, Marcela Urzúa4, Nicole Bruneau3, Rodrigo A. Fasce3,
Judith Mora3, Alba Grifoni5, Alessandro Sette5,6, Daniela Weiskopf5, Gang Zeng7,
Weining Meng7, José V. González-Aramundiz8, Pablo A. González1,2, Katia Abarca1,4,
Eugenio Ramı́rez3*, Alexis M. Kalergis1,2,9* and Susan M. Bueno1,2*

1 Millennium Institute on Immunology and Immunotherapy, Pontificia Universidad Católica de Chile, Santiago, Chile,
2 Departamento de Genética Molecular y Microbiologı́a, Facultad de Ciencias Biológicas, Pontificia Universidad Católica de
Chile, Santiago, Chile, 3 Departamento de Laboratorio Biomédico, Instituto de Salud Pública de Chile, Santiago, Chile,
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Santiago, Chile

Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the
virus responsible of the current pandemic ongoing all around the world. Since its
discovery in 2019, several circulating variants have emerged and some of them are
associated with increased infections and death rate. Despite the genetic differences
among these variants, vaccines approved for human use have shown a good
immunogenic and protective response against them. In Chile, over 70% of the
vaccinated population is immunized with CoronaVac, an inactivated SARS-CoV-2
vaccine. The immune response elicited by this vaccine has been described against
the first SARS-CoV-2 strain isolated from Wuhan, China and the D614G strain (lineage
B). To date, four SARS-CoV-2 variants of concern described have circulated worldwide.
Here, we describe the neutralizing capacities of antibodies secreted by volunteers in the
Chilean population immunized with CoronaVac against variants of concern Alpha
(B.1.1.7), Beta (B.1.351) Gamma (P.1) and Delta (B.617.2).

Methods: Volunteers enrolled in a phase 3 clinical trial were vaccinated with two doses
of CoronaVac in 0-14 or 0-28 immunization schedules. Sera samples were used to
evaluate the capacity of antibodies induced by the vaccine to block the binding between
Receptor Binding Domain (RBD) from variants of concern and the human ACE2 receptor
by an in-house ELISA. Further, conventional microneutralization assays were used to
test neutralization of SARS-CoV-2 infection. Moreover, interferon-g-secreting T cells
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against Spike from variants of concern were evaluated in PBMCs from vaccinated
subjects using ELISPOT.

Results: CoronaVac promotes the secretion of antibodies able to block the RBD of all the
SARS-CoV-2 variants studied. Seropositivity rates of neutralizing antibodies in the
population evaluated were over 97% for the lineage B strain, over 80% for Alpha and
Gamma variants, over 75% for Delta variant and over 60% for the Beta variant. Geometric
means titers of blocking antibodies were reduced when tested against SARS-CoV-2
variants as compared to ancestral strain. We also observed that antibodies from
vaccinated subjects were able to neutralize the infection of variants D614G, Alpha,
Gamma and Delta in a conventional microneutralization assay. Importantly, after SARS-
CoV-2 infection, we observed that the blocking capacity of antibodies from vaccinated
volunteers increased up to ten times for all the variants tested. We compared the number
of interferon-g-secreting T cells specific for SARS-CoV-2 Spike WT and variants of
concern from vaccinated subjects and we did not detect significant differences.

Conclusion: Immunization with CoronaVac in either immunization schedule promotes the
secretion of antibodies able to block SARS-CoV-2 variants of concern and partially
neutralizes SARS-CoV-2 infection. In addition, it stimulates cellular responses against all
variants of concern.
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INTRODUCTION

SARS-CoV-2 represents a global threat to public health and has
been responsible for over 4 million deaths worldwide to date (1).
After the spread of the original wild-type SARS-CoV-2 strain,
multiple mutants have arisen around the world. Most of these
circulating variants belong to the SARS-CoV-2 lineage B, in
particular lineage B.1 (2). One of the most prevalent strains is the
D614G, which displays a mutation in the C-terminal region of
the Spike 1 (S1) domain outside the Receptor Binding Domain
(RBD) (2). Although this mutant has been reported to be more
infective, sera from convalescent patients and subjects vaccinated
with mRNA vaccines are able to neutralize the D614G mutant to
an extent similar to that of the ancestral strain, i.e. lineage B or
wild type strain (2–5).

Current vaccination programs around the world are facing
the threat of these circulating variants of concern of SARS-CoV-
2, as they exhibit different mutations in the RBD and may evade
antibody neutralization (2). To facilitate their identification,
variants of concern are currently termed Alpha (B.1.1.7), Beta
(B1.351), Gamma (P.1), and Delta (B.617.2) (6). Alpha (first
identified in the UK), Beta (first identified in South Africa) and
Gamma (first identified in Brazil) mutants share the N501Y
mutation that has been linked with increased affinity of the Spike
protein for the endogenous receptor human Angiotensin-
converting enzyme 2 (hACE2) (7). Beta and Gamma mutants
exhibit the E484Kmutation, associated with an increased evasion
of neutralizing antibodies (8–10). Furthermore, Beta and
Gamma exhibit mutations in the residue K417 of the RBD but
differ in the amino acid substitutions (K417N for Beta and

K417T for Gamma), which may affect antibody binding (6). In
addition, the Delta variant (first identified in India) is currently a
cause of concern due to its high transmissibility and may even
surpass other variants in this regard (11). Delta exhibits unique
mutations (L452R, T478K and P681R), which may increase viral
infectivity and viral fusion (12, 13). Considering the increased
infectivity and death rates described for these variants, it is
crucial to understand whether vaccination can induce
protection against them (6).

Chile is among the countries with the highest percentage of
vaccination worldwide (over 56% of the total population), and
CoronaVac, an inactivated SARS-CoV-2 vaccine, represents
78.2% of the immunized population (14). A phase 3 clinical
trial is being conducted in Chile, with two vaccination schedules:
two doses separated by 14 days (0-14) or by 28 days (0-28), and
the general population has received the latter schedule.
CoronaVac is safe and induces humoral and cellular responses
in vaccinated subjects from different age groups, and has been
proven effective in remarkably reducing hospitalizations and
death rates (15, 16). Here, we evaluate the blocking and
neutralizing capacities of circulating antibody induced by
CoronaVac in vaccinated volunteers for both schedules against
the most prevalent variants in Chile. Blocking capacities against
the RBD of variants Alpha, Beta, Gamma and Delta were tested
with an in-house surrogate neutralization test (sVNT) and
compared to the wild strain, included in the vaccine
formulation. The neutralizing capacities of antibody were
evaluated using a conventional plaque-reduction neutralization
test (cVNT) for the D614G, Alpha, Gamma and Delta variants.
Our data shows that vaccinated volunteers exhibit circulating
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antibodies with neutralizing capacities against the different
variants of concern, with a better response against the Alpha
and Gamma variants, although inhibition of the binding between
hACE2 and RBD from the Beta variant was also detected using
sVNT. We also observed that CoronaVac promotes Interferon-y
(IFN-g)-producing CD4+ T cells against Spike peptides from
variants of concern. These results suggest that the antibodies and
cellular responses induced by the administration of two doses of
CoronaVac would have a protective role against the several
circulating variants of concern of SARS-CoV-2.

METHODS

Study Design and Volunteers
The clinical trial (clinicaltrials.gov NCT04651790) was
conducted in Chile at eight different sites and evaluated two
immunization schedules. This trial was approved by each
Institutional Ethical Committee and the Chilean Public Health
Institute (#24204/20) and conducted according to the current
Tripartite Guidelines for Good Clinical Practices, the Declaration
of Helsinki (17), and local regulations. Volunteers were
inoculated with either two doses of 3 µg (600SU) of
CoronaVac at 0- and 14-days or 0- and 28-days post the first
immunization (p.i.). Written informed consent was obtained
from each participant. Exclusion criteria included history of
confirmed symptomatic SARS-CoV-2 infection, pregnancy,
allergy to vaccine components, and immunocompromised
conditions. A complete list of inclusion and exclusion criteria
has been published previously (15). A total of 2,302 volunteers
were enrolled by March 19th, 2021, and a subgroup of 440
volunteers was chosen to evaluate their immune response.
Demographic information, co-morbidities, nutritional status,
immunization schedule, and dates of vaccination, were
obtained at enrolment for all volunteers.

Procedures
Sera samples from the 0-14 and 0-28 immunization schedules
were chosen among those that were previously confirmed as
positive against wild-type SARS-CoV-2 through commercial kits
(GenScript #L00847-A and BioHermes #COV-S41). A total of 42
samples (22 samples from the 0-14 schedule and 20 from the 0-
28 schedule) were evaluated by sVNT. A total of 52 samples (34
samples from the 0-14 schedule and 18 samples from the 0-28
schedule) were evaluated by cVNT. Both groups included
volunteers aged 18 to 59 years and over 60 years.

To assess the capacity of the antibodies against SARS-CoV-2
circulating variants of concern to inhibit RBD and hACE2
interaction in the samples from vaccinated volunteers, we
performed in-house SARS-CoV-2 sVNT based on previous
reports (18). RBD unconjugated proteins from wild-type (WT)
SARS-CoV-2 (GenScript #Z03483) and the variants B.1.1.7
(GenScript #Z03533), B.1.351 (GenScript #Z03537) P.1
(SinoBiological #40592-V08H86) and B.1.617.2 (GenScript
#Z03613) were conjugated to HRP using the HRP Conjugation
Kit - Lightning Link (#ab102890) in a 2:1 mass ratio (HRP to

RBD) following the instructions of the manufacturer. ELISA 96-
well plates (SPL) were pre-coated with 100 ng per well of the
recombinant hACE2 protein (GenScript #Z03484) in 50 mL of
100mM carbonate–bicarbonate coating buffer (pH 9.6) ON at
4°C. Plates were then washed three times with PBS - 0.05% Tween
20 and blocked with PBS - 10% FBS for 2h at RT. The HRP-RBD
conjugates obtained previously were then incubated with the
serum sample in a final volume of 120 µL for 1 h at 37°C.
Concentration of conjugates used were as follows: 3 ng of WT
SARS-CoV-2, 0.75 ng of B.1.1.7, 3 ng of B.1.351, 3 ng of P.1 and 3
ng of B.1.617.2. Then, these mixtures were added into the 96-well
plates coated with hACE2 and were incubated for 1 h at RT.
Unbound HRP-RBD were removed washing five times with PBS -
0.05% Tween 20. Then, 50 µL of 3,3’,5,5’-tetramethylbenzidine
(TMB – BD #555214) was added. An equal volume of 2 N H2SO4

was added to stop the reaction, and optical densities (OD) values
at 450 nm were read. The antibody titer was determined as the last
fold-dilution with a cut-off value over 20% of inhibition. The
percentage of inhibition was defined as: [OD450nm value of
negative control-OD450nm value of sample]/[OD450nm value of
negative control*100]. Negative controls (corresponding to sera
sample obtained before immunization) were included. For the
cVNT, sera samples were two-fold serially diluted starting at a
4-fold dilution until a 512-fold. Then, samples were incubated for
1 h at 37°C with an equal volume of a SARS-CoV-2 33782CL-
SARS-CoV-2 strain (lineage B, D614G), Alpha (B.1.1.7), Gamma
(P.1) and Delta (B.1.617.2) variants. These variants were
previously isolated by the Institute of Public Health of Chile
from clinical samples. These mixtures were inoculated on
confluent Vero E6 cell monolayers (ATCC CRL-1586) and
cytopathic effect (CPE) was evaluated seven days later. Sera
samples from uninfected patients (negative controls) and sera
samples from confirmed COVID-19 patients (positive controls)
were included. Plaque forming units were quantified by direct
visualization and the titer of neutralizing antibodies was defined
as the highest serum dilution that neutralized 100% of virus
infection. Seropositivity rates were calculated as the percentage
of the population evaluated that showed end titers ≥1/4 in
both techniques.

To assess the cellular immune response, ELISPOT assays were
performed using PBMCs from 18 participants, as described
previously, using the human IFN-g/interleukin-4 (IL-4)double-
color ELISPOT (Immunospot) (15). Cells were stimulated for
48h in the presence of Mega Pools (MPs) of peptides derived
from SARS-CoV-2 Spike WT, Alpha, Beta, Gamma and Delta at
37°C, 5% CO2. As positive controls, an independent stimulation
performed with 5 mg/mL of Concanavalin A (ConA) (Sigma Life
Science #C5275-5MG) and with an MP of peptides derived from
cytomegalovirus proteins (MP-CMV) for the stimulation of both
CD4+ and CD8+ T cells. As a vehicle control, DMSO 1% (Merck
#317275) was included. Spot Forming Cells (SFCs) were counted
on an ImmunoSpot® S6 Micro Analyzer.

Statistical Analysis
Statistical differences were evaluated by Wilcoxon tests (for
comparisons between two groups). Differences were considered

Melo-González et al. Immunity to SARS-CoV-2 Variants of Concern

Frontiers in Immunology | www.frontiersin.org November 2021 | Volume 12 | Article 7478303



 |  453O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

significant if the p value was under 0.05. All data were analyzed
with GraphPad Prism 9.0.1.

RESULTS

To assess whether volunteers from the Phase 3 clinical trial being
held in Chile exhibited antibodies able to inhibit the RBD of
SARS-CoV-2 circulating variants of concern, we performed an
in-house sVNT designed to evaluate the inhibition of the
interaction between hACE2 and RBD, which has been
previously shown to correlate with neutralizing antibodies (15,
18). Samples from volunteers immunized with two doses of
CoronaVac in a 0-14 or 0-28 immunization schedule were tested.
Levels of antibodies able to inhibit the interaction between
hACE2 and RBD from circulating SARS-CoV-2 variants of
concern combining both 0-14 and 0-28 immunization
schedules are shown in Figure 1A. We report a 1.8-fold
reduction of antibody titers that inhibit the variant Alpha, a
5.9-fold reduction of titers against the variant Beta, a 3-fold
reduction of titers against the variant Gamma, and a 3.5-fold
reduction of titers against the variant Delta, as compared to the
WT strain. These reductions were associated with a decrease in
GMT values, i.e., 29.5 (95% CI 20.1-43) for the WT strain, 16.0
(95% CI 10.9-23.5) for Alpha, 5.0 (95% CI 3.8-6.7) for Beta, 9.8
(95% CI 6.9-13.9) for Gamma, and 8.5 (95% CI 6.1-11.9) for
Delta. Reductions seen for variants Beta, Gamma, and Delta were
detected in both age groups. Interestingly, participants aged 18-
59 years did not exhibit significant differences in the level of
antibodies inhibiting the WT strain and the Alpha variant
(Supplementary Figure 1). The seropositivity rate of the
neutralizing antibodies in the population evaluated was 100%
for the WT strain and 88.1%, 64.2%, 88.1% and 78.6% for Alpha,
Beta, Gamma, and Delta, respectively.

For the 0-14 immunization schedule, antibodies that inhibit
the variants Alpha, Beta, and Gamma were measured 28 days
after administration of the second dose. GMTs of antibodies able
to inhibit the RBDs (Figure 1B) are lower compared to the wild-
type strain (17.6, 95% CI 10.2-30.1) and the lowest reported value
were against the Beta variant (GMT 4.8, 95% CI 3.1-7.4, a 3.6-
fold reduction) and Delta variant (GMT 7.8, 95% CI 4.7-12.9, a
2.3-fold reduction). In contrast, similar GMT values were found
for the Alpha and Gamma variants (12.8, 95% CI 7.7-21.5 and
12.4, 95% CI 7.3-21.2, respectively). Similar values were found
when samples were analyzed according to their age group,
although volunteers aged 18 to 59 years old exhibited a
significant decrease in antibodies against the Beta RBD and
Delta RBD whereas volunteers over 60 years only exhibit a
significant decrease against the Beta RBD (Supplementary
Figures 2A, B). The seropositivity rate was 95.45% of the
evaluated volunteers exhibiting neutralizing antibodies against
the WT strain, while the percentages against the Alpha, Beta,
Gamma and Delta variants were 86.36%, 63.64%, 86.36%, and
72.72%, respectively.

For volunteers of the 0-28 immunization schedule, increased
GMT values in antibodies able to block the RBDs were found

against the WT strain (52.0, 95% CI 33.2-81-3) compared to the
GMTs for the WT strain observed in the 0-14 schedule, as
observed in Fig 1C. These GMT values decreased when
evaluating the circulating variants of concern (Alpha, 2.5-fold
reduction, GMT 20.4, 95% CI 11.1-37.4; Beta, 9.8-fold reduction,
GMT 5.3 95% CI 3.4-8; Gamma, 6.9-fold reduction, GMT 7.5,
95% CI 4.7-11.9; and Delta, 5.5-fold reduction, GMT 9.5 95% CI
5.9-15.4) (Figure 1C). Decreases in GMT values against the Beta,
Gamma and Delta variants were seen for both age groups in this
immunization schedule. However, volunteers aged 18-59 years
exhibited a similar GMT between the WT strain and the Alpha
variant (Supplementary Figures 2C, D). Seropositivity rates of
antibodies measured for this schedule are showed in Figure 1C
and are similar to those reported for the 0-14 schedule. The
results indicate that 100% of the evaluated volunteers exhibited
antibodies able to inhibit the WT strain, while percentages
against the Alpha, Beta, Gamma, and Delta variants were 90%,
65%, 80% and 85%, respectively.

In order to further corroborate whether these antibodies were
also able to neutralize viral infection in a cell culture, we
performed cVNT for lineage B SARS-CoV2 (D614G) and the
Alpha, Gamma, and Delta variants. The results obtained showed
that, as compared to the D614G strain, there was a 2.33-fold
decrease in neutralizing antibodies against the Alpha variant, a
4.73-fold reduction against the Gamma variant and a 9.46-fold
reduction against the Delta variant (Figure 2A). This result
suggests that CoronaVac induce the secretion of antibodies
that can neutralize these variants, but at rates lower than those
reported for the WT or the D614G strain. The GMT values
obtained by cVNT for D614G strain and the Alpha, Gamma, and
Delta variants were 74.8 (95% CI 59.8-93.6), 32.1(95% CI 20.1-
51.1), 15.8 (95% CI 9.5-26.2) and 7.9 (95% CI 5.2-12),
respectively. As also seen for sVNT, volunteers aged 18 to 59
years exhibit a significant decrease in neutralizing antibodies
against Gamma, and Delta, whereas volunteers over 60 years old
exhibited significantly decreased neutralizing antibodies against
Alpha and Delta and a lower but insignificant decrease in
neutralizing antibodies against Gamma (Supplementary
Figure 3). The seropositivity rates of neutralizing antibodies
for the Alpha, Gamma and Delta variants were 84.62%, 65.38%
and 55.76% respectively, while for the D614G strain was 97.6%
(Figure 2B). Further details regarding the values reported on
Figures 1 and 2 can be found in Tables 1 and 2.

We also evaluated whether nine volunteers infected with
SARS-CoV-2 after their respective vaccination schedules were
completed (breakthrough cases) produced antibodies inhibiting
the RBDs of the different variants evaluated. Figure 3 compares
antibodies levels 28 days after the second dose of CoronaVac
(pre-infection) and 28 days after the infection were detected
(post-infection). Most of the volunteers exhibited a 10-fold
increase in the GMT of antibodies able to inhibit the RBDs of
the four variants evaluated (Alpha, Beta, Gamma and Delta), as
compared to GMT observed for samples previous infection.
Therefore, natural infection with SARS-CoV-2 increases the
secretion of antibodies that can block the interaction of RBDs
from the Beta, Gamma, and Delta variants with the hACE2
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receptor. However, further analyses are still required, as no
characterization of the variants infecting these volunteers
was performed.

Moreover, we have recently shown that CoronaVac is able to
stimulate CD4+ T cell responses against MPs of both Spike and
Non-Spike peptides, displaying higher secretion of IFN-g and
expression of activation markers following vaccination in a 0-14
schedule, which peaks 14 days after the second dose (15).

In order to evaluate anti-Spike CD4+ T cell responses, we
stimulated PBMCs of participants from both 0-14 and 0-28
schedules with Spike MPs from the WT strain and variants of
concern and evaluated IFN-g expression by ELISPOT (Figure 4).
As previously reported, the subjects evaluated exhibited robust
IFN-g production following stimulation and we did not observe
significant differences between PBMCs stimulated with any of
the Spike MPs, suggesting that CoronaVac induces protective

A

B

C

FIGURE 1 | Immunization with CoronaVac induces antibodies able to inhibit the interaction between hACE2 and S1-RBD from SARS-CoV-2 variants after two
immunizations in a 0-14 and 0-28 schedule. Antibody titers were evaluated with a surrogate virus neutralization assay (sVNT), which quantifies the interaction
between S1-RBD from either WT SARS-CoV-2 or variants of concern (Alpha, Beta, Gamma, and Delta) and hACE2 on ELISA plates. Total neutralizing antibodies
titer from volunteers vaccinated with CoronaVac, 28 days after the second dose and the seropositivity rate of neutralizing antibodies are shown for both vaccination
schedules (A), 0-14 schedule (B) and 0-28 schedule (C). Numbers above the bars show the Geometric Mean Titer (GMT), and the error bars indicate the 95% CI in
the graphs showing total antibody titers, and the number above bars show the percentage of seropositivity rate in the respective graphs. A Wilcoxon test analyzed
data to compare against the wild-type RBD; **p < 0.005, ***p < 0.001, ****p < 0.0001. The graph represents the results obtained for 22 volunteers for the 0-14
schedule and 20 volunteers for the 0-28 schedule.
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cellular responses against all SARS-CoV-2 variants of concern. In
addition, we observed low numbers of IL-4-secreting T cells in
response to all of the MPs (Supplementary Figure 4), which is
consistent with our previous data using the MP-S WT.

DISCUSSION

The current spread of multiple SARS-CoV-2 variants worldwide
challenges the strategies of vaccination and represent a threat for
potential new waves of infection. The inactivated SARS-CoV-2
vaccine CoronaVac has been proven to induce total IgG and
neutralizing antibodies against the Spike protein in subjects
vaccinated with either a 0-14 or 0-28 vaccination schedule,
although those levels are lower as compared to other vaccines
such as BNT16b2 and Moderna mRNA-1273 (15, 19, 20). Here
we report that CoronaVac induces the secretion of neutralizing
antibodies that recognize most of the variants of concern
currently circulating in the population, as determined by sVNT

and cVNT (Figures 1–3). Although the intrinsic characteristics
for each of the techniques used in this report to evaluate
circulating neutralizing antibodies in immunized volunteers
were different, the results obtained were mostly equivalent for
the WT strain, as described in our previous studies (15, 21). We
found similar fold reductions in blocking and neutralizing
antibodies against the variants Alpha and Gamma using both
techniques, but a higher fold reduction against the Delta variant
(3.5-fold reduction in the sVNT and 9.46-fold reduction in the
cVNT) was observed. Moreover, when evaluating through
cVNT, lower seropositivity rates were observed against the
Gamma and Delta variants (65.4% and 55.8%, respectively) as
compared to the results obtained by sVNT (83.3% and 78.57%,
respectively), but we report a similar percentage of seropositivity
for participants with circulating neutralizing antibodies against
at least two of the variants with both techniques (88.1% by sVNT
and 78.8 by cVNT) (Tables 1 and 2). These results are in line
with previous reports that have shown a high correlation
between these two techniques (15, 18). A recent study that

TABLE 1 | Seropositivity rates and geometric mean titer of antibodies that inhibit the RBDs of SARS-CoV2 variants, by sVNT.

Schedule Indicators Wild type Alpha (B.1.1.7) Beta (B.1.351) Gamma (P.1) Delta (B.1.617.2) Seropositivity rate over 2 variants

0-14 Seropositivity n/N
(%)
GMT

(95% CI)

21/22
95.5
17.6

10.3-30.2

19/22
86.4
12.8

7.7-21.5

14/22
63.6
12.4

7.3-21.2

19/22
86.4
4.8

3.2-7.4

16/22
72.72
7.8

4.7-12-9

19/22
86.4
N/D
(-)

0-28 Seropositivity n/N
(%)
GMT

(95% CI)

20/20
100
52.0

33.1-81.4

18/20
90.0
20.4

11.1-37.4

13/20
65.0
7.5

4.7-11.2

16/20
80.0
5.3

3.4-8.1

17/20
85.0
9.5

5.9-15.4

18/20
90.0
N/D
(-)

Total Seropositivity n/N
(%)
GMT

(95% CI)

41/42
97.6
29.5

20.2-43.1

37/42
88.1
16.0

10.9-23.5

27/42
64.3
9.8

6.9-13.9

35/42
83.3
5.0

3.8-6.7

33/42
78.57
8.5

6.1-11.9

37/42
88.1
N/D
(-)

RBD, Receptor-binding domain; S, Spike; GMT, Geometric mean titer; N/D, Not determined.

A B

FIGURE 2 | CoronaVac immunization induces neutralizing antibodies against SARS-CoV-2 variants after two vaccine doses using a conventional virus neutralization
test. Neutralizing antibody titers were evaluated by incubating the serum with a SARS-CoV-2 Chilean clinical strains and then added into Vero E6 cell for seven days.
The neutralizing titer was determinate for the last dilution where no viral cytopathic effect was found in cells against wild type (D614G), and Alpha, Gamma and Delta
variants. Consolidate neutralizing antibodies titer of both schedules is shown in (A), and the seropositivity rate of neutralizing antibodies is shown in (B). Numbers
above the bars show the Geometric Mean Titer (GMT), and the error bars indicate the 95% CI in (A), and the number above bars in (B) showed the seropositivity
rate. A Wilcoxon test analyzed data to compare against the wild-type RBD; **p < 0.005, ****p < 0.0001. The graph represents the results obtained for 52 volunteers
of both schedules.
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used the sVNT and cVNT to evaluate neutralizing antibodies
against SARS-CoV-2 variants of concern in heterologous and
homologous ChAdOx1 nCoV-19/BNT162b2 vaccination has
shown high correlation between both assays (22).

Our results are in line with the effectiveness of CoronaVac
observed in a study of elderly subjects vaccinated in Brazil, where
the Gamma variant is the most prevalent SARS-CoV-2 strain and
an effectiveness of 42%was reported (23). Furthermore, our data is
consistent with a recent study in volunteers vaccinated with two
doses of CoronaVac in China, which exhibit a 4.3-fold reduction
of VNT in live neutralization assays against the Gamma variant
compared to the WT strain and another study with individuals
vaccinated with two doses of CoronaVac in Brazil, which reported
reduced VNT against the isolates P.1/28 and P.1/30 as compared
to the WT strain (a 3.1 and 2.6 fold reduction, respectively) (24,
25). Similarly, here we report a 4.73 fold reduction compared to
the D614G strain using cVNT (Figure 2). In addition, other
studies carried out in Chile using cVNT and pseudotyped viruses

have reported a 7.51 and 2.33-fold reduction, respectively, in
Gamma variant neutralization as compared to the WT strain in
subjects vaccinated with CoronaVac (26, 27). The reduced
neutralizing capacities reported against the Gamma variant have
been related to the E484K mutation, which promotes the evasion
of neutralizing antibodies (28). Importantly, the Gamma variant
became one of the dominant SARS-CoV-2 strains in Chile during
2021 in parallel to the vaccination of Chilean population with
CoronaVac (26). However, only 45 out of 2,263 participants of the
phase 3 clinical trial carried out in Chile developed breakthrough
cases following vaccination and among these individuals 96%
developed mild disease, which suggests that CoronaVac is
protective against SARS-CoV-2 and potentially against SARS-
CoV-2 variants (21).

We also reported neutralizing responses against the Beta
variant in subjects vaccinated with two doses of CoronaVac. A
reduced inhibition of the interaction between hACE2 and RBD
compared to the WT strain and a seropositivity of 64.2% was

FIGURE 3 | CoronaVac immunization induces antibodies able to inhibit the interaction between hACE2 and S1-RBD from SARS-CoV-2 variants in vaccine
breakthrough cases after two vaccine doses. Antibody titers were evaluated with a surrogate virus neutralization assay (sVNT), which quantifies the interaction
between S1-RBD from either Wild type SARS-CoV-2 or variants of concern (Alpha, Beta, Gamma, and Delta) and hACE2 on ELISA plates. Comparative data from
vaccine breakthrough cases from both schedules are represented for each variant in two different point times, pre-infection (black circle) and post-infection (red
circles). A Wilcoxon test analyzed data to compare against the wild-type RBD; *p < 0.05. The graph represents the results obtained for nine volunteers considering
both schedules.

TABLE 2 | Seropositivity rates and geometric mean titer of neutralizing antibodies against SARS-CoV2 variants by cVNT.

Schedule Indicators D614G Alpha (B.1.1.7) Gamma (P.1) Delta (B.1.617.2) Seropositivity rate over 2 variants

0-14 Seropositivity n/N
(%)
GMT

(95% CI)

34/34
100
57.7

45.1-74.0

27/34
79.4
26.5

14.9-47.1

27/34
79.4
27.0

14.8-49.4

20/34
58.8
7.7

4.7-12-6

29/34
85.2
N/D
(-)

0-28 Seropositivity n/N
(%)
GMT

(95% CI)

18/18
100
122.2

83.9-178.1

17/18
94.4
46.1

19.8-107.2

7/18
38.9
5.7

2.6-12.4

9/18
50.0
8.3

3.5-19.7

12/18
66.6
N/D
(-)

Total Seropositivity n/N
(%)
GMT

(95% CI)

52/52
100
74.8

59.8-93.6

44/52
84.6
32.1

20.1-51.1

34/52
65.4
15.8

9.5-26.2

29/52
55.8
7.9

5.2-12

41/52
78.8
N/D
(-)

GMT, Geometric mean titer; N/D, Not determined.

Melo-González et al. Immunity to SARS-CoV-2 Variants of Concern

Frontiers in Immunology | www.frontiersin.org November 2021 | Volume 12 | Article 7478307



 |  457O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

reported using the sVNT, the lowest across all variants of
concern analyzed (Figure 1 and Table 1). These results are
consistent with recent reports in cohorts from Thailand and
China vaccinated with CoronaVac, in which reduced
neutralization was reported using live virus neutralization (fold
reductions of 22.1 and 5.7 compared to the WT strain,
respectively) (24, 29) and also with the reduction in
neutralizing responses observed in subjects vaccinated with the
mRNA vaccine BNT162b2 for the Beta variant (4, 30). In line
with the reports for the Gamma variant, the E484K mutation
found in the Beta variant has been identified as the main
mutation responsible for this effect as antibodies bind to RBD
with less affinity.

Of note, we used the D614G variant in the cVNT, which
exhibits a mutation outside of the RBD and we were able to
observe effective neutralization against viral infection in all the
subjects evaluated from both vaccination schedules and both age
groups (Figure 2). These results support that CoronaVac is
protective against the D614G variant, which is one of the most
prevalent strains worldwide.

Our work also reported protection against the variant Delta.
The Delta variant (first identified in India) exhibit the RBD
mutations T478K, L452R and P681R and is currently a cause of
concern due to its high transmissibility and may even surpass
other variants in this regard (11). The Delta variant has been
recently detected in Chile and it is becoming one of the dominant
SARS-CoV-2 strains. Here we show using a RBD containing the
mutations T478K and L452R present in the Delta variant that

volunteers vaccinated with CoronaVac exhibit reduced blocking
antibodies compared to the WT RBD but we report a
seropositivity of 78.57% and 55.76% by sVNT and cVNT
(Tables 1 and 2), respectively, which suggests that the vaccine
confers protection against this variant. Our data is in line with
the previously mentioned works from Thailand and China in
volunteers vaccinated with 2 doses of CoronaVac, in which
neutralization was evaluated by cVNT and reported fold
reductions of 31.7 and 3.7 fold reduction, respectively, as
compared to the WT strain, whereas we report a 9.46-fold
reduction (24, 29). Similarly, mRNA vaccines induce
neutralizing antibodies against the Delta variant but to a
reduced extent compared to the WT strain (31, 32).
Pseudoviruses carrying the L452R mutation display higher
infectivity in cell culture and when incubated with sera from
subjects vaccinated with Moderna mRNA-1273 or BNT16b2, as
compared to the WT strain (13).

Our study also shows how subjects vaccinated with
CoronaVac increase their blocking antibody GMTs following
natural infection against the wild type strain and to a similar
extent to the Alpha variant, but this increased GMT was lower
for the variants Beta, Gamma and Delta (Figure 3). These
findings are consistent with studies comparing different
vaccine platforms against natural infection, which indicate that
inactivated vaccines induce lower levels of neutralizing
antibodies compared to natural infection with SARS-CoV-2, in
contrast to mRNA vaccines, which exhibit comparable levels of
neutralization, using live virus neutralization (20). In line with

FIGURE 4 | Evaluation of cellular immune response through ELISPOT upon stimulation with Mega Pools of Spike peptides derived from SARS-CoV-2 WT and
variants of concern in volunteers immunized with CoronaVac. Numbers of IFN-g-secreting cells, determined through ELISPOT as spot forming cells (SFCs) were
determined. PBMCs were stimulated with MP-S WT, MP-S Alpha, MP-S Beta, MP-S Gamma and MP-S Delta for 48 h for samples obtained 2 weeks after the
second dose of volunteers of the 0-14 schedule (n = 11) and 0-28 schedule (n = 7). A total of 18 volunteers were evaluated. Data shown represents mean ±
95% CI and the mean is indicated above each bar. Statistical differences were evaluated by a one-way ANOVA followed by Dunnett’s test for multiple
comparisons against the MP-S WT.
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this, cohorts from Thailand and Brazil vaccinated with
CoronaVac exhibits lower neutralizing antibody titers against
either the WT strain or variants of concern, compared to
naturally infected individuals (25, 29). We have previously
reported levels of neutralization in unvaccinated and naturally
infected hospitalized individuals, which exhibit a robust
neutralizing antibody response against wild-type SARS-CoV-2
(33). Although we did not perform cVNT for either
breakthrough cases or naturally infected individuals against
variants of concern, our results obtained by sVNT are in line
with data from non-variant infected subjects, who also exhibit a
similar reduction in neutralization against the variants Beta,
Gamma and Delta (20).

Moreover, here we show that CoronaVac is able to stimulate
T cell responses against Spike MPs from either WT strain or
variants of concern and we did not see any significant differences
(Figure 4). This is the first report to date to characterize T cell
responses against SARS-CoV-2 Spike MPs in volunteers
vaccinated with CoronaVac. Concordantly, MPs from variants
of concern have been previously used to show that volunteers
vaccinated with two doses of either Moderna mRNA-1273 or
BNT16b2 exhibit IFN-g-secreting T cells in response to these
MPs and no significant differences were found (34). These results
have been attributed to the high conservation of T cell epitopes in
variants of concern, suggesting that vaccines can induce effective
cellular responses against them. In addition, it is important to
highlight that although the majority of the T cell responses are
conserved and the variants do not mutate enough to disrupt the
overall T cell repertoire, mutations are observed in other SARS-
CoV-2 proteins and across variants (34). Therefore, it is likely
that the induction of cellular responses against other SARS-CoV-
2 proteins by CoronaVac may confer an advantage compared to
other vaccines, considering that the inclusion of multiple
antigens might increase the likelihood that more epitopes are
conserved than having only one protein in the vaccine.

Importantly, a limitation of our study is that we were not able
to characterize other non-neutralizing antibody functions that
could be important in either vaccinated or convalescent subjects
against variants of concern. Furthermore, in vitro evaluation of
neutralizing antibodies does not necessarily correlate with
protection against SARS-CoV-2 in vaccinated individuals.
However, recent evidence supports that levels of neutralizing
antibodies are predictive of protection against symptomatic
SARS-CoV-2 infection (35). In addition, although cellular
responses do not necessarily prevent infection, induction of
cellular responses against variants of concern in individuals
vaccinated with CoronaVac suggests that vaccinated
individuals are protected from severe disease, which is
supported from the results of the clinical trial performed in
Chile with this vaccine (16, 21).
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Supplementary Figure S1 | Immunization with CoronaVac induces antibodies
able to inhibit the interaction between hACE2 and S1-RBD from SARS-CoV-2
variants in participants aged 18-59 and ≥60 after two immunizations. Antibody titers
were evaluated with a surrogate virus neutralization assay, which quantifies the
interaction between S1-RBD from either Wild type SARS-CoV-2 or variants of
concern (Alpha, Beta, Gamma and Delta) and hACE2 on ELISA plates. Results were
obtained from participants vaccinated with CoronaVac, 28 days after the second
dose in volunteers between 18-59 (A) and ≥ 60 (B) consolidating the data from both
0-14 and 0-28 schedules. Numbers above the bars show the Geometric Mean Titer
(GMT), and the error bars indicate the 95% CI. A Wilcoxon test analyzed data to
compare against the wild-type RBD; ****p < 0.0001. The graph represents the
results obtained for 22 participants in the 18-59 years old group and 20 participants
in the ≥60 years old group.

Supplementary Figure S2 | CoronaVac vaccination induces antibodies able to
inhibit the interaction between hACE2 and S1-RBD from SARS-CoV-2 variants in
participants aged 18-59 and ≥60 after two immunizations in both 0-14 and 0-28
schedules. Antibody titers were evaluated with a surrogate virus neutralization
assay, which quantifies the interaction between S1-RBD from either Wild type

SARS-CoV-2 or variants of concern (Alpha, Beta, Gamma and Delta) and hACE2 on
ELISA plates. Results were obtained from participants vaccinated with CoronaVac
28 days after the second dose. For 0-14 schedule, volunteers between 18-59 and ≥

60 are shown in (A, B), respectively, and for 0-28, schedule volunteers between 18-
59 and ≥ 60 are shown in (C, D), respectively. The bars above show the Geometric
Mean Titer (GMT), and the error bars indicate the 95% CI. A Wilcoxon test analyzed
data to compare against the wild-type RBD; **p < 0.05, ***p < 0.005, ****p < 0.0001.
The graph represents the results obtained for 12 participants in the 18-59 years old
group and 10 participants in the ≥60 years old group in the 0-14 schedule and for
10 participants in the 18-59 years old group and 10 participants in the ≥60 years old
group in the 0- 28 schedule.

Supplementary Figure S3 | CoronaVac immunization induces neutralizing
antibodies against SARS-CoV-2 variants after two vaccine doses using a live virus
test in volunteers aged 18-59 and over 60 years old. Antibody titers were evaluated
by incubating the serum with a SARS-CoV-2 Chilean clinical strain and then added
into Vero E6 cell for seven days. The neutralizing titer was determinate for the last
dilution where no viralcytopathic effect was found in cells against wild type (D614G)
and Alpha, Gamma and Delta variants. Consolidate neutralizing antibodies titer of
volunteers from 0-14 and 0-28 schedules aged 18-59 years old are shown in (A),
while volunteer under 60 years old from 0-14 and 0-28 schedules are shown in (B).
The bars above show the Geometric Mean Titer (GMT), and the error bars indicate
the 95% CI. A Wilcoxon test analysed data to compare against the wild-type RBD;
*p < 0.05. The graph represents the results obtained for 42 volunteers of both
schedules.

Supplementary Figure S4 | Evaluation of cellular immune response through
ELISPOT upon stimulation with Mega Pools of Spike peptides derived from SARS-
CoV-2 WT and variants of concern in volunteers immunized with CoronaVac.
Numbers of IL-4-secreting cells, determined through ELISPOT as spot forming cells
(SFCs) were determined. PBMCs were stimulated with MP-SWT, MP-S Alpha, MP-
S Beta, MP-S Gamma and MP-Delta for 48 h for samples obtained 2 weeks after
the second dose of volunteers of the 0-14 schedule (n = 11) and 0-28 schedule
(n = 7). A total of 18 volunteers were evaluated. Data shown represents mean 95%
CI and the mean is indicated above each bar. Statistical differences were evaluated
by a one-way ANOVA followed by Dunnett’s test for multiple comparisons against
the MP-S WT.

REFERENCES
1. Dong E, Du H, Gardner L. An Interactive Web-Based Dashboard to Track

COVID-19 in Real Time. Lancet Infect Dis (2020) 20:533–4. doi: 10.1016/
S1473-3099(20)30120-1

2. Zhang L, Jackson CB, Mou H, Ojha A, Peng H, Quinlan BD, et al.
SARS-CoV-2 Spike-Protein D614G Mutation Increases Virion Spike
Density and Infectivity. Nat Commun (2020) 11:1–9. doi: 10.1038/s41467-
020-19808-4

3. Ozono S, Zhang Y, Ode H, Sano K, Tan TS, Imai K, et al. SARS-CoV-2 D614G
Spike Mutation Increases Entry Efficiency With Enhanced ACE2-Binding
Affinity. Nat Commun (2021) 12:1–9. doi: 10.1038/s41467-021-21118-2

4. Jalkanen P, Kolehmainen P, Häkkinen HK, Huttunen M, Tähtinen PA,
Lundberg R, et al. COVID-19 mRNA Vaccine Induced Antibody
Responses and Neutralizing Antibodies Against Three SARS-CoV-2
Variants. Nat Commun (2021) 12:3991. doi: 10.21203/rs.3.rs-343388/v1

5. Daniloski Z, Jordan TX, Ilmain JK, Guo X, Bhabha G, tenOever BR, et al. The
Spike D614g Mutation Increases Sars-Cov-2 Infection of Multiple Human
Cell Types. Elife (2021) 10:e65365. doi: 10.7554/eLife.65365

6. HarveyWT, Carabelli AM, Jackson B, Gupta RK, Thomson EC, Harrison EM,
et al. SARS-CoV-2 Variants, Spike Mutations and Immune Escape. Nat Rev
Microbiol (2021) 19:409–24. doi: 10.1038/s41579-021-00573-0

7. Liu Y, Liu J, Plante KS, Plante JA, Xie X, Zhang X, et al. The N501Y Spike
Substitution Enhances SARS-CoV-2 Transmission. bioRxiv Prepr Serv Biol
(2021), 2021.03.08.434499. doi: 10.1101/2021.03.08.434499

8. Chen RE, Zhang X, Case JB, Winkler ES, Liu Y, VanBlargan LA, et al.
Resistance of SARS-CoV-2 Variants to Neutralization by Monoclonal and
Serum-Derived Polyclonal Antibodies. Nat Med (2021) 27:717–26. doi:
10.1038/s41591-021-01294-w

9. Xie X, Liu Y, Liu J, Zhang X, Zou J, Fontes-Garfias CR, et al. Neutralization of
SARS-CoV-2 Spike 69/70 Deletion, E484K and N501Y Variants by
BNT162b2 Vaccine-Elicited Sera. Nat Med (2021) 27:620–1. doi: 10.1101/
2021.01.27.427998

10. Ku Z, Xie X, Davidson E, Ye X, Su H, Menachery VD, et al. Molecular
Determinants and Mechanism for Antibody Cocktail Preventing SARS-CoV-
2 Escape. Nat Commun (2021) 12:4177. doi: 10.1038/s41467-021-24440-x

11. Campbell F, Archer B, Laurenson-Schafer H, Jinnai Y, Konings F, Batra N,
et al. Increased Transmissibility and Global Spread of SARS-CoV-2 Variants
of Concern as at June 2021. Eurosurveillance (2021) 26:2100509. doi: 10.2807/
1560-7917.ES.2021.26.24.2100509

12. Saito A, Nasser H, Uriu K, Kosuge Y, Irie T, Shirakawa , et al. SARS-CoV-2
Spike P681R Mutation Enhances and Accelerates Viral Fusion. bioRxiv
(2021) 2021.06.17.448820. doi: 10.1101/2021.06.17.448820

13. Deng X, Garcia-Knight MA, Khalid MM, Servellita V, Wang C, Morris MK,
et al. Transmission, Infectivity, and Neutralization of a Spike L452R SARS-
CoV-2 Variant. Cell (2021) 184:3426–37.e8. doi: 10.1016/j.cell.2021.04.025

14. Chilean Minister of Health: Ministerio de Salud Gobierno de Chile. Plan
Nacional De Vacunación. Accessed at: https://www.minsal.cl/7052-de-la-
poblacion-objetivo-ha-completado-su-vacunacion-contra-sars-cov-2/.
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Constant efforts to prevent infections by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) are actively carried out around the world. Several vaccines are currently
approved for emergency use in the population, while ongoing studies continue to provide
information on their safety and effectiveness. CoronaVac is an inactivated SARS-CoV-2
vaccine with a good safety and immunogenicity profile as seen in phase 1, 2, and 3 clinical
trials around the world, with an effectiveness of 65.9% for symptomatic cases. Although
vaccination reduces the risk of disease, infections can still occur during or after completion
of the vaccination schedule (breakthrough cases). This report describes the clinical and
immunological profile of vaccine breakthrough cases reported in a clinical trial in progress
in Chile that is evaluating the safety, immunogenicity, and efficacy of two vaccination
schedules of CoronaVac (clinicaltrials.gov NCT04651790). Out of the 2,263 fully
vaccinated subjects, at end of June 2021, 45 have reported symptomatic SARS-CoV-2
infection 14 or more days after the second dose (1.99% of fully vaccinated subjects). Of
the 45 breakthrough cases, 96% developed mild disease; one case developed a
moderate disease; and one developed a severe disease and required mechanical
ventilation. Both cases that developed moderate and severe disease were adults over
60 years old and presented comorbidities. The immune response before and after
SARS-CoV-2 infection was analyzed in nine vaccine breakthrough cases, revealing that
six of them exhibited circulating anti-S1-RBD IgG antibodies with neutralizing capacities
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after immunization, which showed a significant increase 2 and 4 weeks after symptoms
onset. Two cases exhibited low circulating anti-S1-RBD IgG and almost non-existing
neutralizing capacity after either vaccination or infection, although they developed a mild
disease. An increase in the number of interferon-g-secreting T cells specific for SARS-CoV-2
was detected 2 weeks after the second dose in seven cases and after symptoms onset. In
conclusion, breakthrough cases were mostly mild and did not necessarily correlate with a
lack of vaccine-induced immunity, suggesting that other factors, to be defined in future
studies, could lead to symptomatic infection after vaccination with CoronaVac.

Keywords: CoronaVac, phase 3 clinical trial, SARS-CoV-2, COVID-19, vaccines, breakthrough cases

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
is a novel coronavirus first identified in China, in December of
2019, and is responsible of the current worldwide pandemic with
nearly 4 million deaths reported at the beginning of July 2021 (1,
2). Coronavirus disease 2019 (COVID-19) is the result of
infection caused by this virus, a disease that ranges from mild
respiratory symptoms in over 80% of the population to severe
illnesses requiring oxygen assistance and invasive ventilation,
which usually leads to fatal or life-threatening outcomes (3).

Vaccine development has become the main hope for reducing
COVID-19 cases and the severity of this disease (4). Several vaccines
have been developed through different molecular approaches
(i.e., viral mRNA, viral recombinant proteins, recombinant viral
vectors, or inactivated whole virus), and up to date, the World
Health Organization (WHO) has granted emergency approval for
the use of 10 of them (5). Despite their differences, all these vaccines
have reported a protective immune response against SARS-CoV-2
infections in clinical trials (6). Several studies have reported the
production of antibodies with neutralizing capacities, along with
broad cellular immune responses that helps in the clearance of the
virus (6–10). However, breakthrough cases, defined as the detection
of SARS-CoV-2 RNA in people ≥14 days after they completed the
immunization schedule, have been reported (11, 12). These cases
push the scientific community towards a further characterization
and comprehension of the immune response elicited upon
vaccination, in order to achieve enhanced protective responses in
all the population.

CoronaVac is an inactivated SARS-CoV-2 vaccine that has
shown to be 65.9%, 87.5%, 90.3%, and 86.3% effective in preventing
COVID-19 symptoms, hospitalization, ICU admission, and
COVID-19-related death, respectively, as recently reported in a
cohort of almost 10.2 million individuals in Chile (13). It has been
reported that immunization with CoronaVac elicits an immune
response directed against several viral components, beyond the
spike (S) protein, after the administration of two doses, as
evidenced by detecting IgG antibodies against N protein and a
substantial CD4+ T-cell response after ex vivo stimulation with a
MegaPool (MP) of peptides covering the remainder “non-spike”
SARS-CoV-2 proteome (7, 14, 15). Phase 3 clinical trials for this
vaccine are being held in different countries around the globe (15,
16). Particularly in Chile, a clinical trial is undergoing to evaluate

two different immunization schedules, with the second dose
administered either 2 (0–14) or 4 (0–28) weeks after the first one
(clinicaltrials.gov number: NCT04651790). Among 2,263 fully
vaccinated volunteers, on June 25, 2021, a total of 45 COVID-19
cases (1.99%) have been reported occurring in the monitoring
period (from 2 weeks after the second dose). Here, we report the
clinical outcome and the immune response elicited by nine
breakthrough cases detected among the 15 of the 450 volunteers
enrolled in the immunogenicity branch of the phase 3 clinical trial,
who already received both doses of CoronaVac. Evaluation of the
humoral immune response considered the measurement of
circulating anti-S1-RBD IgG antibodies and their neutralizing
capacities as measured by two different techniques. Evaluation of
the cellular immune response was performed through ELISPOT
assays after ex vivo stimulation of peripheral blood mononuclear
cells (PBMCs) with two sets of MP of peptides derived from the
proteome of SARS-CoV-2 (17). A thorough understanding of the
immune responses elicited after vaccination and as to how it
correlates with the protection elicited after this and subsequent
infections will provide valuable information that will improve the
approaches currently being used to halt the COVID-19 pandemic
and will also indicate whether an additional dose of currently
approved vaccines is needed after a certain time span.

MATERIALS AND METHODS

Study Design, Volunteers, and
Randomization
The clinical trial (clinicaltrials.gov NCT04651790) was conducted
in Chile at eight different sites and evaluated two immunization
schedules in a 1:1 ratio. This trial was approved by each
Institutional Ethical Committee and by the Chilean Public
Health Institute (#24204/20) and conducted according to the
current Tripartite Guidelines for Good Clinical Practices, the
Declaration of Helsinki (18), and local regulations. Written
informed consent was obtained from each participant.
Volunteers included men and women aged ≥18, inoculated with
two doses of 3 µg (600SU) of CoronaVac. One group received the
second dose 2 weeks after the first dose (0–14 schedule), while a
second group received the second dose 4 weeks after the first one
(0–28 schedule). Exclusion criteria included, among others, history
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of confirmed symptomatic SARS-CoV-2 infection, pregnancy,
allergy to vaccine components, and immunocompromised
conditions. A complete list of inclusion and exclusion criteria has
been published previously (15).

A total of 2,302 volunteers were enrolled by March 19, 2021, of
whom 2,263 received both doses. A subgroup of 450 volunteers was
selected to evaluate their immune response, receiving randomly
CoronaVac either in a 0–14 or a 0–28 immunization schedule (1:1
ratio). Demographic information, comorbidities, nutritional status,
immunization schedule, and dates of vaccination were obtained at
enrollment and registered in the electronic case-report form (eCRF)
for all volunteers. Nutritional status was determined using a gender
and body mass index (BMI) (19).

Breakthrough Case Follow-Up
Confirmed COVID-19 cases reported 14 days after the
administration of the second dose of CoronaVac were identified
following the protocol procedures for efficacy. Briefly, upon
enrollment, participants were instructed to report through an
electronic platform, e-mail, cell phone message, or telephone
call, each time the definition for suspected positive case was met.
A positive case was suspected if at least one of the following
symptoms were present for over 2 days: fever or chills, coughing,
shortness of breath or breathing difficulty, fatigue, muscle or body
pain, headache, loss of smell or taste, sore throat, nasal congestion
or runny nose, nausea or vomiting, and diarrhea. Upon the report,
an evaluation visit was scheduled with a study physician, for 3 days
after symptoms onset, to evaluate the presence of SARS-CoV-2
RNA by reverse-transcriptase quantitative PCR (RT-qPCR) in
nasopharyngeal (NP) sample. If the sample was negative, and at
least one symptom persisted, a second test was performed after 48
h. If a sample was positive, the clinical evolution of the case was
closely monitored by the center personnel until its resolution. If
hospitalization was required, information was obtained from
relatives of the volunteer and from clinical reports.

Upon confirmation of positive cases, history of possible close
contact with confirmed COVID-19 cases and the severity and
duration of each signs and symptoms were registered. Severity
was classified from grades 1 to 4, as published previously by the
Food and Drug Administration (FDA) and the National
Institutes of Health (NIH) (20, 21). Intensity of the disease was
graded from score 1 to 9, as published previously by the WHO
(22). The grading for severity criteria indicated in the protocol
were either mild (symptomatic patients without viral pneumonia
or hypoxia), moderate (clinical signs of pneumonia such as fever,
coughing, shortness of breath, difficulty breathing but no signs of
severe pneumonia, oxygen saturation ≥94% on room air), or
severe {resting clinical signs indicative of severe clinical illness
[respiratory rate (RR) ≥30/min; heart rate (HR) ≥125/min;
oxygen saturation <94% at room air at sea level; PaO2/FiO2

<300 mm Hg], respiratory failure [requirement of high-flow
oxygen, noninvasive ventilation, mechanical ventilation, or
extracorporeal membrane oxygenation (ECMO)], evidence of
shock [systolic blood pressure (SBP) <90 mmHg, diastolic blood
pressure (DBP) <60 mmHg, or requirement of vasopressors],
significant acute renal, hepatic, or neurological dysfunction,

admission to ICU, or death}. All this information was recorded
in both the clinical file of the participant and the eCRF.

Procedures
To evaluate the immune response elicited upon immunization,
peripheral blood samples were obtained for the isolation of
serum and PBMCs. For volunteers from the immunogenicity
branch, samples were collected before the first and the second
dose and 2 and 4 weeks after the second dose. After COVID-19
confirmation by PCR, two additional peripheral blood samples
were obtained about 2 and 4 weeks after symptoms onset
(follow-up 1 and 2, respectively). Sera samples and PBMC
were collected as previously reported (15) and stored at −80°C
or in liquid nitrogen, respectively.

Circulating IgG antibodies specific against the RBD of the S1
protein of SARS-CoV-2 (S1-RBD) weremeasured using the COVID-
19 Human Antibody Detection Kit (RayBio #IEQ-CoVS1RBD-IgG),
following the instructions of the manufacturer. Sera samples were
two-fold serially diluted, starting at a 200-fold dilution until a 6,400-
fold dilution. The antibody titer was determined as the last fold
dilution with an absorbance over the cut-off value. The cut-off value
for each dilution was determined as 2.1 times the absorbance at
450 nm for a panel of 29 seronegative samples.

The neutralizing capacities of circulating antibodies were
determined by two different techniques, i.e., through a
surrogate virus neutralizing test (sVNT) and a conventional
plaque-reduction neutralization test (cVNT). The sVNT were
performed following the instructions of the manufacturer
(BioHermes #COV-S41), and sera samples were 2-fold serially
diluted starting at a 4-fold dilution until a 4,096-fold dilution.
The percentage of inhibition was defined as follows: (OD450 nm

value of negative control − OD450 nm value of sample)/(OD450 nm

value of negative control × 100), and titers were reported as the
reciprocal of the highest serum dilution required to achieve 30%
of inhibition. Samples exhibiting <30% inhibitory activity at the
lowest dilution tested (1:4) were assigned a titer of 2. For the
cVNT, sera samples were 2-fold serially diluted starting at a 4-
fold dilution until a 512-fold dilution. Then, samples were
incubated with a SARS-CoV-2 clinical isolate (33782CL-SARS-
CoV-2 strain) for 1 h at 37°C. The mixtures were then added to
Vero E6 cell monolayers (ATCC CRL-1586), and cytopathic
effect (CPE) was evaluated 7 days after infection. Positive and
negative controls were held for each assay. CPE was evaluated by
direct visualization, and the titer of neutralizing antibodies was
defined as the latest fold dilution exhibiting 100% of infection
inhibition and absence of CPE. A titer of 2 was assigned for
samples showing CPE at the lowest dilution tested (1:4).

The cellular immune response was evaluated through
ELISPOT assays, as described previously, using the human
interferon (IFN)-g/IL-4 double-color ELISPOT (Immunospot)
(15). Cells were cultured for 48 h in the presence of four different
SARS-CoV-2-specific MPs (17). Two of these MPs are composed
of 15-mer peptides derived from the S protein (MP-S) and the
remaining proteins of the viral particle (MP-R). The other two
MPs are composed of 9- to 11-mer peptides from the whole
proteome of SARS-CoV-2 (CD8-A and CD8-B). Positives and
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negative controls were considered for each assay as reported
previously (15, 17).

RESULTS

Clinical Features of Breakthrough Cases
From January 1 to June 25, 2021, 50 breakthrough cases were
reported among the 2,263 vaccinated volunteers that had
received two vaccine doses, of which 45 had over 14 days after
the second dose (26 cases in the 0–14 schedule and 19 in the 0–28
schedule). Fifteen of these breakthrough cases were among the
450 volunteers in the immunogenicity branch. Eight of these had
follow-up samples from days 14 and 30 after the start of
symptoms of COVID-19, and one of them had a single follow-
up sample taken 14 days after symptoms onset (Volunteer 1). All
nine were Hispanic–Latin and were negative for the presence of
circulating S- and N-SARS-CoV-2 IgG antibodies at recruitment.
Six of them received the 0–14 immunization schedule and three
the 0–28 immunization schedule (Figure 1). The demographic
characteristics and relevant clinical history of cases are shown
in Table 1.

Intensity and severity of the disease were mild, with a score of
2 in seven out of the nine cases (Volunteers 1, 2, 3, 5, 6, 8, and 9),
and the symptoms exhibited by them in decreasing frequency

were nasal congestion (seven cases), sore throat (six), loss of
smell (six), headache (five), coughing (four), loss of taste (four),
runny nose (four), fatigue or myalgia (three), dyspnea (one),
nausea (one), and diarrhea (one). None of the seven cases
exhibited fever or vomiting. Accordingly, the duration of each
symptoms was nasal congestion (1–13 days), sore throat (1–12),
loss of smell (3–10), headache (5–13), cough (1–8), loss of taste
(3–10), runny nose (2–13), fatigue (4–12), myalgia (1–21),
dyspnea (12), nausea (4), and diarrhea (4–5). Most of the
symptoms recorded were grade 1 or 2. The clinical outcome of
the COVID-19 disease for each volunteer is indicated in Table 2.

Two out of the nine breakthrough cases (Volunteers 4 and 7)
reached a score over 2. The highest clinical score registered for
Volunteers 4 was 5 (moderate), and for Volunteer 7 was 7
(severe). Volunteer 4 is a 62-year-old man, with a BMI of 29.3
(overweight) and is currently being treated for hypothyroidism
(Table 1). The onset date was 122 days after the administration
of the second dose (0–28 immunization schedule), and no close
contact with a COVID-19-positive case was reported. The
symptoms exhibited were fatigue, muscle pain, headache, nasal
congestion, cough, and fever. After 6 days of disease development,
Volunteer 4 was hospitalized due to persistent symptoms and the
addition of shortness of breath to the list. A chest CT confirmed
COVID-19 pneumonia. He was diagnosed with acute respiratory
insufficiency and then received 4 L/min of oxygen by nasal
cannula for 4 days. After this, he exhibited an overall
improvement and recovery, with a total time of hospitalization
of 8 days. Volunteer 7 is a 69-year-old man, with a BMI of 28.0
(overweight) and a history of arterial hypertension, bicuspid aorta,
and atrial fibrillation. The onset date was 32 days after the
administration of the second dose (0–28 immunization
schedule), and close contact with a COVID-19-positive case was
confirmed (his son). He presented respiratory symptoms and
fever. Later, onset and persistence of malaise and fever, the
onset of dyspnea, and the confirmation of COVID-19
pneumonia by a chest CT led to hospitalization. All the typical
COVID-19 symptoms except nausea, vomiting, and diarrhea were
reported after hospitalization. He received supplemental oxygen
by nasal cannula and was transferred to ICU due to heart failure.
He required mechanical ventilation for 6 days and eventually
recovered, with a total time of hospitalization of 20 days.

Remarkably, as described below, two out of the nine
breakthrough cases (Volunteers 2 and 6) exhibited a weak
immune response upon immunization and infection. Volunteer
2 is a 48-year-old man, with a BMI of 28.9 (overweight) and a
history of hypothyroidism, arterial hypertension, coronary heart
disease (acute myocardial infarction on September 2020), fatty
liver disease, and dyslipidemia under treatment. During his
childhood, he was diagnosed with influenza-associated
encephalitis (4 years old, hospitalized in ICU) and with
uncomplicated diphtheria (6 years old). During his adulthood,
he was diagnosed with a post-influenza pneumonia in 2000 and
with a clinically suspected Mycoplasma pneumonia infection in
2018, both were treated with oral antibiotics. The symptoms onset
was 26 days after the administration of the second dose (0–14
immunization schedule), and no contact with a COVID-19-

FIGURE 1 | Enrolled volunteers and breakthrough cohort included in this study.
Nine of the 2,302 vaccinated individuals belonging to the clinical trial conducted
in Chile were included in this study after confirming COVID-19 disease by
reverse-transcriptase polymerase chain-reaction (RT-qPCR) assay. They were
selected from 45 individuals who displayed symptoms after ≥14 days from the
administration of the second dose of the vaccine because they were enrolled in
the immunogenicity branch and further had at least one follow-up sample after
symptoms onset at the end of June of 2021.
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positive case was reported. He presented fatigue, headache, nasal
congestion, runny nose, coughing, and diarrhea. Volunteer 6 is a
33-year-old woman, with a BMI of 20.5 (eutrophic), and medical
history of mononucleosis (2003), recurrent herpes simplex labialis
(since 2003), hypothyroidism, and currently on oral contraceptive
therapy. No contact with a COVID-19-positive case was reported,
and the onset date was 94 days after the administration of the
second dose (0–14 immunization schedule). She presented fatigue,
muscular pain, loss of smell, loss of taste, sore throat, and
nasal congestion.

Altogether, the immunization schedule, medical history,
demographic characteristics, the symptoms onset day, reporting
of close contact with COVID-19 confirmed cases, and the
symptoms exhibited by all breakthrough cases are diverse, and
an evident pattern of conditions leading to susceptibility towards
SARS-CoV-2 infection is not observed.

Humoral Immunity in Breakthrough Cases
To evaluate the humoral immune response elicited by the nine
breakthrough cases, circulating IgG antibodies specific against the
S1-RBD of SARS-CoV-2 were evaluated as indicated in Materials
and Methods. As shown in Figure 2 (and individually for each
volunteer in Supplementary Figure S1), three out of the six cases

from the 0-14 immunization schedule (Volunteers 1, 3, and 5)
exhibited detectable levels of IgG antibodies specific against the
S1-RBD at 4 weeks after the administration of the second dose
(Figure 2A and Supplementary Figures S1A, C, E). This was also
found for all three subjects in the 0–28 immunization schedule,
although Volunteer 7 showed a weak response (Figure 2B and
Supplementary Figures S1G–I). Circulating antibodies specific
against S1-RBD also increased drastically 2 and 4 weeks after
disease onset for all volunteers, except for Volunteers 2 and 6, that
exhibited no changes in their antibodies profile throughout the
time points evaluated.

The neutralizing capacities of the circulating antibodies
measured in these nine breakthrough cases were also evaluated
by two different techniques, as indicated in Materials and
Methods. As evaluated by sVNT, five out of six cases in the 0–
14 immunization schedule exhibited detectable levels of
neutralizing antibodies 4 weeks after the administration of the
second dose (Figure 3A and Supplementary Figures S2A–F).
As expected, Volunteers 2 and 6 exhibited a very weak
neutralizing capacity at this time point evaluated. However,
upon evaluation by cVNT, only three volunteers in the 0–14
immunization schedule (Volunteers 1, 3, and 5) showed
detectable neutralizing response (Figure 3C), which is in line

TABLE 2 | Clinical development of COVID-19 disease in the nine breakthrough cases described.

Volunteer* Immunization
schedule

Day of symptoms
onset^

Possible close contact
with COVID-19 case

Required
Hospitalization

Highest clinical
score

1 0–14 37 Yes No 2

2 0–14 23 No No 2

3 0–14 43 No No 2

4 0–14 122 No Yes 5

5 0–14 122 No No 2
6 0–14 94 No No 2

7 0–28 32 Yes Yes 7

8 0–28 34 No No 2

9 0–28 16 Yes No 2

*Gray shading, female; no shading, male.
^Days after the administration of the second dose.

TABLE 1 | Demographic and clinical history of nine vaccine breakthrough cases.

Volunteer Biological Sex* Age Nutritional Status BMI Co-morbidities

1 F 46 Normal 23.2 Migraine syndrome, allergic rhinitis

2 M 48 Overweight 28.9
Arterial hypertension, coronary heart

disease, hypothyroidism

3 F 24 Overweight 25.3 Allergic rhinitis, penicillin allergy

4 M 62 Overweight 29.3 Hypothyroidism

5 F 32 Normal 23.9 Allergic rhinitis

6 F 33 Normal 20.5 Hypothyroidism

7 M 69 Overweight 28.0
Arterial hypertension, bicuspid aorta,

atrial fibrillation, nephrolitiasis

8 F 28 Overweight 27.3 None

9 F 59 G2 Obesity 36.4 Insulin resistance

*Gray shading, female; no shading, male.
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with the results obtained for IgG antibodies specific against the
S1-RBD (Figure 2A). Notably, no neutralizing capacities were
detected for the antibodies of Volunteer 4 (who displayed a
moderate disease development) 2 or 4 weeks after the second
dose, for both sVNT and cVNT (Figures 3A, C). All three cases
in the 0–28 immunization schedule had detectable levels of
neutralizing antibodies, by both sVNT and cVNT, 2 and 4
weeks after the administration of the second dose (Figures 3B,
D). Noteworthy, Volunteer 7 (who developed severe symptoms)
exhibited a very weak neutralizing capacity at these time points
evaluated. As also seen for the circulating IgG antibodies specific
against the S1-RBD, the neutralizing capacities of most
volunteers increased drastically 2 and 4 weeks after the onset
of disease symptoms, even for Volunteer 4, who exhibited no
response after vaccination (Figures 3A–D).

IFN-g Releasing by T Cells in
Breakthrough Cases
To evaluate the cellular immune response elicited in these nine
breakthrough cases, ELISPOT assays were performed as seen on

Figure 4 and Supplementary Figure S3. The number of spot-
forming cells (SFC) positive for IFN-g upon stimulation with MPs
ofpeptidesderived fromSARS-CoV-2weremeasured, asdescribed in
Materials andMethods. Formost volunteers, upon stimulations with
MPs containing 15-mer peptides (MP-S and MP-non-spike), SFC
valuesmeasured in samples obtained2weeks after the administration
of the second dose exhibited at least a two-fold increase as compared
to those obtained before the administration of the first dose
(Figure 4A for the 0–14 immunization schedule and Figure 4B for
the 0–28 immunization schedule). Interestingly, Volunteer 6 showed
no remarkable changes in the SFC values up to 4 weeks after the
second dose, similar to that observed for Volunteer 9. SFC values
increased for all volunteers (except Volunteer 2) 2 or 4 weeks after
disease onset. Overall, SFC values obtained were higher when
stimulating with MPs containing 15-mer peptides compared to
those obtained when stimulating with MPs containing 9- to11-mer
peptides (MP-CD8A and B) for both immunization schedules
(Figures 4A, C for the 0–14 immunization schedule and
Figures 4B, D for the 0–28 immunization schedule). Remarkably,
Volunteer 6 displayed a good cellular response both after vaccination
and infection, despite exhibiting a poor humoral response. The
variation in SFC values for each volunteer after stimulation of MP-
S and MP-non-spike and MP-CD8A and B is shown in
Supplementary Figure S3 and Supplementary Tables 1, 2.

Overall, the results suggest that the cellular immune response
elicited after either vaccination or infection in these nine
breakthrough cases does not necessarily correlate with
protection against SARS-CoV-2.

Immune Responses of Vaccine
Breakthrough Cases as Compared to a
Control Cohort
For the purpose of better understanding whether the immune
response elicited after vaccination in breakthrough cases was an
exclusive feature and a determining factor in the susceptibility to
the further infection, we compared the humoral and cellular-
mediated immune response of breakthrough cases with the
response observed in a control group of individuals vaccinated
with similar characteristics to the breakthrough population, but
without manifestation of clinical symptoms related to COVID-19.
Control cohort consisted of 18 subjects who received two doses of
CoronaVac on similar dates to the breakthrough cases and shared
demographic characteristics as detailed in Supplementary Table 3.

As observed in Figure 5A, breakthrough cases show
neutralizing antibodies titers about two-fold lower than the
control group for sVNT, with geometric mean titers (GMTs)
of 9.5 (95% CI, 3.1–28.7) vs. 31 (95% CI, 17.8–53.2) and 13.7
(95% CI, 4.5–42.2) vs. 24 (95% CI, 14.2–38.9), 2 and 4 weeks after
the second dose, respectively. In a similar way, the GMTs in the
breakthrough group were approximately four-fold lower than
those obtained by the control cohort for cVNT, 4.5 (95% CI, 2–
10) vs. 18.7 (95% CI, 8.8–39.6) and 5.4 (95% CI, 2.5–11.6) vs.
28.5 (95% CI, 15–54.6), 2 and 4 weeks after the second dose,
respectively. Importantly, these trends were sustained when titers
of neutralizing antibodies from six additional breakthrough
cases, which had data available for samples after vaccination,
were added to the analysis (Supplementary Figure S4).

A

B

FIGURE 2 | Circulating antibodies response elicited in the nine breakthrough
cases measured as IgG specific against the S1-RBD of SARS-CoV-2.
Specific IgG antibodies against the S1-RBD of SARS-CoV-2 were evaluated
in nine breakthrough cases that received two doses of CoronaVac. The figure
shows the antibody titer in the serum samples obtained before administration
of the first dose (pre-immune), before administration of the second dose
(1st dose + 2 weeks or 1st dose + 4 weeks), 2 and 4 weeks after the second
dose, and 2 and 4 weeks after the disease onset and a confirmed PCR result
for SARS-CoV-2 (follow-up 1 and 2, respectively) and a confirmed PCR result
for SARS-CoV-2. (A) shows the six volunteers enrolled in the 0–14
immunization schedule, and (B) shows the three volunteers enrolled in the 0–
28 immunization schedule.
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Conversely, we observed a better cellular response after
stimulation with 15-mer MPs in the breakthrough cases than
the control group at 2 weeks after the second dose administration,
which decreased at 4 weeks after the second dose to lower levels
than the control group. Regarding the 9- to 11-mer MPs
stimulating (mainly CD8+ T cells), a greater response was
observed in the control group but only in approximately 50% of
the individuals at 4 weeks after the second dose (Figure 5B).

In summary, these results show that detection of low levels of
neutralizing antibodies after vaccination could be related to
symptomatic infection; however, unknown underlying conditions

must be affecting this susceptibility because low titers were also
observed in some individuals belonging to the control group and
high titers in the breakthrough group.

DISCUSSION

The use of different vaccines approved for emergency use due to
the rapid spread of SARS-CoV2 has been key in stopping the
uncontrolled progression of deaths worldwide. However, it has
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FIGURE 3 | Circulating antibodies exhibit varying neutralizing capacities in the nine breakthrough cases. Neutralizing antibodies were evaluated before administration
of the first dose (pre-immune), 2 and 4 weeks after the second dose, and 2 and 4 weeks after the disease onset (follow-up 1 and 2, respectively). Two different
techniques were used, a surrogate virus neutralization test (sVNT) based on the perturbation of the hACE2-spike protein–protein interaction mediated by antibodies,
and a conventional virus neutralization test (cVNT) evaluating plaque and CPE reduction. (A) Neutralizing antibody titers detected by using the sVNT in six volunteers
enrolled in the 0–14 immunization schedule. (B) Neutralizing antibody titers detected by using the sVNT in three volunteers enrolled in the 0–28 immunization
schedule. (C) Neutralizing antibody titers detected by using the cVNT in six volunteers enrolled in the 0–14 immunization schedule. (D) Neutralizing antibody titers
detected by using the cVNT in three volunteers enrolled in the 0–28 immunization schedule.
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been reported that people with comorbidities can develop a more
severe disease upon infection with SARS-CoV-2 (23). In this line,
the efficacy of these vaccines can be impaired by the existence of
previously described diseases or pathologies (24). In addition, the
severity of the disease can be even more pronounced in the
elderly, as they exhibit higher dysfunction in their immune
system as compared to young people (25).

In this clinical trial, a total of 2,263 volunteers were vaccinated
with two doses in two different immunization schedules. Out of all
these volunteers, a total of 450 were part of the immunogenicity
profile evaluation group. Here, we report the clinical outcome and
immune response elicited by nine volunteers from the
immunogenicity branch that were infected with SARS-CoV-2
and developed mild, moderate, or severe cases of COVID-19.

Our results showed that the humoral and cellular immune
response elicited by breakthrough CoronaVac cases was
heterogeneous, and at least in these nine individuals, a correlate
of infection was not evident. Yet, older people have a greater
susceptibility to develop severe diseases as compared to
younger people.

Of these nine volunteers, six exhibited some degree of
overweight, and only one volunteer did not have any
comorbidity. Two volunteers developed diseases that required
hospitalization. Volunteer 7, a 69-year-old man, reported four
comorbidities and required mechanical ventilation. Volunteer 4,
a 62-year-old man, reported two comorbidities and required
supplemental oxygen. Remarkably, in line with the results shown
here, various publications have suggested that men are more
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FIGURE 4 | The IFN-g production by T cells from breakthrough cases after stimulation with MegaPools of SARS-CoV-2 peptides is heterogeneous. PBMCs from
the nine breakthrough cases were obtained before administration of the first dose (pre-immune), 2 and 4 weeks after the second dose, and 2 and 4 weeks after the
disease onset (follow-up 1 and 2, respectively) and evaluated by ELISPOT assays. Cells were stimulated for 48 h with two MPs containing several peptides from
SARS-CoV-2 to induce the secretion IFN-g by T cells. The number of spots-forming cells (SFCs) was evaluated. Data are shown as the fold increase regarding to the
preimmune value for SFCs. (A) Fold change of IFN-g+ SFCs after stimulation with MPs containing 15-mer peptides from SARS-CoV-2 of six volunteers enrolled at the
0–14 immunization schedule. (B) Fold change of IFN-g+ SFCs after stimulation with MPs containing 15-mer peptides from SARS-CoV-2 of three volunteers enrolled
at the 0–28 immunization schedule. (C) Fold change of IFN-g+ SFCs after stimulation with MPs containing 9- to 11-mer peptides from SARS-CoV-2 of six volunteers
enrolled at the 0–14 immunization schedule. (D) Fold change of IFN-g+ SFCs after stimulation with MPs containing 9- to 11-mer peptides from SARS-CoV-2 of three
volunteers enrolled at the 0–28 immunization schedule.
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prone to severe cases of COVID-19 and deaths than women, and
this is even more pronounced in older populations (26, 27).
Overweight and obesity are one of the most common
comorbidities reported in critical patients suffering severe cases
of COVID-19 (28). Furthermore, it has been reported that
patients with elevated BMI exhibit more severe infection than
patients with normal BMI (a high BMI is usually defined as ≥25)
(29). This point is critical, as Volunteers 4 and 7 had a BMI of
28·0 and 29·3, respectively.

The particular bad evolution presented by Volunteer 7 could be
partially explained by his underlying hypertension, and its
corresponding treatment, which could induce an overexpression
of angiotensin-converting enzyme 2 (ACE2), the receptor used by
SARS-CoV-2 to infect target cells (30). Cardiac diseases have also
been strongly associated with an increase in the susceptibility of

SARS-CoV2 infection, the severity of COVID-19, and the
susceptibility to death, as drugs used to control these illness may
result in the overexpression of ACE2 in the heart (31, 32).

The hypothyroidism reported for Volunteer 4 has been related
to increased susceptibility to severe COVID-19, as it affects the
expression of ACE2 (33). Hypothyroidism may also be a factor
predisposing the development of cardiac diseases, which increase
the susceptibility of SARS-CoV-2 infection (33). As Volunteer 4
reported fewer comorbidities than Volunteer 7 (and therefore
probably less risk factors to acquire SARS-CoV-2 and develop
more severe COVID-19), a better prognosis would have been
expected, which is in line with the information reported here.

Two volunteers out of the nine breakthrough cases did not
exhibit a detectable immune response after immunization with
CoronaVac. Volunteers 2 and 6 were younger than 60 years old

A

B

FIGURE 5 | Humoral and cellular immune responses of breakthrough cases as compared to a control cohort. A control cohort of 18 subjects who received two
doses of the CoronaVac was selected by matching with breakthrough cases (2:1 ratio) according to the biological sex, range of age, and schedule of vaccination.
(A) Titers of antibodies able to inhibit RBD-SARS-CoV-2 interaction with ACE2 receptor or surrogate virus neutralizing test (sVNT, left) and titers of neutralizing
antibodies against infective SARS-CoV-2 or conventional virus neutralizing test (cVNT, right) detected in the breakthrough and control cohort. Serum samples were
obtained before administration of the first dose (preimmune), 2 and 4 weeks after the second dose. The numbers above the spots indicate GMT, and error bars
show the 95% CI of the GMT. (B) Fold change of IFN-g+ SFCs after stimulation of PBMCs with MPs containing 15-mer peptides (left) and 9- to 11-mer MPs (right)
from SARS-CoV-2 proteome in the breakthrough and control cohort. PBMCs were obtained before administration of the first dose (preimmune), 2 and 4 weeks after
the second dose. The numbers above the spots indicate geometric mean of the fold increase regarding to the preimmune sample, and error bars show the 95% CI.
GMT, geometric mean titer; PBMCs, peripheral blood mononuclear cells; MPs, megapools.
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and were of different sex. Volunteer 2 was a male with overweight
(BMI, 28.9) and several comorbidities such as hypothyroidism
arterial hypertension, coronary heart disease, fatty liver disease
and dyslipidemia. He also reported a medical history of several
infectious diseases in his childhood and adulthood. The
circulating antibodies of this volunteer showed a poor
neutralizing capacity, and there was a practically null induction
of IFN-g-secreting T cells after both vaccination doses and even
after infection with SARS-CoV-2. Despite this, the degree of the
disease reported in this subject was mild, and he did not require
hospitalization or oxygen assistance, but it is possible that innate
immunity also played a key role in the protection of this
individual or that antigen-specific adaptative immune
responses were not detected, since they could be restricted to
mucosae or lungs (34, 35). Volunteer 6 was a female with normal
weight and comorbidities such as hypothyroidism. The
circulating antibodies of this volunteer showed a poor
neutralizing capacity, but unlike Volunteer 2, she developed a
robust cellular response after 4 weeks of vaccination which was
also increased after disease onset. Although the number of
breakthrough cases between both immunization schedules are
not balanced, it is important to note that Volunteer 2 and 6 were
vaccinated in the 0–14 schedule, which has been reported to
induce a lower seroconversion rate and GMTs than the 0–28
schedule (36). Interestingly, both volunteers had hypothyroidism
as a common comorbidity, which could affect the induction of
the immune response and produce a dysregulation of the
immune system (37). In this line, more in-depth studies are
required to understand which factors could be involved in these
poor responses and how they could impact in the future with the
appearance of new circulating variants of SARS-CoV-2.

Limitations of this study include the sample size and the focus
on self-reporting to identify breakthrough vaccine infections.
Asymptomatic infections were not discarded and could therefore
be missed in the cohort chosen as control, which in turn may
cause a misinterpretation of the results regarding the comparison
with the immune response elicited by the breakthrough cases.
Therefore, our conclusions are directed toward the correlation of
protection to suffer a symptomatic infection. On the other hand,
only in Volunteer 4 the Gamma variant was identified by
molecular analysis, and these data remained unknown for the
rest of the breakthrough cases analyzed (Volunteer 6, 7, and 9).
Hence, we lack evidence to determine whether the frequency of
breakthrough vaccine cases is related to community transmission
of a particular variant, which, in the case of Chile, has been
dominated by the SARS-CoV-2 variants Gamma and Lambda in
recent months (38).

Despite the low number of breakthrough cases included in
this report, our results provide a clear and extensive clinical and
immune description of mild, moderate, or severe infections
exhibited after full vaccination with CoronaVac and support
previous evidence that a poor induction of neutralizing
antibodies after vaccination could be correlated to a decrease
in the vaccine efficacy (39–41). Furthermore, data presented here
provide valuable information over the potential role that play the
underlying comorbidities on the vaccine effectiveness, which

could impair the ability of an individual to activate a robust
immune response after vaccination, and increase the risk of
severe COVID-19 in elderly people. This information could be
helpful and timely support the need of a booster dose in
susceptible individuals with underlying conditions after a
specific time to increase its protection.

Although the information presented here must be interpreted
with caution because the sample size is small to generalize, some
strengths of our study are worth noting, such as the serial testing
after vaccination and infection and the measurement of T-cell
responses in addition to humoral response. Previous reports have
been focused on viral sequence information or antibodies detection
on samples obtained after the onset of symptoms (11, 12, 39, 42, 43).
This new information could be the interest to the scientific
community and health authorities due to the urgent need to
understand the individual variables that predispose to
breakthrough infections and further find a correlate of protection
that has not been established to date for SARS-CoV-2 infections;
yet, some studies suggest that the level of neutralizing antibody titers
is highly predictive of immune protection (40, 41). In this regard,
our serial sample data reveal some key features: first, older
volunteers 4 and 7 who presented moderate and severe illness,
respectively, displayed the weakest humoral response after
vaccination, but conversely, they showed the highest level of
neutralizing antibodies titers after infection. Notably, susceptibility
to infection was irrespective of the immunization schedule, as one of
them belonged to the 0–14 immunization schedule and the other
one to the 0–28. Second, younger people could not be able to elicit a
good humoral immune response after vaccination or subsequent
infection, as shown by volunteers 2 and 6. These observations could
be explained, at least in part, by the presence of some comorbidities
in these individuals and highlighted the importance of combining
clinical information along with immunogenicity and efficacy
studies. Finally, individuals with evidence of neutralizing
antibodies elicited by vaccination can also become sick, but this is
more likely to course with amild infection (Volunteers 1, 3, 5, 8, and
9). Importantly, we observed that the level of neutralizing antibodies
in this breakthrough cohort was lower than that in controls without
a confirmed SARS-CoV-2 infection, but it remains to be determined
what titers of antibodies are needed to prevent infection.

On the other hand, since the approval for the emergency use of
CoronoVac, the WHO has encouraged addressing the current
knowledge gap about the vaccine efficacy through assessment and
reporting of breakthrough infections by using neutralization and
T-cell immunity assays (44). To our knowledge, this is the first
time that cellular-mediated response is reported for breakthrough
vaccine cases. Our results showed that breakthrough cases had a
good T-cell response elicited after vaccination but that was more
associated to CD4+ than CD8+ T cells. A similar response was
observed after infection, with only a volunteer not responding
(Volunteer 2). It is important to note that not only cellular
response to spike protein was evidenced but also to others viral
antigens, as shown after stimulation with the megapool R
(Supplementary Figure 3). However, it is not clear whether
both humoral and T-cells responses are needed for protection,
and further studies are needed to address that issue.
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In summary, vaccination with CoronaVac is effective, and vaccine
breakthrough cases showed mainly mild symptoms of COVID-19,
even in those who did not exhibit a potent humoral immune
response, which could be possibly associated with different risk
factors as overweight and other comorbidities that could impair
the immune response induced upon immunization.While additional
data have become available to draw more robust conclusions, this
evidence and information could be useful to the countries that
actually have implemented CoronaVac in their vaccination
campaigns and to guide future vaccination program policies.
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Supplementary Figure 1 | Evaluation of anti-S1-RBD SARS-CoV-2 Ig-G
antibodies through ELISA assays. Results are reported as the optical density value
(OD450nm) reached after two-fold serial dilutions, starting at 1:200. Samples were
obtained before administration of the first dose (pre-immune), two and four weeks
after the second dose, and two and four weeks after the disease onset (follow up 1
and 2, respectively). Dotted line indicates the cut-off for the serum dilution at 1:200.
(A–F) Volunteers 1 to 6 belonging to the 0-14 immunization schedule. (G–I)
Volunteers 7 to 9 belonging to the 0-28 immunization schedule.

Supplementary Figure 2 | Percentage of inhibition of hACE2-spike
protein-protein interaction evaluated by a surrogate virus neutralization test
(sVNT). Serum samples from nine volunteers were two-fold serially diluted
starting to 1:2 and up to 4,096 for neutralizing antibodies detection. Samples
were obtained before administration of the first dose (pre-immune), two and
four weeks after the second dose, and two and four weeks after the disease
onset (follow up 1 and 2, respectively). The dotted line represents the cut-off
value at 30% of inhibition (A–F) Volunteers 1 to 6 belonging to the 0-14
immunization schedule. (G–I) Volunteers 7 to 9 belonging to the 0-28
immunization schedule.

Supplementary Figure 3 | T cells responses of breakthrough cases after
stimulation with MPs composed of peptides from SARS-CoV-2 proteome. IFN-g+
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SFCs of nine breakthrough cases. Data are shown as the fold increase regarding to
the pre-immune value for SFCs (A) Fold change of IFN-g+ SFCs after stimulation
with MPs containing 15-mer peptides from the S protein of SARS-CoV-2. (B) Fold
change of IFN-g+ SFCs after stimulation with MPs containing 15-mer peptides from
the proteome of SARS-CoV-2 excluding the S protein. (C, D) Fold change of IFN-g+

SFCs after stimulation with MPs containing 9 to 11-mer peptides from the SARS-
CoV-2 proteome.

Supplementary Figure 4 | Neutralizing antibody titers of 15 breakthrough cases
as compared to 18 vaccinated subjects with no evidence of symptoms associated
with COVID-19. Serum samples of individuals were evaluated before vaccine
administration (pre-immune), two and four weeks after the second dose. Neutralizing
antibodies titers were determined by using (A) a surrogate virus neutralizing test and
(B) a conventional virus neutralizing test. The numbers above the spots indicate the
geometric mean titer (GMT) and error bars show the 95% CI of the GMT.
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15. Bueno SM, Abarca K, González PA, Gálvez NM, Soto JA, Duarte LF, et al.
Interim Report: Safety and Immunogenicity of an Inactivated Vaccine Against
Sars-Cov-2 in Healthy Chilean Adults in A Phase 3 Clinical Trial 2 3 Brief
Title: Coronavac03cl Phase 3 Interim Analysis of Safety and Immunogenicity.
medRxiv (2021) 2021.03.31.21254494. doi: 10.1101/2021.03.31.21254494

16. Palacios R, Batista AP, Albuquerque CSN, Patiño EG, Santos J do P, Tilli Reis
Pessoa Conde M, et al. Efficacy and Safety of a COVID-19 Inactivated Vaccine
in Healthcare Professionals in Brazil: The PROFISCOV Study. SSRN Electron J
(2021). doi: 10.2139/ssrn.3822780

17. Grifoni A, Weiskopf D, Ramirez SI, Mateus J, Dan JM, Moderbacher CR, et al.
Targets of T Cell Responses to SARS-CoV-2 Coronavirus in Humans With

COVID-19 Disease and Unexposed Individuals. Cell (2020) 181:1489–
501.e15. doi: 10.1016/j.cell.2020.05.015

18. Valdespino Gómez JL, Garcıá Garcıá MDL. Declaración De Helsinki. Gac
Med Mex (2001) 137:387–90.

19. WHO. Obesity and Overweight. In:World Heal Organ Media Cent Fact Sheet
No 311. WHO (2021).

20. U. S. Department of Health and Human Services, Services USD of H and H,
Administration F and D and Research C for BE. Toxicity Grading Scale for
Healthy Adult and Adolescent Volunteers Enrolled in Preventive Vaccine
Clinical Trials. Guid Ind (2007).

21. National Cancer Institute. Common Terminology Criteria for Adverse Events
(CTCAE) Version 5.0. NIH Publ (2017). Available at: https://ctep.cancer.gov/
protocoldevelopment/electronic_applications/ctc.htm.

22. WHO Working Group on the Clinical Characterisation and Management of
COVID-19 infection. A Minimal Common Outcome Measure Set for
COVID-19 Clinical Research. Lancet Infect Dis (2020) 20:e192–7.
doi: 10.1016/S1473-3099(20)30483-7

23. Kluge DHHP. Statement – Older People are at Highest Risk From COVID-19,
But All Must Act to Prevent Community Spread. World Heal Organ (2020).
Available at: https://www.euro.who.int/en/health-topics/health-emergencies/
coronavirus-covid-19/statements/statement-older-people-are-at-highest-risk-
from-covid-19,-but-all-must-act-to-prevent-community-spread.

24. Kwetkat A, Heppner HJ. Comorbidities in the Elderly and Their Possible
Influence on Vaccine Response. Interdiscip Top Gerontol Geriatr (2020)
43:73–85. doi: 10.1159/000504491

25. Liu K, Chen Y, Lin R, Han K. Clinical Features of COVID-19 in Elderly
Patients: A Comparison With Young and Middle-Aged Patients. J Infect
(2020) 80:e14–8. doi: 10.1016/j.jinf.2020.03.005

26. Jin JM, Bai P, He W, Wu F, Liu XF, Han DM, et al. Gender Differences in
Patients With COVID-19: Focus on Severity and Mortality. Front Public Heal
(2020) 8:1–6. doi: 10.3389/fpubh.2020.00152

27. Scully EP, Haverfield J, Ursin RL, Tannenbaum C, Klein SL. Considering How
Biological Sex Impacts Immune Responses and COVID-19 Outcomes. Nat
Rev Immunol (2020) 20:442–7. doi: 10.1038/s41577-020-0348-8

28. Kassir R. Risk of COVID-19 for Patients With Obesity. Obes Rev (2020) 21:
1–2. doi: 10.1111/obr.13034

29. Liu M, He P, Liu HG, Wang XJ, Li FJ, Chen S, et al. Clinical Characteristics of 30
Medical Workers Infected With New Coronavirus Pneumonia. Zhonghua Jie He
He Hu Xi Za Zhi (2020) 43:209–14. doi: 10.3760/cma.j.issn.1001-
0939.2020.03.014

30. Ferrario CM, Jessup J, Chappell MC, Averill DB, Brosnihan KB, Tallant EA,
et al. Effect of Angiotensin-Converting Enzyme Inhibition and Angiotensin II
Receptor Blockers on Cardiac Angiotensin-Converting Enzyme 2. Circulation
(2005) 111:2605–10. doi: 10.1161/CIRCULATIONAHA.104.510461

31. Kow CS, Zaidi STR, Hasan SS. Cardiovascular Disease and Use of Renin-
Angiotensin System Inhibitors in COVID-19. Am J Cardiovasc Drugs (2020)
20:217–21. doi: 10.1007/s40256-020-00406-0

32. ZhangY,GaoY,QiaoL,WangW,ChenD. InflammatoryResponseCellsDuring
AcuteRespiratoryDistress Syndrome inPatientsWithCoronavirusDisease 2019
(COVID-19). Ann Intern Med (2020) 173:402–4. doi: 10.7326/L20-0227

33. Brix TH, Hegedüs L, Hallas J, Lund LC. Risk and Course of SARS-CoV-2
Infection in Patients Treated for Hypothyroidism and Hyperthyroidism. Lancet
Diabetes Endocrinol (2021) 9:197–9. doi: 10.1016/S2213-8587(21)00028-0

34. Liao M, Liu Y, Yuan J, Wen Y, Xu G, Zhao J, et al. Single-Cell Landscape of
Bronchoalveolar Immune Cells in Patients With COVID-19. Nat Med (2020)
26:842–4. doi: 10.1038/s41591-020-0901-9

35. Su Y, Chen D, Yuan D, Lausted C, Choi J, Dai CL, et al. Multi-Omics Resolves
a Sharp Disease-State Shift Between Mild and Moderate COVID-19. Cell
(2020) 183:1479–95.e20. doi: 10.1016/j.cell.2020.10.037

Duarte et al. Characterization of Vaccine Breakthrough Cases

Frontiers in Immunology | www.frontiersin.org September 2021 | Volume 12 | Article 74291412



 |  473O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

36. Zhang Y, Zeng G, Pan H, Li C, Hu Y, Chu K, et al. Safety, Tolerability, and
Immunogenicity of an Inactivated SARS-CoV-2 Vaccine in Healthy Adults Aged
18–59 Years: A Randomised, Double-Blind, Placebo-Controlled, Phase 1/2 Clinical
Trial. Lancet Infect Dis (2021) 21:181–92. doi: 10.1016/S1473-3099(20)30843-4

37. Hariyanto TI, Kurniawan A. Thyroid Disease Is Associated With Severe
Coronavirus Disease 2019 (COVID-19) Infection. Diabetes Metab Syndr Clin
Res Rev (2020) 14:1429–30. doi: 10.1016/j.dsx.2020.07.044

38. Acevedo ML, Alonso-Palomares L, Bustamante A, Gaggero A, Paredes F,
Cortés CP, et al. Infectivity and Immune Escape of the New SARS-CoV-2
Variant of Interest Lambda.medRxiv (2021) 2021.06.28.21259673. doi: 10.1101/
2021.06.28.21259673

39. Bergwerk M, Gonen T, Lustig Y, Amit S, Lipsitch M, Cohen C, et al. Covid-19
Breakthrough Infections in Vaccinated Health Care Workers. N Engl J Med
(2021), 1–11. doi: 10.1056/nejmoa2109072

40. Earle KA, Ambrosino DM, Fiore-Gartland A, Goldblatt D, Gilbert PB, Siber
GR, et al. Evidence for Antibody as a Protective Correlate for COVID-19
Vaccines. Vaccine (2021) 39:4423–8. doi: 10.1016/j.vaccine.2021.05.063

41. Khoury DS, Cromer D, Reynaldi A, Schlub TE, Wheatley AK, Juno JA, et al.
Neutralizing Antibody Levels Are Highly Predictive of Immune Protection
From Symptomatic SARS-CoV-2 Infection. Nat Med (2021) 27:1205–11.
doi: 10.1038/s41591-021-01377-8

42. Estofolete CF, Banho CA, Campos GRF, Marques BC, Sacchetto L, Ullmann LS,
et al. Case Study of Two Post Vaccination SARS-CoV-2 InfectionsWith P1 Variants
in Coronavac Vaccinees in Brazil. Viruses (2021) 13:1–10. doi: 10.3390/v13071237

43. Nixon DF, Ndhlovu LC. Vaccine Breakthrough Infections With SARS-CoV-2
Variants. N Engl J Med (2021) 385:e7. doi: 10.1056/nejmc2107808

44. Strategic Advisory Group of Experts on Immunization - SAGE (WHO).
Interim Recommendations for Use of the Inactivated COVID-19 Vaccine,
CoronaVac, Developed by Sinovac (2021). Available at: https://apps.who.int/

iris/bitstream/handle/10665/341454/WHO-2019-nCoV-vaccines-SAGE-
recommendation-Sinovac-CoronaVac-2021.1-eng.pdf.

Conflict of Interest: ZG and MW are SINOVAC employees and contributed to
the conceptualization of the study (clinical protocol and eCRF design) and did not
participate in the analysis or interpretation of the data presented in the
manuscript.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.
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2.7. Study suggests that countries in South America that used 
CoronaVac are protected against gamma and lambda variants

A study from Brazil and Uruguay 
indicates that the population of 
southern countries from South 
America are more protected against 
the regional variants gamma and 
lambda of the virus SARS-CoV-2. The 
conclusions are in a scientific article 
published in MedRxiv. According to 
the researchers, from the Republic 
University of Montevidéu, and from 
the Oswaldo Cruz Foundation 
(Fiocruz), from Rio de Janeiro, 
CoronaVac, a vaccine from Butantan 
and Sinovac, in the condition of 
inactivated vaccine, contributed 
decisively  for that result.

According to the study, Argentina, 
Brazil, Chile, Paraguay and Uruguay 
experienced severe epidemic waves 
of Covid-19 in the beginning of 
2021, boosted by the expansion of 
the variants gamma and lambda. 
However, beginning from June, 
there was an improvement in the 
indicators of the pandemic.  In 
the 14th epidemiological week, 
between April 4th and 10th, there 

were registered 21.141 deaths 
caused by Covid-19, according 
to the Coronavirus Panel of the 
Ministry of Health. It was the highest 
number of deaths in seven days 
during the whole year. However, 
on the 25th epidemiological week, 
between June 20th and 26th, the 
number of deaths had decreased 
to 11.935. Since then, the indicator 
kept decreasing and, in the last 
epidemiological week, between 
September 19th and 25th, the 
number of deaths caused by Covid-
19 in Brazil was 3.692.

The study says that the generalized 
use of CoronaVac in the southern 
countries of South America was 
not just efficient to prevent the 
severe cases of Covid-19, but also 
contained the dissemination of the 
regional variants that were highly 
transmissible. In Chile, 70% of the 
vaccines applied corresponds 
to CoronaVac; in Uruguay, 60%; 
in Brazil, 35%. It’s also worth 
pointing out that until the middle 
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of May, the vaccine from Butantan 
corresponded to about seven from 
10 vaccines applied.

To investigate the results of national 
vaccination programs and the 
impact of the natural infection 
in the viral transmission of the 
southern countries, the researchers 
analyzed the association between 
population mobility and the 
effective number of reproduction 
(Rt) - average number of people 
infected by an infected person 
introduced in a partially immunized 
population or susceptible (It means, 
in the beginning of the pandemics).

The analysis revealed that, from 
January to May 2021, the mobility of 
the population in Argentina, Brazil, 
Chile, Paraguay and Uruguay were 
related to the effective number 
of reproduction Rt. However, from 
June, the index of viral transmission 
began to decrease more than 
expected according to the level 
of social interaction. “The study 

suggests that the populations from 
the southern countries of South 
America probably reached the 
HIT (herd immunity threshold) to 
contain the transmission of variants 
gamma and lambda of SARS-CoV-2 
around the middle of 2021”, affirmed 
the researchers. The results indicate 
that the immunity threshold HIT for 
the Covid-19 virus, in South America, 
varied among 29% in Argentina, 33% 
in Uruguay, 36% in Paraguay, 43% in 
Chile and 45% in Brazil.

The researchers suggest that the 
high level of natural immunity 
identified in the countries of South 
America may be an important 
condition that might be contributing 
to limit the transmission of the 
variant. According to the specialists, 
the contribution of that immunity 
is a result of the natural infection 
associated with the vaccination.

Published on: 09/21/2021
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Abstract

All South American countries from the Southern cone
(Argentina, Brazil, Chile, Paraguay and Uruguay)
experienced severe COVID-19 epidemic waves dur-
ing early 2021 driven by the expansion of variants
Gamma and Lambda, however, there was an improve-
ment in different epidemic indicators since June 2021.
To investigate the impact of national vaccination pro-
grams and natural infection on viral transmission in
those South American countries, we analyzed the cou-
pling between population mobility and the viral ef-
fective reproduction number Rt. Our analyses reveal
that population mobility was highly correlated with
viral Rt from January to May 2021 in all countries
analyzed; but a clear decoupling occurred since May-
June 2021, when the rate of viral spread started to be
lower than expected from the levels of social interac-
tions. These findings support that populations from
the South American Southern cone probably achieved
the conditional herd immunity threshold to contain
the spread of regional SARS-CoV-2 variants.
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1 Introduction

Countries from the South America Southern cone
experienced large COVID-19 epidemic waves dur-
ing the first months of 2021 driven by the lack of
stringent mitigation measures along with the emer-
gence and regional spread of the Variant of Concern
(VOC) Gamma and the Variant of Interest (VOI)
Lambda [1]. The VOC Gamma was the predomi-
nant viral variant in Brazil, Paraguay and Uruguay;
while both Gamma and Lambda circulated at sim-
ilar prevalence in Argentina and Chile [2, 3, 4, 5].
Changes in different epidemic indicators from mid-
June to end of August, including declining numbers
of new SARS-CoV-2 cases and deaths and viral ef-
fective reproduction number Rt below one, support
a relative control of the COVID-19 epidemic in all
five countries [1]. The drivers of such epidemic con-
trol remained unclear as SARS-CoV-2 transmission
could be influenced by several factors including extent
of non-pharmaceutical interventions (NPIs), level of
social distancing, adherence to self-care measures,
transmissibility of circulating viral variants and the
proportion of susceptible host [6].

Several studies demonstrate that during the pre-
vaccination phase and in a context of large commu-
nity transmission of the virus, when other factors as
contact tracing strategies are not effective, changes in
population mobility could be predictive of changes in
epidemic trends and viral Rt [7, 8, 9, 10, 11, 12, 13].
In those settings, decoupling between population mo-
bility and viral transmissions could be used as a
surrogate marker of herd immunity achieved either
through high vaccination and/or natural infection
rates. Data from countries with advanced vaccina-
tion like Israel and the United Kingdom support this

1
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notion as in a certain time SARS-CoV-2 incidence
display sustained declines despite easing of lockdown
restrictions, discontinuation of face mask use in open
spaces and increase in population mobility [14, 15]
In the present article, we estimate the coupling

between population mobility and the Rt of SARS-
CoV-2 in the five South American countries from
the Southern cone. Our analyses support that mo-
bility data was highly correlated with the viral Rt

in all South American countries analyzed between
January and May, 2021; however, a clear decoupling
between population mobility and viral transmissions
was evident since May-June 2021. The mean esti-
mated threshold of immune individuals (fully vacci-
nated pondered by vaccine effectiveness plus natural
infected) necessary to produce such decoupling varies
along the five countries from 29% to 45% and a dis-
cussion trying to understand these differences is pro-
vided. These findings also support the relevance of
vaccination-induced herd immunity in South Ameri-
can countries with widespread use of the inactivated
vaccine Coronavac.

2 Results

To analyze the potential correlation between social
mobility and the spread of the SARS-CoV-2, we es-
timate the viral effective reproduction number Rt in
every country based on mobility information provided
by Google [16] during a time period of high viral
transmission (see subsection 4.2). The resulting esti-
mator, denoted as R̂t, was then correlated with the
observed Rt estimated from the incidence data avail-
able in the Our World in Data (OWID) data base [1].
The correlation between R̂t and Rt provides a mea-
sure of the value of social mobility as a predictor of
viral transmissions in each country, while the ratio
R̂t/Rt provides a measure of the coupling between
both indicators. In all five South American countries
analyzed (Argentina, Brazil, Chile, Paraguay and
Uruguay) we observed that during the first months
of 2021, the estimated R̂t was highly correlated (ρ2

between 0.83 y 0.94) with the observed Rt about 1-
2 weeks later and the ratio R̂t/Rt was close to one
(0.90-1.10) during the pre-vaccination and initial vac-
cination phases (Figure 1). We observed a high cor-
relation between both estimators not only during the
estimation period, but also during the beginning of
the vaccination roll-out. These findings confirm that
population mobility was a relevant driver of viral
transmissions during early 2021 in all South Amer-

ican countries analyzed and revealed that, under a
context of high community transmission, researchers
can use the observed population mobility at a given
time to infer the viral transmission dynamics without
the typical lag of the observed Rt.

When we extended the estimation of the R̂t dur-
ing the vaccination roll-out period (with the same
computed initial parameters), we observed a clear in-
crease of the ratio R̂t/Rt in all South American coun-
tries analyzed since late May and early June 2021,
indicating that at a certain time the rate of spread of
the virus started to be lower than expected from the
levels of social interactions (Figure 1). We interpret
such decoupling between population mobility and vi-
ral spread as a surrogate marker of conditional herd
immunity, i.e. the achieved herd immunity condi-
tioned to the social distancing policies and the circu-
lating viral variants in each country. In order to test
our method, we conducted a similar analysis in Israel,
the first country to attain conditional vaccine-induced
herd immunity. Our findings confirm that after a pe-
riod of clear coupling between population mobility
and viral transmission, a decisive increase of the ra-
tio R̂t/Rt was also observed at a certain time during
vaccination roll-out in Israel (Figure A.1). The de-
coupling time, defined as the moment when the ratio
R̂t/Rt finally overcomes (i.e. the last time it crosses)
the value 1.10, preceded the last peak of weekly re-
ported cases and roughly coincides with the last day
when the Rt = 1 in each country (Figure 1), indicat-
ing that the decoupling time was an early indicator
of epidemic control.

The proportion of immunized population at the de-
coupling time could give us an idea of the conditional
herd immunity threshold (HIT). In order to estimate
the proportion of immune individuals around the de-
coupling time, we summed the estimated number of
vaccine-immunized and natural-immunized individu-
als. The proportion of vaccine-immunized individuals
was estimated from the number of fully vaccinated
individuals adjusted by the estimated vaccine effec-
tiveness (VE) in South America [17, 18], see also [19].
The number of infected people that acquired immu-
nity through previous infection (cumulative infection)
was estimated from the cumulative number of deaths
assuming a constant (age adjusted) infection fatal-
ity rate (IFR) for each country (see subsection 4.1
and Table 1). The mean estimated HIT at the de-
coupling time varies along the countries from 29%
in Argentina to 33% in Uruguay, 36% in Paraguay,
43% in Chile and 45% in Brazil, although confidence

2
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Figure 1: Viral effective reproduction number Rt and its estimation R̂t using mobility information. Back-
ground colors indicate the following time periods: in blue, the time period used to fit the linear model (see
Section 4.2), in yellow, the period after the fitting, but before the decoupling time, and in red after the
decoupling point. The black dot corresponds to the last time the reproductive number was above one. The
correlation corresponds to the period used to fit the model. The delay indicated is the time-shift between
the mobility time series and Rt in order to maximize the correlation in the linear regression.

intervals were very large due to uncertainties in the
IFR estimates (Table 1 and Figure 2). The HIT was
reached by different proportions of natural infections
and vaccination (Table 1). The estimated proportion
of individuals that acquired immunity through vacci-
nation (taking into account the VE) at the decoupling
time was relatively high in Chile (29%) and Uruguay
(24%), but very low in Brazil (9%), Argentina (5%)
and Paraguay (1%). The estimated HIT in countries
with widespread use of the inactivated vaccine Coron-
avac like Chile (43%) and Uruguay (33%) was similar
to that estimated in Israel (42%) that only used the
BNT162b2 (mRNA-based) vaccine (Figure A.2).

3 Discussion

All countries from the South America Southern cone
(Argentina, Brazil, Chile, Paraguay and Uruguay)
witnessed pronounced increases in daily SARS-CoV-2
cases and deaths during the firsts months of 2021
and a clear drop in relevant epidemic metrics (cases,
deaths and Rt) from mid-2021 [1]. This study demon-
strates that such epidemic control was preceded by a
clear decoupling of viral transmissions from popula-
tion mobility, consistent with the notion that those
South American countries probably attained the HIT
against SARS-CoV-2 variants Gamma and Lambda
prevalent in the region, given some level of social dis-
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Country IFR (VIN, ADV, RNA) Dec-T % Nat-Inf % Vac HIT
Argentina 0.67 (0.36-1.30) (31.1, 64.7, 04.2) Jun. 02 26 (13-48) 06 29 (17-52)
Brazil 0.59 (0.32-1.17) (34.4, 48.1, 17.5) Jun. 23 40 (20-74) 11 45 (25-79)
Chile 0.73 (0.40-1.43) (71.1, 06.9, 22.0) May 22 20 (10-37) 40 43 (34-60)
Paraguay 0.41 (0.23-0.83) (11.6, 26.6, 61.8) Jun. 11 35 (18-64) 02 36 (19-64)
Uruguay 0.90 (0.49-1.56) (59.8, 01.6, 38.6) May 29 13 (8-24) 29 33 (27-44)
Israel 0.65 (0.35-1.27) (0,0,100) Feb. 28 10 (5-19) 39 42 (37-51)

Table 1: IFR: infection fatality rate; VIN: percentage of virus inactivated vaccines; ADV: percentage of
adenovirus vaccines; RNA: percentage of RNA vaccines [20, 21, 22, 23, 24, 25]; Dec-T: decoupling time; %
Nat-Inf: percentage of population naturally infected at Dec-T; % Vac: percentage of the population fully
vaccinated at Dec-T; HIT (herd immunity threshold): percentage of immunized population due to vaccines
and natural infections at Dec-T. The vaccine effectiveness (VE) against SARS-CoV-2 infections was adjusted
to 66% for VIN, 73% for ADV and 93% for RNA [17, 18].

tancing restrictions.

At the start of the pandemic, thresholds of 60-70%
were given as estimates of herd immunity for SARS-
CoV-2 [26]. Despite confidence intervals of HIT es-
timates were very large, mostly due to uncertain-
ties in the IFR estimates, our analyses support that
the conditional HIT for SARS-CoV in South Amer-
ica would be lower than 50%, ranging from 29% in
Argentina to 45% in Brazil. Moreover, observe that
these confidence intervals have a common range of
(34, 44) = 39±5. A recent modeling study conducted
in Stockholm, Sweden, also supports that this coun-
try reached the HIT against the original and Alpha
variants of SARS-CoV-2 at 23% and 33% of sero-
prevalence, respectively [27]. The authors conclude
that HIT for SARS-CoV-2, given limited social dis-
tancing restrictions, could be lower than initially es-
timated and that phenomena could be explained by
population heterogeneity. By fitting epidemiological
models that allow for heterogeneity in susceptibility
or exposure to SARS-CoV-2 and given a basic re-
production number R0 between 2.5 and 3, a recent
study estimates that the HIT declines from over 60%
to less than 10% as the coefficient of variation in-
creases [28]. Another study estimate that in an age-
structured community with mixing rates fitted to so-
cial activity, the HIT can be 43% if R0 is 2.5 [29].

Our findings also support that the conditional
HIT for SARS-CoV-2 in South America was attained
through both natural and vaccinal immunity, with
different relative proportions across countries. The
extremely low proportion of vaccine-immune individ-
uals in Paraguay (1%), Argentina (5%) and Brazil
(9%) at decoupling time, suggest that conditional
herd immunity in those countries was mostly attained

by natural infections. Few studies estimated the pro-
portion of infected individuals in South America af-
ter the large Gamma and Lambda epidemics in 2021,
but some evidence from seroprevalence data support
our estimations. A randomized study conducted in
Paraguay between March to June 2021 gave a sero-
prevalence of 23.1% in Asunción and of 26.9% in the
central region of the country [30] and a recent sero-
prevalence survey among adult individuals living in
the largest Brazilian city of Sao Paulo also estimate
a high proportion (45%: 39-51%) of individuals in-
fected by SARS-CoV-2 [31].

At the other extreme, the relative proportion of
vaccinal immunity at decoupling was highest in Chile
(29%) and Uruguay (24%). CoronaVac accounted
for most of vaccinations in Chile (75%) [32] and
Uruguay (66%) [24] and the high incidence of SARS-
CoV-2 in those countries during first months of vac-
cination roll-out raise concerns about the effective-
ness of inactivated virus vaccines to control SARS-
CoV-2 transmissions. Our results support that the
widespread use of inactivated virus vaccines con-
tributed to containing the spread of SARS-CoV-2
in Chile and Uruguay, despite abundant circulation
of VOCs/VOIs and weak mitigation measures. Re-
markably, the HIT at decoupling point in Chile (43%)
and Uruguay (33%) was similar to the one estimated
for Israel (42%), that mostly controlled the virus ex-
pansion through vaccination with BNT162b2. These
findings are consistent with recent studies of vac-
cine effectiveness (VE) in Chile [17], Brazil [18] and
Bahrain [33] that conclude that immunization with
inactivated vaccines (CoronaVac and Sinopharm) was
an effective strategy at mitigating the risk for trans-
missions of SARS-CoV-2 VOCs, although the perfor-
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Figure 2: Coupling ratio R̂t/Rt plotted with respect to the percentage of immune population. During the
first months of 2021 the coupling ratio varies around 1, which corresponds to the periods where the Rt and
R̂t are in concordance in Figure 1. Immune population includes immunity achieved by vaccination (taking
into account its effectiveness), and natural infection (see subsection 4.3). The percentage of people fully
vaccinated is described as well. The coupling ratio crosses the threshold (decoupling point) at percentages
of immune population that varies along the five countries from 29% in Argentina to 33% in Uruguay, 37% in
Paraguay, 43% in Chile and 45% in Brazil. Confidence intervals are shown in horizontal black lines. They
inherit the large uncertainty in the IFR estimation (see Table 1).

mance of BNT162b2 and adenovirus-based vaccines
was superior.

The mean estimated HIT varied across South
American countries and several factors may explain
such variability. HIT will move upwards when more
transmissible SARS-CoV-2 variants circulates in a
population, but differences in the circulating SARS-
CoV-2 variants do not explain variations among

South American countries. Differences in the mean
HIT were observed between countries where Gamma
was the most prevalent variant like Brazil (45%),
Paraguay (36%) and Uruguay (33%), and also be-
tween countries where Gamma and Lambda co-
circulated at high prevalence like Chile (43%) and
Argentina (29%) [2, 3, 4, 5]. Differences in vaccine
platforms deployed in each country might also mod-
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ulate the HIT at the decoupling time. Although we
corrected the proportion of immune individuals ac-
cording to the estimated VE and the proportion of
each vaccine, we only considered immunity associ-
ated with fully vaccinated individuals. Previous stud-
ies, however, demonstrate some level of reduction of
SARS-CoV-2 transmission after one dose of mRNA-
based (46-58%), adenovirus-based (35%) and inacti-
vated virus (16%) vaccines [17, 18, 34, 35]. Thus,
we should expect that countries that used a higher
proportion of mRNA-based and/or adenovirus-based
vaccines like Argentina (69%) reached herd immunity
at apparent lower thresholds that those that mostly
used inactivated virus vaccines. Moreover, it should
be stressed that Argentina had a very large propor-
tion of individuals with a single dose at the decou-
pling point when compared to other countries in the
region where second doses were administrated in a
shorter period after first dose [1]. Notably, although
Brazil also used an overall high proportion of mRNA-
based and/or adenovirus-based vaccines (66%), most
vaccinations during first months were of inactivated
vaccines [18].

Reduction of SARS-CoV-2 transmission will also
depend on the vaccination strategy (who is vacci-
nated and when). Vaccinations programs usually
begin by elderly people and go on by gradually
protecting the younger population [36]. Simulation
studies indicate that prioritize vaccinating of high-
risk groups will minimize the number of COVID-
19-related hospitalizations and deaths in the short
term, but vaccination of main transmission drivers
(i.e. highly mobile working age groups) would be
more effective at reducing the spread of the SARS-
CoV-2 [37, 38]. Given enough vaccine supplies, vac-
cinating the adult population uniformly at random
would thus be ideal to both prevent death and severe
illness in high risk groups and to curb SARS-CoV-
2 transmissions in the whole population. Uruguay
developed an interesting vaccination strategy that
prioritized vaccination of elderly populations (≥ 70
years of age) with the BNT162b2 vaccine while highly
mobile working age groups were simultaneously vac-
cinated with CoronaVac. This more homogeneous
vaccination strategy across different age groups in
Uruguay might partially explain the relative low HIT
observed in this country. This may be related to the
fact that, the decoupling effect due to vaccinations
programs that we observe between mobility and the
reproductive number is reached more abruptly than
what could be expected from SIR-like models where

all the population is treated homogeneously.

Our results support that proportion of immune
population in South American populations attained a
threshold enough to decoupling people mobility and
viral dissemination and those countries could thus im-
plement progressive relaxing of mitigation measures
with relative safety. Such apparent herd immunity,
however, was attained while maintaining moderate
mitigation measures (social distancing, school closed,
mask-wearing and other self-care behaviors). None
of the countries analyzed have returned to the pre-
pandemic levels of activity and it is unclear if current
population immunity will halt the viral spread after
removal of all mitigation measures. Long-term herd
immunity could be also challenged by waning im-
munity and dissemination of more infectious SARS-
CoV-2 variants [39]. Waning neutralizing antibodies
might progressively reduce the population immunity
level to below the critical HIT, while local evolution
and/or introduction of SARS-CoV-2 variants that are
more transmissible than those previous circulating
will move the HIT upwards.

Both factors seems to have shaped the third epi-
demic wave in Israel [40, 41, 42, 43] Our study sup-
ports that after a transient period of decoupling in Is-
rael, population mobility and viral transmissions were
coupled again as Delta variant spread in both unvac-
cinated and fully-vaccinated individuals. It is unclear
if the same phenomena could be observed in South
America after introduction of Delta variant. First,
herd immunity through natural infection seems to be
less susceptible to waning immunity than by vaccina-
tion [44, 45, 46] and South American countries with
a high natural immunity wall might be better pre-
pared to limit the expansion of Delta variant than
those with a large vaccine immunity wall. Second,
hybrid immunity (natural infection plus vaccination)
might provide longer lasting and stronger protection
against infection than vaccine-induced immunity [47]
and a high proportion of partial or fully vaccinated
individuals in South America may be currently in
this condition. Third, some South American coun-
tries like Chile, Uruguay and Brazil already started
or approved the administration of a vaccine booster.

Our study has some important limitations: (i) diffi-
culty to estimate precisely the IFR and consequently
to have a precise estimate of the cumulative num-
ber of naturally infected people at decoupling point
in each country; (ii) sub-reporting of SARS-CoV-2
deaths might underestimate the cumulative number
of infections and thus the HIT; (iii) the assumption
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that partially vaccinated people did not greatly con-
tribute to reduce viral transmissions might have also
underestimate the number of vaccine-immune indi-
viduals and the actual HIT; (iv) on the other hand,
although we assumed some overlap between vaccinal
immunity and natural immunity, the precise fraction
of fully vaccinated individuals that were previously
infected is unknown. Because of these limitations,
the precise HIT estimated here should be interpreted
with caution and should not be considered as general
reference values for other countries.

In summary, our study supports that populations
from the South American Southern cone probably
achieved the conditional HIT to contain the fur-
ther spread of SARS-CoV-2 variants Gamma and
Lambda at around mid-2021. Presumed herd im-
munity was probably mostly attained by natural in-
fection in Argentina, Brazil and Paraguay, and by a
mixture of natural infections and vaccination in Chile
and Uruguay. The widespread used of the Coronavac
inactive viral vaccine in South America was not only
effective to prevent the severe forms of COVID-19 dis-
ease but also has the potential to contain the com-
munity spread of highly transmissible SARS-CoV-2
regional variants. Inactivated SARS-CoV-2 vaccines,
combined with other vaccines and mitigation mea-
sures, may thus represent a relevant tool to control
the COVID-19 pandemic especially under the severe
limitation of vaccine supplies faced by many coun-
tries around the world. Our findings stress that the
herd immunity status might be rapidly lost if vaccine-
induce neutralizing antibodies decrease over time and
more transmissible SARS-CoV-2 variants are either
introduced from abroad or evolved locally.
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4 Methods

4.1 Data and code availability

The SARS-CoV-2 incidence data, viral effective re-
production number Rt (also indicated as reproduc-
tion rate), confirmed deaths, vaccinated people, and
other epidemiological indicators were retrieved from

Our World in Data (OWID) [1]. Mobility index
was estimated from the six indicators categories (re-
tail and recreation, grocery and pharmacy, parks,
transit stations, workplaces, and residential) pro-
vided by Google COVID-19 Community Mobility Re-
ports [48]. For the sake of reproducible research,
the code used to obtain all the results and fig-
ures is available at https://github.com/marfiori/
covid19-decoupling.

4.2 Estimation of the viral effective
reproduction number and decou-
pling time

As the correlations between the six different possi-
ble regressors are large, we construct indices that are
more robust along time and different countries, to
avoid overfitting. In order to do this, we choose for
each country the three categories that give the best
fit among all possible combinations. Although the
categories may vary, the obtained fit quality is rel-
atively robust over different time intervals. The six
mobility time series were smoothed by averaging over
a 14 days sliding window.

For each country, we selected a time period con-
sisting of 75 days before the start of the vaccination
campaign, and 55 days after, ending up with a 130-
days period to carry out the estimation. Given a set
of three mobility categories, we fitted a linear regres-
sion model to the viral effective reproduction number
Rt, lagged a certain time period. This time shift was
chosen as the lag that maximizes the correlation of
the regression. This procedure was repeated for each
combination of three categories among the six mo-
bility measures provided by Google, and the combi-
nation achieving the best regression result was kept.
It should be noted that, since the six categories are
highly correlated, other combinations of three cate-
gories achieve similar fitting results, and therefore the
chosen categories are not necessarily informative by
themselves.

Using the coefficients obtained in this 130-days pe-
riod, and rest of the mobility time series, we com-
puted the predicted viral reproduction number R̂t.
The procedure was tested using periods of different
lengths for the estimation, and the results in the HIT
are robust along the different experiments.

When population mobility and viral transmission
are coupled, the coupling ratio Ct = R̂t/Rt oscillates
around one (0.90-1.10). Departing from a certain mo-
ment, the R̂t becomes much higher than the Rt, re-
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vealing the decoupling between population mobility
and viral spread resulted. We defined the decou-
pling time Dt as the moment when the coupling
ratio Ct = R̂t/Rt definitely exceeds the value 1.10,
i.e. the last crossing over 1.10.

4.3 Estimation of the IFR and im-
mune population

As it is well known, the estimation of the infection
fatality rate has been a hard task during all the pan-
demic. The cryptic circulation of the virus (due to
asymptomatic infections) and different variants made
that in fact this quantity varies along time and popu-
lations. Here we took into account the most relevant
variable to compute it, that is the age structure of the
population. We then took IFR by age taken from [49]
and adjusted to the population pyramid of each of
the considered countries [50]. Confidence intervals
were calculated by considering the (very large) con-
fidence intervals available from [49] and estimating
the interval for the whole population as the weighted
average of the positions for the maximum or mini-
mum of the age-classes intervals. Only one exception
was introduced: in the Uruguayan case, the confi-
dence interval can be reduced because the IFR must
be smaller than the Case Fatality Rate (CFR). Im-
posing this constraint the maximum possible value
in the Uruguayan case is reduced (we obtained the
CFR corresponding to July 31 from [1]) the other
countries being unaffected. This IFR estimation was
confirmed using an alternative methodology for the
case of Uruguay, following [51], which led to similar
results, but with slightly larger confidence intervals.

The percentage of immune population was com-
puted considering the immunity achieved by vaccina-
tion (including its effectiveness), and natural infec-
tion. However, many people who gained immunity
by natural infection, might have gotten vaccinated
as well. In order to avoid the over estimation result-
ing from counting twice those subjects, we subtracted
the intersection of these fractions, under the assump-
tion that they are independent. Observe that this
assumptions gives us a lower bound on the estima-
tion of immune population.

For a given country, let us denote by FV the pro-
portion of fully vaccinated people, by NI the propor-
tion of people with immunity by natural infection,
and by V E the vaccine effectiveness of the country,
computed by combining the effectiveness of each vac-
cine type (VIN, ADV, RNA) using the proportion of

vaccines used in the country (see Table 1). We as-
sumed a perfect immunization due to natural infec-
tion. That is, we neglected in the present analysis the
number of re-infections. Furthermore, let us denote
by IM the estimation of the proportion of immunized
population. Then, the computation described above
is as follows:

IM = (FV − FV ·NI) · V E +NI.

Here the product FV ·NI accounts for the intersec-
tion of the populations, which is subtracted from the
vaccinated population before the effectiveness factor
is applied. As described through the text, the pro-
portion of people with immunity by natural infection
is inferred from the confirmed deaths, using the esti-
mated IFR.

Observe that due to the vaccine effectiveness, the
percentage of fully vaccinated people may by greater
than the percentage of immunized population.
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shown in figures 1 and 2 in the case of Israel, respec-
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Figure A.1: Viral effective reproduction number Rt and its estimation R̂t using mobility information. Back-
ground colors indicate the following time periods: in blue, the time period used to fit the linear model (see
Section 4.2), in yellow, the period after the fitting, but before the decoupling point, and in red after the
decoupling point. The black dot corresponds to the last time the reproductive number was above one. The
correlation corresponds to the period used to fit the model. The delay indicated is the time-shift between
the mobility time series and Rt in order to maximize the correlation in the linear regression.

Figure A.2: Coupling ratio R̂t/Rt plotted with respect to the percentage of immune population. During
the first months of 2021 the coupling ratio varies around 1, which corresponds to the periods where the Rt

and R̂t are in concordance in Figure A.1. Immune population includes immunity achieved by vaccination
(taking into account its effectiveness), and natural infection (see subsection 4.3). The percentage of people
fully vaccinated is described as well.
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2.8. Booster dose of CoronaVac increases in 17 times the level of antibodies 
capable of combating the delta variant of SARS-CoV-2, says study

A booster dose of CoronaVac, a 
vaccine from Butantan and the chinese 
pharmaceutical Sinovac against Covid-
19, increases in 17 times the level of 
neutralizing antibodies against the delta 
variant of the SARS-CoV-2 virus on those 
that have completed the vaccinal scheme 
for six months. The conclusions are in 
the study “ A third dose of inactivated 
vaccine augments the potency, breadth, 
and duration of anamnestic responses 
against SARS-CoV-2”, from researchers of 
the Chinese Science Academy, University 
of Beijing, Medical School of Shanghai 
and Sinovac, among other institutions, 
published in MerRxiv platform.

The study demonstrated that the booster 
dose of CoronaVac quickly potencialize 
the level of neutralizing antibodies 
against the Spike protein, a component 
that the virus uses to invade the human 
cells. Besides that, the booster dose 
also increases in 17 times the level of 
neutralizing antibodies against the 

original virus (strain from Wuhan); in 18 
times against the alfa variant; in 19 times 
against the beta variant; and in 14 times 
against gamma.

The research analyzed plasma samples 
from 66 participants, including 38 
volunteers that received two or three 
doses of the vaccine. The evaluation 
happened four weeks after the 
administration of the booster dose, being 
this one applied six months after the 
participants received the second dose.

The graphic shows the increasing level of 
antibodies in the participants, measured 
immediately before they receive the 
booster dose of CoronaVac (in green), 
and four weeks after the booster dose 
(in blue). The results shown are from the 
original virus from Wuhan (WT, initials for 
“wild type”), and from each one of the 
four variants of concern: alfa (B.1.1.7), beta 
(B.1.351), gamma (P.1) and delta (B.1.617.2).
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CoronaVac has already shown to be 
efficient against the  gamma variant 
in the study of effectiveness of Project 
S, conducted by Butantan in Serrana, 
São Paulo. In this study, 95% of the 
adult population  was vaccinated with 
CoronaVac between 2021 February and 
2021 April, when the variant gamma 
was already predominant in Brazil. 
The collective immunization made the 
deaths caused by Covid-19 decrease in 
95%, the hospitalizations in 86% and the 
symptomatic cases in 80%.

Another research from China 
demonstrated the efficacy of CoronaVac 
against the delta variant. A study of the 
Center of Disease Control and Prevention 
from the Guangdong province, made 
during an outbreak of Covid-19 caused 
by delta variant, showed that CoronaVac 
avoided the development of severe cases 
of Covid-19 and had the efficacy of 69,5% 
against the emergence of pneumonias 
due to the disease. The study was 
conducted with 10.813 people between 
2021 May and 2021 June.

Published on: 05/09/2021
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Abstract: (~150 words) 33 

Emergence of variants of concern (VOC) with altered antigenic structures and waning 34 

humoral immunity to SARS-CoV-2 are harbingers of a long pandemic. Administration 35 

of a third dose of an inactivated virus vaccine can boost the immune response. Here, 36 

we have dissected the immunogenic profiles of antibodies from 3-dose vaccinees, 2-37 

dose vaccinees and convalescents. Better neutralization breadth to VOCs, expeditious 38 

recall and long-lasting humoral response bolster 3-dose vaccinees in warding off 39 

COVID-19. Analysis of 171 complex structures of SARS-CoV-2 neutralizing 40 

antibodies identified structure-activity correlates, revealing ultrapotent, VOCs-41 

resistant and broad-spectrum antigenic patches. Construction of immunogenic and 42 

mutational heat maps revealed a direct relationship between “hot” immunogenic sites 43 

and areas with high mutation frequencies. Ongoing antibody somatic mutation, 44 

memory B cell clonal turnover and antibody composition changes in B cell repertoire 45 

driven by prolonged and repeated antigen stimulation confer development of 46 

monoclonal antibodies with enhanced neutralizing potency and breadth. Our findings 47 

rationalize the use of 3-dose immunization regimens for inactivated vaccines.  48 

 49 

 50 

 51 

One sentence summary 52 

A third booster dose of inactivated vaccine produces a highly sifted humoral immune 53 

response via a sustained evolution of antibodies capable of effectively neutralizing 54 

SARS-CoV-2 variants of concern.  55 

 56 

 57 

 58 
  59 
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Main Text:  60 

The ongoing coronavirus disease 2019 (COVID-19) pandemic caused by severe 61 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has lasted for one and a 62 

half years, resulting in an unprecedented public health crisis with over 4 million 63 

deaths globally. Progress in halting this pandemic seems slow due to the emergence 64 

of variants of concern (VOC), such as the B.1.1.7 (Alpha), B.1.351 (Beta), P.1 65 

(Gamma, also known as B.1.1.28.1) and more recent B.1.617.2 (Delta), that appear 66 

to be high transmissible and more resistant to neutralizing antibodies (1-4). While 67 

several types of COVID-19 vaccines are being deployed at a large scale, new variants 68 

are thought to be responsible for re-infections, either after natural infection or after 69 

vaccination, as observed in Brazil and the United States, respectively (5, 6). Closely 70 

correlated with these, a general decrease in immune protection against SARS-CoV-71 

2 variants within 6-12 months after the primary infection or vaccination is also 72 

observed (6-8). The prospect of genetic recombination and antigenic drift in recent 73 

SARS-CoV-2 variants together with non-uniform immune protections arising from 74 

heterogeneously waning humoral immunity in COVID-19 convalescent or 75 

vaccinated individuals, point to the potential risks of a long-term pandemic that could 76 

endanger the global human health, diminishing social, economic and outdoor leisure 77 

activities. A plausible approach to solving this problem is the administration of a 78 

third dose of the vaccine somewhere between 6 and 12 months after the 2nd dose of 79 

vaccination for enhancing and prolonging the protection. However, not much is 80 

known about the immunogenic features of such a booster dose of a COVID-19 vaccine. 81 

In addition, there are large gaps in our understanding about correlating immunogenic 82 

findings from surrogate endpoints to gauge vaccine efficacy.  83 

 84 

The CoronaVac, a 2-dose β-propiolactone-inactivated vaccine against COVID-19, 85 

has been approved for emergency use by the World Health Organization (9, 10). In 86 

human clinical trials (phase I/II, registration number: NCT04352608), a subgroup 87 

with a 3-dose immunization schedule at months 0, 1, 7 was also included. To evaluate 88 

immune features, we recruited 22 COVID-19 convalescents, 6 healthy participants 89 

(SARS-CoV-2 negative, confirmed by RT-PCR) and 38 volunteers who received 90 
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either 2 or 3 doses of the Coronavac vaccine for blood donation. The volunteers 91 

ranged from 16 to 69 years old (median 33); 30 (45.5%) were men and 36 (54.5%) 92 

were women. None of the volunteers recruited for vaccination was infected by 93 

SARS-CoV-2 prior to the study. Blood samples from convalescents and vaccinees 94 

collected 1.3 months after infection and the indicated times after vaccination were 95 

used in this study, respectively, to compare humoral immune responses elicited 96 

against circulating SARS-CoV-2 variants.  97 

 98 

Neutralizing antibodies (NAbs) are a major correlate of protection for many viruses, 99 

including SARS-CoV-2, and have also provided the best correlate of vaccine 100 

efficacy. Several types of SARS-CoV-2 neutralization assays have been described 101 

using either live SARS-CoV-2 or a pseudo-typed reporter virus carrying SARS-CoV-102 

2 spike protein (S). Both types of assays could yield reproducible neutralizing titers, 103 

with the pseudo-typed virus neutralization assay exhibiting higher sensitivity (11, 104 

12). Neutralizing activity of plasma samples from 66 participants was measured 105 

against WT, B.1.351, P.1 and B.1.617.2 using live SARS-CoV-2 and VSV-106 

pseudoviruses with the S from WT, B.1.1.7, P.1 variants and SARS-CoV (Fig. 1). 107 

The geometric mean half-maximal neutralizing titers (GMT NT50) against live 108 

SARS-CoV-2 in plasma obtained from convalescents and from vaccinees (4 weeks 109 

after the final vaccination) suggest an approximately 60% higher neutralizing 110 

activity against WT after 3-dose inoculation when compared with 2-dose 111 

administration, and 20% higher than those from convalescents (Fig. 1A). 112 

Interestingly, for the samples from the convalescents, 2-dose and 3-dose vaccinees, 113 

neutralizing titers against B.1.351 were, on average, 7.7-fold, 5.7-fold and 3.0-fold 114 

reduced, respectively, compared with WT (Fig. 1A). Similarly, fold decreases in 115 

neutralization ID50 titers against P.1 and B.1.617.2 for the three cohorts were 5.3, 4.3 116 

and 3.1, and 5.3, 3.7 and 2.3, respectively (Fig. 1A). Overall, plasma of the 3-dose 117 

vaccinees displayed minimal reduction in neutralization titers against several 118 

authentic VOCs compared to the convalescents and 2-dose vaccinees (Fig. 1A). 119 

Remarkably, ~41% (9/22) and 50% (6/12) samples from the convalescents and 2-120 

dose vaccinees, respectively, failed to reach 50% neutralization at a plasma dilution 121 
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of 1: 10, with ~14% (3/22) and 16% (2/12) showing a near ineffectiveness in 122 

neutralizing B.1.351 in vitro (Fig. 1A). By contrast, only 1 out of 14 samples from 123 

the 3-dose vaccinees exhibited a weak neutralizing titer below 10 (Fig. 1A). 124 

Importantly, the 3-dose vaccinees showed over 2.5-fold higher neutralizing potency 125 

against B.1.617.2 than the convalescents and 2-dose vaccinees (Fig. 1A). The GMT 126 

NT50 values measured by a VSV-pseudovirus with the WT S were 840, 660 and 1,176 127 

for convalescents, 2-dose and 3-dose vaccinees, respectively, which were 8-10-fold 128 

greater than those determined by live WT SARS-CoV-2 (Fig. 1A, 1B), confirming 129 

higher sensitivity of pseudovirus-based assays in determining neutralizing titers. In 130 

line with the results of live SARS-CoV-2 neutralization assay, the mean fold decrease 131 

in the neutralization of B.1.1.7 relative to the WT was 2.8-fold for convalescents, 132 

2.2-fold for 2-dose vaccinees and 1.7-fold for 3-dose vaccinees (Fig. 1B). Similarly, 133 

plasma from convalescents, 2-dose and 3-dose vaccinees exhibited a 4.5-fold, 2.9-134 

fold and 2.4-fold reduction, in NAb titers against P.1, respectively, when compared 135 

to the WT (Fig. 1B). These results reveal that a third-dose boost of inactivated 136 

vaccine leads to enhanced neutralizing breadth to SARS-CoV-2 variants, bolstering 137 

the potential to ward off VOCs effectively when compared to convalescent plasma. 138 

Of note, neither vaccination nor SARS-CoV-2 infection boosts distinct neutralizing 139 

potency against SARS-CoV, presumably due to the relatively far phylogenic 140 

relationship (Fig. 1B).   141 

 142 

To seek information on potential binding-neutralization correlates, the abilities of 143 

antibodies present in plasma to bind the receptor-binding domain (RBD), N-terminal 144 

domain (NTD), S-trimer and nucleoprotein (N) from SARS-CoV-2 and its variants 145 

were measured by enzyme-linked immunosorbent assay (ELISA). As expected, all 146 

COVID-19 convalescents and vaccinees exhibited high anti-RBD, anti-NTD, anti-S 147 

and anti-N titers for SARS-CoV-2 variants, but weak antibody reactivity to SARS-148 

CoV (Fig. 1C and fig. S1). Unexpectedly, the amount of N-specific IgG elicited by 149 

2-dose and 3-dose vaccination schedules was 2-6-fold lower than those of 150 

convalescents, and 2-6-fold lower than the antibodies targeting S or RBD in 151 

vaccinees, reflecting distinct serological profiles (Fig. 1C and fig. S1). Overall 152 
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plasma neutralizing activity against the WT was substantially correlated with anti-S 153 

and anti-RBD binding titers in ELISA. However, only marginal correlates between 154 

binding and neutralization potency were established for VOCs (fig. S2). In spite of 155 

this, a 3-dose administration elicits a broader range of antibody binding activities to 156 

VOCs with minimal decreasing folds than those of 2-dose vaccination and 157 

convalescents (Fig. 1D and fig. S2).  158 

 159 

To evaluate the nature of humoral immune response elicited by a booster dose of 160 

CoronaVac, the S-specific IgA, IgM and IgG titers and neutralizing activities against 161 

SARS-CoV-2 variants were monitored before and 4 weeks after the third 162 

immunization. S-specific IgM and IgA titers were generally lower and were not 163 

significantly boosted in response to the third-dose vaccination (Fig. 1E). Similar to 164 

most convalescents (2), approximately 80~90% of both anti-S IgG and NAb titers 165 

against the WT waned 6 months after the second vaccination (13), while the third-166 

dose administration of CoronaVac boosted these titers by ~20-fold at 4 weeks post 167 

vaccination (Fig. 1E and F). Significantly, vaccinees 6 months after the second 168 

immunization did not have detectable in vitro neutralizing activities against B.1.351, 169 

P.1 and B.1.617.2, while all vaccinees exhibited a robust recall humoral response to 170 

efficiently neutralize circulating variants post the third-dose vaccination (Fig. 1E and 171 

F). To further characterize the expeditiousness, longevity and immunological 172 

kinetics of recall response stimulated by the third-dose immunization, neutralizing 173 

potencies at days 0, 7, 14, 28, 90 and 180 post the third-dose vaccination were 174 

determined (Fig. 1G and H). Remarkably, NAb titer surged by ~8-fold (from 7 to 53) 175 

at week 1, peaked by ~25-fold increase (up to 177) at week 2 after the 3rd-booster 176 

and slowly decreased over time (Fig. 1G). Notably, NAb titer was maintained at 177 

around 60 on 180 days post the 3rd-booster, comparable to the high level of NAb titer 178 

elicited by the 2-dose administration (Fig. 1H). Taken together, these serological 179 

results reveal a third-dose booster can elicit an expeditious, robust and long-lasting 180 

recall humoral response.   181 

 182 

The molecular mechanism underlying these potent, broad and durative antibody 183 
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responses elicited by a third-dose booster 6 months after the administration of the 184 

second dose of the vaccine, might involve ongoing antibody somatic mutation and 185 

evolution of antibody by affinity maturation through prolonged and repeated antigen 186 

stimulation (14, 15). Although circulating antibodies derived from plasma cells wane 187 

over time, long-lived immune memory can persist in expanded clones of memory B 188 

cells (16). Thereby, we used flow cytometry to sort the SARS-CoV-2 S-trimer-189 

specific memory B cells from the blood of seven selected CoronaVac vaccinees, 190 

including four samples from 3-dose vaccinees and three samples from 2-dose 191 

vaccinees (Fig. 2A and fig. S3). The averaged percentage of S-binding memory B 192 

cells in 3-dose vaccinees was substantially greater than those in 2-dose vaccinees 193 

(Fig. 2A and fig. S3). Due to differences in labeling strategies employed for sorting 194 

SARS-CoV-2-specific B cells, the above percentage of memory B cells was not 195 

directly comparable with those reported in naturally infected individuals and in 196 

mRNA vaccinated individuals. The gated double-positive cells were single cell 197 

sorted and immunoglobulin heavy (IGH; IgG isotype) and light (IGL or IGK) chain 198 

genes were amplified by nested PCR. Overall, we obtained 422 and 132 paired heavy 199 

and light chain variable regions from S-binding IgG+ memory B cells from four 3-200 

dose and three 2-dose vaccinees, respectively (Fig. 2B and fig. S4). Surprisingly, 201 

expanded clones of cells comprised 45-61% of the overall S-binding memory B 202 

compartment in 3-dose vaccinees, which is approximately 2-fold higher than those 203 

in COVID-19 convalescents and in mRNA or 2-dose vaccinated individuals (Fig. 2B 204 

and C). When compared to 2-dose vaccinees, the increase in the number of persistent 205 

clones and various clonal compositions in 3-dose vaccinated group suggested an 206 

ongoing clonal evolution (Fig. 2B and C). Shared antibodies with the same 207 

combination of IGHV and IGLV genes in 3-dose vaccinees comprised ~20% of all 208 

the clonal sequences. Similar to natural infection and mRNA vaccination (2, 14, 16), 209 

IGHV3-30, IGHV3-53 and IGHV1-69 remained significantly over-represented in 3-210 

dose vaccinees (fig. S5). Meanwhile, notable differences in the frequency of human 211 

V genes between 3-dose vaccinated and the other two groups were observed as well 212 

(fig. S5). In 3-dose vaccinees, IGHV3-21, IGHV4-39 and IGHV7-4-1 were largely 213 

abundant, but IGHV5-51, IGHV3-66 and IGHV1-2 were significantly scarce when 214 
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compared to the other two groups (fig. S5), indicative of memory B cell clonal 215 

turnover. Notably, large-scale, single-cell sequencing datasets generated from two 216 

cohorts of 2-dose, 3-dose vaccinees and a group of convalescents revealed no distinct 217 

preference in the frequency of V genes at total B cell repertoire level (fig. S6), 218 

suggesting that a large abundance of antibodies with low expression or affinities exist 219 

in B cells. Additionally, the number of nucleotide mutations in the V gene in 3-dose 220 

vaccinees is higher than those in both 2-dose vaccinees and naturally infected 221 

individuals assayed after 1.3 and 6.2 months, but slightly lower than those in 222 

convalescent individuals 1 year after infection (Fig. 2D), revealing ongoing somatic 223 

hypermutation of antibody genes. There was no significant difference in the length 224 

of the IgG CDR3 between vaccinated (either mRNA or inactivated) and convalescent 225 

(after 1.3 or 6.2 or months) groups (fig. S7). These results reveal that a third-dose 226 

booster 6 months after the second vaccination elicits an enhanced and anamnestic 227 

immune response, which is led by clonal evolution of memory B cell and ongoing 228 

antibody somatic mutations, resulting in enhanced neutralizing potency, breadth and 229 

longevity of the immune response against SARS-CoV-2.          230 

 231 

To further explore the immunogenic characteristics of the antibodies obtained from 232 

memory B cells in 3-dose vaccinees, 48 clonal antibodies, designated as XGv01 to 233 

XGv50 (no expression for XGv37 and XGv48) were expressed and their antigen 234 

binding abilities verified by ELISA (fig. S8). Biolayer interferometry affinities (BLI) 235 

measurements demonstrated that all antibodies bound to WT SARS-CoV-2 at sub-236 

nM levels (fig. S9 and table S1). The normalized geometric mean ELISA half-237 

maximal concentration (EC50) revealed that all antibodies (EC50=4.5 ng/ml) obtained 238 

from 3-dose vaccinees, in particular RBD-specific mAbs (EC50=3.5 ng/ml), 239 

possessed higher binding activities than RBD-mAbs from early convalescents (at 1.3 240 

and 6.2 months after infection, EC50=5.0 and 6.8 ng/ml, respectively) and mRNA 241 

(EC50=4.4 ng/ml) vaccinated individuals (2, 14-18), but were comparable to those 242 

from late convalescent individuals (EC50=2.6 ng/ml) assessed at 12 months after 243 

infection (Fig. 2E). These results indicate the possibility of the loss of antibodies 244 

with low binding affinities over time or an ongoing increase in affinity under the 245 
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repeated exposures of antigen. Among these antibodies tested, 26 bound to RBD, 16 246 

targeted NTD, and 6 interacted with neither RBD nor NTD, but bound S1 (S1/non-247 

RBD-NTD) (fig. S9 and table S1). Pseudovirus neutralization assay revealed that all 248 

RBD-specific antibodies, 10 (~60%) of the 16 NTD-directed antibodies and 3 249 

(~50%) of the 6 S1/non-RBD-NTD antibodies were neutralizing, presenting a 250 

relatively high ratio for NAbs (Fig. 2F, fig. S10 and table S2). Authentic SARS-CoV-251 

2 neutralization assay results largely verified their neutralizing activities, albeit with 252 

that higher concentrations were required for some NAbs (fig. S11). Compared to 253 

RBD antibodies, many NTD NAbs exhibited very limited neutralizing activities. 254 

Notably, approximately 30% of RBD antibodies showed extra potent activities with 255 

half-maximal inhibitory concentration values (IC50) < 0.1 nM. In line with binding 256 

affinity, the normalized geometric mean IC50 of the RBD antibodies of 3-dose 257 

vaccinees was 80 ng/ml, substantially lower than those from naturally infected 258 

individuals (ranging from 1.3 to 6.2 months, IC50=130-160 ng/ml) and mRNA 259 

vaccinated individuals (IC50=150 ng/ml), but similar to those from late convalescents 260 

(IC50=78 ng/ml) (Fig. 2E) (2, 14-18). The overall increased neutralizing potency 261 

might have resulted from the ongoing accumulation of clones expressing antibodies 262 

with tight binding and potent neutralizing activities. Our experimental observations 263 

are consistent with a more recent study where antibodies generated from clonal B 264 

cells after 12 months showed enhanced neutralizing activities (14, 15).     265 

 266 

To examine the cross-reactivity against VOCs and other human coronaviruses, 267 

binding responses of these antibodies to WT, B.1.1.7, P.1, B.1.351, B.1.617.2, SARS-268 

CoV, HuCoV NL63, HuCoV 229E and HuCoV HKU1 were measured. All but 2 of 269 

the 48 antibodies showed strong cross-binding to SARS-CoV-2 VOCs and about one-270 

third of antibodies exhibited clear cross-reactivity to SARS-CoV, but none of these 271 

bound to HuCoV NL63, HuCoV 229E or HuCoV HKU1 (fig. S12). For ~ 20% and 272 

25% of RBD- and NTD-targeting antibodies, respectively, binding affinities against 273 

B.1.351/B.1.617.2 were over 10-fold reduced compared with WT (Fig. 2E). To 274 

further determine the neutralization breadth, the neutralizing activity of these 275 

antibodies was assayed against five VOCs and SARS-CoV. Out of 26 RBD NAbs, 276 
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24 possessed cross-neutralization activity against all five SARS-CoV-2 VOCs (Fig. 277 

2F and fig. S13). Among these, six RBD antibodies could cross-neutralize SARS-278 

CoV, of which 2 exhibited more potent neutralization activity against SARS-CoV 279 

with IC50 values of 41 and 73 ng/ml. However, most of the NTD and S1/non-RBD-280 

NTD NAbs lost their abilities to inhibit viral infection (Fig. 2F and fig. S13), 281 

indicative of higher variations for the NTD in VOCs. In comparison with NAbs from 282 

early convalescents, antibodies isolated from 3-dose vaccinees showed overall 283 

enhanced neutralizing potency and breadth to VOCs.    284 

 285 

RBD is one of the main targets of neutralization in SARS-CoV-2 and other 286 

coronaviruses. Due to its inherent conformational flexibility, RBD exists in either an 287 

“open” (ACE2 receptor accessible) or “closed” (ACE2 receptor inaccessible) 288 

configuration (19, 20), bearing antigenic sites with distinct “neutralizing sensitivity”. 289 

To dissect the nature of the epitopes of RBD targeted by NAbs, 171 SARS-CoV-2 290 

RBD-targeting NAbs with available structures (2, 15, 21-82), including 8 cryo-EM 291 

structures determined in this manuscript (fig. S14-S15 and table S3), were examined. 292 

By using cluster analysis on epitope structures, the antibodies were primarily 293 

classified into six sites (Ⅰ, Ⅱ, Ⅲ, Ⅳ, Ⅴ and Ⅵ) (Fig. 3A and fig. S16), that are related 294 

to the four or five classes assigned in recent studies (22, 31). Additionally, we 295 

superimposed structures of RBDs from these complex structures and calculated the 296 

clash areas between any 2 NAbs (Fig. 3B). Both strategies yielded identical results. 297 

Combining the results of the characterization of binding and neutralization studies 298 

reported previously with those determined here, the key structure-activity correlates 299 

for the six classes of antibodies were analyzed (Fig. 3). Antibodies with sites Ⅰ, Ⅱ and 300 

Ⅲ, most frequently elicited by SARS-CoV-2 early infection, target the receptor-301 

binding motif (RBM), and potently neutralize the virus by blocking the interactions 302 

between SARS-CoV-2 and ACE2 (Fig. 3C and D). Class I antibodies, mostly derived 303 

from IGHV3-53/IGHV3-66 with short HCDR3s (generally <15 residues), recognize 304 

only the “open” RBD, and make contact with K417 and N501, but not 305 

L452/T478/E484 (Fig. 3C and D, and fig. S16-S17). Notably, mutations such as 306 

K417N, L452R, T478K, E484K and N501Y, or combinations of these mutations, 307 
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identified in several VOCs like B.1.1.7, B.1.617.2, P.1 and B.1.351, have been 308 

demonstrated to be key determinants for the viral escape of neutralization by many 309 

NAbs (fig. S18) (1, 81). Approximately ~75% and 60% of class I NAbs were 310 

significantly impaired in binding and neutralizing activities against B.1.351 as well 311 

as P.1, respectively, due to the combined mutations of K417N/T and N501Y (Fig. 3D 312 

and E, and fig. S18). Contrarily, Class III antibodies that are encoded by IGHV1-2 313 

and other variable heavy (VH)-genes and bound to RBD either in “open” or “closed” 314 

conformation, extensively associate with E484, and partially with L452, but not 315 

K417/T478/N501 (Fig. 3D and fig. S17C). Interestingly, IGHV3-53/IGHV3-66 RBD 316 

antibodies with long HCDR3s (>15 residues) switch their epitopes from the site I to 317 

site III, indicating a clear antigenic drift during the process of somatic 318 

hypermutations (fig. S17C). Disastrously, over 90% class III antibodies showed a 319 

complete loss of activity against B.1.351 as well as P.1 largely owing to an E484K 320 

mutation (Fig. 3E). Against B.1.617.2, the substantially decreased activity of ~half 321 

of the class III antibodies is presumably mediated by L452R (Fig. 3E). Class II 322 

antibodies use more diverse VH-genes and target the patch lying between sites I and 323 

III (Fig. 3D and fig. S19). Surprisingly, antibodies binding to site II possess relatively 324 

lower specificity in recognition of epitope clusters ranging from K417, L452, S477, 325 

E484 to N501 (fig. S16). Like site I, site II can only be accessed when the RBD is in 326 

“open” conformation (Fig. 3A). As expected, the effects of mutations on the activity 327 

of class II antibodies were severe, two-thirds of these antibodies had >10-fold fall in 328 

neutralization activities against VOCs (Fig. 3E). Overall, the above analysis reveals 329 

that the RBD mutations identified in several VOCs can significantly reduce and, in 330 

some cases, even abolish the binding and neutralization of classes I to III antibodies, 331 

albeit being the most potent neutralizing antibodies against WT SARS-CoV-2.  332 

 333 

By contrast, antibodies of the other three classes recognize evolutionarily conserved 334 

regions distinct from the RBM and some of these are often cross-reactive with other 335 

sarbecoviruses (65-67, 79). The binding of class IV antibodies, albeit attached to the 336 

apical shoulder of the RBM, is focused on a condensed patch that comprises residues 337 

345-346, 440-441, 444-446, 448-450, which are not related to mutations observed in 338 
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VOCs (Fig. 3C and fig. S16). Related to the binding position, site IV epitopes, 339 

accessible in both “open” and “closed” conformations, exist either as partially 340 

overlapped with or outside ACE2 binding sites (Fig. 3A). Interestingly, class IV 341 

antibodies can execute their neutralizations via multiple mechanisms, such as (i) 342 

direct blockage of RBD-ACE2 associations, (ii) bridging adjacent “closed” RBDs to 343 

lock the S-trimer into a completely closed prefusion conformation, (iii) blockage of 344 

viral membrane fusion by locking conformational changes of the S-trimer, or (iv) Fc-345 

dependent effector mechanisms (31, 62, 67). Class IV antibodies, e.g. 1-57, 2-7, S309 346 

and BD-812, hold the greatest potential for harboring ultra-potent neutralization 347 

activity and markedly high tolerance to most VOCs (63, 67). Not surprisingly, all class 348 

IV antibodies, but CV07-270, exhibited excellent neutralizing breadth and potency to 349 

VOCs (Fig. 3E). The probable reason underlying the exception could be that CV07-350 

270 bears an unusually long HCDR3, directly contacting E484, distal to the site IV (46). 351 

Site V locates beneath the RBM ridge, opposite to the site I, and adjacent to the site 352 

III. None of the class V antibodies compete with ACE2 binding (Fig. 3D and fig. 353 

S17). Due to ~40% targeting frequency to L452, B.1.617.2, but not other VOCs, 354 

partially decreased the activities of some class V antibodies (Fig. 3E). Class VI 355 

antibodies recognize a patch on one side of the RBD, distal from the RBM. Among 356 

these, some compete with ACE2 binding, while some do not, and this largely depends 357 

on the orientation/pose of the antibodies bound. Both sites V and VI contain cryptic 358 

epitopes that are only accessible when at least one RBD is in the open state (Fig. 3A 359 

and C). In some cases, e.g. FC08 and CR3022, belonging to class V and VI, 360 

respectively, epitopes are only accessible in the prefusion S-trimer under the 361 

condition that all RBDs are open, suggesting that binding of these antibodies would 362 

facilitate the destruction of the prefusion S-trimer (83, 84). In spite of less potency, 363 

antibodies targeting sites V to VI are mostly tolerant to the VOCs.    364 

 365 

Low levels of NAbs elicited by either natural infection or vaccination during in vivo 366 

viral propagation may impose strong selection pressure for viral escape, leading to 367 

an increase in the number of SARS-CoV-2 variants. To further understand the drivers 368 

of viral evolution, we constructed immunogenic and mutational heatmaps for RBD 369 
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using the 171 NAb complex structures to estimate in vivo NAb-targeting frequencies 370 

on the RBD and viral mutation frequencies (calculated from the datasets in the 371 

GISAID), respectively (Fig. 3D and fig. S19). Briefly, for each antibody, we 372 

identified epitope residues and calculated the frequency of each RBD residue being 373 

recognized by antibody. Immunogenic heatmap revealed that the epitope residues of 374 

sites I to III showed predominantly higher NAb recognition frequencies (about 53.8, 375 

55.0 and 49.2 antibodies per residue on average for site I, II and III, respectively) 376 

compared with those of sites IV to VI (about 19.4, 9.1 and 14.3 antibodies per 377 

residues on average for site IV, V and VI, respectively), suggesting that class I to III 378 

antibody epitopes are “hot” immunogenic sites (Fig. 3D and fig. S19). In line with 379 

this, residues within sites I to III exhibited dramatically higher mutation frequencies, 380 

as revealed in circulating variants that include mutations of K417, L452, S477, T478, 381 

E484 and N501 residues (Fig. 3D and fig. S19). Surprisingly, none of the top 9 hottest 382 

immunogenic residues had a high mutation frequency. In particular, residues, such 383 

as F486, Y489, Q493, L455, F456, et.al (top 5, having 96, 96, 81, 73 and 70 384 

antibodies per residue, respectively) with large side chains exhibited extremely low 385 

mutation frequencies in circulating SARS-CoV-2 strains (Fig. 3D and fig. S20). It’s 386 

worthy to note that all these residues are extensively involved in the recognition of 387 

ACE2. The buried surface area (BSA) of these residues upon binding to ACE2 388 

confirmed that extensive interactions would be significantly reduced by amino acid 389 

substitutions, thereby affecting ACE2-mediated viral entry. Thus, genetic, structural 390 

and immunogenic analysis explains why mutations at these positions would not be 391 

selected.   392 

 393 

A few studies have reported that a subset of NTD-targeting antibodies can be as 394 

potent as best-in-class RBD specific antibodies. They work via inhibiting a step post-395 

attachment to cells like blocking fusion of the virus to the host cell membrane (85-396 

88). We performed cluster analysis on 26 structures of the NTD-NAb complexes 397 

(including 2 structures solved in this manuscript) (fig. S21A) (54, 85-93). A 398 

dominant site α, defined as the “supersite” in more recent studies (85-88), comprising 399 

of three flexible loops (N1, N3 and N5), is the largest glycan-free surface of NTD 400 
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facing away from the viral membrane (facing up). Antibodies targeting site α 401 

generally exhibited the most potent neutralizing activity compared to other sites on 402 

the NTD (85, 90) (fig. S21B and C). The NTD supersite antibodies are primarily 403 

derived from a subset of VH-genes with an over-representation of IGHV1-24. Sites 404 

β and γ, as the left and right flank clusters, construct a shallow groove beneath the 405 

supersite and locate at the back of the groove, eliciting less potent antibodies. By 406 

contrast, δ antibodies, bound to a patch beneath the groove have their Fab constant 407 

domains directed downward toward the virus membrane (facing down) (fig. S21B 408 

and C). In line with binding orientation, many of the δ antibodies were shown to 409 

present infection enhancing activities in vitro (54, 90). Perhaps correlated with being 410 

a “hot” immunogenic site that is amenable to potent neutralization, highly frequent 411 

mutations, including a number of deletions within the NTD supersite were identified 412 

in most VOCs under ongoing selective pressure, leading to significant reduction and 413 

in some cases even complete loss of neutralization activity for these NTD supersite 414 

NAbs (94).  415 

 416 

More recent studies have reported that SARS-CoV-2 infection can produce a long-417 

lasting memory compartment that continues to evolve over 12 months after infection 418 

with ongoing accumulation of somatic mutations, emergence of new clones and 419 

increasing affinity of antibodies to antigens (14, 15). Consequently, an increase in 420 

breadth and overall potency of antibodies produced by memory B cells over time has 421 

been revealed (14), akin to the experimental observations elicited by a 3-dose 422 

vaccination strategy using an inactivated vaccine described in this study. To 423 

investigate whether changes in the frequency of distribution of the six types of RBD 424 

antibodies is associated with evolution time, we collated and categorized human 425 

SARS-CoV-2 NAbs from available literatures. For antibody clustering, we combined 426 

structural and square competition matrix analysis for 273 RBD NAbs in total (Fig. 427 

4A and fig. S22). In the earliest documented studies (before Dec 2020), NAbs 428 

belonging to classes I to III were predominantly identified in early COVID-19 429 

convalescent and 2-dose vaccinated individuals (defined as early time point), 430 

accounting for up to ~80% of total antibodies. By contrast, a low ratio of NAbs from 431 
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IV to VI was reported possibly due to their less potent activities at the early time 432 

point (Fig. 4A). In recent literatures (after Dec 2020), NAbs with enhanced 433 

neutralizing potency and breadth from IV to VI have substantially been enriched in 434 

the late convalescents or 3-dose vaccinees, almost equal in frequency to antibodies 435 

from I to III and further becoming ascendant in individuals immunized with 3 doses 436 

of inactivated vaccine (Fig. 4A). Differential frequency of distribution of antibody 437 

types may provide an additional possible explanation for the observed enhanced 438 

neutralizing breadth of plasma in late convalescent individuals and 3-dose vaccinees. 439 

These results suggest that memory B cells display clonal turnover after about 6 440 

months, subsequently resulting in changes in the composition of antibodies in B cell 441 

repertoire and thereby partially contributing to enhanced activities of antibodies 442 

secreted in the plasma over time. To explore the underlying mechanism, we measured 443 

the binding affinities of 167 type-classified antibodies that are also further 444 

categorized into early and late time point groups (table S1 and fig. S9). For the late 445 

time group, there was a 10-20 fold increase in binding affinity for individual classes, 446 

compared to those in the early time point group (Fig. 4B). In early time point group, 447 

antibodies from IV to VI exhibited higher binding affinities to the RBD than those 448 

from I to III, in particular, antibodies from V and VI despite limited numbers (Fig. 449 

4B). Possibly higher affinities for these antibodies are required to accomplish 450 

neutralization successfully. Thus, most antibodies from V and VI with low affinities 451 

and activities might be screened out in the early time point. In the late point group, 452 

sub-nM binding affinities for individual class antibodies with no distinct variations 453 

were observed, reflecting ongoing affinity maturation over time. This might also 454 

explain the observation that some antibodies,  from I to III isolated in the late time 455 

point possess potent cross-neutralization activities (Fig. 3E). Our antibody clustering 456 

and V gene usage analysis suggests that individual class antibodies can be derived 457 

from multiple V genes and the shared V gene antibodies belong to different classes. 458 

To decipher the intrinsic trends in the relationship between binding affinity and 459 

somatic hypermutation (SHM) rate, we determined the relative affinity (KD) and 460 

calculated the SHM rate of antibodies that are encoded by the same V gene and 461 

belong to the same class. The measured KD–SHM plots and KD–SHM log-log plots of 462 
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class I antibodies (n=61), including 32 NAbs derived from IGHV3-53, show least 463 

squares fitting of data to a power law with a strong correlation of -0.81 for IGHV3-53 464 

antibodies (-0.55 for all class I antibodies) (Fig. 4C).  The absolute value of its slope 465 

corresponding to a free energy change per logarithm (base e) SHM of cal	nmol!", 466 

where free energy change is 4.98,- + 1.48,- ln(123) (, = 2.0	cal	K!"	nmol!" 467 

and T = 298 K). Antibodies with adequate numbers tested from II and III exhibited 468 

similar trends by following a power law, among which IGHV3-66 antibodies in class 469 

II yielded a compelling correlation of -0.94 despite 6 plots involved in the fitting 470 

(Fig. 4C).  These trends indicate that as the SHM increase, the binding energy 471 

increases and KD value decreases.  472 

 473 

More recently, the B.1.617.2 variant has contributed to another surge in COVID-19 474 

cases worldwide, accounting for ~90% of new cases in the UK and >40% in the US, 475 

despite the fact that increasing number of people have been vaccinated. Evaluation 476 

of the effectiveness of several vaccines performed recently suggests that the efficacy 477 

for VOCs correlates with full vaccination status and the time that has passed since 478 

vaccination (95, 96). These may indicate that the effectiveness of the vaccines has 479 

started to decline as months pass after vaccination due to fading immunity. Our 480 

results demonstrate that a third-dose booster of inactivated vaccine can elicit an 481 

expeditious, robust and long-lasting recall humoral response which continues to 482 

evolve with ongoing accumulation of somatic mutations, emergence of new clones 483 

and increasing affinities of antibodies to antigens, conferring enhanced neutralizing 484 

potency and breadth. Collectively, our findings rationalize the use of 3-dose 485 

vaccination regimens. 486 

 487 
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 526 

Fig. 1 A 3rd-dose booster of an inactivated vaccine elicits an expeditious and 527 

long-lasting recall antibody response  528 

Plasma neutralizing activity evaluated by authentic SARS-CoV-2 (A) and pseudo-529 

typed SARS-CoV-2 neutralization assays (B) Left: half-maximal neutralizing titer 530 

(NT50) values for plasma from COVID-19 convalescents, 2-dose, 3-dose CoronaVac 531 

vaccine recipients (at week 4 after the last dose of vaccination) and negative controls 532 

(pre-COVID-19 historical control) against live SARS-CoV-2 WT, B.1.351, P.1 and 533 

B.1.617.2, and VSV-based SARS-CoV-2 pseudoviruses bearing WT or B.1.1.7 or P.1 534 

S protein. Black bars and indicated values represent geometric mean NT50 values. 535 

Statistical significance was determined using the two-tailed Wilcoxon matched-pairs 536 

test. Experiments were repeated in triplicate. Dotted lines indicate the limit of 537 

detection. Right: fold decrease in neutralization for each variant relative to WT for 538 
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each cohort of plasma samples (calculated from the left datasets) is shown.     539 

(C) IgG endpoint antibody responses specific to the N, RBD and S of WT SARS-540 

CoV-2 were measured in plasma samples collected from cohorts as described earlier.  541 

(D) Fold decrease in specific binding to the RBD, NTD and S for each variant over 542 

WT for each cohort of plasma samples as described above.  543 

(E) IgA, IgM and IgG endpoint antibody titers specific to the S of WT SARS-CoV-544 

2 or its variants in plasma samples collected from vaccinees before and 4 weeks after 545 

the 3rd-dose immunization.  546 

(F) Neutralizing titers against live SARS-CoV-2 WT, P.1, B.1.351 and B.1.617.2 for 547 

plasma from vaccinees before and 4 weeks after the 3rd-dose immunization. Black 548 

bars and indicated values represent geometric mean NT50 values. 549 

(G) Longitudinal neutralizing titers of plasma from 3-dose vaccinees at days 0, 7, 550 

14, 28, 90 and 180 post the 3rd-dose vaccination. The geometric mean NT50 values 551 

are labeled.  552 

(H) Kinetics of the 3rd-dose booster elicited recall response as indicated during 553 

monitoring of NAb titers at different time points. The green and blue curves show 554 

the changes in kinetics of NAb titers for pre-3rd-dose and post-3rd-dose vaccination, 555 

respectively.  556 

 557 

 558 

 559 

 560 

 561 

 562 
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 564 
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 568 

Fig. 2 Memory B cell antibodies elicited by a 3rd-dose booster of an inactivated 569 

vaccine 570 

(A) Representative flow cytometry plots showing dual allophycocyanin (APC)-S- 571 

and phycoerythrin (PE)-S-binding B cells for vaccinees and control donor.   572 

(B) Pie charts represent the distribution of antibody sequences from the four 3-dose 573 

vaccinees. The number in the inner circle is the number of sequences analyzed here. 574 

Pie-slice size is proportional to the number of clonally related sequences. The black 575 

outline indicates the frequency of clonally expanded sequences detected individually. 576 

Colored slices reveal clones that share the same IGHV and IGLV genes. 577 

(C) Graph shows relative clonality among seven individuals who received 2-dose or 578 

3-dose of inactivated vaccines. Relative clonality for COVID-19 convalescents 579 

assayed at 1.3, 6.2 and 12 months after infection, as well as 2-dose mRNA vaccine 580 

recipients (2, 14, 18), previously described by Michel’s group, was compared. Black 581 
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horizontal bars indicate mean values. Statistical significance was determined using 582 

two-tailed t-test. 583 

(D) Number of somatic nucleotide mutations in the IGHV (left) and IGLV (right) in 584 

antibodies from vaccinees, including 2-dose or 3-dose of inactivated vaccines and 2-585 

dose of mRNA vaccines and COVID-19 convalescents assayed at 1.3, 6.2 and 12 586 

months after infection (2, 14, 18). 587 

(E) Normalized ELISA binding (EC50) by antibodies isolated from the 3-dose 588 

inactivated and 2-dose mRNA vaccinees (ref) as well as COVID-19 convalescents to 589 

SARS-CoV-2 S trimer (left) and normalized pseudovirus neutralization activity 590 

(IC50) (right) against SARS-CoV-2 assayed at 1.3, 6.2 and 12 months after infection 591 

(ref). Among these, eight antibodies reported by Michel’s group were expressed and 592 

assessed for both binding by ELISA and pseudovirus neutralization activity for 593 

normalized comparison here. Black horizontal bars indicate mean values. 594 

(F) BLI binding affinities (upper panel) and pseudo-typed virus neutralization 595 

(bottom panel) by antibodies isolated from the 3-dose vaccinees to circulating SARS-596 

CoV-2 variants. Color gradient for upper panel indicates KD values ranging from 0 597 

(green), through 2.5 (yellow) and 5 (red) to 25 nM (purple). Gray suggests no/very 598 

limited binding activity (>1000 nM). Color gradient for bottom panel indicates IC50 599 

values ranging from 0 (green), through 20 (yellow) and 200 (red) to 2000 ng/ml 600 

(purple). Gray suggests no/very limited neutralizing activity (>2000 ng/ml).  601 

 602 
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 610 

Fig. 3 Structural landscape and immunogenic features of RBD NAbs 611 

(A) Structure-based antigenic clustering of SARS-CoV-2 RBD NAbs. A total of 171 612 

RBD NAbs with available structures were classified into six clusters (Ⅰ, Ⅱ, Ⅲ, Ⅳ, Ⅴ 613 

and Ⅵ). NAbs that can block ACE2 binding or not are outlined by light pink and 614 

light yellow, respectively. NAbs that can attach to the closed RBD or not are outlined 615 

by gray blue and gray green, respectively. 616 

(B) Superimposition matrix of 171 RBD NAb structures’ output from clashed areas 617 

(Å2) between variable regions of any two Fab fragments showing the clustering into 618 
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six antibody classes.   619 

(C) Surface representative model of six types of NAbs bound to the RBD. Fab 620 

fragments of six representative antibodies are shown in different colors and the RBD 621 

is colored in gray. Insets illustrate the antigenic patches targeted by six representative 622 

antibodies. Dashed dots indicate the overlaps between two adjacent antigenic 623 

patches. 624 

(D) Structural landscapes of the six classes of RBD NAbs (upper panel). Antigenic 625 

patches (with targeting frequency >30%) recognized by six classes of NAbs are 626 

outlined in the assigned color scheme (same to Fig. 3C), among which residues with 627 

“hot targeting frequency” (generally over 65%, but over 85% in class I) are shown 628 

in bright colors corresponding to the patches they belong to. Residues involved in 629 

two (such as Y489, L452) or three (such as F486) neighboring antigenic patches are 630 

presented in a mixed color. Representative “hot” antigenic residues are labeled. 631 

Middle: hot map for antigenic residues on the RBD. Per residue frequency 632 

recognized by the 171 NAbs were calculated and shown. The top 9 of the hottest 633 

antigenic residues and key residues with substitutions in several VOCs are marked 634 

and labeled. Bottom: hot map for circulating variants with mutations on the RBD. 635 

Mutation frequency for each residue was calculated based on the datasets from 636 

GISAID. 637 

(E) Immunogenic characteristics of six classes of RBD-targeting NAbs. Hot maps 638 

show relative fold changes in KD values (up) and IC50 values (down) against several 639 

VOCs for the six classes of NAbs, including previously reported (97-108) and newly 640 

isolated antibodies described in this manuscript. Color gradients for upper and 641 

bottom panels indicate relative fold changes and are shown at right side. “-”: no 642 

related datasets in the original studies and related references are listed. Ref “A” 643 

indicates that the datasets were produced in this manuscript. Other letters in Ref 644 

correspond to different reference numbers shown as below. B – 91 and this 645 

manuscipt, C – 99 and this manuscript, D – 97, E – 30, 81, 103 and 104, F – 99, G – 646 

98, H – 100 and 108, J – 101, K – 94 and 102, L – 105 and 106, M – 94, N – 105, O 647 

– 107, P – 82, Q – 66, respectively.  648 
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  649 

Fig. 4 Antibody evolution and affinity maturation 650 

(A) Uniform manifold approximation and projection (UMAP) plot displaying the 651 

antibodies defined as the early time point group (left) and late time point group 652 

(right). The antibodies are colored based on their cluster assignments by the 653 

hierarchical clustering algorithm. Antibodies from I to III and IV to VI are 654 

highlighted in cyan and gray blue background, respectively. Pie charts represent the 655 

frequency distribution of antibodies belonging to I to III and IV to VI. Antibodies 656 

isolated from 3-dose vaccinees are outlined by black lines.   657 

(B) Dissociation constants (KD) of the antibodies from I to VI. Individual class 658 

antibodies are represented in colors corresponding to the classes they belong to. The 659 

color scheme is same as Fig. 4A. BLI traces are shown in fig. S9.  660 

(C) The measured KD–SHM plots (left) and KD–SHM log-log plots (right) of 661 

antibodies from I and II are shown. IGHV3-53 and IGHV3-66 antibodies belonging 662 

to class I and II are colored in yellow and green, respectively. The straight curves 663 

and lines are the least squares fits of the data to the power law with the values of the 664 

slope for IGHV3-53 and IGHV3-66 antibodies. The black curves and lines indicate 665 

the fitting of antibodies from I or II; the yellow and green ones suggest the fitting of 666 

IGHV3-53 and IGHV3-66 antibodies, respectively. The cyan lines are the 90% 667 

predicted interval.  668 
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2.9. Countries that chose inactivated virus vaccines, such as CoronaVac,  
are more protected against SARS-CoV-2 variants, says Spanish study

A study conducted by researchers at 
the University of Barcelona, in Spain, 
concluded that vaccines against 
Covid-19 prepared with inactivated 
virus, as is the case of CoronaVac, the 
vaccine of Butantan and the Chinese 
pharmaceutical company Sinovac, 
confer greater effectiveness in the 
medium and long term in controlling 
the pandemic, compared to immunizers 
made with other technologies, due to 
their performance against variants of the 
SARS-CoV-2 virus.

According to Joan Serrano-Marín and 
Rafael Franco, authors of the article 
“Two urgent needs in the battle against 
COVID-19: a classic-type vaccine and 
specific medication,” published in the 
OSF preprints platform, new vaccine 
technologies developed at an emergency 
pace to combat the pandemic, such 
as messenger RNA and adenovirus viral 
vector, can confer high protection against 
the original SARS-CoV-2 strain, but tend to 
lose efficacy as new variants emerge.

“Classical vaccines, such as CoronaVac, 
promote the generation of a broader 
repertoire of antibodies and cellular 
responses. In other words, they allow us 
to neutralize the virus using more diverse 
strategies. An example is the positive 
situation experienced in countries like 
Chile, China and Uruguay, where the main 
vaccine used has been the CoronaVac”, 
explain Joan and Rafael in an exclusive 
interview for the Butantan Portal.

Inactivated virus immunizers contain 
all the parts of the dead virus. This may 
generate a broader immune response 
than those of messenger RNA vaccines 
or vaccines that use adenovirus as the 
viral vector, since they use only a part of 
the Spike protein (used by SARS-CoV-2 to 
infect cells).

The article suggests that reinfection and 
collapse of health systems can occur in 
countries that use the messenger RNA 
or adenovirus vaccines, even though the 
percentage of the population vaccinated 
is high - just as happened in Israel. The same 
trend, that is, new pandemic waves after 
mass vaccination with RNA/adenovirus 
vaccines, would be seen, according to the 
researchers, in several European countries 
and in the United States.

“The viral load of the delta variant is very 
high for vaccinated and unvaccinated. 
In other words, the vaccinated will 
continue to infect the vaccinated 
and unvaccinated. Herd immunity, in 
general terms, is achieved when the 
average number of infected infects less 
than one person per infected. By way 
of explanation, transmission must be 
drastically reduced. As the calculations 
indicate, for the same percentage of 
vaccinated people, the transmission is 
extremely lower in countries that have 
used CoronaVac as the main vaccine” 
Joan and Rafael add.
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Performance of inactivated 
virus vaccine

Countries such as the United States, Israel 
and the United Kingdom have faced 
an upsurge in the number of Covid-19 
cases, despite high vaccination rates. The 
reason is the arrival of the delta variant 
(B.1.617.2, Indian), more transmissible. This 
is an opposite trend to that seen in Chile, 
Uruguay and China, which have used 
Coronavac as the main immunizer. 

In the cases of Uruguay and Chile, 
the increase in the percentage of the 
population vaccinated with CoronaVac 
led to a considerable reduction in 
the proportion of new cases. As for 
China, the scientists point out that 
neither the increases nor the decreases 

are significant, because the total of 
2,021 cases, measured per million , is 
insignificant in comparison with the other 
countries (five new cases per million 
inhabitants in China, compared to 65,543 
in Israel or 53,200 in the United States).

According to the researchers, 
administration of CoronaVac and other 
inactivated virus immunizers is highly 
desirable for achieving herd immunity 
because of the broad spectrum of 
antibodies they generate in vaccinated 
individuals, including a greater diversity 
and amount of neutralizing and non-
neutralizing antibodies, and their greater 
ability to respond to possible mutations or 
genetic drift of all SARS-CoV-2 proteins.

“The greater number of immune strategies 
that traditional vaccines induce is mainly 
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due to the fact that starting from the 
complete virus, in the case of CoronaVac, 
the immune system is able to induce a 
greater repertoire of responses, making 
this process more effective. This is not 
the case with modern vaccines, such as 
messenger RNA or adenovirus, all of them 
are designed to focus on a single protein 
of the coronavirus, the S protein, which 
can also mutate when the virus mutates,” 
Joan and Rafael summarize.

How inactivated virus 
vaccines work

Each dose of inactivated virus vaccines, 
whose technology has been known for 
more than a century, is composed  of 
trillions of particles of the virus in question. 
As they are inactivated, these particles 
are incapable of causing the disease in 
those who receive the immunizer. Their 
function is another: to stimulate the 
immune system to recognize the virus as 
soon as it comes into contact with it.

As CoronaVac contains the entire 
inactivated SARS-CoV 2 virus, the 

immune system produces antibodies that 
recognize many antigens (proteins) of the 
new coronavirus. The S protein is the main 
one, used by SARS-CoV-2 to penetrate 
human cells, but not the only one. The 
coronavirus has a total of 29 proteins, most 
of them are responsible for regulating the 
multiplication and exit of the virus from 
human cells. Thus, a variant that has an 
alteration in the S protein (mutation) is 
no longer recognized by specific vaccines 
containing only the S protein.

Modern vaccines are designed to give 
the immune system the ability to identify 
the S protein, stimulating the production 
of neutralizing antibodies, which are our 
body’s main weapons in fighting the virus. 
Traditional vaccines, such as CoronaVac, 
as they contain the whole virus, are 
able to stimulate the immune system to 
recognize all the proteins to a greater or 
lesser extent, triggering the production 
of both neutralizing antibodies to the S 
protein, as well as several others related 
to other proteins in the viral arsenal.

Published on: 08/31/2021
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Abstract: The COVID-19 pandemic has led to the development of vaccines against the causative virus, 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The need for urgent release of anti-SARS-
CoV-2 tools has motivated the approval of a new vaccines never used before for mass vaccination, some 
based on RNA (mRNA vaccines) and some using an adenoviral vector (AV vaccines). Despite high nominal 
efficacy, in some populations the actual numbers seem to be lower due to several factors that include new 
viral variants that scape from the immunological response elicited by the vaccines, which have led to new 
pandemic waves. In fact, the proportion of new cases has decreased in Countries using a classic-type vaccine 
(inactivated), CoronaVac. In the current August 2021 scenario there is a need to prevent infection, 
transmission and to diminish the symptoms of the disease by drug repurposing and/or development of ad 
hoc medication. This manuscript has two aims. On the one hand, it highlights the need to develop classic-
type vaccines and to approve them in the US and in Europe. Without classic-type vaccines, herd immunity 
is unlikely to be achieved. On the other hand, the paper comments on different therapeutic approaches to 
reduce the severity of COVID-19 and the number of deaths. 

Keywords: Vaccine booster, CoronaVac; Sputnik V; adenovirus; RNA vaccines; renin-angiotensin system; 
viral proteases. 
 

Introduction 

Coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), has been the worst pandemic since the so-called Spanish flu in 1918. 
The number of deaths and affected people around the world, in only two years, is incredibly high 
and the return to normal life is not expected anytime soon. As of today (August 10, 2021; 
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---10-
August-2021) the number of affected people is estimated to be >150 million and >3.5 million 
deaths, often with >10,000 occurring in a single day. 

There is no approved drug/intervention to specifically fight the virus once a person is infected. 
Antibodies extracted from recovered or convalescent individuals may be useful (1–3), although 
there are doubts about their general efficacy and/or the correct protocol for use (4). Therefore, the 
first line of defense to stop pandemics is mass vaccination. The success in the fight against the 
coronavirus is based, mainly, on the speed with which the different vaccines have been 
developed, approved and produced. Vaccines aim to develop immunological mechanisms to stop 
infection, disease transmission and/or the worst consequences of infection. This is accomplished 
by challenging the immunological system with antigens made up of viral proteins. In the fight 
against SARS-CoV-2, the most successful option has been to combine new-technology vaccines 
including part of the nucleotide sequence coding for the spike protein. This makes sense, as the 
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spike is the protein that interacts with the main SARS-CoV-2 receptor on the target cell, namely 
angiotensin converting enzyme 2 (ACE2). 

The production of the spike protein to be directly used in a vaccine is not an easy task. In fact, the 
spike S proteins of coronaviruses contain from 1104 to 1273 amino acids (5). Rapidly producing 
the huge amounts needed for the worldwide vaccination of hundreds, even thousands, of 
millions of people is a challenge that was never undertaken. An alternative option is to make the 
vaccine with a nucleic acid that encodes for the protein (in whole or in part). While it is difficult 
to produce and purify the protein in vitro, thus keeping its natural conformation and antigenicity, 
it is more feasible to produce the nucleic acids that encode for the protein. This approach has 
therefore been adopted with success in terms of efficacy against infection and production speed. 
Two types of nucleic acids have been used: RNA and DNA. In mRNA vaccines, the coding 
sequence is in the form of messenger RNA (mRNA), which enters the cells of vaccinated 
individuals and can be easily converted into the spike protein. To deliver the mRNA to the cells, 
a lipid-based encapsulation/nanoparticle can be used. In DNA vaccines, the DNA coding 
sequence for the spike protein can be delivered with viral vectors, like for instance those based 
on adenovirus (AV), which is a non-enveloped DNA virus. AVs were being developed as 
vaccines for diseases such as Ebola (6), but the COVID-19 pandemic has shifted the focus to the 
production and approval for emergency use of AV vaccines against SARS-CoV-2. 

In terms of current vaccines using sequences coding for the spike protein and being administered 
worldwide, Pfizer and Moderna vaccines are based on RNA, whereas AstraZeneca, Johnson & 
Johnson and Sputnik V vaccines are based on AV, i.e. on DNA. At present (August 10) the ones 
approved in the European Union are those from Pfizer, Moderna, AstraZeneca, and Johnson & 
Johnson. In the United States, all except the AstraZeneca vaccine have obtained emergency use 
authorization. In other countries the vaccine developed in Russia, Sputnik V, is being tested with 
supposedly high efficacy rates and there are still doubts on its approval in the European Union. 
In China and some countries in South America, a classic type vaccine is the one that is mainly 
used. Looking at the whole picture one does not understand why in the EU and in the US no 
classic-type vaccine has been developed and approved by regulatory bodies. For decades classic-
type vaccines have been developed using methods that have been successful in fighting a variety 
of diseases (7,8). Since the pioneering work of Louis Pasteur developing a vaccine against the 
rabies virus (See (9)), they have proven effective in the prevention of serious diseases caused by 
viruses (see WHO global vaccine Action plan:  https://www.who.int/teams/immunization-
vaccines-and-biologicals/strategies/global-vaccine-action-plan; accessed on August 16, 2021). 

 
Benefits versus risks associated to new vaccines 

First and foremost, the new mRNA and AV vaccines developed to fight COVID-19 are generally 
safe, at least in the short-term. However, due to the urgency to stop spreading SARS-CoV-2, they 
have been approved in less than one year after the outbreak of the SARS-CoV-2 pandemic. For 
one thing, possible long-term problems of vaccinated people due to a specific vaccine have not 
been empirically addressed. Even though, considering the preexistent bibliography, these effects 
are very unlikely to happen, this issue cannot be ignored considering the huge number of people 
receiving these vaccines. On the other hand, urgency has prevented the appearance of classic 
vaccines, which have shown in the past an impeccable efficacy and safety record (10,11). 
Accordingly, although mRNA/AV vaccines may be instrumental to achieving large numbers of 
short-term vaccinated people around the world, classic-type vaccines must also be considered. 
By August 2021, there are two classic-type vaccines approved for human use; both have been 
developed in China: Covilo or BBIBP-CorV  (from Sinopharm) and CoronaVac (from Sinovac 
Research and Development) (https://www.who.int/es/news-room/q-a-detail/coronavirus-
disease-(covid-19)-vaccines; accessed on August 16, 2021). 
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Despite the obvious benefits of reducing infections and deaths in vaccinated people, the risks 
must be brought to the table. The risks of thrombi for humans receiving the AstraZeneca or 
Johnson & Johnson vaccines are serious, but can be weighed against the risk-benefit assessment. 
Due to the high number of variables, it is difficult to reliably compare the percentage of cases 
with thrombus versus the total number of vaccinations with the overall risk of death in 
unvaccinated people. But it is reasonable to accept that the relatively low number of cases with 
thrombosis should not stop vaccination with AstraZeneca or Johnson & Johnson vaccines. 
However, caution should be exercised when these vaccines are administered to people taking 
medications in which one of the potential side effects is thrombus formation; the most obvious 
case is certain types of birth control pills. Another risk of the mRNA/AV vaccines is the possibility 
of integration of exogenous material into the DNA of host cells (12). AVs have been tested for 
decades as vectors in gene therapy and the problems of their use have led to the development of 
safer vectors such as adeno-associated viruses (see (13) for review).  

The risk is seemingly lower in the case of mRNA vaccines, but it has been demonstrated that 
genetic material of SARS-CoV-2 can be converted into DNA that integrates into the human 
genome (12,14). The human genome does not include the gene for any typical reverse 
transcriptase, but it includes retrotransposons that can “move” using a copy and paste 
mechanism that requires a RNA intermediate. Accordingly, retrotransposon may act as 
instruments to convert RNA from viruses or mRNA vaccines into genomic DNA (12,14). One of 
the deciphered mechanisms is mediated by the LINE-1 retrotransposable element ORF2 protein  
(15,16). The human genome contains several full or truncated sequences of long interspersed 
element-1 retrotransposons and it is assumed that >80 of those elements can be transcribed; 
random integration of elements in the genome has been related to a variety of diseases (15,17,18). 
Interestingly, SARS-CoV-2 infection alters the usual dynamics of some transposable elements, 
such as LINEs, increasing their expression and, therefore, the probability of insertion of new 
transposable elements (19). Additionally, SARS-CoV-2 is not the only RNA virus with positive 
polarity (that is, that is directly transcribed by the host cell  ribosomes) that has the capability of 
directly interacting retrotransposons; among others, Hepatitis C (16) or Sindbis (20) viruses may 
interact with transposons. In summary, the integration of exogenous genetic material into host 
genome may lead to risks, such as premature cell death or tumor cell growth, that cannot be 
addressed in the short term, i.e. before emergence use anti-COVID-19 vaccine approval.  

 
The efficacy issue 

The efficacy of a vaccine is not a direct measure of its capacity to avoid the symptoms of the 
COVID-19. In the case of the vaccines, efficacy cannot be measured as in the case of a drug for a 
disease, from diabetes to Alzheimer’s. Efficacy of antidiabetic medication is measured in patients 
that take the drug and after some period of time the reduction in plasma glucose levels are 
measured. Few clinical parameters are needed, just the glycemia and the percentage of reduction 
that is considered as end point. If a 20% is selected, the efficacy is measured by the number of 
patients whose levels are reduced by more than 20% versus the total number of patients. In 
Alzheimer's disease the end point consists of increasing the score in a cognition test, for instance 
the mini-mental test (MMSE: Mini-Mental State Examination). The main parameters needed to 
test any anti-dementia medication are to select the range of scores of patients to recruit and to 
select the minimum expected score increase in the MMSE scale.  

More parameters plus some ad hoc assumptions are needed for efficacy assessment of vaccines. 
First and foremost, vaccinated people does not have any disease. Then, it is not possible to assess 
efficacy by directly looking at whether or not vaccinated people have been cured or have fewer 
symptoms of the disease. The first assumption is that vaccinated individuals will have similar 
exposure to SARS-CoV-2 than non-vaccinated individuals (or placebo inoculated individuals). 
Fortunately, an ad hoc surrogate marker for vaccine efficacy is the level of IgGs in plasma, mainly 
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of neutralizing antibodies, i.e. antibodies that prevent infection. Unfortunately, in SARS-CoV-2 it 
is important to know the level of the IgGs but also the composition of IgGs. The serological quick 
tests have demonstrated that different COVID-19-suffering individuals produce different 
antibodies. In other words, quick tests, which nominally have >90% sensitivity, lead to false 
negatives, i.e. sensitivity may be >90% in one given infected population and may be far lower in 
another infected population. Plasma from convalescent patients show a mixture of anti-SARS-
CoV-2 antibodies (21). Microfluidic devices have shown that humoral responses to coronavirus 
can elicit with a variety of antigen / antibody interaction affinities (22). To make thinks even more 
complicated, many of the vaccination schedules include two shots and this adds complexity to 
the estimation of the real preventive effect of anti-COVID vaccines. Taken together, it is almost 
impossible to estimate the efficacy of any vaccine with reliability. In addition, the neutralizing 
antibodies, i.e. those that impede infection, are unknown and/or may be neutralizing for a given 
strain of the virus but not for a different one. In practical terms, only the big pharma has the 
potential to enroll thousand individuals and to provide an efficacy estimates to apply for 
approval by regulatory bodies. Also, the efficacy data may vary from trial to trial, and or by 
adding more data if the trial is extended. It has been common for the companies developing the 
mRNA/AV vaccines to present, upon time, increases in the percentage of efficacy for the same 
vaccine. The poor efficacy values of classic-type is surely behind the decision to stop the 
development of some vaccines such as the TMV-083 (previously known as MV-SARS-CoV-2), 
which was developed by one of the most experienced institutes in the World, the Pasteur Institute 
(23) (see https://www.pasteur.fr/en/all-sars-cov-2-covid-19-institut-pasteur/research-
projects/covid-19-vaccine-against-sars-cov-2-infection-using-measles-vector; accessed on April 
19, 2021) and its partner company: Sanofi. 

In summary, mRNA/AV vaccines have prevented deaths, but they have not been able to stop the 
spread of the virus and have favored the appearance of new variants. It is essential to have 
vaccines that not only prevent death, but also stop transmission and genetic shift/drift. In 
addition a very recent paper reporting clinical research with individuals vaccinated with RNA 
vaccines states: “we document significant declines in antibody levels three months post-vaccination, and 
reduced neutralization of emerging variants” (24). 

 

The third dose issue  

The use of vaccines that are not able to stop the transmission has contributed to selection of 
viruses with mutated forms of the spike protein. This issue was, among others, raised by Nobel 
Laureate Luc Montagnier. He doubted that vaccination to stop COVID-19 spread was convenient 
due to the appearance of new variants. No doubt vaccination has been instrumental to decrease 
the death toll, but novel SARS-CoV-2 variants have arisen that are able to lead to COVID-19 
symptoms in vaccinated people. The current pandemic is due to a virus with a high transmission 
capacity, which means that a given individual may be exposed to the virus more than once and 
in relatively short periods of time. It is often forgotten that all people, vaccinated or not, may be 
infected by any SARS-CoV-2 variant. But mRNA/AV vaccines that use the sequence (DNA or 
RNA) of a given spike protein, may not be efficacious in attenuation infection/symptoms 
produced by new variants. In fact, more and more vaccinated people are being re-infected and 
able to infect close contacts. For instance, the AstraZeneca vaccine (ChAdOx1 nCoV-19) has 
shown a highly reduced efficacy, among others, against the B.1.351 variant. In summary, 
mRNA/AV vaccines have been useful but have led to new variants in a selection-escape fashion. 
In the search for convincing data to obtain vaccine approval, clinical trials with two injections 
were designed (with the exception of the Janssen vaccine). On the one hand, two shots surely 
lead to a higher production of anti-spike antibodies in serum and this may be convincing for 
regulatory bodies. On the other hand, two shots may be needed and/or convenient for viruses 
that do not have high mutation rates. However, two shots to combat a virus RNA that mutates 
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so rapidly is, quite likely, not the best option. Worse, here are chances of approval of a third shot 
of the same vaccine. Taken together, all available information and basic knowledge of the human 
immune system, indicates that a third dose with the same vaccine is not the best option. 
Fortunately, there is an alternative that, importantly, has already proven with high success, 
namely the use of a classic-type vaccine. By previous knowledge with this type of vaccines, the 
selection of new variants would be minimal and, in addition, “classical” vaccines lead to more 
efficient immunological tools, humoral and cellular, to fight SARS-CoV-2 via diverse components 
and not only via the spike protein. 

Vaccination that allows viral escape by mutation will compromise the control of pandemics and 
the achievement of herd immunity. In reality, countries that are using mRNA/AV vaccines 
anticipate that herd immunity will not be achieved in such a scenario, complementary 
approaches should be sought (25). To combat the escape of the human immunodeficiency virus 
(HIV) by mutation, the so-called Highly Active Antiretroviral (HAART) or “triple” therapy was 
developed for acquired immunodeficiency syndrome (AIDS) patients. While one single drug was 
not efficacious to control the disease, the combination of three different compounds prevented 
mutations thus allowing disease control. The triple therapy consisted of inhibitors of two relevant 
components of HIV-1, the reverse transcriptase and the main viral protease (26,27). AIDS is now 
considered a chronic disease that produces few direct deaths. Currently, it is not possible to 
prevent the escape of SARS-CoV-2 by mutation using drugs, but the availability of different types 
of vaccines opens a window of opportunity. In the same way that a single drug is not effective 
for AIDS patients, a single vaccine can reduce the number of deaths, but it can allow a viral escape 
by mutation, a reduction in the effectiveness of the vaccine and an inability to achieve herd 
immunity. Accordingly, more shots of the very same vaccine will have a limited benefit in 
comparison with shots of a heterologous vaccine (28,29). More shots of the same vaccine may be 
detrimental on putting pressure to the virus thus selecting more infective viral particles. Recent 
developments in the anti-HIV-1 research field include the use of combining vaccines that, to 
combat the HIV-1 pandemic “must induce responses capable of controlling vast HIV-1 variants 
circulating in the population as well as those evolved in each individual following transmission” (30). In 
summary, despite the lack of a drug cocktail, a combination of different vaccines is emerging as 
a real alternative to effectively combat SARS-CoV-2. Obviously, the optimal treatment would not 
be to use vaccines directed against the same protein, that is, the SARS-CoV-2 spike protein. In 
European countries and in the US, all vaccines are directed against the spike protein. Should these 
countries approve vaccines of a different type (non-RNA-based, non AV-based) and/or directed 
against other viral components? 

 

New cases after 30% population vaccination using new- or classic-type vaccines  

Available data suggests that reinfection and collapse of emergency units at hospitals may occur 
in countries using the mRNA/AV vaccines even though the percentage of vaccinated 
population is high (31,32). Perhaps the main example is Israel that was among the quickest in 
vaccinating with mRNA/AV vaccines. The same trend, i.e. new waves after massive vaccination 
with mRNA/AV vaccines, has occurred in various European Countries and in the US. This 
trend is opposite in the only three countries that used the CoronaVac vaccine as the main 
vaccine (Figure 1).  

Figure 1 shows the trend of new cases in three Countries mainly using CoronaVac and in three Countries 
using mRNA/AV vaccines. Despite alarms in Uruguay, it is clear that increasing the percentage of 
population vaccination with CoronaVac has led to a dramatic decrease in the proportion of new cases. 
Something similar has occurred in another Country mainly using CoronaVac, Chile. The data available for 
China suggests an increase followed by a sharp decrease, but it should be noted that neither the rises nor 
the falls are significant as total 2021 cases, measured per 1,000,000 inhabitants, are negligible in China 
compared to the other selected countries (5 in China versus 65,543 in Israel or 53,200 in the US, date: August 
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25). In sharp contrast, France, Israel and the US shows an increase of new cases upon increased vaccination 
using mRNA/AV vaccines.  

 

Figure 1. New COVID-19 cases versus percentage of vaccinated population. Data (retrieved until August 
24, 2021) have been selected using 30% vaccinated population as threshold. Chile, Uruguay and China have 
mainly used CoronaVac vaccine. France, Israel and the US have used only mRNA/AV vaccines. The 
numbers below the name of the Country indicate total reported cases from the beginning of 2021. For 
comparison purposes the same axis, X and Y, were used in all graphics. A file with the data used construct 
the graphics, coming from repositories containing official data reported by the Countries (see “Data 
availability statement” below). 

For statistical analysis we have considered 10 countries (US, Israel, Greece, Portugal, Ireland, 
Italy, Spain, United Kingdom, Denmark and France) that have not used CoronaVac but 
mRNA/AV vaccines, and the only three countries using CoronaVac as the main vaccine (>70% 
administrated doses at date August 24, 2021), China, Chile and Uruguay. Data were retrieved 
from a big data source, Github (https://github.com/owid/covid-19-data/tree/master/public/data), 
which is forged with COVID-19-related data in official webs such as in the Oxford COVID-19 
Government Response Tracker or in independent global health research centers such as the 
Institute for Health Metrics and Evaluation at the University of Washington. The Excel file 
containing all data was directly downloaded from Github 
(https://covid.ourworldindata.org/data/owid-covid-data.xlsx; accessed (on August 24, 2021; see 
“Data availability statement” below). The interaction graphic was obtained using Statgraphics v. 
18.1.14 from a general linear model analysis with type of vaccine (mRNA/AV or CoronaVac) as a 
qualitative factor, % vaccinated population as a quantitative factor and, as a dependent variable, 
the relative % positives in 2021 (which is the relation of new positives after reaching 30% of the 
vaccinated population and the total positives in 2021. The 30% threshold was set up because a 
lower percentage of vaccination has little effect on pandemic indicators). Although vaccination 
begun at the end of 2020 and the beginning of 2021, only data from 2021 were analyzed. To avoid 
interference due to differential public health decisions and differences in the timing and rate of 
vaccination in each country, no attempt was made to make comparisons between countries using 
similar vaccines. We have found a very significant correlation between the percentage of 
population receiving the mRNA/AV vaccination (full regime; two shots except for the Johnson & 
Johnson vaccine, which is administered in only one shot) and number of new cases after reaching 
30% vaccination of the population in a given Country, namely cases in 2021 after reaching 30% 
vaccination versus total cases in 2021. The two lines (one for mRNA/AV viruses and another for 
CoronaVac) are of opposite slope, i.e. correlations are opposite when considering CoronaVac or 
the vaccines based in mRNA/AV. Whereas the ratio of cases after 30% vaccination increases with 
further vaccination with mRNA/AV vaccines, the ratio decreases in countries where CoronaVac 
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is used. In fact, statistical analysis shows significance for a differential trend using CoronaVac or 
mRNA/AV vaccines. The correlation was done using proportion of cases as quantitative variable 
and type of vaccine as qualitative variable. The significance holds if only three countries using 
the mRNA/AV vaccines are considered, i.e. considering data from 3 countries in both sets of data. 
The significance also holds taking out the data from China, whose management of the pandemic 
has been quite different to that in many other countries.  

In summary, vaccination with mRNA/AV vaccines does not stop transmission, while in countries 
that use the CoronaVac vaccine, cases decrease with increasing population vaccination rate, 
suggesting effective neutralization that may eventually lead to herd immunity. 

 

The need of a classic-type vaccine 

A complete schedule of a mRNA/AV vaccine, two doses of Pfizer, Moderna or AstraZeneca, and 
one dose of the Johnson & Johnson vaccine, as many organizations define including The Pan 
American Health Organization/ World Health Organization 
(https://ais.paho.org/imm/IM_DosisAdmin-Vacunacion.asp), in 50% of the population has not 
eradicated the virus and, worse, new waves of infections have appeared. In our Country (Spain) 
we were, at the end of July 2021, in the mid of the fifth wave and there are officials stating (August 
20) that the sixth wave is coming. In elderly houses in Catalonia (Spain) in which all residents are 
vaccinated (>90% with mRNA vaccines) there is a surge of new cases (August 2021; official data 
in: https://dadescovid.cat/?drop_es_residencia=1). This was not expected when vaccination 
started. Some of the reasons of having such unexpected scenario may be now figured out.  
On the one hand, and apart from the reduction upon time of the antibody levels (see above; The 
efficacy issue section), it is known that significant amounts of mucosal IgA is associated with less 
viral transmission. Likewise, in all the viral infections studied to date, a higher proportion of IgA 
at the epithelial level reduces the risk of re-infection (33). Therefore, the production of IgAs is 
important to reduce (upon vaccination) re-infection and associated transmissibility (34). Not all 
vaccines have confirmed production of IgAs at the mucosal level; a recent publication reports 
IgAs secretion to human milk after shots of Pfizer's vaccine (35). This finding is important for 
preventing infection of the neonate, but the relevance in epidemiological terms is under question. 
Efficacious prevention of the infection requires production of aggregated, secretory, forms of IgA 
(SIgA), whose affinity for antigens is much higher than monomeric IgA (36). Therefore, one 
indicator of the effectiveness of a vaccine is the number of mucosal SIgAs and whether they are 
neutralizing or not (36). The few studies on this matter suggest that IgA production by mRNA/AV 
vaccines is, at the very least, very modest (37), and this seems to be one of the reason of low 
efficacy in reducing infection and transmission despite the high nominal values of efficacy in 
producing antibodies (33). 

On the other hand, although it is commonly thought that the only antibodies capable of 
preventing infection are neutralizing antibodies, non-neutralizing antibodies are important 
irrespective of their later involvement in the viral replication cycle (38). In this sense, classic-type 
vaccines lead, by definition, to a more qualitative diverse repertoire of neutralizing and non-
neutralizing antibodies than vaccines only based in producing IgG against a single viral protein.  

The CoronaVac vaccine, developed by a Chinese company, Sinovac Research and Development, 
consists of inactivated SARS-CoV-2 and aluminum hydroxide as adjuvant. It has been among the 
first vaccines to be developed and at present is being tested in different countries (39). Only in 
China 1 million people was already vaccinated by the end of 2020 in a phase III clinical trial that 
started in November 2020. Fewer data about CoronaVac are available in English if compared with 
the huge amount of information available (in English) for the other vaccines. Although a direct 
comparison between classic-type vaccine and mRNA/AV vaccines is difficult to perform, some 
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reviews on this theme have recently appeared (see, for instance (39–41)). A recent paper compares 
data from 13 clinical trials of 11 different vaccines, taken both reports in English and in Chinese. 
The conclusion of the authors is that: “Most of the COVID-19 vaccines appear to be effective and safe. 
Double-dose vaccination is recommended. However, more research is needed to investigate the long-term 
efficacy and safety of the vaccines and the influence of dose, age, and production process on the protective 
efficacy” (42).  

It is remarkable and far from being generally known by the population and by Western Health 
authorities that, CoronaVac lacks the serious side effects identified for RNA- and AV vaccines  
(43), namely, clot formation, Guillain-Barré syndrome, myocarditis, etc. Additionally, vaccine 
developers already have experience on controlling pandemics with inactivated vaccines, such as 
that caused by the poliovirus at the beginning of the 20th century, whose mutation rate is similar 
to that of SARS-CoV-2 (44,45) and whose basic reproduction number (R0) throughout the 
pandemic was not different from that of the coronavirus (46,47). In summary, mRNA/AV 
vaccines have instrumental for the quickness in being approved and for the high nominal efficacy 
rate but classic-type vaccines are needed and the only one already developed shows that it should 
enter into the vaccination program to combat COVID-19 in all over the World.  

Safety, tolerability and immunogenicity was successfully addressed in a first phase I/II trial in 
volunteers of the Suining County of Chinese Jiangsu province. One of the outputs of the study 
was the selection of 3 µg CoronaVac dose for phase III trials, which have been performed in 
different countries. Approval has been granted already in, among others, China (48), Brazil 
(https://www.reuters.com/article/us-health-coronavirus-brazil-coronavac-idUSKBN29R2GL; 
accessed April 23, 2021), Uruguay and Chile (https://www.ispch.cl/noticia/isp-autorizo-la-
vacuna-coronavac-del-laboratorio-sinovac-life-sciences-co-ltd-para-uso-de-emergencia-en-el-
pais/; accessed April 23, 2021). 

Chile, which is a country of reference in anti-COVID-19 vaccination, is using the CoronaVac and 
the Pfizer vaccines in a 80:20 approximate proportion (80 CoronaVac, 20 Pfizer); the two vaccines 
are scheduled to be given as two injections. CoronaVac was approved in Chile after the results of 
a phase III clinical trials performed in the Country. It has been noticed that the efficacy in 
preventing productive infection, especially after the first shot is modest and comparable to that 
whose development was stopped by Pasteur/Sanofi, i.e. in the 50-60% range. Remarkably, this 
low level of efficacy does not result in poor performance and this has been proved by data 
obtained upon continuing vaccination schedules. The good COVID-19 data in Chile, which is due 
to the Pfizer and CoronaVac vaccines, strongly suggest that efficacy estimates are not enough to 
rule out a vaccine. There is strong evidence showing that despite low efficacy estimates, 
CoronaVac is achieving the key objective, which is to save human lives. Another phase III trial 
(PROFISCOV Study) was conducted between July 21 and December 16, 2020 in Brazil among 
healthcare professionals (49,50). The conclusion as posted in Elsevier’s SSRN database is that the 
vaccine was “efficacious against any symptomatic SARS-CoV-2 infections and highly protective against 
moderate and severe COVID-19” (50). 

Some of the advantages of vaccines that protect from infection despite having low nominal 
efficacy values and lower antibody titers than those elicited by mRNA/AV vaccines, may come 
for an appropriate engagement of T cell responses. The likelihood of requiring robust T helper 
cell responses to prevent COVID-19 infection has been suggested from a mouse study using 
recombinant spike proteins (51). In fact, based on previous experience with coronavirus, the risk 
of antibody-dependent potentiation (ADE) for anti-SARS-CoV-2 is significant, pointing to the 
need to develop vaccines that are less dependent on antibody production and more than T cell 
responses (52). In summary, both humoral and cellular responses are needed for an effective fight 
against this specific coronavirus. Surprisingly, there is evidence of negligible impact of SARS-
CoV-2 variants on T-cell responses, i.e. variants that escape the action of antibodies are likely 
unable to cope with CD4+ and CD8+ T cell reactivity (53). In this sense, CoronaVac apart from 
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being safe and producing neutralizing antibodies against the receptor binding domain of the S1 
spike protein, immunization induced the activation of T cells (when exposed to SARS-CoV-2 
antigens) and the secretion of IFN-γ (54). A recent publication shows that one dose of CoronaVac 
is already effective against the spreading of the P-1 Brazilian variant of the virus (55). 

 

The need of a specific anti-COVID-19 medication 

Drugs used at the beginning of the pandemic, including antibiotics and human 
immunodeficiency virus protease inhibitors, were not at all effective. When noting that the most 
serious symptom derived from an imbalance in the immune response with exacerbation of the 
production of pro-inflammatory cytokines that aggravated the pneumonia, the treatment of 
choice consisted of glucocorticoids. Since vaccines have not been able to fully prevent infection 
and disease transmission, there is an urgent need to develop specific anti-COVID-19 drugs. 

One interesting possibility is to target the renin-angiotensin system (RAS). The rationale is mainly 
based in the main SARS-CoV-2 receptor, angiotensin converting enzyme 2 (ACE2). This RAS 
member interacts with other RAS members such as angiotensin II receptors, which belong to the 
family of G protein-coupled receptors (GPCRs). GPCRs are very druggable and, in fact, are the 
target of about 40% of approved drugs worldwide. In addition, antagonists of angiotensin 
receptors are approved to combat hypertension. Accordingly, it would be informative to perform 
clinical research correlating the RAS status in with disease severity in COVID-19 patients. 
Parameters to consider are arterial blood pressure values, the use or not of anti-hypertensives 
and the type of anti-hypertensives, i.e. whether antihypertensives targeting RAS leads to a 
differential course of the disease compared with using other type of antihypertensives. In 
addition, targeting RAS members may lead to decrease in infection because RNA viruses need 
GPCRs to enter into cells and several RAS members are GPCRs and ACE2 interacts with some of 
those RAS GPCRs (see (56) and references therein). Often, the serious effects of SARS-CoV-2 
infection that can eventually lead to death are due to an imbalance of the immune system in 
which macrophages play a key role (57). A hot topic in the immune system field is to find drugs 
able to produce M2 macrophages that, opposite to the M1 or proinflammatory macrophages, 
facilitate the resolution of inflammation. Accordingly, the discovery of targets to produce M2 
macrophages is a promising approach to fight against COVID-19.  

Soon after the beginning of the pandemics, a laboratory that has been for years involved in 
coronavirus research solved the structure of the main protease of SARS-CoV-2 (Mpro also known 
as 3CLpro) also designing specific inhibitors of the alpha-ketoamide type (58). These inhibitors are 
at the forefront of being used as specific anti-COVID-19 tools (59). 

All over the world there are screening of several compound libraries to try to find inhibitors of 
viral infection. At present several target candidates have been proposed to manage SARS-CoV-2 
infection but further research is needed to find the most promising ones in terms of druggability, 
efficacy and safety (60–62).  

 

 

 

Data Availability Statement: Data used to build Figure 1 will be available upon request when the paper 
becomes published (data retrieved from repositories with official data on COVID-19 from all Countries). 
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What science proves



3.1. CoronaVac has efficacy of 85% in the prevention of severe cases 
of Covid-19 on pregnants, shows study

A research made by brazilian 
and british scientists showed 
that CoronaVac, the vaccine 
from Butantan and the chinese 
pharmaceutical Sinovac, had the 
efficacy of 85% to prevent severe 
cases of Covid-19 among brazilian 
pregnants.The study was published 
in the preprint platform SSRN, 
which is binded to the magazine 
The Lancet, and its authors are 
from the London School of Hygiene 
and Tropical Medicine, the Federal 
University of Bahia, the Oswaldo 
Cruz Foundation, the University of 
Brasília and the State University of 
Rio de Janeiro.

According to the researchers, 
the efficacy of the complete 
immunization scheme with two 
doses of CoronaVac was 85% to 
prevent severe cases of Covid-19, 
and 75% in the prevention of the 
progression of symptomatic cases 
to the severe form of the disease. 
No deaths occurred among the 
pregnants that were partially 
or completely immunized with 
CoronaVac, while four deaths were 
expected if the mortality tax was the 
same of the non vaccinated public.

The population studied was of all the 
pregnants with Covid-19 symptoms, 
between 18 and 49 years of age, 

with registered of PCR tests realized 
between 15/03 and 3/10 of 2021, 
and registered in the System of 
Notification from the Health Ministry 
(e-SUS Notifica). At the end of the 
triage were selected the data of 
19.838 pregnants, being 7.424 (37,4%) 
with positive tests for Covid-19, and 
588 (7,9%) developed the severe 
form of the disease. At the moment 
of the extraction of the data, 83% 
of the pregnants had received both 
doses of the vaccine, while 17% had 
received only one dose.

“A complete use of CoronaVac 
on pregnants was efficient in the 
prevention of symptomatic cases 
of Covid-19 and with a high efficacy 
in the prevention of the severe 
form of the disease”, emphasized  
the researchers.

In 17/01 of 2021, the Health Ministry 
began the vaccination against 
Covid-19 with CoronaVac. In 
15/03, pregnant women with 
comorbidities and in occupations 
considered of high risk became 
eligible to receive the vaccine. On 
26/04, the recommendation of the 
immunization was expanded to 
include all the pregnants.

Published on: 11/12/2021

3. It is safe for pregnant 
and babies
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Abstract 

Background
The effectiveness of Covid-19 inactivated vaccines in pregnant women is unknown. We 
estimated vaccine effectiveness (VE) of CoronaVac against symptomatic and severe Covid-19 
and in preventing progression from symptomatic to severe Covid-19 in pregnant women in 
Brazil. 

Methods
We conducted a test-negative design study in all pregnant women aged 18 to 49 years in Brazil, 
linking records of negative and positive SARS-CoV-2 reverse transcription-polymerase chain 
reaction (RT-PCR) tests to national vaccination records. We also linked records of test positive 
cases with notification of severe, hospitalized or fatal Covid-19. Using logistic regression, we 
estimated adjusted odds and VE against symptomatic Covid-19 by comparing vaccine status 
in test positive (confirmed cases) to that in subjects with a negative test result. We also 
calculated the odds/VE against progression by comparing vaccine status in symptomatic cases 
to that in severe Covid-19 cases. 

Findings
Of 19838 tested pregnant women, 7424 (37.4%) tested positive for Covid-19 and 588 (7.9%) 
had severe disease. Only 83% of pregnant women who received a first dose of CoronaVac 
completed the vaccination scheme. A single dose of the CoronaVac vaccine was not effective 
at preventing symptomatic Covid-19. Effectiveness of two doses of CoronaVac was 41% (95% 
CI 27.1- 52.2) against symptomatic Covid-19, 85% (95% CI 59.5-94.8) against severe Covid-
19 and (75%; 95% CI 27.9- 91.2) in preventing progression to severe Covid-19 among those 
infected. 

Interpretation 
A complete regimen of CoronaVac in pregnant women was effective in preventing 
symptomatic Covid-19, and highly effective against severe illness in a setting that combines 
high disease burden and elevated Covid-19 related maternal deaths. 
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Research in Context 

Evidence before this study 

We searched PubMed for articles published "pregnant women" AND "vaccine" AND "SARS-
CoV-2" AND “CoronaVac” AND “effectiveness” no results were found. Additionally, we 
repeated the search using "pregnant women" AND "vaccine" AND "SARS-CoV-2" AND 
“effectiveness”. Although pregnant women are at elevated risk of Covid-19 complications, they 
were excluded from most Covid-19 vaccine trials. The observational studies of vaccine 
effectiveness (VE) recently conducted were restricted to mRNA vaccines.

Added value of this study

This study observed that a single dose of the CoronaVac vaccine offered no protection 
against symptomatic Covid-19; a complete regimen of CoronaVac was 41% effective in 
preventing symptomatic Covid-19, and 85% effective in preventing severe Covid-19 disease; 
it was 75% effective in preventing severe outcomes in those who had been infected. 

Implications of all the available evidence 

A complete regimen of CoronaVac in pregnant women was effective in preventing 
symptomatic Covid-19, and highly effective against severe illness in a setting that combines 
high disease burden and elevated Covid-19 related maternal deaths. 
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Introduction

Cardiopulmonary and immune changes during pregnancy induce shifts in  immune 

responses, increasing pregnant women's susceptibility to some infectious-related adverse 

outcomes.1 Although pregnant women have higher a risk of Covid-19 complications, need 

intensive care and mechanical ventilation more often, and have higher fatality,2 they were 

excluded from most Covid-19 vaccine trials.3 There is considerable interest on establishing the 

safety and efficacy/effectiveness of Covid-19 vaccines in this population.4 A number of  

observational studies of vaccine effectiveness (VE)  were recently conducted5,6,7,8, but those  

studying pregnant women were restricted to mRNA vaccines.9,10,11,12,13

Many low- and middle-income countries are conducting vaccination campaigns using 

CoronaVac,5 an inactivated-virus vaccine; some countries, like Brazil, offer CoronaVac to 

pregnant women. On January 17, 2021, the Brazilian Ministry of Health initiated Covid-19 

vaccination with two CoronaVac doses with two to four weeks interval between doses. The 

policy followed internationally agreed priorities.14 On March 15, 2021, pregnant women with 

co-morbidities and in occupations considered, on balance, to be at high risk, became eligible 

to receive Covid-19 vaccine.15 On April 26, this recommendation was expanded to include all 

pregnant women.16 Although the exact figures for pregnant women are unclear, we anticipated 

that enough pregnant women would have been vaccinated to make it possible to evaluate 

vaccine effectiveness in pregnant women: Brazil combines a sufficient vaccine coverage (more 

than 50% of the population with two doses),17 more than 21 million cases and 600,000 deaths 

(October 2021),18 and a considerable number of maternal deaths.19,20  

In this observational study of routine data in Brazil we estimated the VE of CoronaVac 

vaccine against symptomatic Covid-19 and in preventing progression from symptomatic to 

severe Covid-19 disease in pregnant women. 

Methods 

Objectives and study design  
The primary objective of this study was to estimate VE of CoronaVac vaccine against 

symptomatic cases of Covid-19 in a test negative design (TND) in all pregnant women who 

had a RT-PCR test. We also estimated the effectiveness of vaccine the against developing 

severe Covid-19 (comparing severe, hospitalized or fatal Covid-19 with test negatives). As a 

further consistency check, we estimated VE against progression from symptomatic Covid-19 

disease to severe Covid-19 (severe, hospitalized or fatal) by comparing the vaccine status of 
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those who developed severe disease with those who tested positive but did not develop severe 

disease.  

Data sources

All data used was abstracted from 3 routinely collected sources: the national 

surveillance system for RT-PCR test for Covid-19 (e-SUS Notifica); the information system 

for severe acute respiratory illness (SIVEP-Gripe) and the national immunisation system (SI-

PNI). 

e-SUS Notifica: This database contains information on suspected cases of Covid-19 

recorded in the country. It includes all positive and negative RT-PCR test results, and  

information on residence, demographic and clinical data of individuals, such as presence of 

comorbidities and pregnancy status (so we can identify women registered during pregnancy) 

and presence of symptoms, with acute respiratory diseases  defined as presence of at least two 

of the following signs and symptoms: fever (even if referred), chills, sore throat, headache, 

cough, runny nose, loss or change to a sense of smell or taste.21 Asymptomatic individuals with 

a positive RT-PCR test confirming by Covid-19 infection are  registered but were not included 

in this study. 

SIVEP-Gripe is the national registration for severe acute respiratory syndrome (SARS) 

in Brazil, created after the Influenza pandemic of 2009. In 2020, it was expanded to include 

Covid-19. All Covid-19 hospitalisations and deaths are meant to be registered in this system.22 

In SIVEP-Gripe, severe acute respiratory illness is defined as an individual with acute 

respiratory disease who presents dyspnea/respiratory discomfort, persistent pressure or pain in 

the chest, oxygen saturation less than 95% without oxygen, or cyanosis of the lips or face.22 

Individuals who died with severe acute respiratory illness independent of hospitalisation are 

also registered. By linking these data with e-SUS Notifica, we identified which pregnant 

women in e-SUSNotify with a positive RT-PCR test progressed to severe disease.

SI-PNI contains data on all vaccines administered in Brazil. Covid-19 vaccines are 

administered by health services and recorded in point-of-care applications.23 From SI-PNI, we 

extracted information on which Covid-19 vaccine was received with dates of first and second 

doses. By linking these data with the data on pregnant women in the other files, we were able 

to determine: (i) which pregnant women who tested negative for Covid-19 had been vaccinated 

(ii) which pregnant women with confirmed symptomatic Covid-19 infections had been 

vaccinated and (ii) which pregnant women with severe Covid-19 associated severe case had 

been vaccinated. We assumed that pregnant women whose record did not link to a SI-PNI 

vaccination record were not vaccinated. 
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All data were extracted on October 05, 2021 and made available by the Brazilian 

Ministry of Health. The information technology bureau of the Brazilian Ministry of Health 

provided pseudo-anonymised data with a common unique identifier that were used to link 

individual-level records from the three databases (more details about linkage procedures are 

available at https://vigivac.fiocruz.br/).

Study population

All pregnant women with symptoms suggesting Covid-19, aged between 18 and 49 

years in Brazil with a record of a RT-PCR test between March 15, 2021, and October 03, 2021, 

registered in e-SUS Notifica. Testing for Covid-19 in Brazil is accessible to anyone through 

the universal public health system (SUS). Subjects who received any Covid-10 Vaccine  were 

excluded:  ChAdOx1 nCoV-19 or Ad26.COV2.S (Janssen/Johnson & Johnson)  because   these 

are not indicated for pregnant women in Brazil  and BNT162b2 because numbers of women 

with complete regimen were too small to allow evaluation given they were included in the 

Brazilian program more recently and  the  long interval between doses. So, the study is 

restricted to evaluating CoronaVac vaccine effectiveness. The population consisted of 

symptomatic pregnant women who were tested with RT-PCR for Covid-19 classified into 3 

groups: RT-PCR test negative, RT-PCR test positive with Covid-19 symptoms and RT-PCR 

test positive with severe Covid-19. The study population in the TND included all symptomatic 

women with a RT-PCR irrespective of test result. For the nested case control study only women 

in the first study who had a positive RT-PCR test for Covid-19. 

Definition of outcome, cases, and controls 

In the TND, the primary outcome was a positive RT-PCR test in a symptomatic subject. 

Cases were defined as all symptomatic women in the study population with a RT-PCR test 

result from a respiratory sample collected within 10 days after the onset of symptoms and who 

did not have a positive RT-PCR test result in the preceding 90 days. We also conducted an 

additional analysis for the subgroup of cases with severe Covid-19, identified through 

notification to SIVEP-Gripe or with a register of hospitalization or death in e-SUS record. 

Controls were defined as all women in the study population with a negative RT-PCR test result, 

and no positive RT-PCR test in the previous 90 days or in the subsequent 14 days. The test date 

was defined as either the date of collecting a respiratory specimen or the date of the case 

registration (when the test date was missing).

As a further consistency check, we estimated VE against progression from symptomatic 

Covid-19 disease to severe Covid-19 (severe, hospitalized or fatal) by comparing the vaccine 

status of those who developed severe disease with those who tested positive but did not develop 
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severe disease.  Cases were defined as all women with severe Covid-19, identified through 

notification to SIVEP-Gripe or with a register of hospitalization or death in e-SUS record. 

Controls were defined as all confirmed cases of Covid-19 in e-SUS not notified to SIVEP-

Gripe and with no registration of hospitalisation nor deaths in e-SUS. 

Exposure definition

The exposure studied was vaccination with CoronaVac. This was classified into   

partially vaccinated (≥14 days after the first dose and before receipt of the second dose at time 

of RT-PCR testing) and fully vaccinated (≥14 days after the second dose at time of RT-PCR 

testing). We also calculated effectiveness in the period <14 days since vaccination as the 

vaccine is expected to have no or limited effectiveness in the first 13 days since vaccination. 

This was used as a test as high effectiveness or increased risk during this period might serve as 

an indicator of unmeasured bias or confounding. The reference group for vaccination status 

was the women who did not received a first vaccine dose before the date of sample collection. 

Covariates 

A number of risk factors may be associated with both the likelihood of the exposure 

(i.e., receiving a vaccine) and the likelihood of receiving an RT-PCR SARS-CoV-2 test. These 

include age, ethnicity, comorbidities status, geography location, index of deprivation,24 and 

time (reflecting changes in vaccination policy and disease circulation) and presence of a 

previous Covid-19 positive RT-PCR as this may both related with vaccination and the risk of 

a second Covid-19 infection. We extracted information on these potential confounders from 

the e-SUS Notifica.

Statistical analyses 

The test negative design is a type of case-control study, in which the study population 

consist of the population tested, and controls are selected from those who have a negative test. 
25 Accordingly, both the test negative design and the additional comparison of severe cases 

with non-severe cases were analysed using the standard methods for case-control studies.25,26 

Logistic regression was used to estimate the odds of vaccination with CoronaVac in RT-PCR 

test confirmed cases compared with those who tested negative, and the odds of vaccination in 

the severe cases compared to those who tested negative; finally, we also estimated the odds of 

progression from symptomatic to severe Covid-19, by comparing the odds of vaccination in 

the severe cases to that in the non-severe cases. Individuals only contributed their first positive 

test result from March 15, 2021 (when the vaccination programme was recommended for 

pregnant women nationally). Week of RT-PCR test was included in the regression models 

because of the variations over time in both Covid-19 incidence and vaccine delivery in Brazil. 
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We also adjusted for age (<20, 20-34, >35), ethnicity (white, mixed brown, black and others), 

presence of registered comorbidities, geography (region), index of deprivation (quintile). We 

estimated the VE as one minus the corresponding odds ratio (OR), obtained from a model 

including the described covariates, expressed as a percentage. 

Data analyses were performed in Stata version 17.0. 

This study analysed de-identified data and was approved by the National Ethics 

committee (CONEP) (CAAE registration no. 50199321.9.0000.0040).

Results 

During the study period, 95,738 symptomatic suspected cases of Covid-19 among 

pregnant women were registered in the Brazilian surveillance system e-SUS Notify. Of those, 

50,819 (53.1%) had an RT-PCR SARS-CoV-2 test, and the results were available for 30,947 

(60.9%) samples. After exclusions, 19838 subjects were included in the analysis; 7424 (37.4%) 

were test-positive, and 12414 (62.6%) test-negative. Of the 7424 with a positive test, 588 

(7.9%) were severe and 84 (1.1%) died (Figure1). Table 1 shows the characteristics of cases 

and controls. 

Figure 2 shows the number of cases and controls by time since the first and second 

vaccination doses among vaccinated pregnant women. After the first doses of CoronaVac, the 

proportion of positive tests does not seem to change. Notably, 165 (16.6%) out of all women 

with a single dose of CoronaVac had not received a second dose after the recommended interval 

between doses (4 weeks). 

The odds of testing positive among vaccinated women during the 13 days after the first 

dose, was 1.35 (95% CI 1.09 to 1.68) compared with those unvaccinated, indicating an 

unexpected small increase in risk of Covid-19 among the vaccinated during this initial period. 

VE among those receiving only the first dose with at least 14 days between the first dose and 

the date of RT-PCR) was low and not statistically significant 5.02 (95% CI -18.22- 23.69). The 

estimated adjusted VE in the fully vaccinated group against symptomatic Covid-19 was 41.0% 

(95% CI 27.1 to 52.2) (Table 2). The corresponding estimate for severe Covid-19 was 67.7 

(95% CI 20.0-87.0) for those partially vaccinated and 85.4 (95% CI 59.4- 94.8) for fully 

vaccinated women (Table 3). 

The estimated adjusted VE of CoronaVac against progression from symptomatic to 

severe Covid-19 was 67.4% (95% CI 17.7 to 87.1) among partially vaccinated pregnant women 

and 74.7% (95% CI 28.0 to 91.2) among fully vaccinated women (Table 3). No deaths occurred 
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among partially or fully vaccinated pregnant women when four would have been expected if 

mortality was the same as in unvaccinated.

Discussion 

In this investigation of CoronaVac VE in pregnant women, we found that a single dose 

of the CoronaVac vaccine offered no protection against symptomatic Covid-19; two doses were 

41% effective against symptomatic Covid-19 and 85% effective against severe Covid-19. 

Those who were fully vaccinated and went on to have symptoms had a 75% lower risk of 

progressing to severe Covid-19 than those unvaccinated. No deaths occurred among partially 

or fully vaccinated women, when 4 were expected. About 17% of vaccinated women did not 

get a second dose as prescribed by the time they were tested.

Although the findings from this study suggest that the complete CoronaVac vaccine 

regimen was effective against symptomatic Covid-19 among pregnant women, the  magnitude 

of estimated effectiveness was lower than reported previously in studies in the general 

population conducted  in Brazil,8 Chile,5 and Turkey.27 Pregnancy  promotes resistance to 

generating proinflammatory antibodies compared to non-pregnant women, suggesting that 

pregnant women may not respond to some vaccines as effectively.28,29 We did not investigate 

biological mechanisms; further investigation is required to establish whether the lower 

effectiveness found  is due to immunological changes during pregnancy.  In contrast with other 

Covid-19 vaccines such as the BNT162b2 which confers protection after the first dose,30 

CoronaVac was effective against symptomatic Covid -19 only after a complete regimen. This 

was also found is in older people in Brazil.31 

This study has strengths and limitations. As a strength, it used rich, routinely collected 

data from Brazil, recognised to be of high-quality.32 By using the TND, we have minimised 

bias related to access to health care, the occurrence of symptoms and health-seeking behaviour. 

In most populations strong pressures have influenced who got tested for Covid-19. These biases 

can mean that those who get tested, and test positive for SARS-CoV-2 may not be a random 

sample of all cases in the population. The assumption that underlies the TND is that people 

who seek testing and manage to get tested would be influenced by similar pressures regardless 

of vaccine status and the test outcome,26 thus biases will 'cancel out' and relatively unbiased 

estimates of effect can be obtained.25,26 

However, as observational designs are vulnerable to confounding and bias. The fact 

that the risk of Covid-19 increased in vaccinated women in the 2 weeks after the first dose is 

not biological plausible and may be an indication of residual bias/confounding, which in this 
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case could lead to an underestimation of VE. A potential explanation for this would be if 

vaccinated subjects feel safer than unvaccinated subjects, such that unvaccinated subjects are 

more likely to seek testing for a symptom (not caused by Covid-19) that would not lead a 

vaccinated subject to test. This would result in a higher proportion of negative tests among the 

unvaccinated, leading to an apparent estimated increase in risk in the vaccinated, 

underestimating VE. Other potential explanations are that the process of vaccination itself 

increases the risk of infection, such travelling to or from a vaccination site, and finally, that 

after being vaccinated, believing themselves to be protected, women undergo a period of 2 

weeks of contacts and reduced protective measures, leading to a peak of infection shortly after 

vaccination. 

A limitation intrinsic to the use and availability of secondary data is the limited choice 

of covariates and the potential for misclassifying vaccine status due to linkage failure. Finally, 

we did not assess vaccination safety as data necessary for this assessment was not available. 

However, it is reassuring that CoronaVac contains an adjuvant that is commonly used in many 

other vaccines, such as against Hepatitis B and Tetanus, with a well-documented safety profile 

among pregnant women.34 Previous evidence of safety of inactivated vaccines for other 

pathogens and using this adjuvant is reassuring.34 

We note that an alarming 17% of the study sample with a single dose of CoronaVac did 

not take the second dose after the recommended maximum interval (4 weeks). This has 

important repercussions for public health authorities, highlighting the importance of actively 

searching those delaying the second doses and promoting opportunities to vaccinate these 

women during regular prenatal care appointments.

In conclusion, this study involved pregnant women in a setting that combines high 

disease burden and elevated Covid-19 related maternal related deaths. In this setting, we found 

that a complete regimen of CoronaVac was 41% effective in preventing symptomatic Covid-

19, and 85% effective in preventing severe Covid-19 disease; it was 75% effective in 

preventing severe outcomes in those who had been infected. 
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Figure 1: Flowchart of the study population from surveillance system and final sample of cases and 

controls

Figure 2: Number of cases and controls by interval since first and second vaccination
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Table 1: Characteristics of cases and controls in pregnant women aged 18-49 years in Brazil. 

Characteristics 
Test positive Test negative

Vaccination status
Not vaccinated 6886 (92.75) 10919 (87.96)

Single dose, within 0-13 days 169 (2.28) 284 (2.29)
Single dose, ≥14 days 156 (2.10)  386 (3.11)

Two doses, within 0-13 days 45 (0.61) 192 (1.55)
Two doses, ≥14 days 168 (2.26) 633 ( 5.10)

Age group 
< 20 406 (5.47) 940 (7.57)

20-34 5606 (75.51) 9629 (77.57)
35+ 1412 (19.02) 1845 (14.86)

Missing - -
Self-reported race 

White 2787 (43.75) 5226 (47.93)
Mixed Brown 3085 (48.43) 4830 (44.30)

Black 390 (6.12) 689 (6.32)
Others 108 (1.70) 158 (1.45)

Missing 1054 1511
Reported co-morbidities 

Yes 554 (7.46) 767 (6.18)
No 6870 (92.54) 11647 (93.82)

Missing* - -
Previous events notified to 

surveillance 
Yes 2447 (32.96) 5145 (41.45)
No 4977 (67.04) 7269 (58.55)

Missing - -
Brazilian Deprivation Index

1 1940 (26.13) 3634 (29.29)
2 1638 (22.07) 2949 (23.77)
3 1502 (20.23) 2269 (18.29)
4 1293 (17.42) 2039 (16.43)
5 1050 (14.15) 1518 (12.23)

Missing 1 5
Region of residence 

North 349 (4.70) 623 (5.02)
Northeast 1663 (22.40) 2244 (18.08)

South 734 (9.89) 2136 (17.21)
Southeast 3981 (53.62) 6444 (51.92)
Midwest 697 (9.39) 965 (7.77)
Missing - 2

* those who reported only pregnancy as condition were considered without co-morbidities 
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Table 2: Effectiveness of -CoronaVac against symptomatic and severe Covid-19, among pregnant women aged 
18-49 years in Brazil (comparison of symptomatic and severe cases with test-negative controls)

Unadjusted 
Odds Ratio 
(95% CI)

Unadjusted# 
Odds Ratio 
(95% CI)

Adjusted Odds 
Ratio (95% CI)

Adjusted* VE% 
(95% CI)

p-
value

Vaccination status  
Symptomatic 

Covid-19 Sinovac-CoronaVac
Unvaccinated Ref Ref Ref Ref
One dose <13 days 0.94 (0.77-1.14) 1.35 (1.10-1.66) 1.35 (1.09-1.68) - 0.006
Partially vaccinated 
(One dose ≥14 days) 0.64 (0.53-0.77) 1.00 (0.82-1.22) 0.94 (0.76-1.18) 5.02 (-18.22- 23.69) 0.645
Two doses ≥14 days 0.42 (0.35-0.50) 0.69 (0.57-0.83) 0.59 (0.47-0.72) 40.97 (27.07- 52.22) <0.001
Severe Covid-19 
Unvaccinated Ref Ref Ref Ref
One dose <13 days 1.38 (0.87-2.19) 1.64 (1.01-2.65) 1.42 (0.83-2.43) - 0.192
Partially vaccinated 
(One dose ≥14 days) 0.30 (0.13-0.69) 0.38 (0.16-0.87) 0.32 (0.13-0.80) 67.74 (20.00-87.00) 0.015
Two doses ≥14 days 0.15 (0.06-0.37) 0.20 (0.08-0.50) 0.14 (0.05-0.40) 85.39 (59.44- 94.80) <0.001

Table 3: Effectiveness of Sinovac-CoronaVac against symptomatic Covid-19 and progressing to severe forms 
(comparing severe, hospitalized or fatal Covid-19 with test negative), among pregnant women aged 18-49 years 
in Brazil (comparison of severe cases with non-severe cases)

Unadjusted 
Odds Ratio 
(95% CI)

Unadjusted# 
Odds Ratio 
(95% CI)

Adjusted Odds 
Ratio (95% CI)

Adjusted* VE% 
(95% CI)

p-
value

Vaccination status  
Symptomatic 

Covid-19 Sinovac-CoronaVac
Severe Covid-19 
Unvaccinated Ref Ref Ref Ref
One dose <13 days 1.52 (0.95-2.45) 1.16 (0.70-1.93) 1.02 (0.58-1.78) - 0.932
Partially vaccinated 
(One dose ≥14 days) 0.45 (0.20-1.04) 0.34 (0.15-0.80) 0.32 (0.12-0.82) 67.46 (17.66- 87.14) 0.018
Two doses ≥14 days 0.35 (0.14-0.86) 0.27 (0.10-0.69) 0.25 (0.08-0.72) 74.69 (27.95-91.20) 0.001
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Supplementary material 
Table S1: Vaccination plan for pregnant and postpartum women in Brazil

Date Technical notes issued by the 
Ministry of Health

Recommendations

15/03/2021 NOTA TÉCNICA Nº 1/2021-
DAPES/SAPS/MS - 
Vaccination for pregnant and 
postpartum women with 
comorbities

- Vaccination for pregnant and lactating women with comorbidities

- Vaccine can be offered to pregnant and postpartum women 
without comorbidities after evaluating the risks and benefits, 
especially considering the professional activity performed by the 
woman.

26/04/2021 NOTA TÉCNICA Nº 
467/2021-
CGPNI/DEIDT/SVS/MS - 
Vaccination for pregnant and 
postpartum women without 
comorbidities 

Phase I- Pregnant and postpartum women with comorbidities, 
regardless of age

Phase II- Pregnant and postpartum women, regardless of 
comorbidities

14/05/2021 NOTA TÉCNICA nº 
627/2021-
CGPNI/DEIDT/SVS/MS - 
Temporary suspension of 
vaccination 

- Temporary suspension of vaccination with the vaccine 
AstraZeneca/Oxford/Fiocruz in pregnant and postpartum women

19/05/2021 NOTA TÉCNICA Nº 
651/2021 - 
CGPNI/DEIDT/SVS/MS - 
Continued vaccination in 
pregnant and postpartum 
women  with comorbidities

- Vaccination of pregnant and postpartum women with 
comorbidities after  benefit risk evaluation and medical prescription 
(Vaccines without viral vector -SINOVAC/Butantan or Pfizer-
BioNTech BNT162b2)

 - Pregnant and postpartum women (including those without 
additional risk factors) who have already received the first dose of 
the AstraZeneca/Oxford/Fiocruz vaccine must wait for the end of 
the gestation and postpartum period (up to 45 days after delivery) 
for the administration of the second dose of the vaccine

- Pregnant and postpartum women (including those without 
additional risk factors) who have already received the first dose of 
another COVID-19 vaccine that does not contain a viral vector 
(Sinovac/Butantan or Pfizer-BioNTech BNT162b2) should 
complete the regimen with the same vaccine at the usual intervals

- Pregnant and postpartum women of other priority groups (health 
workers or other essential services workers, for example) may be 
vaccinated after an individual risk and benefit evaluation

06/07/2021 NOTA TÉCNICA Nº 2/2021 
- 
SECOVID/GAB/SECOVID/
MS - Continued vaccination in 
pregnant and postpartum 
women without comorbidities

- Vaccination of pregnant and postpartum women aged 18 years 
and over, regardless of risk factors

- Pregnant of any gestational age

- Needs for Medical evaluation and Prescription

23/07/2021 NOTA TÉCNICA Nº 6/2021-
SECOVID/GAB/SECOVID/
MS - Interchangeability 
between vaccines for pregnant 
and postpartum women who 

- Vaccination of pregnant and postpartum women aged 18 years 
and over, regardless of risk factors

- Pregnant of any gestational age
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took the oxford astrazeneca 
vaccine in the first dose 

- Need for Medical evaluation and Prescription

- To pregnant and postpartum women who received the first dose of 
the AstraZeneca/Fiocruz vaccine, at time of the second dose, 
preferably, the Pfizer-BioNTech BNT162b2 /Wyeth vaccine should 
be offered. If this immunising agent is not available locally, 
Sinovac/Butantan vaccine may be used 
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3.2. Protection against Covid-19 generated by CoronaVac is 
transmitted to the babies through breast milk, demonstrates research

A study made by the Clinical 
Hospital of the Medicine School from 
University of São Paulo (HCFMUSP) 
points that lactating women that 
received the CoronaVac, vaccine 
produced by Instituto Butantan 
in partnership with the chinese 
pharmaceutic Sinovac, presented 
antibodies against Covid-19 in the 
breast milk, capable of protecting 
the babies as well, up to four months 
after the vaccination.

The research was realized with 20 
employers that were immunized 
between january and february of 
2021. There were collected a total of 
nine samples of breast milk: before the 
immunization, four times after the first 
dose and three times after the second 
dose, with gaps of seven days and four 
months after the vaccination.

The research showed that the levels 
of antibodies of the breast milk 
were still high four months after 
the vaccination. The peak of the 
production of antibodies happened 
in the second week after the first 

dose and in the fifth and sixth week 
after the second dose.

The immunization of breastfeeding 
and pregnants offers protection in 
two ways: to the babies that are still 
not born, through the placenta, with 
IgG antibodies, and through the 
breast milk, to the newborn, with  
IgA antibodies.

According to the Health Ministry, 
around 500 thousand pregnants and 
those who recently gave birth that 
have comorbidities were already 
vaccinated against Covid-19 in Brazil. 
The pregnants began the priority 
group in the vaccination campaign 
since the lethality tax of Covid-19 
among them is much higher than 
the average (10% for pregnants and 
2% for the general population). Only 
two vaccines are recommended for 
pregnants, CoronaVac being one of 
them, for having a high efficacy and 
high profile of safety.

Published on: 06/23/2021
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To the Editor,

Human milk is the external secretion with the highest
immunoglobulin A (IgA) concentrations, mostly produced
in the lamina propria of mammary glands by plasma cells
(1). The milk antibody repertoire is quite similar to the one
observed in the blood; however, the levels of antibodies
against enteric and respiratory pathogens are usually higher
in the colostrum and mature milk than in the serum.
Maternal immunization can elicit systemic immunoglobulin
G (IgG) and mucosal IgA, IgM, and IgG responses that
confer protection to the newborn infants (2,3,4).
During the current pandemic, milk anti-SARS-CoV-2-

specific IgA antibodies have been found in 23.1% of 2,312
previously infected lactating women (5,6). In an Israeli
prospective cohort, milk samples of 84 breastfeeding women
were analyzed before immunization and then weekly for six
weeks after immunization. All the mothers received two
doses of the Pfizer-BioNTech vaccine 21 days apart (7). The
levels of IgA antibodies were significantly elevated two
weeks after the first dose, with 61.8% of the samples testing
positive (86.1% at week 4—one week after the second dose,
and 65.7% at week 6).
Here, we present data from an initial study on the presence

of anti-SARS-CoV-2 IgA antibodies in human milk samples
obtained from volunteers during the immunization process
promoted by HC-FMUSP in January (17th-21st) and February
(15th-18th), 2021. The preparation ‘‘CoronaVac’’ (an inacti-
vated vaccine), produced by Sinovac Biotech Ltd. (China)
and Instituto Butantan (Brazil), was administered to all
healthy employees in two doses, four weeks apart. A total
of 170 samples were collected. All the 20 milk donors were
HC-FMUSP employees and were breastfeeding at the time
of the first immunization phase and voluntarily donated

5-10 mL milk samples before the first dose and seven more
samples weekly for three weeks after the second dose. Milk
samples were collected four months after the first dose
from 10 mothers to evaluate the persistence of SARS-CoV-2-
specific IgA antibodies. Milk was collected by the donors
themselves into sterile containers after careful local antisepsis
with sterile water. Manual expression or milk pump were
used for sample collection after rigorous handwashing. The
milk was stored at home by the donor at -20oC until delivery
to the laboratory (LIM-36-ICr).
The study was approved by the Institutional Ethics Board

(CAAE: 45565121.2.0000.0068), and written informed consent
was obtained from all the participants. The levels of IgA
antibodies that specifically bind the S1 domain of the spike
protein (including RBD-Receptor Binding Domain) were
semiquantitatively analyzed using the Euroimmun anti-
SARS-CoV-2 S1 ELISA kit. The results were presented as
the ratio of the optical density of the samples and the optical
density of the calibrator (both read at 450 nm, using a
reference wavelength of 620 nm), and ratios above 0.8 were
considered positive. One-way ANOVA followed by Tukey’s
multiple comparison tests were used in the statistical analysis
(GraphPad v.7.0 Software Inc., San Diego, CA, USA), and
statistical significance was set at po0.05.
No significant adverse reactions were reported in either

the mothers or their babies. The mean maternal age was
35.6 (±3.2) years at the time of the first dose, with a mean
nursing period of 11.2 (±8.7) months, quite similar to the
Israeli study, which was 10.3 months (7).
Of the 20 mothers, 16 were COVID-negative at week 0

(Figure 1). Despite an increase in the mean levels of anti-
SARS-CoV-2-specific IgA in the first two weeks after the
first dose, significantly higher mean values were obtained
only at weeks 5 and 6. Ten mothers presented specific
IgA antibody levels above the seroconversion value at
week 7 (21 days after the second dose). Among the ten
mothers who donated a sample four months after the
first dose, five still had specific IgA levels above the
seroconversion value at that time. In our series, four mothers
had COVID-19, of whom three presented high levels of anti-
SARS-CoV-2 IgA antibodies in W0 (data not shown). One of
them donated her milk four months after the first vaccine dose
and still had high specific IgA levels (anti-SARS-CoV-2-
specific IgA ratio=4.0).DOI: 10.6061/clinics/2021/e3185
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This study strongly reinforces that mothers should con-
tinue breastfeeding their children after vaccination against
SARS-CoV-2 and even after infection (5-7). As for other
respiratory infections, maternal anti-SARS-CoV-2 immuniza-
tion should protect infants with systemic IgG and milk IgA
providing local mucosal defense, as demonstrated by Gray
et al. (8) in a large group of pregnant and lactating women
who received Pfizer-BioNTech vaccine where all cord blood
and breastmilk samples presented specific IgG and IgA
antibodies, respectively. Therefore, to analyze both the
placental transfer of anti-SARS-CoV-2 IgG and production
of IgA in early milk, we are planning an equivalent protocol
with ‘‘CoronaVac’’ immunization during pregnancy invol-
ving the collection of maternal and cord blood, colostrum,
and milk during the first two post-delivery months (3,4).
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What science proves



It protects individuals 
with comorbidities4.

4.1. CoronaVac is safe and effective in patients at increased risk for 
thrombosis, study says

Research conducted in São Paulo 
with individuals at high risk of 
thrombosis, with an autoimmune 
disease called antiphospholipid 
syndrome, showed that CoronaVac 
is a safe and effective vaccine 
for this population. The work was 
published in the journal Lupus 
by scientists from the School of 
Medicine of the University of São 
Paulo (FMUSP) and coordinated by 
the researcher and rheumatologist 
Eloisa Bonfá, clinical director of the 
Hospital das Clínicas at FMUSP.

Recent international reports of 
thrombosis in people who had 
received adenovirus vaccines 
have caught the eye of the 
scientific community. To assess 
this risk in the case of CoronaVac, 
an inactivated virus vaccine, the 
researchers selected 44 patients 
with antiphospholipid syndrome 
and 132 controls, with a mean age 
of 46 years. All participants received 
two doses of CoronaVac. 

Regarding the amount of 
antiphospholipid antibodies in 
patients with the syndrome, no 
significant difference was found 
between samples collected before 
and after vaccination, showing that 

CoronaVac is safe and does not 
influence the disease. The volunteers 
were followed for six months and no 
thrombotic events were observed 
during this period.

“No thrombotic event was recorded 
during our study. In addition, these 
patients have a high frequency 
of comorbidities associated with 
endothelial dysfunction, such 
as hypertension, obesity, and 
dyslipidemia, which may also favor 
clot events”, the researchers state.

The vaccine also proved to be highly 
immunogenic.  Six weeks after the 
second dose, both groups showed 
comparable high seroconversion, 
with IgG antibody production in 
83.9% of patients and 93.5% of 
controls. Patients also showed high 
positivity for neutralizing antibodies 
(77.4%), with activity of 64.3%. No 
serious or moderate adverse effects 
were observed.

According to the scientists, the 
safety and immunogenicity 
findings support the CoronaVac 
recommendation for patients with 
antiphospholipid syndrome.
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Immunogenicity, safety, and
antiphospholipid antibodies after
SARS-CoV-2 vaccine in patients with
primary antiphospholipid syndrome
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, Carla GS Saad1, Eduardo F Borba1,
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Ana Luisa Cerqueira de Sant’Ana Costa1, Carolina T Ribeiro1,
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Abstract

Objective: Coronavirus disease 19 (COVID-19) has an increased risk of coagulopathy with high frequency of anti-
phospholipid antibodies (aPL). Recent reports of thrombosis associated with adenovirus-based vaccines raised concern
that SARS-CoV-2 immunization in primary antiphospholipid syndrome (PAPS) patients may trigger clotting complications.
Our objectives were to assess immunogenicity, safety, and aPL production in PAPS patients, after vaccinating with Sinovac-
CoronaVac, an inactivated virus vaccine against COVID-19.
Methods: This prospective controlled phase-4 study of PAPS patients and a control group (CG) consisted of a two-dose
Sinovac-CoronaVac (D0/D28) and blood collection before vaccination (D0), at D28 and 6 weeks after second dose (D69)
for immunogenicity/aPL levels. Outcomes were seroconversion (SC) rates of anti-SARS-CoV-2 S1/S2 IgG and/or neu-
tralizing antibodies (NAb) at D28/D69 in naı̈ve participants. Safety and aPL production were also assessed.
Results: We included 44 PAPS patients (31 naı̈ve) and 132 CG (108 naı̈ve) with comparable age (p=0.982) and sex
(p>0.999). At D69, both groups had high and comparable SC (83.9% vs. 93.5%, p=0.092), as well as NAb positivity (77.4%
vs. 78.7%, p=0.440), and NAb-activity (64.3% vs. 60.9%, p=0.689). Thrombotic events up to 6 months or other moderate/
severe side effects were not observed. PAPS patients remained with stable aPL levels throughout the study at D0 vs. D28 vs.
D69: anticardiolipin (aCL) IgG (p=0.058) and IgM (p=0.091); anti-beta-2 glycoprotein I (aβ2GPI) IgG (p=0.513) and IgM
(p=0.468).
Conclusion: We provided novel evidence that Sinovac-CoronaVac has high immunogenicity and safety profile in PAPS.
Furthermore, Sinovac-CoronaVac did not trigger thrombosis nor induced changes in aPL production.
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Background

Coronavirus disease 19 (COVID-19) has an increased risk
of coagulopathy, especially the occurrence of thrombo-
embolic events. The intense inflammatory response evoked
by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) replication may induce a dysregulation of coagu-
lation toward a hypercoagulable state,1-3 and both large
vessels and microcirculation may be affected.4-6

Antiphospholipid syndrome (APS) is the most frequent
acquired thrombophilia.7 Half of the cases, known as pri-
mary APS (PAPS), occur without the concomitance of other
autoimmune rheumatic diseases (ARD).8 APS is charac-
terized by the persistent presence of antiphospholipid an-
tibodies (aPL), namely, lupus anticoagulant (LA), IgG, and/
or IgM aCL and IgG and/or IgM aβ2GPI, which play an
important role in the pathogenesis of thrombosis in those
patients.9

Interestingly, both diseases share common mechanisms
of thrombosis: activation of endothelial cells, resulting in
inhibition of endothelial nitric oxide synthase production,
and consequently, decreasing nitric oxide production;
complement activation; and unchecked inflammatory sig-
nals responsible for the formation of neutrophil extracellular
traps (NETosis).10

Recent studies reported the presence of aPL in patients
infected with SARS-CoV-2.11-14 Furthermore, infectious
etiologies may act as the “second hit,” crucial for the
thrombogenesis in APS and/or aPL-positive patients.15-16

Therefore, vaccinating these patients to prevent COVID-19
is of utmost importance.

Paradoxically, two of the vaccines against SARS-CoV-2
using adenovirus platforms developed by AstraZeneca and
Janssen have been associated with the occurrence of rare
and atypical thromboembolic events, especially in women
under 50 years of age, a condition that has been called
vaccine-induced immune thrombotic thrombocytopenia
(VITT).17,18 As a consequence, vaccinating patients with
thrombophilia using other platforms, such as inactivated
virus or mRNA, may be preferable in this subset of patients.
However, studies on the efficacy and safety of those vac-
cines in APS are still lacking.

CoronaVac (Sinovac Life Sciences, Beijing, China) is an
inactivated vaccine against COVID-19, which is supporting
vaccination campaigns in more than 40 countries, including
Brazil, and has shown good tolerance and efficacy in in-
ducing humoral responses against SARS-CoV-2 in the
general population.19-21 Jara et al.22 demonstrated that
Sinovac-CoronaVac reduced rates of infection, hospitali-
zation, ICU admission, and death by 65.9%, 87.5%, 90.3%,
and 86.3%, respectively, in the overall population of 10.2
million people in Chile.

The aims of the present prospective study were to
evaluate immunogenicity of Sinovac-CoronaVac vaccine in

naı̈ve PAPS patients compared to a balanced age- and sex-
control group (CG). We further assessed safety, including
thrombotic events, and the possible vaccine-induced aPL
production throughout the study period.

Methods

Study design

This study is a subgroup analysis of patients with PAPS
from a large phase four prospective controlled trial with
ARD patients performed at a single tertiary center in
Brazil.23

Patients and controls

All consecutive PAPS patients who fulfilled the current
classification criteria for PAPS (Sidney) 9 and were regu-
larly followed in our Outpatient Rheumatology Clinics and
were ≥18 years old were invited to participate. Subse-
quently, a CG of hospital maintenance, administrative
personal, or their relatives balanced by sex and age (±5
years differences) using an Excel program (ratio 1PAPS:
3CG) were also invited to participate. Exclusion criteria for
both groups were the following: ARD (other than APS, for
the patient’s group), use of immunosuppressive drugs, HIV
infection, history of anaphylactic response to vaccine
components, acute febrile illness or symptoms compatible
to COVID-19 at vaccination, previous demyelinating
disease (including Guillain-Barré syndrome), symptomatic
heart failure (class III or IV), previous vaccination with any
SARS-CoV-2 vaccine, history of vaccination with live
virus vaccine in the previous 4 weeks or with virus vaccine
inactivated in the previous 2 weeks, history of having
received blood products in the previous 6 months, indi-
viduals who refused to participate in the study, and hos-
pitalized patients.

Participants who developed RT-PCR-confirmed
COVID-19 after receiving the first vaccine dose (incident
cases) and with positive COVID-19 serology and/or NAb at
baseline (collected on the day of vaccination) were excluded
from the immunogenicity and aPL analysis; however, they
were included in the safety evaluation.

Vaccine protocol

PAPS patients and CGwere scheduled to receive a two-dose
vaccine. The first dose was given on February 9–18th 2021
(D0, with baseline blood collection immediately before it);
the second dose was given 28 days later (D28, with blood
collection immediately before it). A third blood sample was
obtained 6 weeks after the second dose at day 69 (D69).
This protocol was delayed 4 weeks for participants with
incident COVID-19 infection during the study. Ready-to-use

2 Lupus 0(0)
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syringes loaded with CoronaVac (Sinovac Life Sciences,
Beijing, China, batch #20200412), that consists of 3 μg in
0.5 mL of β-propiolactone inactivated SARS-CoV-2 (derived
from the CN02 strain of SARS-CoV-2 grown in African
green monkey kidney cells—Vero 25 cells) with aluminum
hydroxide as an adjuvant, were administered intramuscularly
in the deltoid area. The sera of each blood sample (20 mL)
from all participants obtained at days D0, D28, and D69 were
stored in a �70°C freezer.

Anti-SARS-CoV-2 S1/S2 IgG antibodies

A chemiluminescent immunoassay was used to measure
human IgG antibodies against the S1 and S2 proteins in the
receptor binding domain (RBD) (Indirect ELISA, LIAI-
SON® SARS-CoV-2 S1/S2 IgG, DiaSorin, Italy). Sero-
conversion rate (SC) was defined as positive serology
(>15.0 UA/mL) post vaccination, since only patients with
pre-vaccination negative serology were included. Geo-
metric mean titers (GMT) of these antibodies and 95%
confidence intervals were also calculated at all time points,
attributing the value of 1.9 UA/mL (half of the lower limit of
quantification 3.8 UA/mL) to undetectable levels (<3.8 UA/
mL). The factor increase in GMT (FI-GMT) is the ratio of
the GMT after vaccination to the GMT before vaccination,
used to demonstrate growth in IgG titers. They are also
presented and compared as geometric means and 95%
confidence intervals (CI).

SARS-CoV-2 cPass virus-neutralization antibodies

The SARS-CoV-2 sVNT Kit (GenScript, Piscataway, NJ,
USA) was performed according to manufacturer instruc-
tions. This analysis detects circulating neutralizing anti-
bodies against SARS-CoV-2 that block the interaction
between the RBD of the viral spike glycoprotein with the
ACE2 cell surface receptor. The tests were performed on the
ETI-MAX-3000 equipment (DiaSorin, Italy). The samples
were classified as either “positive” (inhibition ≥30%) or
“negative” (inhibition <30%), as suggested by the manu-
facturer.24 The frequency of positive samples was calculated
at all time points. Medians (interquartile range) of the
percentage of neutralizing activity only for positive samples
were calculated.

Outcomes

Immunogenicity outcome was assessed by two criteria SC
rates of total anti-SARS-Cov-2 S1/S2 IgG and presence of
NAb at D69. Other endpoints were the following: anti-S1/
S2 IgG SC and presence of NAb at D28 (after vaccine first
dose); geometric mean titers of anti-S1/S2 IgG and their FI-
GMT at D28 and D69; and median (interquartile range)
neutralizing activity of NAb at D28 and D69.

Vaccine adverse events and incident cases
of COVID-19

Patients and CG were advised to report any side effects of
the vaccine. They received on D0 (first dose) and on D28
(second dose) a standardized diary for local and systemic
manifestations. The standardized diary of adverse events
(AE) was carefully reviewed with each participant on the
day of the second dose (D28) and at the last visit (D69).
COVID-19 incident cases were followed for 40 days (from
D0 to 10 days after the second dose [D39]) and thereafter for
the following 40 days (from D40 to D79).

Vaccine AE severity was defined according to WHO
definitions.25 A rigorous surveillance for any kind of
thrombotic event was performed during a period of
6 months after full-vaccination.

Additionally, all participants were instructed to com-
municate any manifestation associated or not with COVID-
19 through telephone, smartphone instant messaging, or
email. Suspicious cases of COVID-19 were instructed to
seek medical care near the residence and, if recommended,
to come to our tertiary hospital to have the RT-PCR exam or
in-person visit. Patients were clinically followed for
6 months (August 18, 2021).

Study data were collected and managed using REDCap
electronic data capture tools hosted at our Institution.26-27

RT-PCR for SARS-CoV-2

Clinical samples for SARS-CoV-2 RT-PCR consisted of
nasopharyngeal and oropharyngeal swabs, using a labora-
tory developed test.28

Antiphospholipid antibodies

We assessed the criteria antiphospholipid antibodies IgG/
IgM aCL and IgG/IgM anti-β2GPI in PAPS patients. Pe-
ripheral blood samples were collected in dry tubes (2 tubes),
respecting the time between collection and centrifugation of
at most 1 hour. Samples were centrifuged at 3200 r/min for
15 min and aliquoted in a volume of 500 μL. The aCL
antibodies were detected by commercial fluoro im-
munoenzymatic assay (EliA) Thermo Scientific�/Phadia�
250 Immunoassay Analyzers and they were considered
positive if present in medium or high titers (≥40 GPL or
MPL). The aβ2GPI antibodies were measured through the
enzyme-linked immunosorbent assay (ELISA)
QUANTALite®, InovaDiagnostics and their positivity was
defined if titers were > 20UI/mL. Antiphospholipid anti-
bodies at D28 and D69 were compared to baseline (D0) to
verify if there was any increase in titers after vaccination.
The thrombosis score risk aGAPSS (adjusted Global An-
tiPhospholipid Syndrome Score) that includes the three
criteria aPL,29-30 besides arterial hypertension and
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dyslipidemia, was calculated at baseline and at D69 using
LA previously registered in our electronic database. LA
detection was performed according to updated guidelines.31

Statistical analysis

A convenience sample of PAPS patients was selected with a
CG in a 1:3 ratio. Continuous variables are presented as
medians (interquartile ranges) with intergroup comparison
using Mann–Whitney test. Categorical variables are pre-
sented as number (percentage) and compared using chi-
square or Fisher’s exact tests, as appropriate. Continuous
data regarding anti-S1/S2 serology titers are presented as
geometric means (95% CI) and compared with the same
tests, but in Napierian logarithm (ln) transformed data.
Longitudinal comparisons of ln-transformed anti-S1/S2 IgG
titers between PAPS and CG were performed using gen-
eralized estimating equations (GEE) with normal marginal
distribution and gamma distribution, respectively. Results
were followed by Bonferroni multiple comparisons to
identify differences between groups and time points.
Multivariate logistic regression analyses were performed
using as dependent variables SC or presence of NAb, and as
independent variables those with p <0.2 in univariate
analysis. The isotypes of each aPL were analyzed cate-
gorically (according to aPL cutoff positivity definitions)
using Chi-square test and continuously by Friedman Re-
peated Measures Analysis of Variance on Ranks at D0, D28,
and D69. aGAPSS score of APS patients was also compared
between the three time points using Friedman Repeated
Measures Analysis of Variance on Ranks.

Statistical significance was defined as p <0.05. All sta-
tistical analyses were performed using IBM-SPSS for
Windows software version 22.0.

Ethics statement

The protocol was approved by the National and Institutional
Ethical Committee of Hospital das Clı́nicas da Faculdade de
Medicina da Universidade de São Paulo (HCFMUSP),
Brazil (CAAE: 42566621.0.0000.0068). It was in accor-
dance with the Declaration of Helsinki and local regula-
tions, and all participants signed a written informed consent
before enrollment.

Results

Participants

We initially selected 63 patients, but six patients did not
attend the vaccine appointment, one patient had symptoms
compatible with COVID-19 at the day of vaccination and 12
patients had associated systemic lupus erythematosus (SLE)
and were excluded. The remaining 44 PAPS patients and

132 controls were included in the study. Forty-three patients
had thrombotic criteria (97.7%) and 18 (40.9%) had ob-
stetric criteria. Only one patient was classified as exclu-
sively obstetric. Triple positivity was present in 45.4% of
cases (Table 1). The number of triple positives was even
higher (54.8%) considering only the 31 naı̈ve-PAPS.

PAPS patients and CG had comparable median ages (46
[31–73] vs. 46 [31–78] years, p=0.982) and female sex
(86.4% in both groups, p=1.0) at study entry. The mean
duration of disease in PAPS patients was 16.7 ± 8.4 years.
Of note, the PAPS group had more stroke than CG (29.5%
vs. 0%, p<0.001), besides dyslipidemia (59.1% vs. 8.3%,
p<0.001) and smoking (38.6% vs. 8.3%, p<0.001). These
characteristics are shown in Table 1.

Vaccine immunogenicity

For this analysis, we excluded 37 (21.0%) participants (13
PAPS patients and 24 CG) due to pre-vaccination positive
COVID-19 serology (6 PAPS and 18 CG) and/or NAb (1
PAPS and 3 CG) and the incidents confirmed cases of
COVID-19 during the study (1 PAPS and 3 CG). Further
exclusions for the immunogenicity analyses were related to
continuous immunosuppression (not related to APS): two
patients were using azathioprine and prednisone (one due to
autoimmune hepatitis and the other due to idiopathic in-
terstitial pulmonary disease); one patient with renal trans-
plant was on mycophenolate mofetil, tacrolimus, and
prednisone; one patient with cardiac transplant was on
mycophenolate mofetil and cyclosporine; and one patient
was using prednisone to treat livedoid vasculopathy.

The final immunogenicity analysis included 31 naı̈ve-
PAPS patients and 108 controls. Flow chart of the study is
illustrated in Figure 1.

Anti-SARS-CoV-2 IgG antibodies

There was a modest initial response of anti-SARS-CoV-2
IgG in both groups after the first dose with comparable SC
in naı̈ve-PAPS patients a CG at D28 (25.8% vs. 30.6%,
p=0.609). The SC rates at D69 increased approximately 3-
fold after the second dose with similar immunogenicity for
naı̈ve-PAPS and GC groups: SC rates (83.9% vs. 93.5%,
p=0.092) and geometric mean titers (GMT) (50.2 [95%CI
34.5–73.2] in PAPS vs. 61.7 [95%CI 52.8–72.3] in CG,
p=0.249). The factor increase in GMT (FI-GMT) at D69
was also elevated in naı̈ve-PAPS and CG (21.4 [95%CI
14.5–31.6] vs. 26.5 [95%CI 22.3–31.4], p=0.586) and at
D69, respectively (Table 2).

According to Bonferroni’s multiple comparison, there
was a significant GMT increase when we performed lon-
gitudinal comparisons of GMT in naı̈ve-PAPS patients at
baseline versus D28 and D69 (p<0.001, for both) and at D28
vs. D69 (p<0.001). Likewise, the results of longitudinal
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GMT comparisons in CG at D28 and D69 vs. baseline and
between D69 vs. D28 also showed a significant increase
(p<0.001, for all comparisons) (Table 2).

SARS-CoV-2 cPass virus-neutralization
antibodies (NAb)

The frequency of NAb at D28 was lower in naı̈ve-PAPS
patients than CG (16.1% vs. 35.2%, p=0.043), with a robust
rise at D69 and comparable NAb positivity rates among
both groups (77.4% vs. 78.7%, p=0.440). NAb-activity was
comparable in naı̈ve-PAPS patients and CG at D28 (38.1%
[32.0–55.5] vs. 43.7% [34.2–66.4], p=0.275) and D69 (64.3
[49.0–77.0%] vs. 60.9 [45.6–81.3%], p=0.689) (Table 3).

Antiphospholipid antibodies and vaccination

High titers of aCL at baseline were identified in 13/31
(41.9%) of the naı̈ve-APS patients (seven of IgG isotype,
four of IgM isotype, and 1 with both isotypes). Fourteen
(45.2%) patients had high titers of aβ2GPI at baseline (four
with IgG isotype, eight of IgM isotype, and two with both
isotypes). All patients remained positive for aCL and/or
aβ2GPI without significant changes in titers, but one patient
with negative IgM aCL (5 MPL) and IgM aβ2GPI (5 UI/
mL) at baseline and at D28 (IgM aCL: four MPL and IgM
aβ2GPI:4 UI/mL) had an increment to 48 MPL and 42 UI/
mL, respectively, at day 69.

No significant difference was found between samples
collected before and after vaccination for all four autoan-
tibodies (Figure 2). In the quantitative analysis, titers re-
mained stable over time. In the qualitative assessment,
frequencies of positivity also did not change for all aPL: IgG
aCL positivity rates were 25.8% (n=8/31) vs. 25.8% (n=8/
31) vs. 22.6% (n=7/31), p=0.944, at D0, D28, and D69; IgM
aCL positivity rates were 16.1% (n=5/31) vs. 16.1% (n=5/
31) vs. 19.4% (n=6/31), p=0.927, at D0, D28, and D69; IgG
aβ2GPI positivity rates were 12.9% (n=4/31) vs. 12.9%
(n=4/31) vs. 16.1% (n=5/31), p=0.914, at D0, D28, and
D69; and IgM aβ2GPI positivity rates were 16.1% (n=5/31)
vs. 16.1% (n=5/31) vs. 19.4% (n=6/31), p=0.927, at D0,
D28, and D69.

The median (interquartile range) aGAPSS of the 31
naı̈ve-APS patients did not modify after completing vac-
cination (D0 vs D28 vs D69: 13 [4–17] vs. 13 [4–17] vs. 13
[4–17], p=0.717).

Vaccine safety and tolerance

We did not observe any moderate/severe AE in any group.
Local and systemic reactions were more common in the
PAPS group after the first dose compared to controls, but not
after the second dose. The overall description of AE in
PAPS patients and controls is summarized in Table 4.

COVID-19 incident cases

During the study, four participants (one PAPS patient and
three CG) had incident symptomatic cases of COVID-19, all
confirmed by RT-PCR. All cases occurred from D0 to D32
and none of them was hospitalized.

Discussion

To the best of our knowledge, this is the first study to
demonstrate that the Sinovac-CoronaVac vaccine is highly
immunogenic and safe in PAPS patients and did not trigger
short- and medium-term thrombosis or increase of aPL-
related antibodies production.

Recent studies focusing on an overall evaluation of
mRNA COVID-19 immunized ARD patients have shown a

Table 1. Baseline characteristics of primary antiphospholipid
syndrome patients and controls.

PAPS
(n=44)

Controls
(n=132)

p-
Value

Demographics
Current age, years 46 (31–73) 46 (31–78) 0.982
Age at diagnosis, years 29 (17–67) - -
Disease duration, years 16.7 ± 8.4 - -
Female sex 44 (86.4) 114 (86.4) >0.999
Caucasian race 27 (61.4) 64 (48.5) 0.139

Comorbidities
Systemic arterial
hypertension

18 (40.9) 39 (29.5) 0.163

Diabetes mellitus 3 (6.8) 16 (12.1) 0.411
Dyslipidemia 26 (59.1) 11 (8.3) <0.001
Obesity 21 (47.7) 42 (32.3) 0.066
Current smoking 17 (38.6) 11 (8.3) <0.001

APS criteria manifestations
Thrombotic 43 (97.7) - -
Arterial 21 (47.7) - -
Stroke 13 (29.5) 0 (0) <0.001
Venous 25 (56.8) - -
Obstetric 18 (40.9) - -
aPL profile
Single positivity 11 (25.0) - -
Double positivity 13 (29.5) - -
Triple positivity 20 (45.5)

APS treatment
VKA 39 (88.6) - -
LMWH 3 (6.8) - -
LDA 8 (18.2) -
Hydroxychloroquine 17 (38.6) -

Results are expressed in mean ± standard deviation, median (minimum and
maximum values), and n (%).
PAPS—primary antiphospholipid syndrome; aPL—antiphospholipid anti-
body; VKA—vitamin K antagonist; LMWH—low-molecular-weight hep-
arin; LDA—low dose aspirin.

Signorelli et al. 5
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Figure 1. Flowchart of patients and controls submitted to Sinovac-CoronaVac vaccination.

Table 2. Seroconversion rates and anti-SARS-CoV-2 S1/S2 IgG titers before and after CoronaVac in näive-PAPS and controls.

Seroconversion (SC) Geometric mean titer (GMT) Factor increase in GMT

D28 D69 D0 D28 D69 D28 D69

PAPS, n=31 8 (25.8) 26 (83.9) 2.4 (2.0–2.7) 7.7 (5.1–11.6)a 50.2 (34.5–73.2)a,b 3.3 (2.2–4.9) 21.4 (14.5–31.6)
Controls, n=108 33 (30.6) 101 (93.5) 2.3 (2.1–2.6) 9.8 (7.6–12.6)c 61.7 (52.8–72.3)c,d 4.2 (3.4–5.1) 26.5 (22.3–31.4)
p-Value (PAPS vs CG) 0.609 0.092 0.936 0.359 0.249 0.600 0.586

PAPS—Primary antiphospholipid syndrome; CG—control group; SC—Seroconversion (defined as post-vaccination titer >15 AU/mL—Indirect ELISA,
LIAISON® SARS-CoV-2 S1/S2 IgG, DiaSorin, Italy); GMT—Geometric mean titers (AU/mL).
Frequencies of SC are presented as number (%) and they were compared using chi-square between PAPS patients and CG at pre-specified time points
(D28 and D69). IgG antibody titers and FI-GMT are expressed as geometric means with 95% confidence interval (95%CI). Comparisons of ln-transformed
anti-S1/S2 IgG titers between PAPS and CG were performed using generalized estimating equations (GEE) with normal marginal distribution and gamma
distribution, respectively. Results were followed by Bonferroni multiple comparisons to identify differences between groups and time points.
ap<0.001 for longitudinal comparisons of GMT in PAPS patients at D28 and D69 vs. baseline.
bp<0.001 for longitudinal comparison of GMT in PAPS patients at D69 vs. D28.
cp<0.001 for longitudinal comparison of GMT in control at D28 and D69 vs. baseline.
dp<0.001 for longitudinal comparison of GMT in control at D69 vs. D28.
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good safety profile, with no severe AE or underlying disease
flare.30,31 However, lower antibody titers compared to
controls were observed, which may impact protection
against the virus.32-33 In line with these findings, our recent

study revealed a moderate, but reduced SC rate with
Sinovac-CoronaVac in 910 adults with naı̈ve ARD (vs. 182
naı̈ve volunteers in CG). Immunosuppressive drugs and
prednisone were identified as factors associated with

Table 3. Frequency of neutralizing antibodies and neutralizing activity (%) after CoronaVac in näive-PAPS compared to controls.

After vaccine 1st dose After vaccine 2nd dose

Subjects with positive
NAb, n (%)

Neutralizing activity (%)
median (interquartile range)

Subjects with
positive NAb, n (%)

Neutralizing activity (%)
median (interquartile range)

PAPS, n=31 5 (16.1)a 38.1 (32–55.5) 24 (77.4) 64.3 (49.0–77.0)
Controls, n=108 38 (35.2) 43.7 (34.2–66.4) 85 (78.7) 60.9 (45.6–81.3)
p-Value (PAPS vs CG) p =0.043 p=0.275 p=0.440 p=0.689

Results are expressed in median (interquartile range) and n (%).
Nab—neutralizing antibodies; PAPS—primary antiphospholipid syndrome; CG—control group.
Positivity for Nab defined as a neutralizing activity ≥30% (cPass sVNT Kit, GenScript, Piscataway, USA).
ap <0.05 in comparison to controls.

Figure 2. Antiphospholipid antibody titers evaluation in näive primary antiphospholipid patients before (baseline—D0) and after
Sinovac-CoronaVac vaccination (first dose—D28 and second dose—D69). (a) Anticardiolipin antibody IgM (aCL, titers in MPL), (b)
anticardiolipin antibody IgG (aCL, titers in GPL), (c) anti-beta-2 glycoprotein I IgM (aβ2GPI, titers in UI/mL), and (d) anti-beta-2
glycoprotein I IgG (aβ2GPI, titers in UI/mL).

Signorelli et al. 7
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diminished immunogenicity evaluating the entire group of
ARD patients.23

However, PAPS patients may have some distinct clinical
and immunological features 34 compared to other ARDs. A
previous study published by our group evaluating the re-
sponse to the H1N1 vaccine in 1668 ARD patients dem-
onstrated that PAPS patients presented higher rates of SC
than several other ARDs.35 The present study with Sinovac-
CoronaVac vaccine showed that PAPS patients had a high
SC and high NAb positivity, comparable to the CG. The
most likely explanation is the fact that the cornerstone of
treatment in this syndrome is lifelong anticoagulation and

not immunosuppressive therapy.36 The accuracy of this data
was improved by the fact that both groups were balanced by
age and sex, one of the most important parameters to in-
fluence vaccine response.37 In addition, the impact of
previous exposure in vaccine response was excluded, since
only naı̈ve-PAPS patients were evaluated for immunoge-
nicity. In fact, previous studies have demonstrated that
vaccine-induced antibody response is greatly enhanced in
pre-exposed individuals.38-39

The safety profile of inactivated COVID-19 vaccines has
been tested and confirmed by mass immunization programs;
those vaccines are highly relevant for the population

Table 4. Adverse events of CoronaVac vaccination in primary antiphospholipid syndrome patients and controls.

After vaccine 1st dose After vaccine 2nd dose

PAPS (n=44) Controls (n=132) p-Value PAPS (n=44) Controls (n=132) p-Value

No symptoms 26 (59.1) 81 (61.4) 0.789 25 (59.5) 86 (66.7) 0.400
Local reactions (at the injection site) 14 (31.8) 27 (20.5) 0.123 8 (19.0) 26 (20.2) 0.876
Pain 12 (27.3) 22 (16.7) 0.123 6 (14.3) 25 (19.4) 0.457
Erythema 5 (11.4) 1 (0.8) 0.004 2 (4.8) 1 (0.8) 0.150
Swelling 2 (4.5) 5 (3.8) >0.999 3 (7.1) 8 (6.2) 0.732
Bruise 6 (13.6) 4 (3.0) 0.017 0 (0) 1 (0.8) >0.999
Pruritus 2 (4.5) 1 (0.8) 0.155 2 (4.8) 6 (4.7) >0.999
Induration 4 (9.1) 6 (4.5) 0.270 2 (4.8) 9 (7.0) >0.999
Systemic reactions 16 (36.4) 39 (29.5) 0.398 15 (35.7) 37 (28.7) 0.390
Fever 2 (4.5) 2 (1.5) 0.260 2 (4.8) 3 (2.3) 0.597
Malaise 6 (13.6) 5 (3.8) 0.019 3 (7.1) 13 (10.1) 0.764
Somnolence 6 (13.6) 10 (7.6) 0.226 1 (2.4) 9 (7.0) 0.454
Lack of appetite 2 (4.5) 4 (3.0) 0.641 1 (2.4) 6 (4.7) >0.999
Nausea 6 (13.6) 1 (0.8) 0.001 3 (7.1) 9 (7.0) >0.999
Vomit 1 (2.3) 1 (0.8) 0.439 0 (0) 1 (0.8) >0.999
Diarrhea 4 (9.1) 7 (5.3) 0.471 3 (7.1) 7 (5.4) 0.709
Abdominal pain 3 (6.8) 6 (4.5) 0.693 3 (7.1) 7 (5.4) 0.709
Vertigo 5 (11.4) 3 (2.3) 0.024 2 (4.8) 6 (4.7) >0.999
Tremor 3 (6.8) 0 (0) 0.015 1 (2.4) 2 (1.6) 0.573
Headache 6 (13.6) 16 (12.1) 0.792 8 (19.0) 23 (17.8) 0.859
Fatigue 8 (18.2) 5 (3.8) 0.002 5 (11.9) 14 (10.9) 0.851
Sweating 4 (9.1) 2 (1.5) 0.035 3 (7.1) 3 (2.3) 0.159
Myalgia 4 (9.1) 3 (2.3) 0.067 6 (14.3) 14 (10.9) 0.548
Muscle weakness 5 (11.4) 4 (3.0) 0.044 5 (11.9) 10 (7.8) 0.409
Arthralgia 6 (13.6) 5 (3.8) 0.019 4 (9.5) 9 (7.0) 0.737
Back pain 7 (15.9) 7 (5.3) 0.024 3 (7.1) 16 (12.4) 0.413
Cough 4 (9.1) 4 (3.0) 0.109 0 (0) 6 (4.7) 0.338
Sneezing 4 (9.1) 6 (4.5) 0.270 5 (11.9) 11 (8.5) 0.514
Coryza 3 (6.8) 11 (8.3) >0.999 5 (11.9) 16 (12.4) 0.932
Stuffy nose 6 (13.6) 6 (4.5) 0.038 2 (4.8) 12 (9.3) 0.522
Sore throat 0 (0) 5 (3.8) 0.333 2 (4.8) 7 (5.4) >0.999
Shortness of breath 2 (4.5) 4 (3.0) 0.641 0 (0) 4 (3.1) 0.573
Conjunctivitis 0 (0) 0 (0) - 0 (0) 1 (0.8) >0.999
Pruritus 2 (4.5) 0 (0) 0.061 2 (4.8) 2 (1.6) 0.253
Skin rash 1 (2.3) 2 (1.5) >0.999 0 (0) 1 (0.8) >0.999

Results are presented in n (%). PAPS—primary antiphospholipid syndrome.
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evaluated in the present study.40 Our PAPS patients had
more minor adverse effects compared to controls. Perhaps
the awareness of having a thrombophilia might have alerted
them to report any symptom after the first dose. The oc-
currence of more bruises was expected because of
anticoagulation.

Even though the thrombotic risk assessed with aGAPSS
in our PAPS patients was very high, no thrombotic event
was recorded during our study.41 In addition, these pa-
tients have a high frequency of comorbidities associ-
ated with endothelial dysfunction, such as hypertension,
obesity, and dyslipidemia, which may also favor clot
events.42-44 Despite the very small sample size, it is re-
assuring that no cases of venous and arterial thromboses
were observed in this high-risk population, after 6 months of
follow-up.

Supporting this notion, aPL titers were comparable
before and after complete vaccination, an encouraging
finding since aPL has an important role in the PAPS
thrombogenesis.10 Consistent with this observation, we
have not detected a significant production of aPL-related
antibodies nor thrombotic events after the pandemic in-
fluenza immunization in PAPS patients.45 Furthermore, a
larger Chinese study with 406 healthy-workers immunized
with inactivated SARS-CoV-2 vaccine (BBIBPCorV, Si-
nopharm, Beijing, China) also found no significant differ-
ence in aPLmeasurement in serial blood samples before and
4 weeks after the second dose.46

Our study has some limitations. The routine blood
collection used to perform immunogenicity assays of
SARS-CoV-2 could not be extrapolated to LA functional
assays, a known high-risk parameter for thrombosis in
PAPS and perhaps also for COVID-19 infection.47 Another
flaw in our study was the small convenience sample size but
very much related to the general prevalence of this disease
in the population, which is approximately 50 per 100,000
population,48 with numbers being even lower when con-
sidering only PAPS.

In conclusion, Sinovac-CoronaVac vaccine was highly
immunogenic, demonstrated a good safety profile, and did
not trigger short- and medium-term thrombosis or pro-
duction of aPL in naı̈ve-PAPS patients. Our findings support
the recommendation of SARS-CoV-2 vaccination for PAPS
patients.

Acknowledgments

We thank the contribution of the Central Laboratory Division,
Registry Division, Security Division, IT Division, Superinten-
dency, Pharmacy Division, and Vaccination Center (CRIE) for
their technical support. We also thank the volunteers for partici-
pating in the three in-person visits of the protocol, handling the
biological material and those responsible for the follow-up of all
participants.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with re-
spect to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
work was supported by Fundação de Amparo à Pesquisa do Estado
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4.2. CoronaVac is safe for cancer patients, Hong Kong study shows

A study carried out in Hong 
Kong with 74,000 patients with 
cancer or with a history of the 
disease once again showed that 
CoronaVac is a safe vaccine for this 
population, with the lowest rate 
of adverse reactions compared 
to messenger RNA vaccines. The 
paper was published in the Journal 
of Hematology & Oncology and 
conducted by researchers at the 
School of Medicine of the University 
of Hong Kong. 

We selected 74,878 individuals who 
had already been diagnosed with 
cancer, divided into two groups: 
patients with active cancer (25,789 
or 34% of the total) and people with 
a history of cancer (49,089 or 66%). 
Volunteers received two doses 
of CoronaVac or Pfizer and the 
results were compared to those of 
unvaccinated patients. 

Those who took CoronaVac had 
the lowest incidence of adverse 
reactions recorded in the entire 
trial. In patients with active cancer, 
the incidence of daily adverse 
events was 0.13 per 10,000 people 
vaccinated with CoronaVac, 
and 0.31 in those who received a 
vaccine produced with messenger 
RNA technology. Among the 
unvaccinated, the incidence was 
higher, at 1.02.

Among people with a history of 
cancer, the occurrence of daily 
adverse effects from CoronaVac was 
0.42 per 10,000 people, while that of 
the messenger RNA vaccine was 0.55. 
In the group that did not receive any 
immunization, the rate was 0.93. 

The researchers concluded that 
none of the vaccines increases 

the frequency of adverse events in 
patients with cancer or with a history 
of the disease – on the contrary, 
those who are not vaccinated are 
more at risk of suffering from these 
events. During the study period 
in September 2021, the overall 
vaccination rate against Covid-19 
in Hong Kong reached 58.8%, but 
only 30.2% of cancer patients had 
been vaccinated.

“The findings of this study can 
reassure clinicians and patients 
with cancer about the overall safety 
of BNT162b2 and CoronaVac in 
patients with cancer, which could 
increase the COVID-19 vaccination 
rate in this vulnerable group of 
patients”, the scientists point out.

Adverse Event of 
Special Interest

During the pandemic, the World 
Health Organization (WHO) 
defined that, in the case of Covid-
19 immunization campaigns, an 
adverse event of special interest 
(AESI) is a specific clinically significant 
event associated with a vaccine, the 
effects of which need to be carefully 
monitored and evaluated. 

According to the WHO, conditions 
commonly identified as AESI include 
Guillain-Barré syndrome, acute 
encephalomyelitis, anaphylaxis, 
serious events potentially related 
to new vaccines and adjuvants, as 
well as any disease whose increased 
severity is associated with the 
immunizing agent, such as cancer.

Published on: 05/19/2022
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Safety of two-dose COVID-19 vaccination 
(BNT162b2 and CoronaVac) in adults 
with cancer: a territory-wide cohort study
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Abstract 

Background: The World Health Organization has defined a list of adverse events of special interest (AESI) for safety 
surveillance of vaccines. AESI have not been adequately assessed following COVID-19 vaccination in patients with 
cancer contributing to vaccine hesitancy in this population. We aimed to evaluate the association between BNT162b2 
and CoronaVac vaccines and the risk of AESI in adults with active cancer or a history of cancer.

Patients and methods: We conducted a territory-wide cohort study using electronic health records managed by 
the Hong Kong Hospital Authority and vaccination records provided by the Department of Health. Patients with a 
cancer diagnosis between January 1, 2018, and September 30, 2021, were included and stratified into two cohorts: 
active cancer and history of cancer. Within each cohort, patients who received two doses of BNT162b2 or CoronaVac 
were 1:1 matched to unvaccinated patients using the propensity score. Cox proportional hazards regression was used 
to estimate hazard ratios (HR) and 95% confidence intervals (CIs) for AESI 28 days after the second vaccine dose.

Results: A total of 74,878 patients with cancer were included (vaccinated: 25,789 [34%]; unvaccinated: 49,089 [66%]). 
Among patients with active cancer, the incidence of AESI was 0.31 and 1.02 per 10,000 person-days with BNT162b2 
versus unvaccinated patients and 0.13 and 0.88 per 10,000 person-days with CoronaVac versus unvaccinated patients. 
Among patients with history of cancer, the incidence was 0.55 and 0.89 per 10,000 person-days with BNT162b2 
versus unvaccinated patients and 0.42 and 0.93 per 10,000 person-days with CoronaVac versus unvaccinated patients. 
Neither vaccine was associated with a higher risk of AESI for patients with active cancer (BNT162b2: HR 0.30, 95% CI 
0.08–1.09; CoronaVac: 0.14, 95% CI 0.02–1.18) or patients with history of cancer (BNT162b2: 0.62, 95% CI 0.30–1.28; 
CoronaVac: 0.45, 95% CI 0.21–1.00).

Conclusions: In this territory-wide cohort study of patients with cancer, the incidence of AESI following vaccination 
with two doses of either BNT162b2 or CoronaVac vaccines was low. The findings of this study can reassure clinicians 
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Introduction
Public health agencies recommend that patients with 
cancer should be prioritized for COVID-19 vaccina-
tion [1–3]. Currently, the safety of COVID-19 vaccines 
remains a concern, especially among the elderly and 
immunocompromised patients such as patients with 
cancer [4]. This has led to lower rates of vaccine uptake 
in patients with cancer in some regions including Hong 
Kong [5–7]. However, the available observational studies 
of BNT162b2 (mRNA, Pfizer-BioNTech) and CoronaVac 
(inactivated, Sinovac) vaccines in patients with cancer 
have only assessed common adverse events, for exam-
ple headache and fever; have small sample sizes and are 
therefore unable to detect uncommon or rare adverse 
events of special interest (AESI); and do not have suit-
able between-individual comparisons, since they either 
have no comparator group or use a comparator group of 
healthy adults without cancer [8–15]. Furthermore, most 
patients with cancer were excluded from pivotal clini-
cal trials of BNT162b2 and CoronaVac as their cancer 
treatments may suppress or impair the immune system 
[16–18]. Our study aimed to describe and assess the risk 
of AESI, as defined by the World Health Organization, 
among patients with active cancer and a history of cancer 
who received vaccination with BNT162b2 or CoronaVac.

Methods
Data sources
This study used electronic health records provided by 
the Hospital Authority and linked vaccination records 
provided by the Department of Health in Hong Kong. 
The linked records have been previously used to evalu-
ate the safety of COVID-19 vaccines [19–23]. Diagnosis 
records were identified using the International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification 
(ICD-9-CM) diagnosis codes (Additional file 1: Table S1), 
and prescription records were identified using Brit-
ish National Formulary (BNF) codes (Additional file  1: 
Table S2).

Study population
Patients with a cancer diagnosis record between January 
1, 2018, and September 30, 2021, were identified. Since 
patients with cancer have a weaker immune response 
after COVID-19 vaccination, AESI outcomes were only 
evaluated following the second dose of the vaccine [24]. 
The index date was defined as the date of the second 

vaccine dose for patients who were vaccinated with either 
BNT162b2 or CoronaVac. For unvaccinated patients, 
the pseudo index date was selected from a correspond-
ing vaccine recipient matched on age and sex. Patients 
younger than 18 years, hospitalized within 30 days before 
vaccination, or diagnosed with cancer on or after the first 
dose of vaccination were excluded. Patients who received 
only the first dose of the vaccine were also excluded. The 
study population was stratified into two mutually exclu-
sive cohorts: patients with active cancer and patients 
with a history of cancer (Fig.  1). Active cancer patients 
were defined as those who had undergone any active can-
cer treatment or had a diagnosis of metastasis in the last 
6 months before their first vaccine dose [25]. The remain-
ing patients were considered as the history of cancer 
cohort.

Outcomes
The primary outcome of interest in this study was the 
incidence of 28-day AESI, defined by the World Health 
Organization as a list of important vaccine safety sur-
veillance events. The list includes conditions such as 
acute respiratory distress syndrome, acute kidney injury, 
myocarditis, and thrombocytopenia (Additional file  1: 
Table  S1) [26]. The secondary outcome was 28-day all-
cause mortality. Patients were followed from the index 
date until a diagnosis of the outcome, death, 28 days after 
the index date, or the end of study period (September 30, 
2021), whichever occurred first.

Statistical analysis
Baseline patient characteristics were presented as means 
(standard deviation) for continuous variables and fre-
quencies (percentages) for categorical variables. To 
reduce confounding arising from differences in baseline 
characteristics between vaccinated and unvaccinated 
patients, propensity score (PS) matching was performed 
for each type of vaccine (both in active cancer and in 
history of cancer cohorts). Confounders included in 
the PS estimation included age, sex, smoking, obesity, 
index date, history of COVID-19 (history of positive 
PCR test), latest levels of white blood cells and neutro-
phils before vaccination, hospitalization, accident and 
emergency attendance, cancer type and site, comorbidi-
ties, and concomitant medication use (Additional file 1: 
Tables S3, S4). Patients who received BNT162b2 vac-
cine and unvaccinated patients were matched on a 1:1 

and patients with cancer about the overall safety of BNT162b2 and CoronaVac in patients with cancer, which could 
increase the COVID-19 vaccination rate in this vulnerable group of patients.

Keywords: COVID-19, Vaccine, Safety, Adverse events of special interest (AESI), BNT162b2, CoronaVac, Cancer
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ratio using nearest neighbor algorithm with a caliper of 
0.01. The same matching procedure was performed for 
patients who received the CoronaVac vaccine. A stand-
ardized mean difference (SMD) of < 0.1 was considered 
acceptable.

The association of AESI with either BNT162b2 or 
CoronaVac vaccine among patients with cancer was esti-
mated using Cox proportional hazards regression. The 
results were reported as hazard ratios (HR) with 95% 
confidence intervals (CIs). Subgroup analyses were per-
formed on different age-groups, sex, and cancer types. 
Individuals who experienced severe adverse effects after 
the first dose would less likely accept the second dose, 
which could potentially introduce bias in the current 
two-dose analysis. Hence, a post hoc analysis was con-
ducted to compare the cumulative incidence rate of AESI 
between patients who received one dose only and unvac-
cinated patients; chi-square test with a significance level 
of 0.05 was reported.

R version 4.0.3 (R Foundation for Statistical Comput-
ing, Vienna, Austria) was used for all statistical analyses. 
The analyses were conducted by WK and cross-checked 
independently by JJPS and XY for quality assurance.

Results
We identified 90,822 patients with a cancer diagnosis 
between January 1, 2018, and September 30, 2021. After 
applying the exclusion criteria, 74,878 patients (25,789 

active cancer cohort and 49,089 history of cancer cohort) 
were included (Fig.  1). After 1:1 PS matching, 15,054 
patients with active cancer (4175 BNT162b2; 3352 Coro-
naVac; 7527 unvaccinated) and 35,870 patients with a his-
tory of cancer (9006 BNT162b2; 8929 CoronaVac; 17,935 
unvaccinated) were included (Additional file 1: Tables S3, 
S4). All SMDs of the variables were < 0.1.

In the active cancer cohort, the incidence of AESI was 
0.31 and 1.02 per 10,000 person-days for patients receiv-
ing BNT162b2 and matched unvaccinated patients, 
respectively; 0.13 and 0.88 per 10,000 person-days for 
patients receiving CoronaVac vaccine and matched 
unvaccinated patients, respectively (Table  1, Additional 
file 1: Table S5). In patients with a history of cancer, the 
incidence of AESI was 0.55 and 0.89 per 10,000 person-
days for those who received BNT162b2 and matched 
unvaccinated patients, respectively; 0.42 and 0.93 per 
10,000 person-days for patients who received CoronaVac 
and matched unvaccinated patients, respectively.

Patients who received BNT162b2 or CoronaVac were 
not at a higher risk of AESI compared to unvaccinated 
patients in the active cancer cohort [BNT162b2 HR: 0.30 
(95% CI 0.08–1.09); CoronaVac HR: 0.14 (95% CI 0.02–
1.18)]. Similarly, patients who received BNT162b2 or 
CoronaVac were not at a higher risk of AESI compared 
to unvaccinated patients in the history of cancer cohort 
[BNT162b2 HR: 0.62 (95% CI 0.30–1.28), CoronaVac 
HR: 0.45 (95% CI 0.21–1.00)] (Table  1). Results were 

Fig. 1 Patient selection flowchart
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consistent in all subgroup analyses; vaccinated patients 
had no increased risk of AESI compared to unvaccinated 
patients.

Among patients with active cancer, there were two 
deaths in the BNT162b2 group versus 22 among matched 
unvaccinated patients; and no deaths in the CoronaVac 
group versus 12 among matched unvaccinated patients. 
Among patients with a history of cancer, there was one 
death in the BNT162b2 group versus 13 among matched 
unvaccinated patients, and 2 deaths in the CoronaVac 
group versus 17 among matched unvaccinated patients 
(Additional file 1: Table S5). In the post hoc analysis, the 
cumulative incidence rate of AESI was not significantly 
different between patients who received one dose only, 
compared to unvaccinated patients (0.5% one-dose only 
and 0.4% unvaccinated, χ2 = 0.63, p = 0.43; Additional 
file 1: Table S6).

Discussion
The low rate of COVID-19 vaccine uptake in our study 
appears to reflect safety concerns among patients with 
cancer in Hong Kong. On September 30, 2021, our data 

showed that the overall vaccination rate in Hong Kong 
was 58.8%, while among patients with cancer it was only 
30.2%. Our study provides reassurance that patients with 
cancer are not at an increased risk of AESI or death fol-
lowing two doses of either BNT162b2 or CoronaVac.

Several small observational studies have evaluated the 
safety of BNT162b2 or CoronaVac vaccines in patients 
with cancer [8–15]. All of those studies evaluated 
short-term common adverse events, including pain and 
swelling at the injection site, headache, fever, and diar-
rhea. However, no previous study examined AESI as an 
outcome and none included both patients with active 
cancer and patients with a history of cancer. To date, 
the largest study included 816 patients with active can-
cer and 274 healthcare workers from a single institution 
in Italy [9]. However, the comparator group comprised 
healthy individuals with no cancer diagnosis.

To our knowledge, this is the first study to report 
on all AESI and to evaluate the association between 
BNT162b2 and CoronaVac and the risk of AESI among 
patients with active cancer or history of cancer. Our 
study is also the first and largest territory-wide cohort 

Table 1 Risk of 28-day post-vaccination AESI in vaccinated and unvaccinated patients with cancer after propensity score matching

AESI: adverse events of special interest
a Hazard ratios are not shown if total events are less than 5 in each subgroup

Cohorts BNT162b2 CoronaVac

Events/follow-up time 
(person-days)/incidence (per 
10,000 person-days)

Hazard  ratioa

(95% CI)
P value Events/follow-up time 

(person-days)/incidence (per 
10,000 person-days)

Hazard ratio
(95% CI)

P value

Unvaccinated
(N = 4175)

Vaccinated
(N = 4175)

Unvaccinated
(N = 3352)

Vaccinated
(N = 3352)

Active cancer

All 10/97586/1.02 3/97588/0.31 0.30 (0.08–1.09) 0.07 7/79150/0.88 1/78204/0.13 0.14 (0.02–1.18) 0.07

 Male 7/24853/2.82 1/23796/0.42 0.15 (0.02–1.22) 0.08 3/23137/1.30 1/22894/0.44 – –

 Female 3/72733/0.41 2/73792/0.27 0.65 (0.11–3.92) 0.64 4/56013/0.71 0/55310/0 – –

 Age < 60 years 1/50970/0.20 2/51891/0.39 – – 1/33853/0.30 1/33410/0.30 – –

 Age ≥ 60 year 9/46616/1.93 1/45697/0.22 0.11 (0.01–0.90)  < 0.05 6/45297/1.32 0/44794/0 – –

 Solid tumor 8/90350/0.89 3/90634/0.33 0.37 (0.10–1.41) 0.15 7/75622/0.93 1/74229/0.13 0.15 (0.02–1.19) 0.07

 Hematological malig-
nancy

2/7236/2.76 0/6954/0 – – 0/3528/0 0/3975/0 – –

Unvaccinated
(N = 9006)

Vaccinated
(N = 9006)

Unvaccinated
(N = 8929)

Vaccinated
(N = 8929)

History of cancer

All 19/213182/0.89 12/216640/0.55 0.62 (0.30–1.28) 0.20 20/214652/0.93 9/213033/0.42 0.45 (0.21–1.00)  < 0.05

 Male 13/94638/1.37 4/96765/0.41 0.30 (0.10–0.92)  < 0.05 14/107447/1.30 8/106183/0.75 0.58 (0.24–1.38) 0.22

 Female 6/118544/0.51 8/119875/0.67 1.32 (0.46–3.81) 0.61 6/107205/0.56 1/106850/0.09 0.17 (0.02–1.39) 0.10

 Age < 60 years 7/99158/0.71 4/99283/0.40 0.57 (0.17–1.96) 0.37 5/77057/0.65 0/74134/0 – –

 Age ≥ 60 years 12/114024/1.05 8/117357/0.68 0.65 (0.27–1.60) 0.35 15/137595/1.09 9/138899/0.65 0.59 (0.26–1.36) 0.22

 Solid tumor 18/197988/0.91 10/202083/0.49 0.55 (0.25–1.18) 0.12 19/203168/0.94 8/201881/0.40 0.42 (0.19–0.97)  < 0.05

 Hematological malig-
nancy

1/15194/0.66 2/14557/1.37 – – 1/11484/0.87 1/11152/0.90 – –
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study that reports on 25,789 patients vaccinated with 
either BNT162b2 or CoronaVac. Furthermore, our 
study provides reassuring safety data on these two vac-
cines in a predominantly Asian population.

This study has several limitations. Firstly, patients 
in relatively better health or with better prognosis 
are more likely to get vaccinated, which may lead to a 
healthy user bias. Therefore, PS matching was used 
to minimize baseline confounding. Secondly, most 
AESI that were examined tend to be severe and rela-
tively rare (< 1/1000 person-years) [27]. As a result, we 
would have been unable to detect a small increase in 
AESI risk. Nevertheless, the findings are still reassur-
ing since the number of AESI events was small. Finally, 
since patients who only received the first dose of the 
vaccine were excluded, this could bias the current two-
dose analysis. Nevertheless, our post hoc analysis did 
not show any significant difference in the cumulative 
incidence rate of AESI between patients receiving one 
dose only compared to unvaccinated patients; hence, 
this is unlikely to bias our findings [28, 29]. Future stud-
ies with a longer follow-up period are needed to further 
inform about potential longer-term risks.

Conclusion
In Hong Kong, the vaccination rate among patients with 
cancer is relatively low. In the present study, there was 
no increased risk of AESI following two doses of either 
BNT162b2 or CoronaVac vaccines among patients 
with active cancer or a history of cancer. The findings 
of this study can reassure clinicians and patients about 
the overall short-term safety of BNT162b2 and Coro-
naVac in patients with cancer, which could increase the 
COVID-19 vaccination rate in this vulnerable group of 
patients.
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4.3. Third dose of CoronaVac promotes robust immune  
response in patients with rheumatic diseases

The third dose of CoronaVac, a 
vaccine from Butantan and Chinese 
pharmaceutical company Sinovac, 
induces a high immune response 
against Covid-19 in patients with 
autoimmune rheumatic diseases, 
with antibody production in more 
than 90% of individuals. This is the 
main finding of a study carried out 
at the Hospital das Clínicas, School 
of Medicine of the University of São 
Paulo, published in the Annals of the 
Rheumatic Diseases of the British 
Medical Journal.

The scientists included 597 adult 
patients with autoimmune rheumatic 
diseases in the study, as well as a 
control group of 199 healthy people, 
with comparable mean age and 
gender distribution in both groups. 
All participants had been vaccinated 
with two doses of CoronaVac and 
received the third dose six months 
after the second. Patients with 
controlled disease discontinued 
immunosuppressive medications 
during the vaccination period.

Among patients, the seroconversion 
rate of IgG antibodies against SARS-
CoV-2 increased significantly with 
the third dose, from 60% to 93% one 
month after application. Likewise, 
the positivity of neutralizing 
antibodies increased from 38% 
before the third dose to 81.4% after 
30 days of the booster dose. The 
same pattern was observed for the 
control group.

The third dose of CoronaVac also 
boosted the immune response of 
patients who were not producing 

antibodies six months after the 
second dose. With the booster, 
seroconversion reached 80.5% 
for IgG antibodies and 59.1% for 
neutralizing antibodies.

Importantly, the drop in 
seroconversion six months after 
the second dose has already been 
proven by science in all Covid-
19 vaccines currently in use, and 
is related to the dynamics of the 
SARS-CoV-2 virus, not the efficacy 
of the immunizing agents.

Additional analyses revealed 
that factors such as advanced 
age, vasculitis, and use of 
prednisone (corticosteroid) 
and mycophenolate mofetil (to 
prevent transplant rejection) were 
associated with reduced IgG 
antibody positivity. In addition, 
the use of prednisone, abatacept, 
belimumab and rituximab were 
related to lower production of 
neutralizing antibodies.

According to the researchers, the 
study reinforces the importance 
of the third dose for people 
with autoimmune rheumatic 
diseases. “This study provides 
novel evidence of a substantial 
increase in immune response with 
an additional dose administered 
6 months after two doses of SARS-
CoV-2 inactivated vaccine, in 
a large prospective controlled 
cohort of patients with ARD.” 

Published on: 03/11/2022
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ABSTRACT
Objective To determine the immunogenicity of the 
third dose of CoronaVac vaccine in a large population of 
patients with autoimmune rheumatic diseases (ARD) and 
the factors associated with impaired response.
Methods Adult patients with ARD and age- balanced/
sex- balanced controls (control group, CG) previously 
vaccinated with two doses of CoronaVac received the 
third dose at D210 (6 months after the second dose). The 
presence of anti- SARS- CoV- 2 S1/S2 IgG and neutralising 
antibodies (NAb) was evaluated previously to vaccination 
(D210) and 30 days later (D240). Patients with controlled 
disease suspended mycophenolate mofetil (MMF) for 
7 days or methotrexate (MTX) for 2 weekly doses after 
vaccination.
Results ARD (n=597) and CG (n=199) had comparable 
age (p=0.943). Anti- S1/S2 IgG seropositivity rates 
significantly increased from D210 (60%) to D240 (93%) 
(p<0.0001) in patients with ARD. NAb positivity also 
increased: 38% (D210) vs 81.4% (D240) (p<0.0001). 
The same pattern was observed for CG, with significantly 
higher frequencies for both parameters at D240 
(p<0.05). Multivariate logistic regression analyses in the 
ARD group revealed that older age (OR=0.98, 95% CI 
0.96 to 1.0, p=0.024), vasculitis diagnosis (OR=0.24, 
95% CI 0.11 to 0.53, p<0.001), prednisone ≥5 mg/
day (OR=0.46, 95% CI 0.27 to 0.77, p=0.003), MMF 
(OR=0.30, 95% CI 0.15 to 0.61, p<0.001) and biologics 
(OR=0.27, 95% CI 0.16 to 0.46, p<0.001) were 
associated with reduced anti- S1/S2 IgG positivity. Similar 
analyses demonstrated that prednisone ≥5 mg/day 
(OR=0.63, 95% CI 0.44 to 0.90, p=0.011), abatacept 
(OR=0.39, 95% CI 0.20 to 0.74, p=0.004), belimumab 

Key messages

What is already known about this subject?
 ► The waning of immunity elicited by vaccines 
was reported to be associated with 
breakthrough cases in different countries, driven 
predominantly by the Delta variant and now the 
threat of Omicron variant of SARS- CoV- 2.

 ► Patients with autoimmune rheumatic diseases 
(ARD) are at high risk of severe COVID- 19 and 
are known to have reduced primary vaccination 
response.

 ► There is evidence on the efficacy of a third dose 
in increasing humoral response and protective 
effect in the general population.

What does this study add?
 ► The third dose of COVID- 19 vaccine results 
in a robust immunogenicity response for 
patients with ARD overall and for those who 
were COVID- 19 seronegative at 6 months post 
primary full vaccination.

How might this impact on clinical practice or 
future developments?

 ► The third dose of anti- SARS- CoV- 2 vaccine 
should be strongly recommended for patients 
with ARD 6 months after primary vaccination 
as an excellent strategy to improve waning of 
vaccine- induced COVID- 19 immunogenicity over 
time.
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(OR=0.29, 95% CI 0.13 to 0.67, p=0.004) and rituximab (OR=0.11, 
95% CI 0.04 to 0.30, p<0.001) were negatively associated with NAb 
positivity. Further evaluation of COVID- 19 seronegative ARD at D210 
demonstrated prominent increases in positivity rates at D240 for 
anti- S1/S2 IgG (80.5%) and NAb (59.1%) (p<0.0001).
Conclusions We provide novel data on a robust response to the 
third dose of CoronaVac in patients with ARD, even in those with 
prevaccination COVID- 19 seronegative status. Drugs implicated in 
reducing immunogenicity after the regular two- dose regimen were 
associated with non- responsiveness after the third dose, except for 
MTX.
Trial registration number NCT04754698.

INTRODUCTION
The COVID- 19 pandemic is still a global problem and mass 
vaccination has been crucial for the waning of the epidemic 
worldwide. Until now, almost one- third of the Brazilian popu-
lation has been vaccinated with CoronaVac. There is real- world 
evidence on the high effectiveness of CoronaVac in reducing 
hospitalisations and deaths related to SARS- CoV- 2 infection in 
10.2 million people in Chile.1

However, even in countries with high vaccination rates, break-
through cases in both vaccinated and unvaccinated persons are 
increasingly being reported,2–4 driven predominantly by the 
SARS- CoV- 2 Delta variant5–7 and more recently by the Omicron 
variant. The Advisory Committee on Immunization Practices of 
the Centers for Disease Control and Prevention (CDC) recom-
mended a third dose of COVID- 19 vaccine to high- risk groups, 
including immunocompromised individuals, to address potential 
waning immunity against the SARS- CoV- 2 variants, with accept-
able safety profile.8–10

Immunosuppressed patients with autoimmune rheumatic 
diseases (ARD) are generally under increased risk of severe 
COVID- 19.11 12 We have previously demonstrated that two 
doses of CoronaVac elicited moderate humoral response in 
patients with naïve ARD, with a parallel major decrease in 
incident COVID- 19 cases post immunisation.10 A more robust 
response was observed in individuals with ARD pre- exposed to 
COVID- 19, with a high plateau of response after a single Coro-
naVac dose.13 Neutralising antibodies’ (NAb) response dynamics 
in patients who have recovered from COVID- 19 may vary 
greatly.14 We further demonstrated a substantial decline of anti- 
SARS- CoV- 2 antibodies in patients with ARD 6 months after a 
two- dose schedule of CoronaVac.15

There is increasing evidence on the efficacy of a third dose 
of vaccine in enhancing protective effect.16–19 However, data on 
CoronaVac are limited. A study in healthy adults demonstrated 
a strong humoral booster following an additional dose admin-
istered 8 months after the primary schedule, indicating an effi-
cient recalling of SARS- CoV- 2- specific immune memory.20 The 
efficacy of a third dose of messenger RNA (mRNA) vaccine 
was also recently reported in the general population in Israel, 
with more than 90% reduction in COVID- 19- related hospi-
talisations and deaths.21 In subjects ≥60 years, a third dose of 
BNT162b2 reduced severe infection rate by a factor of almost 
20.19 Furthermore, a third dose of the viral vector ChAdOx1 
nCoV- 19 vaccine could boost antibody and T cell responses in 
healthy volunteers.22 Among immunocompromised populations, 
a significant proportion of patients (30%–50%) with inadequate 
response to two mRNA vaccine doses seroconverted after an 
additional dose,23–30 and insufficient response was mainly associ-
ated with higher degree of immunosuppression.23 24

Regarding ARD population, there is one case series reporting 
that a third dose of mRNA vaccine induced seroconversion in 
almost 90% of 17 patients with rheumatoid arthritis with minimal 
response to primary vaccination. Most of them discontinued 
disease modifying anti- rheumatic drugs (DMARD) temporarily 
to receive the third dose17 and more data are necessary.

We therefore performed a prospective analysis of the immu-
nogenicity and safety of a third CoronaVac dose, administered 
6 months after the standard two- dose homologous schedule, in a 
large ARD population compared with an age- balanced and sex- 
balanced control group (CG). Possible factors associated with 
lack of humoral immune response after the third dose were 
secondarily assessed.

METHODS
Study design and population
We conducted a phase 4 prospective longitudinal study (Coro-
navRheum) at a large academic hospital in Sao Paulo, Brazil. All 
participants signed the written informed consent. Patients with 
ARD were diagnosed according to the international classifica-
tion criteria for each disease31–40 and were regularly followed 
at the outpatient rheumatology clinics. Subsequently, we invited 
subjects without ARD or immunosuppressive therapy as the CG. 
All subjects were ≥18 years old. CG was sex- balanced and age- 
balanced with patients with ARD (±5 years) at entry (1 control to 
3 patients). All participants had previously received two doses of 
the inactivated vaccine CoronaVac (batch #20200412; Sinovac 
Life Sciences, Beijing, China) 28 days apart (first dose (D0): 
9–17 February 2021; second dose (D28): 9–17 March 2021) and 
were recruited to receive the third dose from 13 September to 18 
September 2021 (D210: 6 months later). The electronic charts 
of all patients under mycophenolate mofetil (MMF) or metho-
trexate (MTX) were reviewed for disease activity, 10 days before 
vaccination. Those with low disease activity/inactive disease at 
last visit (up to 2 months) were interviewed at D210 by a physi-
cian to confirm clinical status and to guide medication with-
drawal after vaccination (1 week for MMF and 2 weekly doses 
for MTX). The exclusion criteria were third dose vaccination 
with any other SARS- CoV- 2 vaccine, prior anaphylactic events 
to vaccines, immunisation with live virus in the last 4 weeks or 
inactivated vaccine in the last 2 weeks, Guillain- Barré syndrome, 
decompensated heart failure, demyelinating disease, COVID- 
19- related symptoms, acute febrile illness, or hospitalisation at 
vaccination day (figure 1). All participants had their first blood 
sample collected at D210 and the second sample collected at 
D240 (1 month after the third dose; from 14 October to 4 
November 2021). Patients or the public were not involved in 
the design, or conduct, or reporting or dissemination plans of 
the study.

Primary and secondary outcomes
The primary outcome was humoral immunogenicity assessed 
by the presence of anti- SARS- CoV- 2 S1/S2 IgG at D240 in all 
participants. The secondary outcomes were factor increase (FI) 
in anti- S1/S2 geometric mean titre (GMT) from D210 to D240, 
presence of NAb, NAb activity, and the influence of demographic 
data, ARD diagnosis and current therapy on anti- SARS- CoV- 2 
seropositivity at D240.

Serological assays
Serological assay consisted of total anti- SARS- CoV- 2 S1/S2 
IgG (chemiluminescent immunoassay by indirect ELISA; ETI- 
MAX 3000 equipment, LIAISON SARS- CoV- 2 S1/S2 IgG 
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Kit, DiaSorin, Italy) and circulating NAb against SARS- CoV- 2 
using the SARS- CoV- 2 sVNT Kit (GenScript, Piscataway, New 
Jersey, USA), following the manufacturer’s instructions. Samples 
with 15.0 AU/mL or more for total IgG and with 30% or more 
inhibition in the neutralising assay were considered seropos-
itive according to the manufacturer.41 Quantitative results 
were reported, attributing the value of 1.9 AU/mL (half of the 
lower limit of quantification 3.8 AU/mL) to undetectable levels 
(<3.8 AU/mL) of IgG. NAb activity was calculated as median 
(IQR) only considering positive samples at D210 and D240.

Data and statistical analysis
Data were presented as number (percentage) for categorical vari-
ables and as mean±SD or median (IQR) for continuous vari-
ables. Comparisons were performed by χ2 or Fisher’s exact tests, 
as appropriate, for categorical variables, and by Student’s t- test 
or Mann- Whitney test for continuous variables. Seropositivity 

rates of anti- S1/S2 IgG and NAb were presented as number 
(percentage) and were compared between groups (ARD and CG) 
and between timepoints (D210 vs D240) using repeated measures 
analysis of variance with two factors followed by Bonferroni’s 
multiple comparisons in Napierian logarithm- transformed data 
for IgG. IgG titres were expressed as geometric mean with 95% 
CI. Multivariate logistic regression analyses were performed 
using as dependent variables seroconversion (SC)/NAb posi-
tivity at D240 and as independent variables those with p<0.2 
in each univariate analysis. Statistical significance was defined as 
p<0.05. Most of the statistical analyses were performed using 
Statistical Package for the Social Sciences V.20.0.

RESULTS
A total of 956 patients with ARD and 451 controls were recruited 
in this protocol. After applying the exclusion criteria and random 
sampling (3 ARD to 1 CG), the final study groups consisted of 

Figure 1 Flow chart diagram. The diagram shows the flow of eligible individuals, exclusions and analysed participants. Reasons for exclusions are 
given in the figure. D210, 6 months after second dose.
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597 patients with ARD and 199 controls who collected blood 
sample and received the third dose of CoronaVac (D210) and 
returned after 30 days for blood collection (D240) (figure 1). 
Patients with ARD and CG were comparable with regard to 
median age and female sex (p>0.05) (table 1).

As part of standard of care, based on American College of 
Rheumatology guidance for COVID- 19 vaccination,42 269 
patients under MTX and 87 patients under MMF on low disease 
activity/inactivity were instructed to withhold these drugs for 
2 weeks and 1 week, respectively.

Anti- S1/S2 IgG and NAb seropositivity rates in patients with 
ARD and in CG before (D210) and after (D240) the third dose 
of vaccine are presented in table 2. From D210 to D240, signif-
icant increase in anti- S1/S2 IgG and NAb positivity rates was 
observed for both ARD and CG (p<0.0001).

Anti- S1/S2 IgG GMT increased significantly from D210 to 
D240 in ARD (25.3 AU/mL vs 140.5 AU/mL, p<0.001) and in 
CG (47.9 AU/mL vs 253.8 AU/mL, p<0.001) (table 3). Expres-
sive increments in NAb activity were also observed after the 
third dose of vaccine for both groups (p<0.0010).

The factors associated with IgG and NAb positivity after the 
third dose of vaccine (D240) in the ARD group are presented 
in table 4. The number of patients included in table 4 (n=875) 
comprised the total number of patients with ARD who were 
initially recruited and attended all study visits (received the third 
dose of CoronaVac at D210 and returned for blood collection at 
D240), before the random sampling (3 ARD to 1 CG) for immu-
nogenicity analysis. The frequencies of patients with systemic 
vasculitis, prednisone, immunosuppressive drugs, MMF and 
biologic drug use, particularly abatacept, belimumab and ritux-
imab, were significantly lower in IgG seropositive patients 
(p<0.05). NAb- positive patients at D240 presented lower 
frequencies of female sex, rheumatoid arthritis diagnosis, pred-
nisone, immunosuppressive drugs and biologic drugs use, espe-
cially abatacept, belimumab and rituximab (p<0.05). On the 
other hand, spondyloarthritis, systemic sclerosis diagnosis and 
secukinumab use were associated with NAb positivity (p<0.05).

Multiple logistic regression analysis using IgG positivity at D240 
as the dependent variable revealed that older age (OR=0.98, 
95% CI 0.96 to 1.0, p=0.024), vasculitis (OR=0.24, 95% CI 
0.11 to 0.53, p<0.001), prednisone ≥5 mg/day (OR=0.46, 
95% CI 0.27 to 0.77, p=0.003), MMF use (OR=0.30, 95% CI 
0.15 to 0.61, p<0.001) and biologic drug use (OR=0.27, 
95% CI 0.16 to 0.46, p<0.001) were independently associated 
with anti- S1/S2 IgG response after the third dose (D240) in 
patients with ARD. For NAb analysis, multiple logistic regres-
sion revealed that prednisone ≥5 mg/day (OR=0.63, 95% CI 
0.44 to 0.90, p=0.011), abatacept (OR=0.39, 95% CI 0.20 to 
0.74, p=0.004), belimumab (OR=0.29, 95% CI 0.13 to 0.67, 

Table 1 Demographic data, clinical characteristics and treatment of 
patients with ARD and CG at D210, before the third dose of Sinovac- 
CoronaVac vaccine

ARD (n=597) CG (n=199) P value

Demographic data

  Current age, years 50 (39–58) 49 (39–58) 0.9434

  Age ≥60 years 117 (19.6) 40 (20.1) 0.918

  Age at diagnosis, years 32 (23–43) – –

  Disease duration, years 14 (8–21) – –

  Female sex 411 (68.8) 137 (68.8) >0.999

  Caucasian race 293 (49.1) 84 (42.2) 0.213

ARD

  Rheumatoid arthritis 152 (25.5) – –

  Axial spondyloarthritis 89 (14.9) – –

  Psoriatic arthritis 66 (11.1) – –

  Systemic lupus erythematosus 153 (25.6) – –

  Systemic vasculitis 35 (5.8) – –

  Idiopathic inflammatory myopathy 32 (5.4) – –

  Systemic sclerosis 21 (3.5) – –

  Primary Sjögren’s syndrome 25 (4.2) – –

  Primary antiphospholipid syndrome 23 (3.9) – –

Current therapies – –

  Hydroxychloroquine 177 (29.6) – –

  Sulfasalazine 52 (8.7) – –

  Prednisone 199 (33.3) – –

   Prednisone dose, mg/day 5 (5–10) – –

  Immunosuppressive drugs 370 (62.0) – –

   Methotrexate 172 (28.8) – –

   Leflunomide 71 (11.9) – –

   Mycophenolate mofetil 73 (12.2) – –

   Azathioprine 62 (10.4) – –

   Others* 33 (5.6) – –

  Biologic agent 197 (33.0) – –

   TNFi 87 (14.7) – –

   Secukinumab 28 (4.7) – –

   Tocilizumab 24 (4.0) – –

   Abatacept 22 (3.7) – –

   Belimumab 21 (3.5) – –

   Rituximab 12 (2.0) – –

   Ustekinumab 3 (1.0) – –

Results are expressed as median (IQR) and n (%).
Statistics: Fisher’s exact test for categorical variables and Mann- Whitney test for 
continuous variables.
*Cyclophosphamide, ciclosporin, tacrolimus or tofacitinib.
ARD, autoimmune rheumatic diseases; CG, control group; D210, 6 months after 
second dose; TNFi, tumour necrosis factor inhibitor.

Table 2 Anti- SARS- CoV- 2 S1/S2 IgG and NAb seropositivity rates at baseline (D210) and 30 days after the third dose of Sinovac- CoronaVac 
vaccine (D240) in patients with ARD and in CG

Groups

Anti- S1/S2 IgG positivity NAb positivity

D210 D240 P value D210 D240 P value

ARD (n=597) 358 (60.0) 555 (93.0) <0.0001 227 (38.0) 486 (81.4) <0.0001

CG (n=199) 153 (76.9) 199 (100) <0.0001 104 (52.3) 196 (98.5) <0.0001

P value (ARD vs CG) <0.0001 <0.0001 0.0004 <0.0001

Frequencies of subjects with positive anti- SARS- CoV- 2 S1/S2 IgG and NAb are expressed as number (%).
Positivity for anti- SARS- CoV- 2 S1/S2 IgG was defined as postvaccination titre ≥15 AU/mL by Indirect ELISA (LIAISON SARS- CoV- 2 S1/S2 IgG, DiaSorin, Italy). Positivity for NAb 
was defined as a neutralising activity ≥30% (cPass sVNT Kit, GenScript, Piscataway, USA).
Frequencies of seropositivity were compared using McNemar’s test for before and after comparisons and χ2 or Fisher’s exact tests for ARD vs CG comparisons.
p values <0.05 are highlighted in bold.
ARD, autoimmune rheumatic diseases; CG, control group; D210, 6 months after second dose; D240, 30 days after third dose; NAb, neutralising antibodies.
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p=0.004) and rituximab use (OR=0.11, 95% CI 0.04 to 0.30, 
p<0.001) were independently associated with NAb negativity 
after the third vaccine dose.

Further analysis of immune response to the third vaccine 
dose was performed considering COVID- 19 seronegative (nega-
tive IgG and NAb at D210; n=215) and seropositive (positive 
IgG and/or NAb at D210; n=316) patients with ARD and the 
age- balanced and sex- balanced controls for each ARD group 
(figure 1). COVID- 19 seronegative ARD and controls at D210 
demonstrated prominent increase in IgG and NAb positivity rates 
as well as in GMT at D240 (p<0.0001). At D210, 120 patients 
with ARD were positive only for anti- S1/S2 IgG, 8 patients only 
for NAb and 187 patients for both. In COVID- 19 seroposi-
tive ARD, significant GMT increase was observed from D210 
to D240 (p<0.001), with 30.4% of the patients reaching the 
ceiling of the assay (>400 AU/mL). NAb activity also increased 
significantly at D240 (p<0.001) (table 5). Comparison of the 
FI- GMT from D210 to D240 between COVID- 19 seronegative 
and seropositive ARD demonstrated a higher increment in the 
former group (11.3 (95% CI 9.5 to 13.4) vs 3.9 (95% CI 3.4 to 
4.4), p<0.001).

Regarding safety, there were no differences between ARD 
and CG for any of the reported adverse events. The most 
frequently reported adverse events were local pain (23.8% vs 
19.4%, p=0.238) and headache (13.1% vs 11.7%, p=0.712). 
No serious adverse event was reported.

Among patients with ARD on MTX treatment, those who 
withdrew the drug for 2 weeks (n=269) after third vaccine dose 
presented higher frequency of positive anti- SARS- CoV- 2 S1/S2 
IgG as well as higher GMT (183.5 (95% CI 142.7 to 236.0) vs 
101.7 (95% CI 76.5 to 135.2), p=0.002) compared with those 
who maintained medication (55.8% vs 44.2%, p=0.029), with 
no statistically significant differences in NAb positivity (54.8% vs 
45.7%, p=0.682) and NAb activity (83.9% (58.8%–95.9%) vs 
79.0% (56.1%–91.3%), p=0.186). Comparison of patients who 
withheld MMF (n=109) and those who maintained the drug 
after the third dose showed no statistically significant differences 
in IgG (64.9% vs 35.1%, p=0.894) and NAb positivity (65.5% 
vs 34.5%, p=0.869).

DISCUSSION
This study provides novel evidence of a substantial increase in 
immune response with an additional dose administered 6 months 
after two doses of SARS- CoV- 2 inactivated vaccine, in a large 
prospective controlled cohort of patients with ARD. We identi-
fied a distinct pattern of response to the third dose characterised 
by an expressive seroconversion of the COVID- 19 seronegative 
ARD of 81% for IgG and 59% for NAb, with a parallel 11- fold 

increment of IgG GMT. For the COVID- 19 seropositive ARD, 
the magnitude of IgG booster response reached almost a four-
fold rise.

Immunocompromised individuals should receive a third dose 
of COVID- 19 vaccine as proposed by the CDC43 and WHO. This 
recommendation is in line with the 6- month immunogenicity 
waning observed for mRNA vaccines in healthcare workers, 
including a small proportion of individuals under immuno-
suppression,44 and in a large ARD population immunised with 
CoronaVac.14 Of note, no parallel increase in incident cases in 
the 6 months post vaccination was observed in this latter popu-
lation, in contrast to the reported upsurge of cases in vaccinees 
with mRNA vaccine in Israel.21

The overall analysis of patients with ARD revealed that the 
additional dose resulted in global 93% IgG positivity and 33% 
rise. This finding is superior to the 47%–68% rate of posi-
tive antibodies reported for transplant recipients after mRNA 
additional dose25 28 29 45 and may be explained in part by the 
distinct intensity of immunosuppression, with a high frequency 
of multiple drug therapy in transplanted population. In addition, 
the temporary discontinuation of MTX and MMF in more than 
half of patients under these therapies might also have contrib-
uted to improved immune response, as reported recently by our 
group in rheumatoid arthritis population.46 The higher rates of 
anti- SARS- CoV- 2 seropositivity in patients who withheld MMF 
herein were statistically not significant, probably due to a limited 
power for this analysis.

The specific analysis of immunogenicity to the third dose in 
non- responsive ARD 6 months after the second dose revealed a 
remarkable increase in IgG levels, suggesting that the three- dose 
strategy seems to be effective in recalling SARS- CoV- 2 immune 
memory. The seroconversion rate of non- responsive transplant 
recipients was inferior, ranging from 25% to 49%, after a third 
dose,24 29 47 reinforcing response differences among immuno-
compromised subgroups.48 Alternatively, this observation may be 
related to other factors known to influence vaccine response.44 In 
this regard, we have identified that prednisone, immunosuppres-
sive drugs and biological therapy, mainly abatacept, belimumab 
and rituximab, were associated with decreased antibody produc-
tion after the additional dose. Of note, we demonstrated herein 
that prednisone doses from 5 mg/day considerably reduced 
vaccine immune response. These same factors negatively influ-
enced response to the primary immunisation with CoronaVac in 
anti- SARS- CoV- 2- negative patients with ARD.10

COVID- 19 seropositive patients with ARD had a distinct 
pattern of response to the third dose, with a lower but still signif-
icant increase in IgG levels, with a fourfold increase, and one- 
third reached the assay ceiling value (>400 AU/mL). The same 

Table 3 GMT of anti- SARS- CoV- 2 S1/S2 IgG and median percentage of neutralising activity at baseline (D210) and 30 days after the third dose of 
Sinovac- CoronaVac vaccine (D240) in patients with ARD and in CG

Groups

Anti- S1/S2 IgG GMT (95% CI), AU/mL Neutralising activity, median % (IQR)

D210 D240 P value D210 D240 P value

ARD (n=597) 25.3 (22.2–28.8) 140.5 (127.1–155.3) <0.001 69.7 (45.9–92.5) 90.1 (70.2–96.6) <0.001

CG (n=199) 47.9 (40.0–57.2) 253.8 (236.5–272.4) <0.001 78.5 (61.1–94.6) 93.4 (83.6–97.0) <0.001

P value (ARD vs CG) <0.001 <0.001 0.036 0.011

Percentage of neutralising activity of NAb is expressed as median (IQR) and anti- S1/S2 IgG antibody titres are expressed as geometric mean with 95% CI.
The mean behaviours of the Napierian ln- transformed IgG titres and NAb activity were compared between groups (ARD and CG) and timepoints (D210 and D240) using repeated 
measures analysis of variance with two factors followed by Bonferroni’s multiple comparisons in ln- transformed data.
p values <0.05 are highlighted in bold.
ARD, autoimmune rheumatic diseases; CG, control group; D210, 6 months after second dose; D240, 30 days after third dose; GMT, geometric mean titres; ln, logarithm; NAb, 
neutralising antibodies.
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was reported for solid organ transplant recipients and dialysis 
patients.23 25 27 29 There are scarce data on NAb after third shot 
in immunocompromised individuals.28 45 49 50 The overall NAb 
positivity in ARD reached 81% after the third dose with high 
median activity. These figures are similar to those reported for 
transplant recipients with mRNA vaccine.28 45 We further demon-
strated different immunogenicity in primary non- responsive and 
responsive patients with ARD. The former group achieved 59% 
positivity and a moderate activity, whereas COVID- 19 seroposi-
tive patients with ARD had a robust response for both NAb posi-
tivity and activity. Robert et al49 observed 66% response to the 
third dose in nine haemodialysis patients. This finding suggests 
that the additional dose is efficient in boosting the immune 
response in both ARD groups. In the context of the reported 

immunity waning observed for all SARS- CoV- 2 vaccines at 6 
months for the general population and patients with ARD,15 44 
our findings strengthen the relevance of the third dose in ARD.

The large number of patients with ARD and the inclusion of 
an age- balanced and sex- balanced CG are relevant strengths of 
the present study and provided a sizeable sample to evaluate 
humoral response to additional vaccine dose and the impact of 
the drugs. In fact, the few studies focusing on the third dose 
for immunocompromised individuals were small- sized17 50 or did 
not have a control group.24 25 28–30 44 46

This study has some limitations, such as the non- assessment 
of cellular immunity, which may play an important role of 
protection during SARS- CoV- 2 infection. However, this limita-
tion was partially mitigated by NAb assessed herein, which is 

Table 4 Baseline characteristics of patients with ARD seropositive and seronegative for anti- SARS- CoV- 2 S1/S2 IgG and NAb, 30 days after the 
third Sinovac- CoronaVac dose (D240)

Anti- SARS- CoV- 2 S1/S2 IgG

P value

NAb

P value
Seropositive
(n=800)

Seronegative
(n=75)

Seropositive
(n=683)

Seronegative
(n=192)

Demographic data

  Current age, years 52 (41–61) 54 (46–63) 0.047 52 (41–61) 54 (43.5–63) 0.039

  Current age ≥60 years 240 (30) 28 (37.3) 0.188 202 (29.6) 66 (34.4) 0.202

  Female sex 604 (75.5) 62 (82.7) 0.164 505 (73.9) 161 (83.9) 0.004

  Caucasian race 405 (50.6) 47 (62.7) 0.046 351 (51.4) 101 (52.6) 0.766

ARD

  RA 253 (31.6) 29 (38.7) 0.212 191 (28.0) 91 (47.4) <0.0001

  SpA 100 (12.5) 4 (5.3) 0.090 93 (13.6) 11 (5.7) 0.003

  PsA 78 (9.8) 6 (8.0) 0.623 72 (10.5) 12 (6.2) 0.075

  SLE 184 (23.0) 16 (21.3) 0.742 160 (23.4) 40 (20.8) 0.450

  Systemic vasculitis 44 (5.5) 11 (14.7) 0.0018 42 (6.1) 13 (6.9) 0.754

  IIM 36 (4.5) 5 (6.7) 0.396 32 (4.7) 9 (4.7) 0.999

  SSc 36 (4.5) 2 (2.7) 0.765 35 (5.1) 3 (1.6) 0.028

  SS 36 (4.5) 1 (1.3) 0.360 30 (4.4) 7 (3.6) 0.650

  PAPS 32 (4.0) 1 (1.3) 0.351 27 (4.0) 6 (3.1) 0.595

Current therapies

  Hydroxychloroquine 228 (28.5) 14 (18.7) 0.069 193 (28.3) 49 (25.5) 0.454

  Sulfasalazine 74 (9.2) 3 (4.0) 0.140 64 (9.4) 13 (6.8) 0.261

  Prednisone 273 (34.2) 45 (60.0) <0.0001 212 (31.1) 106 (55.2) <0.0001

   Prednisone dose 5 (5–10) 7.5 (5–10) 0.129 5 (5–10) 5 (5–10) 0.223

   Prednisone ≥5 mg/day 237 (29.6) 38 (50.7) 0.0002 186 (27.2) 89 (46.4) <0.0001

  Immunosuppressive drugs 500 (62.5) 63 (84.0) <0.0001 421 (61.6) 142 (74.0) 0.002

   Methotrexate 240 (30.0) 29 (38.7) 0.120 199 (29.1) 70 (36.5) 0.052

   Leflunomide 115 (14.4) 8 (10.7) 0.377 93 (13.6) 30 (15.6) 0.479

   Mycophenolate mofetil 94 (11.8) 15 (20.0) 0.039 87 (12.7) 22 (11.5) 0.635

   Azathioprine 72 (9.0) 11 (14.7) 0.109 58 (8.5) 25 (13.0) 0.058

   Tofacitinib 21 (2.6) 0 (0) 0.246 16 (2.3) 5 (2.6) 0.834

  Biologic drug 257 (32.1) 45 (60.0) <0.0001 202 (29.6) 100 (52.1) <0.0001

   Anti- TNF 119 (14.9) 13 (17.3) 0.570 99 (14.5) 33 (17.2) 0.357

   Abatacept 39 (4.9) 10 (13.3) 0.002 23 (3.4) 26 (13.5) <0.0001

   Tocilizumab 37 (4.6) 5 (6.7) 0.429 30 (4.4) 12 (6.2) 0.287

   Secukinumab 30 (3.8) 0 (0) 0.101 29 (4.2) 1 (0.5) 0.011

   Belimumab 22 (2.8) 6 (8.0) 0.014 15 (2.2) 13 (6.8) 0.001

   Rituximab 9 (1.1) 11 (14.7) <0.0001 6 (0.9) 14 (7.3) <0.0001

Results are expressed in mean±SD, median (IQR) and n (%).
Seropositivity (IgG titre ≥15 AU/mL) for anti- SARS- CoV- 2 S1/S2 IgG antibodies after vaccination (Indirect ELISA, LIAISON SARS- CoV- 2 S1/S2 IgG, DiaSorin, Italy). Positivity for NAb 
was defined as a neutralising activity ≥30% (cPass sVNT Kit, GenScript, Piscataway, USA).
p values <0.05 are highlighted in bold.

ARD, autoimmune rheumatic diseases; IIM, idiopathic inflammatory myopathy; NAb, neutralising antibodies; PAPS, primary antiphospholipid syndrome; PsA, psoriatic arthritis; 
RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; SpA, spondyloarthritis; SS, Sjögren’s syndrome; SSc, systemic sclerosis; TNF, tumour necrosis factor.
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highly predictive of immune protection.51 The assessment of the 
effectiveness of the third dose was hampered by the short- term 
follow- up and the very low incidence of COVID- 19 cases during 
the study period. The global analysis of the influence of some 
drugs that are used only for specific ARD in the immunogenicity 
evaluation performed herein probably underestimated the effect 
of these medications. However, these therapies remained as rele-
vant independent factors that negatively impacted immunoge-
nicity in the multivariate evaluation. The lack of disease activity 
assessment, especially for those who withdrew MTX or MMF, is 
also an important limitation.

In summary, to our knowledge this is the first demonstration 
of a robust response to the third dose of an inactivated vaccine 
in patients with ARD, with greater benefit for those who are 
COVID- 19 seronegative before the third dose. We further 
identified drugs as unfavourable for response to additional 
vaccine doses. These findings may be generalised to other plat-
form vaccines, and heterologous fourth- dose boosting could 
be an alternative strategy for the minority of persistently non- 
responsive patients with ARD.
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264.7
(246.0 to 284.9)

<0.001 106 (67.1) 156 (98.7) <0.0001 77.1
(59.9–93.9)

93.2
(82–96.7)

<0.001

P value (ARD+ vs CG+) 0.176 >0.999 0.128 0.567 0.280 0.0025 0.022 0.025

Frequencies of subjects with positive anti- SARS- CoV- 2 S1/S2 IgG and NAb are expressed as number (%).
Positivity for anti- SARS- CoV- 2 S1/S2 IgG was defined as postvaccination titre ≥15 AU/mL by Indirect ELISA (LIAISON SARS- CoV- 2 S1/S2 IgG, DiaSorin, Italy). Positivity for NAb was defined as a neutralising activity ≥30% (cPass sVNT Kit, GenScript, 
Piscataway, USA).
Frequencies of seropositivity were compared using McNemar’s test for before and after comparisons and χ2 or Fisher’s exact tests for ARD vs CG comparisons.
Percentages of neutralising activity of NAb are expressed as median (IQR) and anti- S1/S2 IgG antibody titres are expressed as geometric mean with 95% CI. The ln- transformed IgG titres and NAb activity were compared between groups (ARD and 
CG) and timepoints (D210 and D240) using repeated measures analysis of variance with two factors followed by Bonferroni's multiple comparisons in Napierian ln- transformed data.
p values <0.05 are highlighted in bold.
ARD, autoimmune rheumatic diseases; CG, control group; D210, 6 months after second dose; D240, 30 days after third dose; GMT, geometric mean titres; ln, logarithm; NAb, neutralising antibodies.
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4.4. CoronaVac induces higher antibody production in people with 
chronic hepatitis B, Chinese study says

A study published in the journal 
Liver International showed that 
CoronaVac, a vaccine from Butantan 
and Sinovac, is highly effective 
in patients with chronic hepatitis 
B, inducing greater antibody 
production in this population than 
in healthy individuals. The work 
was conducted by scientists at 
Chongqing Medical University 
in China. Chronic hepatitis is an 
inflammation of the liver caused by 
the hepatitis B virus that lasts for 
more than six months and increases 
the risk of getting liver cancer.

The study included 362 adult 
patients with chronic hepatitis (48 
with cirrhosis and 73 with active 
viral replication) and 87 healthy 
individuals in the control group, 
all vaccinated with two doses 
of inactivated virus vaccines, 
CoronaVac or the Sinopharm 
immunizing agent.

The IgG antibody seroconversion 
rate was similar between the 
two groups after one, two and 
three months of the second dose. 
The antibody titer was lower in 
patients in the first month, but 
from the second month onwards, 
this value was similar to that of 
healthy individuals. “Interestingly, 
at 3 months, titers of anti-spike 
IgG, anti-RBD IgG and RBD-ACE2 
blocking antibody were all higher in 
CHB patients than in controls,” the 
authors state. 

The researchers assessed anti-Spike, 
anti-RBD and RBD-ACE2 blocker IgG 
antibody titers. When comparing 

patients and controls, the results 
showed a titer of 161.6 vs 85.9; 275.4 
vs 132.5 and 4.7 vs 3.2, respectively.

In addition, volunteers with chronic 
hepatitis showed a slower decline 
in antibodies over time than people 
without the disease. There was 
also no difference in the immune 
response between patients with 
and without cirrhosis and with and 
without active viral replication.

All adverse effects reported were 
mild and the incidence of reactions 
was similar between patients 
and controls (14% and 11.5%, 
respectively). The most common 
symptoms were pain at the injection 
site and fatigue.

CoronaVac is safe 
for patients with 
liver disease

A number of studies have already 
attested to the safety and efficacy 
of the Butantan vaccine for people 
with liver problems. A Chinese study 
showed that the vaccine induced 
high seroconversion rates in patients 
with hepatitis B, being 87.25% for IgG 
antibodies and 74.5% for neutralizing 
antibodies. Another study published 
on The Lancet’s SSRN preprint 
platform demonstrated 100% 
production of IgG antibodies in 
subjects with metabolic-associated 
fatty liver disease (MAFLD).

Published on: 02/02/2022
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ACE, angiotensin-converting enzyme; AEs, adverse events; ALT, alanine 

aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CHB, 

chronic hepatitis B; CLD, chronic liver disease; COVID-19, coronavirus disease 2019; 

FBS, fetal bovine serum; GMTs, Geometric mean titers; HBeAg, hepatitis B e antigen; 

HBsAg, hepatitis B surface antigen; IHCs, inactive HBsAg carriers; NAFLD, non-

alcoholic fatty liver disease; PBMCs, peripheral blood mononuclear cells; PC, plasma 

cell; PLT, platelet; RBD, receptor binding domain; SAEs, serious adverse events; 

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD, standard deviation; 

TB, total bilirubin; WBC, white blood cell. 
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Abstract: 

Background & Aims: The safety and antibody responses of coronavirus disease 2019 

(COVID-19) vaccination in patients with chronic hepatitis B (CHB) virus infection is 

still unclear, and exploration in safety and antibody responses of COVID-19 

vaccination in CHB patients is significant in clinical practice. 

Methods: 362 adult CHB patients and 87 healthy controls at an interval of at least 21 

days after full-course vaccination (21-105 days) were enrolled. Adverse events (AEs) 

were collected by questionnaire. The antibody profiles at 1, 2 and 3 months were 

elucidated by determination of anti-spike IgG, anti-receptor binding domain (RBD) IgG, 

and RBD-angiotensin-converting enzyme 2 blocking antibody. SARS-CoV-2 specific 

B cells were also analyzed. 

Results: All AEs were mild and self-limiting, and the incidence was similar between 

CHB patients and controls. Seropositivity rates of three antibodies were similar 

between CHB patients and healthy controls at 1, 2 and 3 months, but CHB patients had 

lower titers of three antibodies at 1 month. Compared to healthy controls, HBeAg-

positive CHB patients had higher titers of three antibodies at 3 month (all p＜0.05) and 

a slower decline in antibody titers. Frequency of RBD-specific B cells was positively 

correlated with titers of anti-RBD IgG (OR=1.067, p=0.004), while liver cirrhosis, 

antiviral treatment, levels of HBV DNA, alanine aminotransferase (ALT) and aspartate 

aminotransferase (AST) and total bilirubin (TB) were not correlated with titers of anti-

RBD IgG. 

Conclusions: Inactivated COVID-19 vaccines were well tolerated, and induced 
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effective antibody response against SARS-CoV-2 in CHB patients. 

 

Word count of the abstract: 244 

Keywords: COVID-19 vaccine; safety; antibody response; CHB; cirrhosis 

 

Lay Summary: COVID-19 vaccines are safe for CHB patients. After full-course of 

inactivated COVID-19 vaccination, the proportion of CHB patients who produced 

antibody was similar to that of healthy people who produced antibody. The antibody 

levels are lower in CHB patients at 1 month after full-course of vaccination. 
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Introduction 

COVID-19 caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

has emerged as a major burden worldwide, resulting in serious public health challenges. 

Patients with liver diseases may have a greater risk of worse outcome from COVID-19 

than the general population1-3. Currently, there are about 292 million people worldwide 

infected with HBV, and 86 million in China alone4. 

Vaccination is an effective intervention in preventing SARS-CoV-2 infection, 

severe symptom and death5-7. Recently, there are several studies on safety and 

immunogenicity of COVID-19 vaccination in patients with liver disease. Wang et al.8 

reported that inactivated COVID-19 vaccine appeared to be safe with good 

immunogenicity in patients with non-alcoholic fatty liver disease (NAFLD). Thuluvath 

et al.9 showed that 24% of those with chronic liver disease (CLD) had poor antibody 

response 4 weeks after SARS-CoV-2 vaccination. Darius et al.10 found normal humoral 

response and poor T-cell response in 53 cirrhotic patients. CHB patients have 

dysregulated innate and adaptive immunity11-13. But until now, whether immunity-

dysregulated CHB patients can be safely inoculated with COVID-19 vaccine and 

produce antibody response similar to that of healthy people are still unclear. Moreover, 

in clinical practice, CHB patients, especially those with cirrhosis, often have concerns 

about safety and efficacy of COVID-19 vaccination in them, and clinicians lack 

corresponding evidence from clinical research to respond to these patients’ concerns. 

Inactivated vaccine is a type of COVID-19 vaccine which is widely used in China 

and other countries around the world. This study aimed to investigate the safety and 
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antibody responses (spike-specific IgG, RBD-specific IgG, and RBD-angiotensin-

converting enzyme 2 (ACE2) blocking antibody) to COVID-19 inactivated vaccines in 

CHB patients at 1, 2 and 3 months after full-course vaccination. Furthermore, RBD-

specific B cell response was detected to explore the mechanism of antibody response. 

 

Methods 

Participants 

362 adult CHB patients (including 48 cirrhotic patients) and 87 adult healthy 

individuals were enrolled in this cross-sectional observational study between 1 July 

2021 and 27 August 2021 at the Second Affiliated Hospital of Chongqing Medical 

University. The inclusion criteria for patients were hepatitis B surface antigen (HBsAg) 

positive more than six months, and diagnosis of liver cirrhosis was made based on 

guideline14. The inclusion criteria for healthy controls were HBsAg negative, with no 

self-reported and documented disease status. For all participants, the following 

conditions were excluded: a) a history of COVID-19 hospitalization; b) a positive result 

of SARS-CoV-2 nucleic acid test (all participants had taken the test at least once since 

COVID-19 pandemic); c) close contact with SARS-CoV-2 confirmed cases; d) 

COVID-19 symptoms such as fever, cough, fatigue, etc. during the pandemic (adverse 

events after vaccination were excepted).; e) a travel history or residence history to 

Wuhan during the COVID-19 outbreak; f) coinfection with HIV/HCV; g) malignant 

tumor (including liver cancer), renal failure, and other major diseases; h) pregnancy; i) 

use of immunosuppressant. All participants completed full-course vaccination (two 
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doses) of SARS-CoV-2 inactivated vaccine (BBIBP-CorV/CoronaVac). This study was 

approved by the Ethics Committee of the Second Affiliated Hospital of Chongqing 

Medical University and conformed with the ethical guidelines of the Declaration of 

Helsinki. This study has been registered at www.chictr.org.cn (ChiCTR2100047936) 

and ClinicalTrials.gov (NCT05007665), and the follow-up is still going on. Written 

informed consent was obtained from all participants prior to their inclusion in the study. 

Data collection 

Demographic and clinical data were obtained by questionnaire and electronic medical 

record, and their peripheral blood was sampled at an interval of at least 21 days (21-

105 days) after the full-course vaccination for the detection of SASR-CoV-2 spike-

specific IgG, RBD-specific IgG, RBD-ACE2 blocking antibody and RBD-specific B 

cells. Considering the interval after full-course vaccination, we defined the gap of 21-

45 days as “1 month”, 46-75 days as “2 month”, and 76-105 days as “3 month”. There 

was only one sample per patient that matched one of the study times. In total, 210 

participants were in the “1 month” group, 141 participants were in the “2 month” group, 

and 98 participants were in the “3 month” group. 

Safety and antibody response assessment 

The overall incidence of adverse events within 7 days and 30 days was compared 

between CHB patients and healthy controls to assess safety. Titers of three antibodies, 

including anti-spike IgG, anti-RBD IgG and spike RBD-ACE2 blocking antibody, at 1, 

2 and 3 months after full-course vaccination were comprehensively compared and 

analyzed to assess antibody response. 
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Adverse events monitoring 

Participants’ AEs were obtained by questionnaire and were verified by investigators. 

All AEs were graded according to the scale issued by National Medical Products 

Administration of China (version 2019). 

Evaluation of anti-spike IgG and anti-RBD IgG 

According to the manufacturer's protocol, the indirect ELISA method was used to detect 

IgG binding antibodies against spike and RBD protein (KIT004 and KIT002, Sino 

Biological, Beijing, China). Briefly, 0.5 ug/mL recombinant Spike (S1+S2) or RBD 

protein was pre-coated on the plate wells (100 μL per well) by incubation at 4 � 

overnight. After thoroughly discarding solutions in the plate, 300 μL of 6% BSA 

solution was added to each well and incubated for 1 hour at room temperature. After 

washing wells thoroughly, serially diluted samples or controls (100 μL) were added, 

mixed well, and incubated for 2 hours at room temperature. Following three times of 

washing plates, diluted horseradish peroxidase (HRP) conjugated goat anti-human IgG 

secondary antibody was added (100 μL per well), mixed well, and incubated for 1 hour 

at room temperature. After washing and adding substrate solution (TMB) and then stop 

solution, absorbance (OD value) was read at 450 nm. Serum samples were diluted with 

two-folded serial dilution starting from 1:50. In each plate, serially diluted positive 

antibody controls (anti-spike or anti-RBD antibody) and negative controls (serum from 

individuals without a history of SARS-CoV-2 infection and vaccination) were detected 

simultaneously. ELISA measurements were performed in duplicate. According to the 

manufacturer's instructions, a serum was considered seropositive for IgG binding 
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antibodies when OD value ≥ 2.1 times the mean absorbance value of negative controls 

at 1:50 dilution. The antibody level was presented as the highest serum dilution showing 

a positive result. 

Assay for the SARS-CoV-2 spike RBD-ACE2 blocking antibody 

The SARS-CoV-2 spike RBD-ACE2 blocking antibody can compete with ACE2 to 

combine with RBD, and it can represent the functional (neutralizing) antibody. The 

level of blocking antibody was assayed by competitive ELISA according to the 

manufacturer's protocol (KIT001, Sino Biological, Beijing, China). Briefly, microplates 

were coated with 1 μg/mL human ACE2 recombinant protein (100 μL per well) by 

incubation at 4 ℃ overnight. After thoroughly discarding solutions in the plate, 300 

μL of 6% BSA solution was added to each well and incubated for 1 hour at room 

temperature. After washing wells thoroughly, serially diluted samples (50 μL) and RBD 

protein linked to HRP (RBD-HRP) (50 μL) were added at the same time, mixed well, 

and incubated for 30 min at room temperature. After washing and adding substrate 

solution (TMB) and then stop solution, absorbance (OD value) was read at 450 nm. 

Serum samples were diluted with two-folded serial dilution starting from 1:5. In each 

plate, RBD-HRP only control, serially diluted positive controls (SARS-CoV-2 

Inhibitors) and negative controls (serum from individuals without a history of SARS-

CoV-2 infection and vaccination) were detected at the same time. ELISA measurements 

were performed in duplicate. Inhibition rate was calculated as 100 - [(OD value of 

sample/ OD value of RBD-HRP only control) ×  100%]. According to the 

manufacturer's instructions, a positive result for the SARS-CoV-2 blocking antibody 
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was determined when the inhibition rate was ≥ 20%. The blocking antibody level 

was presented as the highest serum dilution showing a positive result. 

Detection of SARS-CoV-2 specific B cells by flow cytometry 

For SARS-CoV-2 specific B cells detection, biotinylated SARS-CoV-2 Spike RBD 

protein (40592-V08H2-B, Sino Biological, Beijing, China) was mixed with 

Streptavidin-BV421 (405225, Biolegend, California, USA) at 4:1 molar ratio for one 

hour at 4℃ to obtain the antigen probe. According to manufacturer's instruction, 

peripheral blood mononuclear cells (PBMCs) were isolated from heparinized whole 

blood by Histopaque (10771, Sigma-Aldrich, Missouri, USA) density gradient 

centrifugation. After washed by FACS buffer (PBS＋2% FBS (FSD500, Excell Bio, 

Shanghai, China)), around 0.5×10^6 PBMCs were then stained for 30 minutes at 4℃ 

using antigen probe (1:33.3) and the following conjugated antibodies: anti-human CD3 

(1:50, 300430, Biolegend, California, USA), anti-human CD19 (1:50, 302212, 

Biolegend), anti-human CD21 (1:50, 354918, Biolegend), anti-human CD27 (1:50, 

356406, Biolegend), anti-human CD38 (1:50, 303504, Biolegend), anti-human IgG Fc 

(1:50, 410722, Biolegend), and anti-human IgM (1:50, 314524, Biolegend). After 

staining, cells were washed and resuspended in a 200ul FACS buffer. Roughly 1×10^5 

events (cells) were then acquired within a lymphocyte gate on flow cytometer 

(CytoFLEX, Beckman Coulter, California, USA). Data analysis on RBD-specific B cell 

population and its subpopulations was conducted by using FlowJo (10.0.7r2, Treestar, 

Oregon, USA). And the cell populations were as follows: RBD-specific B cell (CD3-

CD19+RBD+), RBD-specific memory B cell (MBC) (CD3-CD19+RBD+CD27+), RBD+ 
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atypical MBC (CD3-CD19+RBD+CD21-CD27-), RBD+ activated MBC (CD3-

CD19+RBD+CD21-CD27+), RBD+ resting MBC (CD3-CD19+RBD+CD21+CD27+), 

RBD+ intermediate MBC (CD3-CD19+RBD+CD21+CD27-), RBD+IgG+ MBC (CD3-

CD19+RBD+CD27+IgG+), RBD+IgM+ MBC (CD3-CD19+RBD+CD27+IgM+), and 

RBD+CD38+ MBC (CD3-CD19+RBD+CD27+CD38+). The full gating strategy is shown 

in the Supplementary Figure 1. 

Statistical analysis 

Appropriate methods were used for statistical analysis based on the type of data. For 

categorical variables, Chi-Square test and Fisher's exact test were used. For continuous 

variables, Mann-Whitney U test was used to compare two groups, and Kruskal-Wallis 

test was used to compare three or more groups. All results of multiple comparisons were 

corrected using Bonferroni's correction or Dunn's multiple comparisons test, and p-

values represented in figures were all adjusted p-values. Spearman's rank correlation 

was applied for correlation between antibodies titers. Univariate and multivariate 

ordinal logistic regression analyses were used to obtain factors that significantly 

affected antibody titers. Categorical variables were presented as numbers (%), and 

continuous variables were presented as median (Range). When the antibody titer of 

participant was lower than the detection limit, half value of the detection limit was 

assigned. A two-sided p-value<0.05 was considered statistically significant. SPSS 

(24.0.0, IBM, New York, USA) and Graphpad Prism (9.2.0, GraphPad Software Inc, 

California, USA) were used for statistical analysis. Graphpad Prism was used for 

plotting. 
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Results 

1. Characteristics of participants 

As shown in Table 1, the median age (45 vs. 44, p=0.143) and median body mass index 

(BMI) (23.6 vs. 23.4, p=0.752) were similar between CHB patients and healthy controls. 

More than half of patients (61.6%, 223/362) and controls (50.6%, 44/87) were male 

(p=0.060). Compared to controls, CHB patients had lower levels of white blood cell 

(WBC) (5.37 vs. 5.70, p=0.039) and platelet (PLT) count (183 vs. 225, p<0.001), and 

higher levels of ALT (23.0 vs. 16.0, p<0.001), AST (23.0 vs. 20.5, p<0.001) and total 

bilirubin (TB) (11.8 vs. 10.4, p=0.027). 24.9% (90/362) CHB patients were HBeAg-

positive. Median level of HBV DNA was 50 IU/ml (10-4.93×10^7 IU/ml). 68.8% 

(249/362) CHB patients were under antiviral treatment. 13.3% (48/362) CHB patients 

were compensated liver cirrhosis. Moreover, the characteristics of participant at 1, 2 

and 3 months after full-course vaccination are shown in Supplementary Table 1. 

For analyzing, CHB patients were divided into four groups: inactive HBsAg carriers 

(IHCs) (n = 99, patients with normal ALT, negative HBeAg and HBV DNA＜2000 

IU/ml), HBeAg-positive (+) CHB patients (n = 73, patients under antiviral treatment, 

with elevated or normal ALT, positive HBeAg), HBeAg-negative (-) CHB patients (n = 

142, patients under antiviral treatment, with elevated or normal ALT, negative HBeAg), 

and CHB patients with cirrhosis (n = 48). 

2. Safety of COVID-19 vaccination in CHB patients 

The overall incidence of AEs within 7 days was similar between CHB patients and 
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healthy controls (14.1% vs. 11.5%, p=0.526) (Table 2). The most common local and 

systemic AEs of CHB patients were pain (5.8%, 21/362) and fatigue (4.7%, 17/362), 

respectively, which was similar with controls. All the AEs were mild (grade 1 and 2) 

and self-limiting, and no serious adverse events (SAEs) (grade 3 and 4) such as severe 

thromboembolism and myocarditis occurred. After prolonging the observation duration 

to 30 days, only three new cases with mild AEs were reported in CHB patients, 

including injection site pain (1 patient), fatigue (1 patient) and fever (1 patient). In 

healthy controls, no more AE was observed. 

3. Antibody responses to COVID-19 vaccination 

Three antibodies, including anti-spike IgG, anti-RBD IgG, and RBD-ACE2 blocking 

antibody, were determined in 362 CHB patients (99 inactive HBsAg carriers (IHCs), 

73 HBeAg+ CHB patients, 142 HBeAg- CHB patients and 48 CHB patients with 

cirrhosis) and 87 healthy controls at 1, 2 and 3 months after full-course vaccination. At 

1, 2 and 3 months, seropositivity rates of three antibodies were similar between CHB 

patients and healthy controls (Table 3). Also, at 1, 2 and 3 months, seropositivity rates 

of three antibodies were similar between IHCs, HBeAg+ CHB patients, HBeAg- CHB 

patients, cirrhotic patients and healthy controls (Supplementary Table 2). 

But for antibody titers, at 1 month, all three antibody titers were lower in CHB 

patients than in healthy controls (Figure 1, data are shown in Supplementary Table 3). 

For anti-spike IgG, titers were significantly lower in all CHB patients (130.1 vs. 200.0, 

p=0.008), IHCs (121.0 vs. 200.0, p=0.031) and HBeAg- CHB patients (122.5 vs. 200.0, 

p=0.027) than in controls. For anti-RBD IgG, titers were significantly lower in all CHB 
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patients (243.7 vs. 357.7, p=0.015) and IHCs (211.2 vs. 357.7, p=0.014) than in controls. 

For RBD-ACE2 blocking antibody, titers were also lower in all CHB patients (6.6 vs. 

8.0, p=0.549) than in controls. 

At 2 month, no difference was found in titers of all three antibodies between CHB 

patients and healthy controls (Figure 1, data are shown in Supplementary Table 3). 

Interestingly, at 3 month, titers of anti-spike IgG, anti-RBD IgG and RBD-ACE2 

blocking antibody were all higher in CHB patients (especially in HBeAg+ CHB patients 

(161.6 vs. 85.9, p=0.024, 275.4 vs. 132.5, p=0.032, 4.7 vs. 3.2, p=0.089, respectively)) 

than in controls. As is shown in Supplementary Figure 2, compared to controls, CHB 

patients, especially HBeAg+ CHB patients, had a slower decline in all three antibody 

titers. Also, statistical results showed that titers of anti-spike IgG (200.0 vs. 133.5 vs. 

85.9 at 1, 2 and 3 months, respectively, p＜0.001), anti-RBD IgG (357.7 vs. 252.0 vs. 

132.5, p＜0.001), and RBD-ACE2 blocking antibody (8.0 vs. 4.2 vs. 3.2, p＜0.001) 

declined significantly over time in controls, but not in HBeAg+ CHB patients (all p≥

0.05). 

Moreover, at 1, 2 and 3 months, no difference was found in all three antibody titers 

between IHCs, HBeAg+ CHB patients, HBeAg- CHB patients and cirrhotic patients 

(Supplementary Figure 3, data are shown in Supplementary Table 4). Besides, titers of 

three antibodies were positively correlated with each other (Supplementary Figure 4). 

4. RBD-specific B cell responses to COVID-19 vaccination 

To furtherly investigate humoral immune response to vaccine, the frequency and 

phenotype of RBD-specific B cells were also detected at 1, 2 and 3 months after full-
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course vaccination. At 1, 2 and 3 months, no difference was found in the frequencies of 

RBD-specific B cells, RBD-specific memory B cells (MBCs), RBD+ activated MBCs, 

RBD+ resting MBCs and RBD+ intermediate MBCs between all CHB patients and 

healthy controls (Figure 2A, data are shown in Supplementary Table 5). At 1 and 2 

months, compared to controls, all CHB patients (including HBeAg+ CHB patients) had 

lower frequency of RBD+ atypical memory B cells (21.6% vs. 17.0%, p=0.088, 21.1% 

vs. 17.2%, p=0.047, respectively). At 3 month, frequency of RBD+ atypical memory B 

cells was higher in HBeAg+ CHB patients than in controls (23.6% vs. 16.7%, p=0.035) 

(Figure 2B). Besides, frequency of RBD+ atypical memory B cells declined 

significantly over time in controls (21.6% vs. 21.1% vs. 16.7% at 1, 2 and 3 months, 

respectively, p=0.007), whereas the frequency of RBD+ atypical memory B cells tended 

to increase in HBeAg+ CHB patients (16.4% vs. 17.8% vs. 23.6% at 1, 2 and 3 months, 

respectively, p=0.113) (Supplementary Figure 5). 

5. Factors associated with antibody response to COVID-19 vaccination 

Furthermore, to obtain factors that affected titers of anti-RBD IgG, demographic, 

clinical and immunological characteristics were analyzed by univariate and 

multivariate ordinal logistic regression. Days after full-course vaccination was 

negatively correlated with antibody titers (OR=0.978, p＜0.001)，and frequency of 

RBD-specific B cells was positively correlated with antibody titers (OR=1.067, 

p=0.004), while liver cirrhosis, antiviral treatment, levels of HBV DNA, ALT and AST 

and TB were not significantly correlated with titers of anti-RBD IgG (p≥0.05) 

(Supplementary Table 6). Factors that associated with titers of anti-spike IgG and 
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blocking antibody are shown in Supplementary Table 7 and 8. 

 

Discussion 

This study demonstrated that COVID-19 vaccines were well tolerated in IHCs, 

HBeAg+ CHB patients, HBeAg- CHB patients and CHB patients with compensated 

cirrhosis. Seropositivity rates of anti-spike IgG, anti-RBD IgG, and RBD-ACE2 

blocking antibody were similar between CHB patients and healthy controls at 1, 2 and 

3 months after full-course vaccination. Titers of three antibodies were lower in CHB 

patients than in healthy controls at 1 month, but were higher in CHB patients (especially 

in HBeAg+ CHB patients) than in controls at 3 month. And compared to healthy 

controls, HBeAg+ CHB patients appeared to have a slower decline in antibody titers. 

No difference was found in the titers of all three antibodies between IHCs, HBeAg+ 

CHB patients, HBeAg- CHB patients and cirrhotic patients. 

As for AE, the study showed that CHB patients and healthy controls had similar 

overall incidence within 7 days and 30 days after vaccination. Importantly, all AEs in 

both groups were mild and self-limiting. The results in CHB patients were similar with 

previous studies on patients with CLD8,9 and liver cirrhosis9. 

A comprehensive analysis on the responses of various antibodies can better evaluate 

humoral immune response to COVID-19 vaccine, which involved anti-spike IgG, anti-

RBD IgG, and RBD-ACE2 blocking antibody. At 1 month after full-course vaccination, 

titers of all three antibodies were lower in CHB patients than in controls. It was partly 

in accord with a recent study of CLD patients, which reported 24% of CLD patients 
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developed poor antibody response after SARS-CoV-2 vaccination9. This result 

indicated that compared with healthy controls, humoral immune response to COVID-

19 vaccination in CHB patients might be weakened at 1 month. But to what extent will 

the reduction in CHB patients’ antibody titers influence the protective efficacy of 

vaccine needs field epidemiological investigation. At 1 month, frequency of RBD-

specific B cells was lower in IHCs than in controls, so were the titers of anti-RBD IgG. 

And frequency of RBD-specific B cells was positively correlated with titers of anti-

RBD IgG. It indicated that reduction in frequency of RBD-specific B cells might partly 

be correlated with lower titers of anti-RBD IgG at 1 month. At 3 month, titers of all 

three antibodies were higher in HBeAg+ CHB patients than in healthy controls. 

Meanwhile, frequency of RBD+ atypical MBCs was also higher in HBeAg+ CHB 

patients than in controls at 3 month. Moreover, though not statistically significant, 

frequency of RBD+ atypical MBCs was positively correlated with titers of anti-RBD 

IgG. Atypical MBCs, a subset of MBCs, are usually at high frequencies in chronic 

diseases15-17. A previous study has shown that atypical memory B cell is a short-lived 

activated cell that may represent a precursor plasma cell (PC) population18. Therefore, 

higher frequency of RBD+ atypical MBCs in HBeAg+ CHB patients might result in 

higher frequency of PCs, which might in turn partly led to higher antibody titers. 

Besides, compared to healthy controls, HBeAg+ CHB patients appeared to have a 

slower decline in antibody titers, and follow-up is still going on to explore this 

interesting phenomenon. 

Levels of HBV DNA19,20 and ALT19 may influence the immune state of patients 
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infected with HBV. In this study, levels of HBV DNA and ALT were not correlated with 

antibody titers of anti-RBD titers. Thuluvath et al.9 found cirrhosis was not associated 

with a poor antibody response after COVID-19 vaccination using multivariate analysis. 

Similarly, in this study, cirrhotic CHB patients and non-cirrhotic CHB patients had 

similar antibody titers. 

Memory B cells is the pivot element for a quick antibody response in case of re-

infection21. Previous studies have shown that SARS-CoV-2-specific memory B cells 

can be retained in an infected individual for at least 5-6 months22-24, or even as long as 

1 year25. In this study, about three months after full-course vaccination, SARS-CoV-2-

specific memory B cells can still be detected in CHB patients and healthy individuals, 

and the frequency of RBD-specific memory B cells was similar between CHB patients 

and healthy controls. 

The strengths of this study are as follows: Firstly, this is the first study, with healthy 

people as controls, focusing on the safety and antibody response of COVID-19 

vaccination in CHB patients, which provides evidence for clinical practice. Secondly, 

responses of three antibodies were analyzed to comprehensively assess humoral 

response to vaccine. Thirdly, B cell responses were also determined to explore the 

mechanism of antibody response, and frequencies of RBD-specific B cells and RBD+ 

atypical MBCs were found to be probably correlated with antibody titers. However, this 

study does have limitations. First, data in this study were only up to 105 days. Second, 

antibody response is only part of the immunogenicity of COVID-19 vaccine, so there 

is a need to explore T cell response. And we are exploring T cell response in our on-
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going study. Third, though several criteria were used to exclude participants with the 

history of SARS-CoV-2 infection, there was possibility that a very few 

asymptomatic/mild cases might be enrolled because we did not have the baseline of 

antibodies to SARS-CoV-2. 

In conclusion, this study comprehensively analyzed the safety, antibody response 

and B cell response of inactivated COVID-19 vaccination in CHB patients. COVID-19 

vaccines were well tolerated in CHB patients with/without cirrhosis. Seropositivity 

rates of three antibodies were similar between CHB patients and healthy controls at 1, 

2 and 3 months after full-course vaccination, but CHB patients had lower antibody titers 

at 1 month. Compared to healthy controls, HBeAg+ CHB patients had higher antibody 

titers at 3 month and a slower decline in antibody titers. So, inactivated COVID-19 

vaccines were well tolerated, and induced effective antibody response against SARS-

CoV-2 in CHB patients. 
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Table 1 Characteristics of participants 

Variables Healthy controls (n=87) Patients (n=362) P value 

Age# (years) 44.0 (25-75) 45.0 (19-78) 0.143 

18-40, n (%) 37 (42.5%) 142 (39.2%) 

0.572 

≥40, n (%) 50 (57.5%) 220 (60.8%) 

Gender (male, n (%)) 44 (50.6%) 223 (61.6%) 0.060 

BMI# (kg/m^2) 23.6 (17.0-36.4) 23.4 (16.2-32.8) 0.752 

＜24, n (%) 50 (57.5%) 217 (59.9%) 

0.857 24-28, n (%) 32 (36.8%) 122 (33.7%) 

≥28, n (%) 5 (5.7%) 23 (6.4%) 

WBC# (10^9/L) 5.70 (3.52-11.32) 5.37 (2.59-11.65) 0.039 

PLT# (10^9/L) 225 (111-338) 183 (22-320) 0.000 

ALT# (U/L) 16.0 (7-45) 23.0 (6-802) 0.000 

AST# (U/L) 20.5 (11-30) 23.0 (12-352) 0.000 

TB# (umol/L) 10.4 (4.5-23.8) 11.8 (4.5-53.0) 0.027 

HBeAg (positive, n (%)) / 90 (24.9%) / 

HBV DNA# (IU/ml) / 50 (10 - 4.93×10^7) / 

Antiviral treatment, n (%) / 249 (68.8%) / 

Liver cirrhosis, n (%) / 48 (13.3%) / 

#Presented as median (Range). Notes: When HBV DNA level is lower than detection limit (20 IU/ml), 10 

IU/ml is assigned. Patients with liver cirrhosis were in compensatory stage. Chi-Square statistic test was 

used for categorical variables, and Mann-Whitney U test was used for continuous variables. p < 0.05 was 
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considered statistically significant. 

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; PLT, platelet; TB, 

total bilirubin; WBC, white blood cell 
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Table 2 Adverse events of COVID-19 vaccination in participants 

 Healthy controls (n=87) Patients (n=362) P value 

Overall adverse events within 7 days 10 (11.5%) 51 (14.1%) 0.526 

Overall adverse events within 30 days 10 (11.5%) 54 (14.9%) 0.412 

Local adverse events    

Pain 9 (10.3%) 21 (5.8%) 0.128 

Swelling 1 (1.1%) 3 (0.8%) 0.579 

Redness 1 (1.1%) / 0.194 

Systemic adverse events    

Fatigue 2 (2.3%) 17 (4.7%) 0.483 

Dizziness / 7 (1.9%) 0.409 

Diarrhea / 2 (0.6%) 1.000 

Laryngeal pain / 2 (0.6%) 1.000 

Cough 1 (1.1%) 1 (0.3%) 0.350 

Chest distress / 1 (0.3%) 1.000 

Chest pain / 1 (0.3%) 1.000 

Chill / 1 (0.3%) 1.000 

Elevated blood pressure / 1 (0.3%) 1.000 

Fever / 1 (0.3%) 1.000 

Inappetence / 1 (0.3%) 1.000 

Muscle pain / 1 (0.3%) 1.000 

Nausea / 1 (0.3%) 1.000 
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Palpitation / 1 (0.3%) 1.000 

Pruritus / 1 (0.3%) 1.000 

Grade 3 and 4 adverse events / / 1.000 

Data are presented as n (%). Chi-square test and Fisher’s exact test were used to compare statistical difference 

between groups. p < 0.05 was considered statistically significant. 
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Table 3 Seropositivity rates of SARS-CoV-2 antibodies after full-course vaccination 

Antibody 

Month after full-

course vaccination 

Healthy controls 

(n=87) 

CHB patients 

(n=362) 

P value 

Spike-specific 

IgG 

1 Month 100.0% (31/31) 97.8% (175/179) 1.000 

2 Month 100.0% (24/24) 95.7% (112/117) 0.588 

3 Month 93.8% (30/32) 95.5% (63/66) 0.660 

RBD-specific 

IgG 

1 Month 100.0% (31/31) 98.3% (176/179) 1.000 

2 Month 95.8% (23/24) 97.4% (114/117) 0.530 

3 Month 96.9% (31/32) 98.5% (65/66) 0.549 

Blocking 

antibody 

1 Month 77.4% (24/31) 72.6% (130/179) 0.577 

2 Month 45.8% (11/24) 45.3% (53/117) 0.962 

3 Month 28.1% (9/32) 43.9% (29/66) 0.132 

Chi-square test and Fisher’s exact test were used to compare statistical difference of seropositivity 

rates of antibodies at 1, 2 and 3 months after full-course vaccination between healthy controls and 

CHB patients. RBD, receptor binding domain. p < 0.05 was considered statistically significant. 
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Figure legends 

Figure 1 Antibody response after full-course vaccination in CHB patients and healthy 

controls. (A) Titers of spike-specific IgG, RBD-specific IgG, blocking antibody in 

healthy controls (n = 87) and all CHB patients (n = 362) at 1, 2 and 3 months after full-

course vaccination. (B) Titers of spike-specific IgG, RBD-specific IgG, blocking 

antibody in healthy controls (n = 87), inactive HBsAg carriers (n = 99), HBeAg+ CHB 

patients (n = 73), HBeAg- CHB patients (n = 142) and cirrhotic patients (n = 48) at 1, 

2 and 3 months after full-course vaccination. Mann-Whitney U test was used for two-

group comparison (healthy controls and all CHB patients). Dunn's multiple 

comparisons test was used for comparisons between healthy controls and CHB 

subgroups, and the results were corrected. Top of all bars represents GMTs and error 

bars represent geometric SD. Horizontal dotted lines represent limit of detection. When 

the antibody titer of participant was lower than the detection limit, half value of the 

detection limit was assigned. The p-values represented in this figure are all adjusted p-

values. *p<0.05, **p<0.01. GMTs, geometric mean titers; RBD, receptor binding 

domain; SD, standard deviation. 

 

Figure 2 RBD-specific B cell responses at 1, 2 and 3 months after full-course 

vaccination in CHB patients and healthy controls. (A) Frequency of RBD-specific cell 

and its subsets in healthy controls (n = 84) and all CHB patients (n = 168). According 

to top-to-bottom and left-to-right order, plots represent the percentage of RBD-specific 

B cells in B cells, percentage of RBD-specific MBCs in B cells, and percentage of four 
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RBD-specific MBC subsets: RBD+ atypical MBCs, RBD+ activated MBCs, RBD+ 

resting MBCs and RBD+ intermediate MBCs. (B) Frequency of RBD-specific cell and 

its subsets in healthy controls (n = 84), inactive HBsAg carriers (n = 43), HBeAg+ CHB 

patients (n = 39), HBeAg- CHB patients (n = 69) and cirrhotic patients (n = 17). Mann-

Whitney U test was used for two-group comparison (healthy controls and all CHB 

patients). Dunn's multiple comparisons test was used for comparisons between healthy 

controls and CHB subgroups, and the results were corrected. Top of all bars represents 

median and error bars represent IQR. The p-values represented in this figure are all 

adjusted p-values. *p＜0.05. IQR, interquartile range; MBC, memory B cell; RBD, 

receptor binding domain. 
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4.5. CoronaVac induces antibodies in 85,2% of the patients 
with cancer, demonstrates Turkish study

A study published in the journal 
Future Oncology demonstrated that 
CoronaVac, vaccine from Butantan 
and the chinese pharmaceutic 
Sinovac, has efficacy in the protection 
of people with cancer, inducing the 
production of high titers of antibodies 
in 85,2% of the analyzed patients. 
The work was conducted by Turkish 
researchers from the Bezmialem 
Vakif University, Medipol University, 
Okmeydani Hospital of Research and 
Training, Ancara Hospital, among 
other institutions.

The scientists evaluated the 
seropositivity of CoronaVac on 776 
patients with cancer, adults with an 
average age of 64, that entered the 
oncologic clinic between 01/03 and 
01/07 of 2021. The control group was 
composed of 715 people that were 
not diagnosed with cancer, with an 
average age of 50 years. All were 
vaccinated with two doses, with a 
gap from four to six weeks.

Among the patients, 85,2% 
produced antibodies against SARS-
CoV-2, with an average titer of 363,9 
UA/mL. In the control group, the tax 
of seropositivity was of 97,5% and 
the average titer of antibodies was 
of 656,5 UA/mL.

The incidence of adverse effects 
after the first dose was 15,9% in 
the group of patients and 22,5% in 
the control group, being the most 
reported symptom fatigue and 
pain in the area of the injection. In 
relation to the second dose, there 
was no significant difference in the 
adverse reactions.

The tumoral types more common 
were breast cancer (32,3%), lung 
cancer (23,6%),  gastrointestinal 
cancer (22,4%) and genitourinary 
cancer (13,8%). From the patients, 
51,3% (398 people) presented 
metastatic disease; 39,8% 
(309 people) were in active 
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chemotherapy; 15,1% (117 people) 
were in immunotherapy or targeted 
therapies; and 45,1% (350 people) 
did not receive any of these 
modalities of treatment in the 
previous three months.

According to the researchers, the 
significant factors associated with 
the smaller taxes of seropositivity in 
the group of the patients were age 
and active chemotherapy. However, 
the results confirmed the efficacy and 
safety of CoronaVac in this population.

Differences 
of seropositivity 
among the patients

To compare the taxes of antibodies 
production among the patients, the 
scientists divided the participants 
into four subgroups: group of active 
chemotherapy, immunotherapy 
group, targeted therapies group 
and hormonal therapy group.

The tax of seropositivity was 78,6% 
on the active chemotherapy group, 
85,7% in the immunotherapy group, 
86% in the targeted therapies group 
and 87,1% in the hormonal therapy 
group. For the  patients that did not 
receive any treatment, the tax of 
seropositivity was 91,1%. Besides, 90,7% 
of the patients without metastasis and 
79,9% of the patients with metastasis 
developed antibodies.

Published on: 01/27/2022
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Efficacy and safety profile of COVID-19
vaccine in cancer patients: a prospective,
multicenter cohort study

Ayse Irem Yasin*,1 , Sabin Göktas Aydin2 , Bilge Sümbül3, Lokman Koral4, Melih

Şimşek1 , Çağlayan Geredeli5, Akın Öztürk6, Perihan Perkin7, Derya Demirtaş8, Engin
Erdemoglu9, İlhan Hacıbekiroglu10, Emre Çakır10, Eda Tanrıkulu11, Ezgi Çoban11, Melike
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Aim: To compare the seropositivity rate of cancer patients with non-cancer controls after inactive SARS-
CoV-2 vaccination (CoronaVac) and evaluate the factors affecting seropositivity. Method: Spike IgG
antibodies against SARS-CoV-2 were measured in blood samples of 776 cancer patients and 715 non-
cancer volunteers. An IgG level ≥50 AU/ml is accepted as seropositive. Results: The seropositivity rate was
85.2% in the patient group and 97.5% in the control group. The seropositivity rate and antibody levels
were significantly lower in the patient group (p < 0.001). Age and chemotherapy were associated with
lower seropositivity in cancer patients (p < 0.001). Conclusion: This study highlighted the efficacy and
safety of the inactivated vaccine in cancer patients.

Clinical Trials Registration: NCT04771559 (ClinicalTrials.gov)

Plain language summary: Cancer patients are at high risk for infectionwith SARS-CoV-2 and of developing
the associated disease, COVID-19, which therefore puts them in the priority group for vaccination. This
study evaluated the efficacy and safety of CoronaVac, an inactivated virus vaccine, in cancer patients. The
immune response rate, defined as seropositivity, was 85.2% in the cancer patient group and 97.5% in
the control group. The levels of antibodies, which are blood markers of immune response to the vaccine,
were also significantly lower in the patient group, especially in those older than 60 years and receiving
chemotherapy. These results highlight the importance of determining the effective vaccine type and dose
in cancer patients to protect them from COVID-19 without disrupting their cancer treatment.

Future Oncol. (Epub ahead of print) ISSN 1479-669410.2217/fon-2021-1248 C© 2022 Future Medicine Ltd
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4.6. Patients with autoimmune rheumatic diseases that already 
contracted Covid-19 may be protected with only one dose of 
CoronaVac, suggests study

A study published in The Lancet 
Rheumatology demonstrated that 
a single dose of CoronaVac, vaccine 
from Butantan and Sinovac, 
can be enough to promote an 
immune response in patients with 
autoimmune rheumatic diseases 
that were previously infected with 
SARS-CoV-2. The research was 
conducted in the Clinical Hospital 
of the Medicine School from São 
Paulo University (FMUSP).

According to the research, 95% of 
the 157 patients that had already 
contracted Covid-19 and were 
immunized with CoronaVac 
produced an expressive average of 
IgG antibodies after the first dose. 
After the second dose, the indicator 
jumped to 98% of the volunteers.
The researchers also analyzed 
471 individuals with rheumatic 
diseases that never had contact 
with the coronavirus. The complete 
immunization of both doses of the 
vaccine on that group induced the 
production of antibodies in 75% of 
the participants.

Also participated in the study 1.193 
patients and 492 controls. After 
the random selection of samples, 
942 people were analyzed (157 
with positive serology and 471 with 

negative serology). Both groups 
also counted, each one, with 157 
individuals from control.

The researchers collected blood 
samples from the volunteers 
immediately before the first dose 
(day zero), before the second 
dose (day 28) and 69 days after 
the first dose (or 40 days after the 
second dose)

Immunological memory

The results of the article from USP 
support other researches made 
with individuals with autoimmune 
rheumatic diseases that had 
positive and negative serology, 
that shows that vaccines with 
messenger RNA and adenovirus 
induce the same pattern of immune 
response observed in the study with 
CoronaVac. “A possible mechanism 
that explains that robust response 
on those that already contracted 
Covid-19 is related to the memory 
B cells pre-existent, because the 
recurrent exposure is known for 
generating responses more extensive 
than of a primary infection”, pointed 
the authors of the article.
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4.7. CoronaVac produces antibodies in 87% of the patients with 
Hepatitis B, demonstrates chinese study

CoronaVac, a vaccine from 
Butantan and the chinese 
pharmaceutic Sinovac, generates 
a high protection against Covid-19 
on patients that live with Hepatitis 
B without causing severe adverse 
reactions. The conclusion is part 
of a study published by Chinese 
researchers in Cellular & Molecular 
Immunology journal, from Nature. 
According to the research, after 
receiving the second dose of the 
immunizer, the patients presented 
a seroconversion tax of 87,25% for 
IgG antibodies, and of 74,5% for 
neutralizing antibodies.

The article “Safety and 
immunogenicity of a SARS-CoV-2 
inactivated vaccine in patients with 
chronic hepatitis B virus infection” 
was conducted by researchers from 
the Medicine School of the Huazhong 
University of Science and Technology, 
from Wuhan, China, where the Covid-
19 pandemic started.

The study was made with 284 
patients with chronic infection of 
hepatitis B, and 81 of them were not 
vaccinated, 54 had received just the 
first dose of the vaccine, and 149 of 
them had completed the vaccinal 
scheme of two doses. One month 
after the first or second dose, 

plasma samples were collected and 
compared to the samples of the 
non vaccinated.

While the serum positivity in the 
vaccinated for the IgG antibodies 
and the neutralizing antibodies 
were 87,5% and 74,5%, respectively, 
the data of adverse reactions 
demonstrated that almost every 
reaction was mild, and the most 
common symptom was local pain 
in the area of injection followed 
by somnolence. Only one patient 
reported fever on the first day after 
the vaccination. There were no 
severe adverse reactions observed 
even on the 20 patients with more 
serious cases of chronic infection 
of hepatitis B (abnormal levels of 
alanine aminotransferase) or in the 
10 patients with hepatic cirrhosis.

This is the first detailed study 
that analyzes the safety and 
immunogenicity of CoronaVac 
in patients with chronic infection 
of hepatitis B. Previous studies 
demonstrated a higher risk of 
progression for the severe disease 
on people with cirrhosis infected 
with the SARS-CoV-2 virus.

Published on: 11/15/2021
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CORRESPONDENCE OPEN

Safety and immunogenicity of a SARS-CoV-2 inactivated
vaccine in patients with chronic hepatitis B virus infection
Tiandan Xiang1,2,3, Boyun Liang1,2,3, Hua Wang1,2,3, Xufeng Quan1,2, Shengsong He1,2, Helong Zhou1,2, Yongwen He1,2,
Dongliang Yang1,2, Baoju Wang1,2✉ and Xin Zheng1,2✉

© The Author(s) 2021

Cellular & Molecular Immunology; https://doi.org/10.1038/s41423-021-00795-5

Coronavirus disease 2019 (COVID-19), caused by SARS-CoV-2
infection, has become a major global public health threat.
Although significant advances have been made in developing
and applying different vaccines in clinical trials [1, 2], data are
limited on the safety and efficacy of the inactivated vaccine in
patients with chronic liver disease [3]. Recent studies have
preliminarily described the safety and immunogenicity of SARS-
CoV-2 vaccines in patients with nonalcoholic fatty liver disease
and in liver transplant recipients [4, 5]. However, to date, there is
no detailed information on the SARS-CoV-2 inactivated vaccine in
patients with chronic hepatitis B (CHB) infection. It has been
reported that CHB patients have impaired immune systems [6].
Hence, whether immunocompromised CHB patients within the
different clinical stages can be safely vaccinated with the various
types of SARS-CoV-2 vaccines and produce an effective immune
response remains unclear. Our study aims to provide a
comprehensive analysis from different clinical dimensions to
characterize the safety and immunogenicity of SARS-CoV-2
inactivated vaccines (BBIBP-CorV, CoronaVac, or WIBP-CorV) within
this specific patient population.
A total of 284 CHB patients who were unvaccinated (n= 81) or

had completed the first (n= 54) or second dose (n= 149) of the
vaccines were enrolled from March 23, 2021, to September 10,
2021 (Table S1). The median time post-vaccination was 33 (IQR,
24–48) days among the 149 completely vaccinated patients.
Safety was evaluated by determined the overall incidence of
adverse reactions via a standardized questionnaire. Moreover,
plasma samples were examined for IgG antibodies against the
receptor-binding domain (RBD) of the SARS-CoV-2 spike protein
(anti-S-RBD-IgG) and for neutralizing antibodies (NAbs). The
complete methods regarding the study design and the statistical
analysis are available in the Supplementary methods section.
The adverse reaction data were first analyzed in 149 completely

vaccinated CHB patients. The overall incidence of adverse
reactions within 7 days was 30.2% (Table S2), which was similar
to that found in the phase 3 trials of CoronaVac in Turkey [2]. The
most common side effect was injection-site pain (25.5%, 38/149),
followed by drowsiness (3%, 3/149); only one patient reported
fever on the first day after vaccination. Almost all of the adverse
reactions were mild and self-resolved within a few days after
vaccination. Serious side effects were not observed even in

20 CHB patients with abnormal alanine aminotransferase levels
[61.5 (43–129) U/L] or 10 patients with compensated liver cirrhosis.
The results demonstrated that SARS-CoV-2 inactivated vaccines
had a favorable safety profile in CHB patients. Given that previous
studies have shown an increased risk of progression to severe
disease in COVID-19 patients with cirrhosis [7], the benefit of
vaccination in compensated cirrhotic patients still outweighs the
vaccine-related risk.
Next, we determined the immunogenicity of CHB patients who

completed the two doses of the vaccination regimen. The
seropositivity for anti-S-RBD-IgG and NAbs was 87.25% and
74.5%, respectively (Fig. 1A). The anti-S-RBD-IgG seropositivity of
CHB vaccine recipients was similar to that in a clinical trial of
CoronaVac in Turkey (89.7%) but much higher than the reported
recently seropositivity of IgG antibodies to the spike protein (76%)
in patients with chronic liver disease [5]. Both anti-S-RBD-IgG and
NAb levels increased significantly to a higher level after
completing the vaccination regimen (Fig. 1B, C, P < 0.0001). This
finding indicates that SARS-CoV-2 inactivated vaccines can elicit
an optimal antibody response even though some CHB patients
may have pre-existing compromised immune function.
The seropositivity and antibody titers in CHB patients were

further compared according to sex, age, antiviral therapy,
and body mass index stratification (Fig. 1D, E). We found that
younger patients (<40 y) had higher seropositivity for anti-S-RBD-
IgG (P < 0.05), and female patients exhibited increased seroposi-
tivity for NAbs (P < 0.05). Recent clinical trials have also reported a
similar trend: younger individuals and female vaccine recipients
exhibited stronger humoral immune responses to vaccination [2].
Interestingly, the patients undergoing nucleos(t)ide analog
therapy had a significantly higher NAb titer than those who were
not (P < 0.05) (Fig. 1D, E). Long-term antiviral therapy can inhibit
viral replication and facilitate the restoration of the impaired
immune system by recovering the function of circulating dendritic
cells, natural killer cells, or T cells, particularly nucleotide analogs
that can induce the production of IFN-λ3 [6, 8]. These factors may
account for the higher antibody titer in patients with antiviral
therapy. Given that nucleos(t)ide analog therapy does not affect
vaccine-induced immune responses, it should be continuously
administered during vaccination to avoid negatively impacting
CHB treatment.

Received: 22 September 2021 Accepted: 11 October 2021
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Fig. 1 Antibody responses following immunization with the inactivated vaccine in CHB patients. A The seropositivity of anti-S-RBD-IgG and
NAbs in CHB patients. B, C Kinetics of the anti-S-RBD-IgG and NAb titers in vaccine-induced sera at different time points in CHB patients.
Prevaccination, n= 81; first dose, n= 54; second dose, n= 149. D, E The comparison of anti-S-RBD-IgG and NAb titers stratified according to
sex, age, nucleos(t)ide analog (NUC) therapy, and BMI (overweight: BMI ≥ 25; 14 patients had unavailable BMI values). F, G Comparison of anti-
S-RBD-IgG (F) and NAb titers (G) in HBeAg+ chronic infection, HBeAg+ chronic hepatitis, HBeAg− chronic infection, and HBeAg− chronic
hepatitis individuals [9]. Sample numbers and positive rates are shown underneath. P values were determined using a Mann–Whitney U test
or a Kruskal–Wallis test followed by Dunn’s multiple comparisons test for antibody titers and Fisher’s exact test for seropositivity. The
horizontal dotted line represents the cutoff value. ns: no significance, *p < 0.05, ****p < 0.0001
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Finally, we compared the antibody responses among the CHB
patients in the various clinical stages of infection. The CHB
participants were divided into four groups according to the “EASL
2017 Clinical Practice Guidelines on the Management of Hepatitis
B Virus Infection” [9]: (I) HBeAg-positive chronic HBV infection, (II)
HBeAg-positive chronic hepatitis B, (III) HBeAg-negative chronic
HBV infection, and (IV) HBeAg-negative chronic hepatitis B. There
was no significant difference in seropositivity or antibody titers
among the four groups constituting the 149 CHB patients (Fig. 1F,
G), suggesting the general applicability of the inactivated vaccines
within this patient population.
Altogether, our study reveals that SARS-CoV-2 inactivated

vaccines achieve a favorable safety profile and efficient immuno-
genicity in patients with CHB in real-world vaccination scenarios.
The results are encouraging despite some patients not being
vaccinated following the standard dose interval time in clinical
trials or the two dosages of the inactivated vaccine not being from
the same manufacturer.
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4.8. CoronaVac is safe and immunogenic for patients with systemic 
autoimmune myopathies

A clinical study of phase 4 conducted 
by the Medicine School of the 
University of Sao Paulo, published in 
the scientific journal Rheumatology, 
presented evidence that CoronaVac 
is safe and induces immune 
response in patients with systemic 
autoimmune myopathies (SAM). This 
is a heterogeneous group of rare 
systemic diseases that mainly affect 
the skeletal striated muscles, and 
may also affect the lungs, heart and 
gastrointestinal tract.

Six weeks after completing 
the vaccinal scheme of two 
doses from CoronaVac, the 37 
patients that participated in the 
research presented an average 
activity neutralization similar 
to 79 control individuals non 
immunocompromised (57,2% 
vs 63%). And the frequency of 
neutralizing antibodies production 
was 51,4% on the patients and 77,2% 
on the controls.

In comparison to the production 
of IgG antibodies, 64,9% of the 

patients presented seroconversion, 
with an average geometric titration 
of IgG antibodies of 7,9.

The authors of the study emphasized 
that, besides presenting a smaller 
immunogenicity in comparison to 
healthy people, which is something 
expected of immunosuppressed 
individuals, the patients developed 
a good response to SARS-CoV-2. 
Besides, no severe adverse effects 
were observed, proving the safety of 
CoronaVac on that population. The 
frequency of mild adverse reactions 
was similar in both groups.

During the monitoring, six 
individuals (three patients and 
three controls) had Covid-19, five of 
them between the first and second 
dose and only one after the second 
dose. All of them developed mild 
symptoms and there was no need 
of hospitalization.

Published on: 10/19/2021
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4.9. CoronaVac generates high levels of protection for people with 
HIV, indicates studies from Brazil and China

Two scientific studies published by 
researchers from Brazil and China 
demonstrates that CoronaVac, a 
vaccine from Butantan and the 
chinese pharmaceutic Sinovac 
against Covid-19, is safe and 
capable of generating high levels of 
protection against SARS-CoV-2 on 
people infected with the HIV virus, 
the responsible of AIDS (Acquired 
immunodeficiency syndrome).

The paper “Safety and 
Immunogenicity of CoronaVac in 
People Living with HIV”, written by 
researchers of the Clinical Hospital 
from the University of Sao Paulo 
Medical School and published in the 
preprint platform SSRN, evaluated 
the safety and immunogenicity of 
CoronaVac on 215 people that live 
with HIV, in comparison with 296 
without known immunosuppression. 
All the participants received two doses 
of CoronaVac with a gap of 28 days.

Four weeks after the second dose 
of the vaccine, the percentage of 
participants with positivity for SC 
and NAb neutralizing antibodies 

was as high for the HIV group as for 
the control group. No severe adverse 
reaction was reported during the 
study, for people with HIV or non 
immunosuppressed participants. 

However, the researchers found 
differences on the immunogenicity 
parameters among people with HIV. 
The T CD4 lymphocytes (CD4 cells) 
help to coordinate the immune 
response, estimulating other 
immune cells such as B lymphocytes 
(B cells) and T CD8 (CD8 cells) to 
fight against the infection. The HIV 
virus weakens the immunological 
system, destroying the CD4 cells. 
69 days after the first dose of 
CoronaVac, the participants with 
T CD4 cells count lower than 500 
cells/mm³ had immunogenicity 
lower against the SARS-CoV-2 in 
comparison with the members of 
the same group with count higher 
or equal to 500 cells/mm³.

From that analysis, the researchers 
concluded that people with HIV 
and count higher or equal to 500 
T CD4 cells for mm³ had 2,26 times 
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more chances to present positivity 
in the activity of the neutralizing 
antibodies when compared to the 
count of T CD4 cells by mm³ minor 
than 500. In relation to the control 
group participants, this indicator 
was 3,21 times higher.

“Our results show that CoronaVac 
has a robust immunogenicity on 
people with HIV after two doses 
of the vaccine, but the response 
of antibodies on that population 
are a little lower than on non 
immunosuppressed individuals”, 
said the authors. “Strategies must 
be developed to improve the 
immunogenicity induced by the 
vaccine among people living with 
HIV, especially on the subgroup of 
with a lower count of T CD4 cells. 
A possible procedure is to use a 
booster dose of the vaccine or even 
administer a higher antigen titers 
per dose”, they concluded.

Another study realized by chinese 
researchers and published in 
the SSRN platform also brought 
evidences that CoronaVac is safe 

for people living with the HIV virus, 
and that people living on that group, 
when fully immunized in the scheme 
of two doses of the Butantan 
vaccine, may reach a higher levels 
of protection against the SARS-
CoV-2, similar to the ones observed 
on negative-HIV individuals.

Covid and HIV

A report published in July 2021 by the 
Joint United Nations Programme 
on HIV/Aids (UNAIDS) analyzed 
more than 168 thousand of people 
hospitalized with Covid-19 all over 
the world and concluded that the 
incidence of the most severe form 
of the disease and the number 
of deaths intra-hospital were 
higher on people that live with HIV, 
independent of the age, gender 
and comorbidities. It is estimated 
that more than 38 million people 
live with HIV all over the world, being 
1 million of them in Brazil.

Published on: 
10/12/2021 and 09/22/2021
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Abstract:
Background: People living with HIV (PLWH) may have a poor or delayed 
response to vaccines, mainly when CD4+ T cell counts are low. There are 
limited data concerning the safety and immunogenicity of COVID-19 vaccines in 
PLWH. 
Methods: This prospective controlled study evaluated the safety and 
immunogenicity of the SARS-CoV-2 inactivated vaccine CoronaVac in PLWH 
compared with controls with no known immunosuppression. Immunogenicity 
was assessed with SARS-CoV-2 IgG seroconversion (SC), neutralizing 
antibodies (NAb) activity, and factor increase in IgG geometric mean titers (FI-
GMT). We also investigated if levels of CD4+ T cell counts (< or ≥500 cells/mm3) 
were associated with CoronaVac immunogenicity. 
Findings: 511 participants (215 PLWH and 296 controls) were eligible for the 
immunogenicity analysis. At vaccine completion (D69), although the percentage 
of participants with SC and NAb positivity was high for both PLWH and controls, 
it was somewhat lower in PLWH. CD4+ T cell was identified as a relevant factor 
for immunogenicity, with lower SC and NAb positivity in PLWH with CD4+ 
counts <500 cells/mm3 compared to those with ≥500 cells/mm3. In a 
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multivariable logistic regression model for NAb positivity after a complete two-
dose regimen adjusted for age and sex, compared with PLWH with a CD4+ T 
cell count <500/mm3, those with CD4+ counts ≥500/mm3 had 2·26 times the 
odds of having positivity in NAb activity (95% CI 1·18-4·32; p=0·014), whereas 
controls had 3·21 times the odds of this outcome. No serious adverse reactions 
were reported during the study.
Interpretation: Immunogenicity following CoronaVac in PLWH seems robust but 
reduced compared with controls; PLWH with CD4+ counts <500/mm3 are at 
increased risk for a blunted antibody response following vaccination. 
Funding: Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP); 
Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq); and 
B3 - Bolsa de Valores do Brasil.

Research in context:
Evidence before this study: Several studies have shown that people living with 
HIV (PLWH) may have a poor or delayed response to vaccines or even a 
reduced duration of immunogenicity following vaccination. So far, scarce data 
concerning safety and immunogenicity of COVID-19 vaccines in PLWH is 
available. 
Added value of this study: This is the first controlled study addressing safety 
and immunogenicity of the SARS-CoV-2 inactivated vaccine CoronaVac in 
PLWH compared with controls with no known immunosuppression. At four 
weeks after the second vaccine dose, the percentage of participants with 
seroconversion and neutralizing antibodies positivity was high for both PLWH 
and controls. However, the study found significantly lower immunogenicity 
among PLWH compared to non-immunosuppressed participants. Moreover, 
PLWH with CD4+ T cell counts <500 cells/mm3 had lower SARS-CoV-2 
immunogenicity compared to PLWH with CD4+ T cell counts ≥500 cells/mm3 
and  
Implications of all the available evidence: Strategies to improve vaccine-
induced immunogenicity may be needed for PLWH. Data on clinical efficacy and 
real-life effectiveness studies are still lacking for this population.
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Introduction:

Several vaccines have been implemented in clinical practice to prevent severe 
COVID-19 cases and related deaths. Brazil has been severely hit by the 
pandemic, with one of the highest rates of reported cases and deaths globally.1 
Up to September 2021, four vaccines have been implemented in Brazil; the 
ChAdOx1 by AstraZeneca and the CoronaVac by Sinovac and Butantan Institute 
have been more frequently used, followed by a more recent introduction of the 
single-dose Ad26.COV2.S by Janssen  and the BNT162b2 by Pfizer and 
BioNTech . Compared to other COVID-19 vaccines, CoronaVac has logistical 
advantages in storage (requiring refrigeration only) and manufacturing 
technology. Mass vaccinations campaigns have already taken place in Turkey, 
Brazil, Chile, and Indonesia, with approval for emergency use in more than 20 
low and middle-income countries.2,3

Several risk factors have been associated with poor outcomes among COVID-19 
cases, including pulmonary, cardiac, and chronic renal conditions; older age; 
obesity; and immunosuppression such as solid organ transplants, recent 
chemotherapy, hematopoietic diseases, and HIV infection. Although large 
cohorts from United States, United Kingdom, and South Africa showed an 
increased risk of COVID-19-associated death among PLWH compared to HIV-
uninfected individuals after adjustment for covariates4, some observational and 
epidemiological data suggested no more significant risk, especially among 
PLWH with well-controlled HIV infection.5 However, several studies demonstrate 
that PLWH may have a poor or delayed response to vaccines or even a reduced 
duration of immunogenicity following vaccination against Pneumococcus sp, 
Influenza, Hepatitis A and B6, and Yellow Fever.7 

So far, scarce safety data concerning PLWH vaccinated with COVID-19 
vaccines is available, with only 0·6% and 0·5% representation of PLWH in 
clinical trials with the mRNA-1273 and BNT162b2 vaccines, respectively.8,9 In a 
small cohort of 12 PLWH vaccinated with the mRNA vaccine, lower 
immunogenicity was observed among those with CD4+ T cell counts 
<200/mm3.9 There is also limited data regarding the use of ChAdOx1 in this 
population from a South African cohort (102 PLWH vs. 56 controls) and a 
subgroup analysis of a phase 2/3 study in England (54 PLWH), with no 
significant differences in immunogenicity.10 There are, however, no data on the 
safety and immunogenicity of inactivated COVID-19 vaccines in PLWH to date. 
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This cohort study evaluated the safety and immunogenicity of the SARS-CoV-2 
inactivated vaccine CoronaVac in PLWH compared with controls with no known 
immunosuppression.

Methods

Study design and population
In this prospective cohort nested within a large phase 4 vaccination protocol 
(clinicaltrials.gov #NCT04754698), PLWH aged >18 years regularly followed at 
the HIV/AIDS outpatient clinic at the University of São Paulo were invited to 
participate. We included adults with no known immunosuppression who received 
CoronaVac as controls. We excluded potential participants with a history of 
anaphylactic reaction to the vaccine components; acute febrile illness at 
vaccination; current hospitalization; a history of Guillain-Barre syndrome or 
demyelinating disease; previous vaccination with any SARS-CoV-2 vaccine; a 
history of vaccination with a live virus vaccine up to four weeks before 
enrolment, or an inactivated vaccine up to two weeks before enrolment; and a 
history of any blood product transfusion up to 6 months before enrolment.  
Participants with well-controlled comorbidities were included, but those reporting 
other types of immunosuppression or COVID-19 symptoms at the time of the 
first vaccine dose were excluded. Participants with positive results in baseline 
assessment of SARS-CoV-2 IgG or neutralizing antibodies (NAb) were also 
excluded from the analysis.

Study procedures
We collected demographic and clinical characteristics of study participants at 
baseline, and laboratory variables including last CD4+ T cell count and HIV viral 
load were extracted from medical charts. CoronaVac was administered in a 
twice-dose regimen 28 days apart, according to the manufacturer's 
recommendations.11 CoronaVac (Sinovac Life Sciences, Beijing, China, batch 
#20200412) contains a β-propiolactone inactivated SARS-CoV-2 derived from 
the CN02 strain of SARS-CoV-2 grown in African green monkey kidney cells - 
Vero 25 cells with aluminum hydroxide as an adjuvant. Single-use CoronaVac 
syringes containing 0·5 mL were administered intramuscularly in the deltoid 
area. Participants underwent blood collections immediately before each vaccine 
administration and four weeks after the second dose (D69). Serum samples 
were stored at -70˚C. In case of incident COVID-19 during the study period, the 
second vaccination was delayed by four weeks. 

Immunogenicity evaluation 
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The immunogenicity evaluation comprised two serologic tests: a 
chemiluminescent immunoassay that measured IgG antibodies targeting S1 and 
S2 proteins in receptor binding domain (Indirect ELISA, LIAISON® SARS-CoV-2 
S1/S2 IgG, DiaSorin, Italy), measured in AU/mL (Arbitrary Units) and a virus 
NAb detection assay SARS-CoV-2 sVNT Kit (GenScript, Piscataway, NJ, USA). 
Seroconversion (SC) was defined as a positive (≥15·0 AU/mL) serology for the 
IgG test. We also calculated IgG geometric mean titers (GMT) and 95% 
confidence intervals at all time points and the factor increase in GMT (FI-GMT) 
as the ratio of the GMT after vaccination to the GMT before vaccination. NAb 
activity was reported as percentages and categorized as positive when ≥30% as 
suggested by the manufacturer.12 Immunogenicity tests were performed in 
samples collected at baseline (D0), immediately before the second vaccine shot 
(D28, intermediary assessment), and six weeks after the second vaccine dose 
(D69, final assessment).

Safety evaluation
The vaccine's local and systemic side effects were monitored using a 
standardized form and clinical evaluations at each study visit. Participants 
completed the standardized forms with solicited adverse reactions after each 
vaccine dose. Solicited local adverse reactions included pain, erythema, 
swelling, bruise, pruritus, and induration at the vaccine injection site. Systemic 
reactions included fever, malaise, somnolence, lack of appetite, sweating, 
nausea, vomit, diarrhea, abdominal pain, vertigo, tremor, headache, fatigue, 
myalgia, muscle weakness, arthralgia, back pain, cough, sneezing, coryza, 
runny nose, sore throat, shortness of breath, conjunctivitis, pruritus and skin 
rash. 
Moderate and severe adverse events have been recorded from D0-D69 and 
classified as vaccine-related and unrelated. Participants with COVID-19 
symptoms during the study period underwent a SARS-CoV-2 reverse 
transcriptase–polymerase-chain-reaction (RT-PCR) test in a nasal swab sample. 

Statistical analysis: 
We present the characteristics of study participants using descriptive statistics. 
Comparisons between PLWH and non-immunosuppressed controls were made 
using Mann-Whitney-Wilcoxon rank-sum tests for numeric variables and chi-
squared or Fisher's exact tests for categorical variables. We generated 
categorical variables for age (<40; 40-49; 50-49; ≥60 years old), and CD4+ T cell 
counts (<500; ≥500). A multivariable logistic regression model was used to 
assess the impact of HIV infection, and CD4+ T cell counts on the positivity of 
SARS-CoV-2 anti-S1/S2 IgG and NAb test following vaccination, adjusted for 
age and sex. We used the statistical software Stata 15·1 (StataCorp College 
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Station, TX: StataCorp LP) in all analyzes, with a two-tailed significance level of 
0·05.
 
Ethical aspects 
The national and local ethics committees approved the study. Each participant 
provided written informed consent before enrolment. Participant identifiable data 
remained confidential throughout the study.

The study sponsors had no role in study design, data collection, analysis, 
interpretation of data, writing of the report, or in the decision to submit the paper 
for publication

Results
Between February and March 2021, 776 consecutive participants were 
recruited, of whom 282 were PLWH and 494 non-immunosuppressed controls. 
Two participants from the control group were excluded after drop-out following 
the first vaccine dose. Additional 244 (31%) individuals were excluded from this 
analysis due to a positive IgG or NAb test at baseline (53 PLWH [19%] and 191 
controls [39%]), and 19 individuals were excluded due to missing baseline 
results of IgG or NAb tests. The remaining 511 individuals comprised the study 
sample for the immunogenicity analysis (215 PLWH and 296 non-
immunosuppressed controls). For the safety analysis, 465 participants 
completed the forms. A flowchart describing study participants is presented in 
Supplement Figure 1.
Demographic and clinical characteristics of study participants are presented in 
Table 1. Female participants comprised 85 (40%) of the PLWH and 187 (63%) 
of the non-immunosuppressed participants (p<0·001). PLWH were older than 
controls, with a median 54 years old (interquartile range [IQR] 45-60) and 48 
years old (IQR 37-58), respectively (p<0·001).
The frequency of comorbidities was similar between PLWH and controls, except 
for a higher frequency of dyslipidemia (17% vs. 5%; p<0·001) and chronic 
kidney disease (2% vs. 0%; p 0·013) among PLWH. 
We obtained CD4+ T cell counts of all 215 PLWH, with a median of 22 months 
from the last CD4+ T cell count measurement and study enrolment (IQR 11-33). 
CD4+ T cell counts were <500 cells/mm3 for 64 (30%) participants and ≥500 
cells/mm3 for the remaining 151 (70%). Overall, 191 (89%) PLWH had 
undetectable (<50 copies/mL) viral load in at least three measurements before 
inclusion and were considered with viral suppression. The median time between 
the last HIV viral load assessment and study enrolment was two months (IQR 1-
3).
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SARS-CoV-2 vaccine immunogenicity: effect of HIV infection
Table 2 describes results of the immunogenicity assessment. In unadjusted 
analysis at vaccine completion (D69), the frequency of positive SARS-CoV-2 
IgG SC and NAb positivity was high for both PLWH and non-immunosuppressed 
controls; it was significantly lower in PLWH (SC 91 vs. 97%, p<0·005; NAb 
positivity 70·7 vs. 84%, p<0·001). The FI-GMT and NAb activity were moderate 
and lower in PLWH compared to non-immunosuppressed controls [median FI-
GMT 22·5 (IQR 10·9 – 41·1) vs. 31·8 (IQR 15 – 53·1), p<0·001; median NAb 
activity 46·1 (26·9 – 69·7) vs. 60·7 (39·8 – 79·9), p<0·001]. Of note, at the day of 
the second dose (D28), PLWH had lower percentages of SARS-CoV-2 IgG SC 
(19 vs. 39%, p<0·001), NAb positivity (19 vs. 39%, p<0·001), and lower levels of 
FI-GMT (2·3 vs. 4·6, p<0·001) and NAb activity (0 vs. 23.7%, p<0·001) 
compared to non-immunosuppressed controls. 

SARS-CoV-2 vaccine immunogenicity: effect of CD4+ T cell counts among 
PLWH
In the final assessment (D69), PLWH with CD4+ T cell counts <500 cells/mm3 
had a lower immunogenicity compared to those with CD4+ T cell counts ≥500 
cells/mm3 [SC 82 vs. 94%, p=0·008; NAb positivity 59 vs. 76, p=0·001; median 
NAb activity: 41·6 vs. 49·9%, p=0·030]. At D28, PLWH with CD4+ T cell counts 
< or ≥500/mm3 had comparable immunogenicity parameters (p>0·05) except for 
the NAb activity (0 vs. 23·7%, p=0·002; Table 2). Figure 1 shows the final 
SARS-CoV-2 NAb activity among PLWH with CD4+<500 cells/mm3, CD4+≥500 
cells/mm3 and HIV-uninfected participants; the median final NAb activity was 
41·6 % (IQR 20·8 – 64·6) among PLWH with <500 cells/mm3; 49·9 % (IQR 30·6 
– 73·1) for PLWH with ≥500 cells/mm3; and 60·8 % (IQR 39·8 – 79·9) among 
HIV-uninfected participants.

Multivariable analysis for SARS-CoV-2 vaccine immunogenicity
Given the baseline differences between groups regarding sex and age 
distributions, we performed a multivariable logistic regression including HIV 
status and CD4+ T cell counts (< or ≥500/mm3), with age categories and sex as 
independent variables, and positivity in NAb at the final study assessment (D69) 
as the outcome.
The model showed that, compared with PLWH with a CD4+ T cell count 
<500/mm3, those with CD4+ counts ≥500/mm3 had 2·26 times the odds of 
having a positive NAb after complete vaccination (D69) (95% CI 1·18-4·32; 
p=0·014), whereas HIV-uninfected individuals had 3·21 times the odds of this 
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outcome (95% CI 1·72-6·00; p<0·001). Female sex and age categories were not 
significantly associated with the odds of having a positive NAb (Table 3).

Vaccine safety 
Information regarding adverse vaccine reactions was available for 189 PLWH 
and 296 non-immunosuppressed participants. Adverse events are detailed in 
Supplement Table 1, and the most frequently reported symptoms are presented 
in Figure 2. Most participants were asymptomatic after vaccination with the first 
(61%) and the second (68%) vaccine dose. Only mild adverse events were 
reported during the study. PLWH and non-immunosuppressed participants had 
no statistically significant differences in the occurrence of vaccine adverse 
events after the first dose, except for any local reactions (12% vs. 21% 
respectively; p=0·026) and sweating (5% vs. 1% respectively; p=0·005). 
After the second shot, we found a higher frequency of adverse reactions among 
non-immunosuppressed participants, including nausea (2% vs. 6%; p=0·013), 
myalgia (4% vs. 8%; p=0·048), arthralgia (3% vs. 8%; p=0·048), shortness of 
breath (0 vs. 3%; p=0·016), and pruritus (0% vs. 3%; p=0·016) compared to 
PLWH. 

Supplement Figure 1: Selection of study participants 
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Table 1: Demographic and clinical characteristics of participants eligible 
for immunogenicity analysis

PLWH
N=215

Non-immunosuppressed 
controls
N=296

p-value

Age category (%)
64 (21.6)

< 0.001

<40 years old 34 (16) 88 (30)

40 – 49 years old 45 (21) 75 (25)

50 – 59 years old 69 (23) 69 (23)

>60 years old 64 (22) 64 (22)

Median Age (IQR) 54 (45-60) 48 (37 – 58) <0·001

Female sex, n (%) 85 (40) 187 (63) <0·001

CD4+ category, cells/mm3, n (%)
CD4+ < 200 9 (4) - -

CD4+ 200 – 349 24 (11) - -

CD4+ 350 – 499 31 (14) - -

CD4+ ≥ 500 151 (70) - -

Median CD4+ count (IQR) 655 (458 – 900) - -

Viral suppression, n (%) 191 (89) - -

Median weeks between last CD4+ 
count and inclusion (IQR) 21 (10 – 33) - -

Comorbidities, n (%)
Smoking 28 (13) 33 (11) 0·305
Hypertension 52 (24) 71 (24) 0·520
Diabetes 27 (13) 37 (13) 0·544
Cardiopathy 5 (2) 4 (1) 0·310
Dyslipidemia 37 (17) 15 (5) <0·001
COPD 0 3 (1) 0·194
Asthma 5 (2) 10 (3) 0·338
Chronic kidney disease 5 (2) 0 0·013
Chronic liver disease 4 (2) 1 (<1) 0·103
Neoplasia 2 (1) 0 0·177
Previous stroke 5 (2) 0 0·013
Active tuberculosis 2 (1) 0 0·177

COPD: chronic obstructive pulmonary diseases
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Table 2: Immunogenicity after one dose (D28) and two doses (D69) for PLWH, 
according to CD4+ counts category, and non-immunosuppressed controls 

HIV-uninfected
N = 296 PLWH

N = 215

P-value 
comparing 
PLWH and 
controls

PLWH
CD4+ < 500

N = 64

PLWH
CD4+ ≥ 500

N = 151

P-value 
comparing 
high and 
low CD4+

D69

IgG levels (AU/mL) 75·2 (50·3 – 112) 48·7 (26·5 – 88·2) <0·001 42·0 (22·9 – 68·9) 53·3 (30·2 – 92·4) 0·053

Seroconversion 265 / 274 (97%) 185 / 204 (91%) 0·005 51 / 62 (82%) 134/ 142 (94%) 0·008

FI-GMT 31·8 (16 – 53·1) 22·5 (10·9 – 41·1) <0·001 19·3 (7·6 – 33·5) 23·0 (11 – 45) 0·120

NAb positivity 229 / 274 (84%) 143 / 202 (71%) 0·001 36 / 61 (59%) 107 / 141 (76%) 0·013

Percent NAb activity 60·7 (39·8 – 79·9) 46·1 (26·9 – 69·7) <0·001 41·6 (20·8 – 64·6) 49·9 (30·6 – 73·1) 0·030

D28

IgG levels (AU/mL) 10·4 (4·7 – 30·5) 5·1 (0 – 11·3) <0·001 5·1 (0 – 7·9) 5·1 (0 – 12·3) 0·448

Seroconversion 114 / 295 (39%) 41 / 214 (19%) <0·001 10 / 64 (15%) 31 / 150 (20%) 0·255

FI-GMT 4·6 (2·3 – 10·3) 2·3 (1·0 – 5·2) <0·001 2·2 (1 – 3·8) 2·4 (1 – 6) 0·337

NAb positivity 112 / 289 (39%) 40 / 211 (19%) <0·001 7 / 64 (11%) 33/147 (22%) 0·035

Percent NAb activity (%) 23·7 (0 – 39·6) 0 (0 – 27·3) <0·001 0 (0 – 0) 23·7 (0 – 39·6) 0·002

Numeric variables are presented as medians and interquartile ranges; categorical variables are presented as 
frequencies and percentages; AU: arbitrary units; SC: seroconversion (positive IgG, ≥15AU/mL); NAb: Neutralizing 
antibody test (positive when ≥ 30%); FI-GMT: factor of increase – geometric mean titter
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Figure 1: SARS-CoV-2 percentage neutralizing antibodies activity among 
persons living with HIV with CD4<500, CD4≥500, and non-
immunosuppressed participants. Dots represent results from individual 
vaccines; whiskers indicate 25th, 50th, and 75th percentiles.   
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Table 3: Multivariable logistic regression model for neutralizing antibody 
positivity after vaccination with a two-dose regimen of inactivated SARS-
CoV-2 vaccine, according to HIV status and CD4+ T cell counts

OR 95% CI p-value

PLWH, CD4+<500 mm3 Reference (1·00) - -

PLWH, CD4+≥500 mm3 2·26 1·17 – 4·32 0·014

Non-immunosuppressed participants 3·21 1·72 – 5·99 <0·001

Female sex 1·17 0·73 – 1·85 0·510

Age category

<40 years old Reference (1·00) - -

40 – 49 years old 1·06 0·51 – 2·18 0·871

50 – 59 years old 0·77 0·40 – 1·56 0·512

>60 years old 0·55 0·28 – 1·07 0·082

PLWH: People living with HIV
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Figure 2: Local (panel A) and systemic (panel B) adverse events after 
vaccination, according to vaccine dose and HIV infection status

Discussion

Here we present the findings of the first controlled study addressing the safety 
and immunogenicity of an inactivated vaccine against SARS-CoV-2 among 
PLWH compared with non-immunosuppressed controls. No serious adverse 
reactions were reported during the study, either among PLWH or non-
immunosuppressed participants. We found a few statistically significant 
differences with a higher occurrence of adverse reactions in the control group 
compared to PLWH. At four weeks after the second vaccine dose, the 
percentage of participants with SC and NAb positivity was high for both PLWH 
and controls. However, we found statistically significant differences in the 
immunogenicity parameters comparing PLWH and non-immunosuppressed 
participants in unadjusted analysis both after the first dose and after the second 
vaccine. In addition, at D69, PLWH with CD4+ T cell counts <500 cells/mm3 had 
lower SARS-CoV-2 immunogenicity compared to PLWH with CD4+ T cell counts 
≥500 cells/mm3. 

We observed a few differences between PLWH and non-immunosuppressed 
participants in baseline demographics and clinical characteristics. Female sex 
was more frequent among non-immunosuppressed controls, and PLWH were 
somewhat older. Both factors have been adjusted for in the multivariable model. 
Regarding comorbidities, the only significant differences were a higher frequency 
of dyslipidemia (17% vs. 5%) and chronic kidney diseases (2% vs. 0%) among 
PLWH. The higher occurrence of chronic non-communicable diseases in PLWH 
is a documented phenomenon.13 Due to a low overall frequency, we did not 
include these variables as covariates in the multivariable model addressing 
immunogenicity. Our multivariable logistic regression model for NAb positivity at 
D69 adjusted for age and sex showed that non-immunosuppressed participants 
and PLWH with CD4+ T cell count ≥500/mm3 had significantly higher odds of 
having a positive NAb compared to PLWH with CD4+ T cell count <500/mm3.

Our results are consistent with previous knowledge on the immunogenicity 
elicited by vaccines among PLWH and patients with lower CD4+ T cell counts.6 
HIV infection is known to impair the immune system beyond the decrease of 
CD4+ T cell counts,14 impacting various immunologic pathways resulting in 
immune activation, impaired humoral and cellular responses, and clinical 
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outcomes including a decreased immunogenicity to several vaccines. Studies 
have shown that vaccines such as the live attenuated Yellow Fever vaccine, 
inactivated tetravalent influenza and hepatitis A/B vaccines, pneumococcal (both 
polysaccharide [PPSV 23] and conjugated formulations [PCV10, PCV13]) and 
conjugated Haemophilus influenzae type B elicit a less robust immune response 
in PLWH compared with HIV-uninfected individuals regardless of antiretroviral 
treatment and CD4+ T cell counts. 7,15,16 Moreover, the vaccine-induced immune 
response seems to be particularly impaired in situations of advanced or 
uncontrolled HIV infection, with low CD4+ T cells (<200/mm3) and detectable HIV 
viral load.6 Studies also suggest that the vaccine-induced immunogenicity may 
wane more rapidly for this group of patients.17

Recent studies on the immunogenicity of COVID-19 vaccines in 
immunosuppressed patients suggest that the antibody response may be 
impaired in these populations. Medeiros-Ribeiro et al. published a phase IV 
controlled study assessing immunogenicity following CoronaVac among patients 
with autoimmune rheumatologic diseases and found a NAb positivity of 56% 
compared to 79% among controls.18 Additional studies addressing other COVID-
19 vaccines such as the mRNA Pfizer BioNTech also found a reduced antibody 
response in immunosuppressed patients such as chronic corticosteroid users,19 
patients under immunosuppressive drugs,20 and solid organ transplant 
recipients.21,22

Our study had a few limitations. As seen in any observational study, groups were 
subject to imbalances in demographic and clinical characteristics. The older age 
and lower frequency of female sex among PLWH could partially explain the lower 
immune response to the inactivated SARS-CoV-2 vaccine, as older age has 
been associated with lower vaccine immunogenicity23 and female sex was 
associated with higher vaccine immunogenicity and reactogenicity.24 This 
imbalance could also partially explain the higher frequency of adverse reactions 
in the non-immunosuppressed group. We fit a multivariable logistic regression 
model including sex and age categories to adjust for these imbalances. 
Interestingly, in this model, sex and age categories had no statistically significant 
impact on final NAb positivity, whereas HIV status and CD4+ T cell count 
categories remained associated with final NAb positivity. Another limitation was 
the use of broad CD4+ T cell count categories due to the low number of 
participants with CD4+ T cell count<350/mm3. As such, we were unable to 
explore the effect of lower levels of CD4+ T cells on vaccine immunogenicity. 
Other potential problems include the lack of recent CD4+ T cell count 
measurements for some PLWH, with a median of 22 months between the last 
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assessment and study enrolment. The current Brazilian HIV treatment guidelines 
recommend avoiding CD4+ T cell count measurements after HIV viral load 
becomes undetectable and CD4+ T cell counts are >350/mm3. We believe this 
limitation is unlikely to impact our results significantly, as once antiretroviral 
therapy (ART) is initiated, the CD4+ T cell count tends to remain stable or 
increase progressively, and even after virologic failure, CD4+ counts take months 
or years to drop to pre-ART levels.25 

PLWH are historically more vulnerable to complications of common viral 
respiratory diseases such as influenza26 but the interaction between HIV and 
SARS-CoV-2 is still unclear. Although some observational and epidemiological 
data suggest no greater risk of detrimental outcomes of COVID-19 among 
PLWH, especially among those with well-controlled HIV infection,5,27 there are a 
few other studies that show higher mortality in PLWH compared to HIV-
uninfected individuals.28 Interestingly, studies from different epidemiological 
contexts support that race and schooling are associated with greater mortality 
among PLHIV with SARS-CoV-2 infection,29 and social issues may overtake 
immune dysfunctions as determinants of COVID-19 outcomes in this population.

Our results showed that CoronaVac has robust immunogenicity in PLWH after a 
two-dose regimen, but antibody responses in this population are somewhat lower 
than in non-immunosuppressed individuals. Strategies should be developed to 
improve vaccine-induced immunogenicity in PLWH, especially in the subgroup 
with low CD4+ T cell counts. One possible approach is using a booster vaccine 
dose or even administering higher antigen titers per vaccine dose. Such 
strategies are already utilized among PLWH, e.g., in Hepatitis B vaccination.30

Although this is the first controlled study analysing COVID-19 inactivated 
vaccine-induced immunogenicity among PLHIV, data on clinical efficacy and 
real-life effectiveness studies are still lacking for this population, with limited data 
so far from big vaccine developers. More than 38 million people are estimated to 
be living with HIV worldwide, with almost 1 million cases living in Brazil. With 
such an overlay of these two pandemics, it is essential to reinforce strategies to 
mitigate the damage caused by the SARS-CoV-2 pandemic in the already 
vulnerable HIV population.
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52 Summary

53 Background There are concerns about the efficacy and safety of SARS-Cov-2 vaccines 

54 among People living with HIV (PLWH). We compared immunogenicity and safety of the 

55 inactivated SARS-CoV-2 vaccines (Sinopharm and Sinovac CoronaVac) between PLWH and 

56 HIV-negative individuals. 

57 Methods PLWH and HIV-negative individuals aged 18-59 years who had received at least 

58 one dose of inactivated SARS-CoV-2 vaccine were recruited in two Chinese cities between 

59 April and June 2021. Participants completed a self-administered questionnaire collecting 

60 adverse events and background charactersitics. Venous blood samples were collected and 

61 tested for neutralizing antibody responses against authentic SARS-CoV-2, the total antibody 

62 specific to SARS-CoV-2, SARS-CoV-2 IgG antibody against the receptor-binding domain of 

63 the spike protein (S-IgG), and antigen-specific T-cell immune response level.  

64 Findings A total of 129 PLWH and 53 HIV-negative individuals completed this study. 

65 Prevalence (P=0·19) and severity (P=0·13-0·77) of adverse events were similar among 

66 PLWH and HIV-negative individuals. The prevalence of seropositivity of neutralizing 

67 antibody, total antibody and S-IgG was 71·3%, 81·9% and 92·5% among fully vaccinated 

68 PLWH, which is similar to fully vaccinated HIV-negative individuals (P=0·07-0·48). Among 

69 all participants, PLWH had significantly lower neutralizing antibody, total antibody, S-IgG, 

70 and T-cell specific immune response levels compared to HIV-negative individuals, after 

71 controlling for types of vaccine, time interval between prime and second dose, time after 

72 receiving the second dose, and sociodemographics. PLWH who had a longer time since HIV 

73 diagnosis, completed the second dose for 15-28 days, and an interval between prime and 

74 second dose of ≥21 days had higher neutralizing antibody levels. 

75 Intrepretation Inactivated SARS-CoV-2 vaccines are safe for PLWH. Fully vaccinated 

76 PLWH could achieve similarly high protection as HIV-negative individuals. Vaccination 

77 guidelines for PLWH should be developed. 

78 Funding Beijing Excellent Talent Plan, Beijing Talent Project in the New Millennium, the 

79 National Institute of Mental Health of the National Institutes of Health under Award.

80

81 Keywords: People living with HIV; Inactivated SARS-CoV-2 vaccines; self-reported 

82 adverse events; neutralizing antibody responses against authentic SARS-CoV-2; total 

83 antibody specific to SARS-CoV-2; SARS-CoV-2 IgG antibody; antigen-specific T-cell 

84 immune response. 
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85 Introduction
86 Globally, about 38 million people are living with HIV 1. Antiretroviral therapy (ART) could 

87 suppress viral replication, restore CD4+ T-cell counts, rebuild immune function, and decrease 

88 morbidity and mortality among people living with HIV (PLWH) 2,3. However, CD4+ T-cell 

89 recovery is incomplete despite viral suppression in some PLWH 4. The World Health 

90 Organization (WHO) confirmed that HIV infection is a significant independent risk factor for 

91 both severe SARS-CoV-2 cases at hospital admission and in-hospital mortality 5. Both 

92 international health authorities and Chinese national guidelines recommend SARS-CoV-2 

93 vaccination to PLWH regardless of their immune status 6-8. 

94 PLWH is considered a priority group for vaccination in many countries 8. However, there are 

95 concerns that PLWH might have a suboptimal response to SARS-CoV-2 vaccination. More 

96 imporntantly, less than 3% of the participants in the reported SARS-CoV-2 vaccine efficacy 

97 trials are PLWH, and the data for vaccine safety and immune response is insufficient 9-13. The 

98 Novarax study showed the overall vaccine efficacy was higher when excluding PLWH from 

99 the analysis (increased from 49·4% to 60%) 13. Most studies did not report vaccine efficacy 

100 specific for PLWH. Some studies have compared the safety and immunogenicity of mRNA 

101 (Pfizer BNT162b2 and Moderna mRNA-1273) or adenovirus vector (Oxford/AstraZeneca 

102 AZD1222) SARS-CoV-2 vaccines between HIV-negative individuals and PLWH with viral 

103 suppression and high CD4+ T-cell levels (median around 700) 14-18. These studies showed that 

104 SARS-CoV-2 vaccines were safe for PLWH,  and there was no between-group difference in 

105 adverse events 14-18. 

106 There are two inactivated SARS-CoV-2 vaccines manufactured by Chinese companies are 

107 approved for emergency use by the WHO (Sinopharm and Sinovac CoronaVac) 19,20. More 

108 than three billion doses of these vaccines has been supplied to more than 40 countries 21. No 

109 study compared PLWH and HIV-negative individuals regarding immunogenicity and safety 

110 of the inactivated SARS-CoV-2 vaccines. Such evidence is important to address COVID-19 

111 vaccine hesitancy among PLWH or to implement boost dose for this group 22. Previous 

112 findings on mRNA/adenovirus vector vaccines might not be applicable to PLWH receiving 

113 inactivated SARS-CoV-2 vaccines 14-18. Moreover, it is unclear whether PLWH with lower 

114 CD4+ T cell counts and detectable HIV viral load would have similar immunogenicity as 

115 HIV-negative individuals, as these PLWH were excluded by the aforementioned studies 14-18. 

116 Furthermore, given the relatively short follow-up period in previous studies, there is no 
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117 consensus about the long-term immunogenicity to SARS-CoV-2 vaccines among PLWH 14-

118 18. 

119 This study aims to address these knowledge gaps by comparing the immunogenicity and 

120 adverse events between PLWH and HIV-negative individuals after vaccination. This study 

121 also investigated factors correlated with levels of neutralizing antibody responses against 

122 authentic SARS-CoV-2, the total antibody specific to SARS-CoV-2, SARS-CoV-2 IgG 

123 antibody against the receptor-binding domain (RBD) of the spike protein (S-IgG), and 

124 antigen-specific T-cell immune response among PLWH. 

125

126 Methods
127 Study design

128 This cross-sectional study was conducted in two Chinese metropolitan cities (Beijing and 

129 Tianjin) conducted between April and June 2021. Participants included PLWH and HIV-

130 negative individuals who have received at least one dose of inactivated SARS-Cov-2 vaccine. 

131 Participants

132 The inclusion criteria for PLWH included: 1) aged 18-59 years, 2) willing to participate in the 

133 study activities, including survey and blood sample collection, and relevant laboratory 

134 testing, 3) having received at least one dose of inactivated SARS-CoV-2 vaccine (Sinovac 

135 CoronaVac or Sinopharm), and 4) having received HIV diagnosis confirmed by HIV-1/2 

136 western blot assay. Exclusion criteria included: 1) presence of severe hearing loss, impaired 

137 vision, or intellectual disability observed by the interviewers, and 2) history of SARS-CoV-2 

138 infection, major psychiatric illness (schizophrenia and bipolar disorder) or neurocognitive 

139 impairment based on clinician’s assessment of their medical records. HIV-negative 

140 individuals shared the first three inclusion criteria and both exclusion criteria with PLWH. 

141 HIV serostatus was confirmed by Abbott ARCHITECT HIV Ag/Ab Combo assay. 

142 Recruitment and data collection

143 Recruitment for PLWH was facilitated by two community-based organizations (CBOs), one 

144 in each city. These two CBOs have provided services to PLWH and HIV high-risk 

145 populations and worked closely with HIV clinical service providers. WeChat is the most 

146 commonly used social media application for the CBOs to communicate with PLWH clients. 

147 CBO staff posted the study recruitment information in the WeChat public accounts of their 

148 organizations. Interested PLWH contacted CBO staff through private WeChat messages, 

149 phone calls, and messages via other instant messaging applications. CBO staff screened 
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150 participants’ eligibility, briefed them about the study purpose and procedures, assured them 

151 that identifiable information would be kept confidential, and refusal to participate would have 

152 no consequences. The recruitment of HIV-negative individuals was conducted in community 

153 hospitals. The hospital staff approached vaccinated individuals in their service records by 

154 telephone and invited them to participate. 

155 PLWH and HIV-negative individuals interested in joining the study were invited to visit one 

156 of two clinics, one in each city. On-site, project staff obtained their written informed consent. 

157 All participants completed a 10-minute self-administered questionnaire on site. The STROBE 

158 checklist was adhered (see Appendix). 

159 Blood sample collection and laboratory procedures 

160 After completion of the survey, trained nurses collected two lithium heparin anticoagulated 

161 vacuum blood collection tubes (BD) of whole blood (10 ml), two EDTA anticoagulated 

162 vacuum blood collection tubes (BD) of whole blood (10 ml), and one SST blood collection 

163 tube of whole blood (5ml). One tube of lithium heparin salt anticoagulated whole blood and 

164 one tube of EDTA anticoagulated whole blood were placed at room temperature. They were 

165 assayed for T cell-specific immune response within 8 hours and CD4+ T-cell count within 48 

166 hours, respectively. The other three tubes of whole blood were centrifuged at 1300 relative 

167 centrifugal force (RCF) for 10 minutes, and the upper plasma/serum layers were transferred 

168 into lyophilized tubes of no less than 1·2 ml each, and were stored at -20℃ for the detection 

169 of SARS-Cov-2 combined antibody and neutralizing antibody, as well as HIV viral load. 

170 SARS-CoV-2 neutralizing antibody measurement. The neutralizing antibodies to authentic 

171 SARS-CoV-2 (virus strain SARS-CoV-2/human/CHN/CN1/2020, GenBank number 

172 MT407649.1) were quantified using a micro cytopathogenic effect (CPE) inhibition assay 

173 with a minimum four-fold dilution as reported before 23. The positive geometric mean titer 

174 (GMT) of the neutralizing antibodies to authentic SARS-CoV-2 was 8. 

175 SARS-CoV-2 antigen/antibody combined testing. All samples were tested for total antibody 

176 and SARS-CoV-2 specific S-IgG antibodies using Chemiluminescence assay (CLIA) kits 

177 (Beijing Wantai Biological Pharmacy Enterprise Co., Ltd.). The positive cut-off for the 

178 abovementioned tests was 1·0. 

179 T-cell specific immune response. The T cell specific immune response was tested using the 

180 IFN-γ release assay (Beijing Wantai Biological Pharmacy Enterprise Co., Ltd.). Briefly, 1·5 

181 ml of heparin blood was distributed into test tube containing specific SARS-CoV-2 S antigen 

182 (T tube), negative control tube (N tube), and positive control tube (P tube) within 8 hours. 
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183 The tubes were inverted and mixed 5 times, incubated in 37℃ for 20-24 hours. Then the 

184 plasma was collected after centrifuging at 3000 RCF for 10 minutes and detected for IFN-γ 

185 level. Level of T tube minus N tube, a value greater than 30 pg/ml was considered positive. 

186 HIV viral load detection Viral load of PLWH was tested using HIV quantitative assay 

187 (Zhuhai Livzon Diagnostics Inc.). The limit of quantitation (LOQ) of this assay was 60 

188 copies/ml. 

189 CD4+ cell count measurement. The assay was performed using flow cytometry testing 

190 methods (BD Biosciences, San Jose, CA, USA) in accordance with the China National 

191 Guideline for Detection of HIV/AIDS (version 2020) 24. 

192 Background characteristics of the participants. All participants reported age, gender, and 

193 presence of chronic conditions. Characteristics related to HIV infection and SARS-CoV-2 

194 vaccination were extracted from medical records. 

195 Adverse events related to SARS-CoV-2 vaccination. A checklist was used to assess local 

196 adverse events (pain, redness, itch, swelling, induration, and skin rash in the arm where the 

197 shot was given) and systematic adverse events (fatigue, malaise, headache, dizziness, 

198 lethargy, joint pain or muscle ache, feverish, nausea, vomit, diarrhea, and others) within one 

199 month after receiving SARS-CoV-2 vaccines. Participants rated the severity the 

200 aforementioned adverse events (1=very mild, 2=mild, 3=moderate, 4=severe, and 5=very 

201 severe). 

202 Sample size planning

203 Previous studies showed that the positive rate for SARS-CoV-2 neutralizing antibody was 

204 about 90% among HIV-negative individuals who received inactivated SARS-CoV-2 vaccines 

205 23. There was no data on seropositivity for SARS-CoV-2 neutralizing antibody among PLWH 

206 who received inactivated vaccines. Previous studies showed that the seroconversion rate of 

207 PLWH after inoculation of the hepatitis B vaccine ranged from 34% to 88% 25. Therefore, we 

208 assumed 70% of vaccinated PLWH would be positive for SARS-CoV-2 neutralizing 

209 antibody. Using an allocation ratio of 2:1, a total of 102 PLWH and 51 HIV-negative 

210 individuals was required to detect a minimum between-group difference of 20% (90% versus 

211 70%) in SARS-CoV-2 neutralizing antibody positive rate (α= 0·05, β= 0·10). 

212 Statistical analysis

213 Chi-square tests were used to inspect the difference in background characteristics and adverse 

214 events related to SARS-CoV-2 vaccination between PLWH and HIV-negative individuals. 

215 Between-group differences in immunogenicity indicator levels (total antibody, neutralizing 
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216 antibody, S-IgG, and T-cell specific immune response) were tested using Mann-Whitney 

217 tests. We log transformed the immunogenicity indicator levels using the base of 10 to 

218 normalize the data. Multivariable linear regression models were performed to test the 

219 between-group difference in these indicators, after controlling for all background 

220 characteristics with P<0·05 in between-group comparisons. Adjusted coefficients (B) were 

221 obtained. Moreover, same comparisons were performed between different subgroups of 

222 PLWH and HIV-negative individuals. Similar analyses on sero-positivity for these 

223 immunogenicity indicators was also performed. Among PLWH, linear regression models 

224 were used to inspect factors that were correlated with immunogenicity indicator levels. SPSS 

225 version 26.0 was used in all analyses, with two-tailed P<0·05 was considered statistically 

226 significant. 

227 Ethics approval

228 Written informed consent was obtained from all participants before their study participation 

229 in accordance with the Declaration of Helsinki. The Institutional Review Boards of Changzhi 

230 Medical College (RT2021002) and Beijing Youan Hospital Research Ethics Committee (No. 

231 2021-031) approved this study. 

232 Role of funding sources

233 This study was supported by the Beijing Excellent Talent Plan (2018000021223ZK04), the 

234 Beijing Talent Project in the New Millennium (2020A35), the National Natural Science 

235 Foundation of China (81772165 and 81974303 to B.S.), the National 13th Five-Year Grand 

236 Program on Key Infectious Disease Control (2017ZX10202102-005-003 to B.S.), and the 

237 China Primary Health Care Foundation-Youan Medical Development Fund (BJYAYY-

238 2020PY-01 to B.S.), and the Beijing Key Laboratory for HIV/AIDS Research (BZ0089). 

239 Funders had no role in the design, data collection, analysis, interpretation of the study, or the 

240 preparation of the manuscript. 

241

242 Results
243 Profiles of the participants

244 A total of 519 and 316 PLWH in Beijing and Tianjin were approached, 130 and 24 were 

245 screened to be eligible, and 110 (84·6%) and 19 (79%) completed the study. At the same 

246 period, 61 vaccinated HIV-negative individuals were approached, 8 (13·1%) refused to 

247 participate mainly due to logistic reasons, and 53 (86·9%) completed the study procedures. 
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248 Most PLWH received HIV diagnoses for more than one year (86%), and were on ART 

249 (97·7%). Over half of them had an undetectable viral load (58·1%), and the median CD4+ T-

250 cell count was 630·5 (IQR: 499·5, 848·8) (Table 1). 

251 As compared to HIV-negative individuals, fewer PLWH were 50-59 years old (3·9% versus 

252 17·0%, P=0·01) and female (0·8% versus 24·5%, P<0·001). More PLWH had chronic 

253 conditions (20·9% versus 0%, P<0·001), received Sinovac-CoronaVac (55·0% versus 

254 30·2%, P<0·001) and only completed the prime dose (27·1% versus 3·8%, P<0·001). 

255 Receiving more than one type of vaccine was not observed. Among those who completed 

256 both doses, the time interval between the prime and second dose was shorter among PLWH 

257 than HIV-negative individuals were (median: 21 versus 27 days, P<0·001) (Table 1). These 

258 background characteristics were controlled when comparing immunogenicity indicators 

259 levels between PLWH and HIV-negative individuals. 

260 SARS-CoV-2 vaccination adverse events

261 Among the participants, 45·0% of PLWH and 54·7% of HIV-negative individuals reported 

262 presence of any specific local and systematic adverse events. After controlling for significant 

263 background characteristics (i.e., age group, gender, presence of chronic conditions other than 

264 HIV, types of vaccine, time interval between prime and second dose, and time after receiving 

265 the second dose), there is no between-group difference in prevalence of any adverse events 

266 (AOR: 0·77, 95%CI: 0·31, 1·95, P=0·19). Most of the reported adverse events were very 

267 mild/mild (41-100% among PLWH and 62·2-100% among HIV-negative individuals). There 

268 was no between-group difference in the severity of these adverse events (P=0·13-0·77). 

269 (Table 2) 

270 Subgroup analysis showed that PLWH did not have a higher prevalence of any adverse 

271 events when comparing with HIV-negative individuals, regardless of CD4+ T-cell counts or 

272 HIV viral suppression status (Appendix 1). 

273 Immunogenicity indicators level 

274 The prevalence of seropositivity of neutralizing antibody, total antibody and S-IgG was 

275 71·3%, 81·9% and 92·5% among fully vaccinated PLWH. Such prevalence is similar to that 

276 observed among fully vaccinated HIV-negative individuals (P=0·07-0·48). (Appendix 2). 

277 When comparing to HIV-negative individuals, PLWH had significantly lower levels of 

278 neutralizing antibody (adjusted B: -0·18, P=0·049), total antibody (adjusted B: -0·80, 

279 P<0·001), S-IgG (adjusted B: -0·31, P=0·002), and T-cell specific immune response 

280 (adjusted B: -0·64, P=0·002). Subgroup analyses showed that PLWH with detectable viral 

281 load (adjusted B: -0·29, P=0·047) or CD4+ T cell counts <500 (adjusted B: -0·29, P=0·02) 
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282 had significantly lower neutralizing antibody levels. Such difference in neutralizing antibody 

283 level was not observed when comparing HIV-negative individuals with PLWH with 

284 undetectable viral load or CD4+ T cell counts ≥500. In addition, PLWH had significantly 

285 lower levels of total antibody, S-IgG, and T-cell specific immune response regardless of 

286 CD4+ T cell counts or HIV viral suppression. Neutralizing antibody levels among fully 

287 vaccinated PLWH did not lower than fully vaccinated HIV-negative individuals (adjusted B: 

288 -0·15, P=0·13) (Table 3 & 4). 

289 Factors associated with immunogenicity indicator levels among PLWH

290 A longer time since HIV diagnosis was associated with higher neutralizing antibody and total 

291 antibody levels (2-5 years: adjusted B: 0·71 & 0·27; reference: ≤1 year). As compared to 

292 partially vaccinated participants, PLWH who completed the second dose for 15-28 days had 

293 higher neutralizing antibody levels (adjusted B: 0·30), while those who completed it for 15-

294 56 days had higher total antibody (adjusted B: 1·00), S-IgG (adjusted B: 0·53), and T-cell 

295 specific immune response levels (adjusted B: 0·89-0·99). Compared to PLWH with a time 

296 interval of <21 days between the prime and second dose, those with an interval of 21-28 days 

297 and >28 days had higher neutralizing antibody (adjusted B: 0·37 & 0·36), total antibody 

298 (adjusted B: 1·22 & 1·28), and S-IgG levels (adjusted B: 0·43 & 0·53) (Table 5). 

299

300 Discussion
301 Understanding the differences of immunoresponse between HIV negative and positive 

302 individuals is essential in planning the SARS-CoV-2 vaccination for PLWH. We found the 

303 levels of adverse events are comparable between PLWH and HIV-negative individuals. The 

304 prevalence of seropositivity of neutralizing antibody, the total antibody, and S-IgG were 

305 similarly high among fully vaccinated PLWH and HIV-negative individuals. However, 

306 PLWH had lower immunogenicity indicator levels than HIV-negative individuals after 

307 controlling for types of vaccine, time since receiving the prime dose, time interval between 

308 prime and second dose, and socio-demographics. Our findings filled the knowledge gap on 

309 the immune responses to SARS-CoV-2 vaccines among PLWH. It contributed critical 

310 evidence to policymaking and vaccination program planning for countries that mainly using 

311 inactivated SARS-CoV-2 vaccines. 

312 Similar to studies on mRNA/adenovirus vector SARS-CoV-2 vaccines 14-18, there was no 

313 between-group difference in prevalence (P=0·19) or severity (P=0·13-0·77) of self-reported 
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314 adverse events. Most of the reported adverse events were very mild/mild among PLWH (41-

315 100%). Therefore, inactivated SARS-CoV-2 vaccines are safe for PLWH. 

316 Four immunogenicity indicator levels were significantly lower among PLWH at 0-14 days 

317 after receiving the second dose. PLWH might take longer to develop humoral and cellular 

318 immune responses to inactivated SARS-CoV-2 vaccines. Previous case reports observed a 

319 prolonged course of antibody development among PLWH infected with SARS-CoV-2 26. 

320 Similar to HIV-negative individuals and PLWH who received other SARS-CoV-2 vaccines, 

321 the studied immunogenicity indicators peaked at 15-56 days after the second dose among 

322 PLWH 14-18. However, the peak levels of these indicators were lower among PLWH, 

323 especially for total antibody and S-IgG. A faster decline in immune responses were also 

324 observed among PLWH. All four immunogenicity indicators levels declined >56 days after 

325 receiving the second dose among PLWH, while these indicators remained stable among HIV-

326 negative individuals even 84 days after the second dose. This study observed significantly 

327 lower total antibody and S-IgG levels among PLWH >56 days after the second dose. B-cell 

328 dysfunction caused by HIV gp120 binds directly to primary B-cell, and impaired cellular 

329 immunity caused by CD4+ T cell depletion among PLWH might explain slower development, 

330 lower peak levels, and faster decline of both humoral and cellular immune responses to 

331 SARS-CoV-2 vaccines 27,28. Such findings indicated that PLWH might need a boost dose 

332 after the initial doses, and might need it earlier than HIV-negative individuals do. Future 

333 studies with large sample size are needed to investigate long-term changes in these 

334 immunogenicity indicators among PLWH. 

335 Neutralizing antibody plays an important role in SARS-CoV-2 clearance and is a key 

336 indicator for protection after vaccination 29. We found that the seropositivity and levels of 

337 neutralizing antibody was similarly high among fully vaccinated PLWH and HIV-negative 

338 individuals. It implied that both groups obtained good protection against SARS-Cov-2 after 

339 the vaccination and PLWH should complete both doses of vaccination as required. Subgroup 

340 analysis showed that in line with studies using mRNA and/or adenovirus vector SARS-CoV-

341 2 vaccines, PLWH with higher CD4+ T-cell counts or undetectable viral load did not had 

342 significantly lower neutralizing antibody level than HIV-negative individuals 14-18. However, 

343 PLWH with lower CD4+ T-cell counts (<500) or detectable viral load had lower neutralizing 

344 antibody level. Such findings added knowledge to immune responses to SARS-CoV-2 

345 vaccines among PLWH with severer immunodeficiency. PLWH with severer 

346 immunodeficiency should be encouraged to receive SARS-CoV-2 vaccines. In contrast to 

347 findings on other types of vaccines, our study observed significant lower total antibody, S-
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348 IgG, and T-cell specific immune responses levels among PLWH compared to HIV-negative 

349 individuals. The difference could not be fully explained by the larger proportion of PLWH 

350 with low CD4+ T-cell counts or detectable HIV viral load in this study. These indicators 

351 were lower among PLWH regardless of their CD4+ T-cell counts or HIV viral load. Future 

352 studies should compare PLWH’s immunogenicity to different types of SARS-CoV-2 

353 vaccines in order to determine the optimal choice for PLWH. 

354 Compared to newly diagnosed PLWH, those who had been diagnosed for 2-5 years had 

355 higher neutralizing antibody and total antibody levels. It is possible that these PLWH had 

356 better functioning immune system after years of ART. It also highlighted the needs to further 

357 increase HIV testing coverage among key population to early identify HIV infection and link 

358 them to treatment and care. It will hence improve the effectiveness of SARS-CoV-2 

359 vaccination for PLWH. Moreover, our results also suggested that, PLWH had a longer 

360 interval between the prime and second dose (21-28 days or >28 days) had significantly higher 

361 neutralizing antibody, total antibody and S-IgG levels compared to those with a shorter 

362 interval. Existing guidelines of SARS-CoV-2 vaccination for PLWH did not mention the 

363 optimal vaccination interval. Our findings suggested that future SARS-CoV-2 vaccination 

364 program for PLWH should consider a longer interval between doses. More research is needed 

365 to determine an optimal interval between doses for PLWH. 

366 The study has several strengths. First, all participants underwent humoral and cellular 

367 immune responses analysis in this study. Second, this study included a diverse sample of 

368 PLWH with different CD4+ T cell level and HIV viral load. It filled the knowledge gaps 

369 about immunogenicity to SARS-CoV-2 vaccines among PLWH with impaired functional 

370 immune system and poorer control of HIV. Third, impact of between-group difference in 

371 background characteristics on immunogenicity might be limited in this study, as background 

372 characteristics were controlled during the comparison. Furthermore, this is also one the first 

373 studies that assessed relationships between characteristics of PLWH and immunogenicity to 

374 SARS-CoV-2 vaccines. 

375 This study also has some limitations. First, this was a cross-sectional study. Possible changes 

376 in immunogenicity indicator levels over time were unclear. Such study design cannot 

377 establish causal relationship as well. Second, we did not use matching to sample HIV-

378 negative individuals according to PLWH’s characteristics. There are significant between-

379 group differences in socio-demographics, presence of other chronic conditions, and 

380 vaccination characteristics. We controlled these characteristics when comparing the between-

381 group difference in immunogenicity. Third, PLWH was over-represented by male. However, 
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382 the impact of gender difference on immunogenicity might be limited, as previous studies did 

383 not show difference in immunogenicity between male and female 23. Moreover, the presence 

384 and severity of adverse events were self-reported by participants and might be subject to 

385 recall bias. We were not able to compare the safety data with other studies that used clinician 

386 assessments. 

387 Inactivated SARS-CoV-2 vaccines are safe for PLWH. Fully vaccinated PLWH could 

388 achieve similarly high protection as HIV-negative individuals. PLWH had significantly lower 

389 neutralizing antibody, total antibody, S-IgG, and T-cell specific immune response levels than 

390 HIV-negative individuals did. The immunogenicity indicator levels peaked 15-56 days after 

391 PLWH receiving the second dose. A longer time since diagnosis and a longer interval 

392 between the prime and second dose were correlated with better immune responses among 

393 PLWH. Future studies should compare PLWH’s immunogenicity to different types of 

394 vaccines, assess immune responses in a longer term, and investigate the optimal interval 

395 between doses. 
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414 Table 1 Background characteristics of HIV-negative individuals and People living with HIV (PLWH) who had received at least one 

415 dose of SARS-CoV-2 vaccine

People living with HIV 

(n=129)

HIV-negative 

individuals

(n=53) 

P values

Socio-demographics

Age (years), n (%)

   18-29 39 (30·2) 14 (26·4)

   30-39 65 (50·4) 19 (35·8)

   40-49 20 (15·5) 11 (20·8)

   50-59 5 (3·9) 9 (17·0) 0·01

   Median (IQR), range 34 (28, 38)

(20-58)

34 (29, 47)

(22-56)

0·15

Gender, n (%)

   Male 128 (99·2) 40 (75·5)

   Female 1 (0·8) 13 (24·5) <0·001

Presence of chronic conditions other than HIV/AIDS

   No 102 (79·1) 53 (100·0)

   Yes 27 (20·9) 0 (0·0) <0·001

Characteristics related to HIV infection

Time since HIV diagnosis (years)

   ≤1 18 (14·0) N.A N.A.

   2-5 55 (42·6) N.A N.A.

   6-10 35 (27·1) N.A N.A.

   >10 21 (16·3) N.A N.A.

Viral load (cp/ml), n (%)

   Undetectable (≤60) 75 (58·1) N.A. N.A.

   61-200 33 (25·6) N.A. N.A.

   >200 21 (16·3) N.A. N.A.

CD4+ T cell count (cells/μL)

   <500 32 (24·8) N.A. N.A.

   500-1,000 81 (62·8) N.A. N.A.

   >1,000 16 (12·4) N.A. N.A.

   Median (IQR), range 630·5 (499·5, 848·8)

(78, 2650·35)

N.A. N.A.

ART regimens

   TDF+3TC+EFV 60 (52·7) N.A. N.A.

   TDF+3TC+LPV/r 5 (3·9) N.A. N.A.

   AZT+3TC+LPV/r 3 (2·3) N.A. N.A.

   AZT+3TC+NVP 2 (1·6) N.A. N.A.

   AZT+3TC+EFV 8 (6·2) N.A. N.A.

   Others 40 (31·0) N.A. N.A.

   Not on ART 3 (2·3) N.A. N.A.

Information related to SARS-CoV-2 vaccination
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SARS-CoV-2 vaccination status

   Partially vaccinated 35 (27·1) 2 (3·8)

   0-14 days after fully vaccinated 15 (11·6) 8 (15·1)

   15-28 days after fully vaccinated 38 (29·5) 13 (25·5)

   29-56 days after fully vaccinated 26 (20·2) 21 (39·6)

   57-84 days after fully vaccinated 12 (9·3) 3 (5·7)

   >84 days after fully vaccinated 3 (2·3) 8 (15·1) <0·001

Type of SARS-CoV-2 vaccine

   Sinopharm 58 (45·0) 37 (69·8)

   Sinovac-CoronaVac 71 (55·0) 16 (30·2) <0·001

Time interval between the prime (1st) and second dose (among 

those who were fully vaccinated)

n=94 n=51

   <21 days 20 (21·3) 3 (5·7)

   21-28 days 58 (61·7) 40 (75·5)

   >28 days 16 (17·0) 10 (18·9) 0·043

   Median (IQR), range 21 (21, 27)

(14-59)

27 (21, 28)

(14-83)

0·002

416 N.A.: not applicable.

417
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418 Table 2 Comparing self-reported local and systematic adverse events related to SARS-CoV-2 vaccination among People living with 

419 HIV (PLWH) and HIV-negative individuals

People living with 

HIV 

(n=129)

HIV-negative 

individuals

(n=53) 

P values

n (%) n (%)

Local adverse events

Pain

     None 87 (67·4) 31 (58·5)

     Very mild 15 (11·6) 4 (7·5)

     Mild 16 (12·4) 11 (20·8)

     Moderate 11 (8·5) 7 (13·2)

     Severe 0 (0·0) 0 (0·0) 0·30

     Any of above 42 (32·6) 22 (41·5) 0·25

Redness, itch, swelling, induration and/or skin rash

     None 124 (96·1) 50 (94·3)

     Very mild 0 (0·0) 1 (1·9)

     Mild 2 (1·6) 2 (3·8)

     Moderate 3 (2·3) 0 (0·0)

     Severe 0 (0·0) 0 (0·0) 0·21

     Any of above 5 (3·9) 3 (5·7) 0·59

Systematic adverse events

Fatigue, malaise, headache, dizziness, and/or lethargy

     None 107 (82·9) 43 (81·1)

     Very mild 5 (3·9) 3 (5·7)

     Mild 11 (8·5) 4 (7·5)

     Moderate 5 (3·9) 2 (3·8)

     Severe 1 (0·8) 1 (1·9) 0·94

     Any of above 22 (17·1) 10 (18·9) 0·77

Joint pain and/or muscle ache

     None 119 (92·2) 45 (84·9)

     Very mild 4 (3·1) 1 (1·9)

     Mild 3 (2·3) 4 (7·5)

     Moderate 3 (2·3) 3 (5·7)

     Severe 0 (0·0) 0 (0·0) 0·23

     Any of above 10 (7·8) 8 (15·1) 0·13

Fever

     None 122 (94·6) 52 (98·1)

     Very mild 2 (1·6) 0 (0·0)

     Mild 4 (3·1) 1 (1·9)

     Moderate 1 (0·8) 0 (0·0)

     Severe 0 (0·0) 0 (0·0) 0·69

     Any of above 7 (5·4) 1 (1·9) 0·27

Nausea, vomit, and/or diarrhea
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     None 129 (100·0) 52 (98·1)

     Very mild 0 (0·0) 0 (0·0)

     Mild 0 (0·0) 1 (1·9)

     Moderate 0 (0·0) 0 (0·0)

     Severe 0 (0·0) 0 (0·0) 0·12

     Any of above 0 (0·0) 1 (1·9) 0·29

Other systematic side-effects

     None 127 (98·4) 53 (100·0)

     Very mild 2 (1·6) 0 (0·0)

     Mild 0 (0·0) 0 (0·0)

     Moderate 0 (0·0) 0 (0·0)

     Severe 0 (0·0) 0 (0·0) 0·36

     Any of above 2 (1·6) 0 (0·0) 0·50

Any local and/or systematic adverse events 58 (45·0) 29 (54·7) 0·23

420
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Table 3 Levels of SARS-CoV-2 neutralizing antibody, total antibody, S-IgG, and T cell specific immune response among HIV-negative individuals and people living with HIV (PLWH) who had received at 
least one dose of SARS-CoV-2 vaccine

Neutralizing antibody Total antibody S-IgG T cell specific immune response
PLWH HIV-

negative
P PLWH HIV-

negative
P PLWH HIV-negative P PLWH HIV-

negative
P

GMT
(95%CI)

GMT
(95%CI)

Median (IQR) Median 
(IQR)

Median (IQR) Median (IQR) Median 
(IQR)

Median (IQR)

Partially vaccinated 4·6
(4·0, 9·8)

5·6
(N.A.)

0·43 0·2 
(0·02, 1·1)

2·1
(N.A.)

0·20 0·6
(0·3, 1·5)

3·99
(N.A.)

0·03 6·4
(0·2, 26·7)

36·2
(N.A.)

0·16

0-14 days after fully 
vaccinated

8·5
(4·0, 64·6)

31·6
(4·0, 257·0)

0·03 0·8
(0·03, 16·8)

104·8
(7·4, 279·5)

0·01 3·1
(1·1, 16·2)

11·9
(5·1, 55·5)

0·04 5·3
(0·1, 88·8)

413·6
(91·8, 575·5)

0·001

15-28 days after fully 
vaccinated

24·0
(4·0, 380·2)

23·4
(4·0, 64·0)

0·97 28·9
(7·4, 83·2)

40·3
(28·5, 71·6)

0·24 9·0
(4·6, 16·0)

13·9
(10·1, 32·0)

0·13 56·08
(19·6, 118·7)

91·54
(31·1, 227·4)

0·29

29-56 days after fully 
vaccinated

14·1
(4·0, 64·6)

20·9
(4·0, 190·5)

0·24 11·8
(5·7, 27·3)

42·7
(8·4, 74·9)

0·04 7·2
(4·5, 12·2)

9·6
(7·2, 21·9)

0·03 37·2
(6·4, 121·1)

63·6
(35·4, 182·1)

0·13

57-84 days after fully 
vaccinated

11·0
(4·0, 95·5)

26·3
(12·0, 64·0)

0·18 6·2
(0·5, 11·7)

33·4
(N.A.)

0·04 3·4
(1·4, 5·7)

10·5
(N.A.)

0·03 3·6
(0·1, 17·1)

205·5
(N.A.)

0·08

>84 days after fully 
vaccinated

6·3
(4·0, 8·0)

11·1
(4·0, 48·0)

0·50 3·0
(1·3, N.A.)

9·3
(4·0, 62·8)

0·15 3·8
(1·2, N.A.)

4·3
(2·9, 5·4)

0·31 18·3
(0·8, N.A.)

35·6
(13·5, 56·2)

0·41

Among all participants 11·0
(4·0, 95·5)

20·0
(4·0, 190·5)

0·001 5·6
(0·4, 25·2)

32·6
(8·4, 72·3)

<0·001 4·3
(1·2, 10·0)

9·6
(5·4, 18·9)

<0·001 18·7
(2·4, 77·9)

63·6
(36·0, 226·4)

<0·001

Among participants who 
were fully vaccinated

15·1
(4·0, 128·8)

20·9
(4·0, 190·5)

0·09 10·3
(2·3, 38·8)

33·4
(10·1, 73·0)

<0·001 6·8
(3·3, 12·1)

10·1
(6·5, 19·4)

0·007 30·6
(5·2, 103·2)

68·4
(36·1, 227·4)

0·001

P values were obtained by using Mann-Whitney tests. 
N.A.: not applicable. 
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Table 4 Comparing immunogenicity indicator levels between different subgroups of people living with HIV (PLWH) and HIV-negative individuals
Neutralizing antibody Total antibody S IgG T cell specific immune response

Adjusted B (95%CI) P values Adjusted B 
(95%CI)

P values Adjusted B 
(95%CI)

P values Adjusted B 
(95%CI)

P 
values

Reference 1: HIV-negative 
individuals (n=53)

Ref Ref Ref Ref Ref Ref Ref Ref

PLWH (n=129) -0·18 (-0·36, -0·001) 0·049 -0·80 (-1·15, -0·46) <0·001 -0·31 (-0·51, -0·12) 0·002 -0·64 (-1·05, -0·23) 0·002

PLWH with CD4+ T cell 
counts<500 (n=32)

-0·29 (-0·58, -0·003) 0·047 -1·31 (-1·78, -0·84) <0·001 -0·49 (-0·75, -0·22) <0·001 -0·82 (-1·32, -0·32) 0·002

PLWH with CD4+ T cell 
counts≥500 (n=97)

-0·12 (-0·31, 0·07) 0·21 -0·65 (-1·01, -0·30) <0·001 -0·26 (-0·47, -0·06) 0·01 -0·58 (-1·00, -0·17) 0·01

PLWH with detectable viral load 
(n=54)

-0·29 (-0·53, -0·05) 0·02 -1·15 (-1·62, -0·68) <0·001 -0·50 (-0·77, -0·23) <0·001 -0·75 (-1·26, -0·25) 0·004

PLWH with undetectable viral load 
(n=75)

-0·18 (-0·39, 0·03) 0·09 -0·71 (-1·06, -0·37) <0·001 -0·26 (-0·45, -0·07) 0·008 -0·65 (-1·09, -0·22) 0·004

Reference 2: Fully vaccinated 
HIV-negative individuals (n=51)

Ref Ref Ref Ref Ref Ref Ref Ref

Fully vaccinated PLWH (n=94) -0·15 (-0·35, 0·04) 0·13 -0·68 (-1·03, -0·33) <0·001 -0·27 (-0·48, -0·07) 0·01 -0·61 (-1·00, -0·22) 0·002
Adjusted B: adjusted correlation coefficients, adjusted for background characteristics with significant between-group difference in Table 1 (age group, gender, presence of chronic conditions other than HIV, types of 
SARS-CoV-2 vaccine, time interval between prime and second dose, and SARS-CoV-2 vaccination status) . 
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Table 5 Factors associated with SARS-CoV-2 total antibody, neutralizing antibody, S-IgG, and T cell specific immune response levels among people living with HIV (PLWH) (n=129)
Total antibody Neutralizing antibody S-IgG T cell specific immune response

Unadjusted B
(95%CI)

Adjusted B 
(95%CI)

Unadjusted B
 (95%CI)

Adjusted B 
(95%CI)

Unadjusted B
 (95%CI)

Adjusted B 
(95%CI)

Unadjusted B
 (95%CI)

Adjusted B 
(95%CI)

Socio-demographics
Age (years)
  18-29 Ref Ref Ref Ref
  30-39 -0·06 

(-0·57, 0·45)
0·06
(-0·14, 0·25)

0·03
(-0·26, 0·32)

-0·07
(-0·51, 0·38)

  40-49 0·17
(-0·52, 0·86)

0·08
(-0·18, 0·35)

-0·09
(-0·48, 0·31)

-0·08
(-0·69, 0·53)

  50-59 -0·32
(-1·51, 0·87) ---

-0·03
(-0·49, 0·43) ---

0·03
(-0·66, 0·71) ---

-0·56
(-1·62, 0·49) ---

Gender
  Male Ref Ref Ref Ref
  Female 1·47

(-1·02, 3·97) ---
0·77
(-0·18, 1·73) ---

0·63
(-0·81, 2·06) ---

1·14
(-1·07, 3·34) ---

Presence of chronic conditions other than 
HIV/ADIS
  No Ref Ref Ref Ref
  Yes 0·12

(-0·42, 0·66) ---
-0·07
(-0·28, 0·14) ---

-0·01
(-0·30, 0·32) ---

-0·20
(-0·68, 0·28) ---

Characteristics related to HIV infection
Years since HIV diagnosis (years)
   ≤1 Ref Ref Ref Ref Ref Ref
   2-5 0·55

(-0·12, 1·22)
0·71
(0·23, 1·19)**

0·21
(-0·05, 0·46)

0·27
(0·05, 0·48)*

0·21
(-0·18, 0·60)

0·46
(-0·14, 1·06)

   6-10 0·82
(0·10, 1·53)*

0·49
(-0·03, 1·00)†

0·33
(0·05, 0·60)*

0·23
(-0·01,0·46)†

0·33
(-0·09, 0·74)

0·56
(-0·08, 1·19)†

   >10 0·59
(-0·20, 1·38)

0·44
(-0·13, 1·05)

0·22
(-0·08, 0·53)

0·15
(-0·11, 0·20)

0·23
(-0·23, 0·69) ---

0·55
(-0·15, 1·26) ---

Viral load (cp/ml)
  Undetectable Ref Ref Ref Ref Ref Ref Ref
  61-200 -0·39

(-0·89, 0·10)
-0·24
(-0·61, 0·14)

-0·17
(-0·36, 0·03)†

-0·33
(-0·61, -0·05)*

-0·19
(-0·40, 0·03)†

-0·15
(-0·61, 0·30)

-0·01
(-0·44, 0·42)

  >200 -1·10)
(-1·69, -0·51)***

-0·24
(-0·69, 0·22)

-0·23
(-0·47, 0·001)† ---

-0·68
(-1·01, -0·34)***

-0·24
(-0·50, 0·03)†

-0·60
(-1·14, -0·06)*

-0·27
(-0·78, 0·25)

CD4+ T cell count (cells/μL)
  <500 Ref Ref Ref Ref Ref
  500-1,000 0·41

(-0·10, 0·93)
0·13
(-0·07, 0·33)

0·16
(-0·14, 0·45)

0·59
(0·14, 1·04)*

0·47
(0·05, 0·89)*

  >1,000 0·61
(-0·15, 1·36) ---

0·14
(-0·15, 0·44) ---

0·24
(-0·20, 0·68) ---

0·48
(-0·18, 1·14)

0·40
(-0·22, 1·01)

On ART
  No Ref Ref Ref Ref
  Yes 0·47

(-0·99, 1·93) ---
0·12
(-0·44, 0·68) ---

0·13
(-0·71, 0·97) ---

0·34
(-0·95, 1·62) ---

SARS-CoV-2 vaccination
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SARS-CoV-2 vaccination status
  Partially vaccinated Ref Ref Ref Ref Ref Ref Ref Ref

0-14 days after fully vaccinated 0·68
(0·11, 1·25)*

N.A. 0·27
(0·02, 0·51)*

N.A. 0·49
(0·17, 0·80)**

N.A. 0·07
(-0·55, 0·69)

0·16
(-0·46, 0·78)

15-28 days after fully vaccinated 2·11
(1·68, 2·55)***

1·00
(0·43, 1·57)**

0·72
(0·54, 0·91)***

0·30
(0·04, 0·56)*

1·26
(1·02, 1·50)***

0·53
(0·20, 0·85)**

1·08
(0·61, 1·54)***

0·99
(0·50, 1·47)***

29-56 days after fully vaccinated 1·79
(1·32, 2·27)***

1·00
(0·43, 1·57)**

0·49
(0·28, 0·69)***

0·16
(-0·10, 0·41)

1·08
(0·82, 1·35)***

0·53
(0·20, 0·85)**

0·94
(0·42, 1·45)***

0·89
(0·37, 1·40)**

57-84 days after fully vaccinated 1·36
(0·74, 1·97)***

0·85
(0·15, 1·55)*

0·38
(0·12, 0·65)**

0·14
(-0·17, 0·45)

0·75
(0·40, 1·09)***

0·26
(-0·13, 0·65)

-0·07
(-0·74, 0·59)

-0·10
(-0·76, 0·57)

>84 days after fully vaccinated 1·31
(0·20, 2·41)*

0·29
(-0·83, 1·41)

0·15
(-0·33, 0·62)

-0·31
(-0·81, 0·19)

0·69
(0·07, 1·31)*

0·07
(-0·57, 0·70)

0·40
(-0·80, 1·60)

0·20
(-1·01, 1·41)

Type of SARS-CoV-2 vaccine
  Sinopharm Ref Ref Ref Ref Ref Ref Ref
  Sinovac-CoronaVac 0·71

(0·28, 1·13)**
0·26
(-0·07, 0·59)

0·23
(-0·07, 0·40)**

0·05
(-0·10, 0·20)

0·31
(0·06, 0·55)*

0·07
(-0·11, 0·25)

0·31
(-0·08, 0·69) ---

Time interval (days) between the prime 
and second dose
  <21 days Ref Ref Ref Ref Ref Ref Ref
  21-28 days 1·22

(0·74, 1·69)***
0·93
(0·43, 1·43)***

0·42
(0·22, 0·64)***

0·37
(0·15, 0·59)**

0·67
(0·41, 0·94)***

0·43
(0·14, 0·71)**

0·52
(-0·02, 1·06)†

  >28 days 1·28
(0·67, 1·89)***

1·15
(0·53, 1·77)***

0·39
(0·12, 0·66)**

0·36
(0·09, 0·63)**

0·70
(0·35, 1·04)***

0·53
(0·18, 0·88)**

0·62
(-0·09, 1·32)†

  Not applicable (partially vaccinated) -0·71
(-1·22, -0·19)**

-0·03
(0·63, 0·57)

-0·19
(-0·42, 0·03)†

-0·06
(-0·32, 0·21)

-0·47
(-0·76, -0·18)**

-0·21
(-0·54, 0·13)

-0·28
(-0·87, 0·31) ---

† P<0·10, * P<0·05, ** P<0·01. 
Adjusted B: adjusted coefficients obtained from multivariate linear regression models using all significant variables as candidates. 
---: P>0·05 in univariate analysis and was not considered in multivariate analysis. 
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Figure 1. Levels of SARS-CoV-2 neutralizing antibody (A), total antibody (B), S-IgG (C) and T cell specific immune response (D) among HIV-negative individuals and People living with HIV (PLWH) who 
had received at least one dose of SARS-CoV-2 vaccine



4.10. CoronaVac induces a high immune response in patients with 
Metabolic Associated Fatty Liver Disease

An article published in the preprint 
platform SSRN of the british journal 
The Lancet demonstrated that 
CoronaVac is safe and immunogenic 
for people with Metabolic Associated 
Fatty Liver Disease (MAFLD), being 
capable to induce the production 
of IgG antibodies on 100% of the 
analyzed patients.

Took part of the study 50 people with 
MAFLD and 50 healthy individuals for 
controls that received the complete 
vaccinal scheme of two doses of 
CoronaVac. The average age was 
42 years in the MAFLD group and 40 
years in the control group.

One month after the second dose, 
specific IgG antibodies for the Spike 
protein were detected on 100% of 
the individuals of both groups. Six 
months after the immunization, 94% 
of the MAFLD patients and 98% of the 
controls maintained the production 
of IgG antibodies. Regarding the 
neutralizing antibodies, 82% of the 
patients and 90% of the control 
presented serum conversion.

The immunizer was well tolerated 
by people with MAFLD and did not 
have an impact on the status of 

the disease. Besides, there were no 
significant differences in the general 
incidence of adverse reactions on 
both groups and all the reported 
effects were mild.

According to the authors, “our 
work is the first prospective study 
of a vaccine against Covid-19 on 
patients with MAFLD published until 
this moment. The studies suggest 
that it is safe and efficient to 
administer CoronaVac on patients 
with MAFLD, and this vaccine 
does not affect the status of the 
disease. Therefore, the patients 
with MAFLD must be included in 
the immunization program against 
SARS-CoV-2 as a highly vulnerable 
population with a higher risk of 
morbidity and mortality”.

The MAFLD is the most frequent 
hepatic disease in the world, 
reaching almost 25% of the 
population. It is associated with 
metabolic and cardiovascular 
disorders, such as obesity, insulin 
resistance, arterial hypertension, 
dyslipidemia and type 2 diabetes.

Published on: 10/05/2021

718 |    CORONAVAC | O QUE A CIÊNCIA COMPROVA



 |  719O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article



720 |    CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article



 |  721O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article



722 |    CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article



 |  723O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article



724 |    CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

6

104 Summary（（300/300 words））

105 Background The ongoing COVID-19 pandemic has led to the focused application of resources toward 

106 developing vaccines to prevent COVID-19. However, the efficacy and safety profiles of vaccines 

107 against SARS-CoV-2 in patients with metabolic associated fatty liver disease (MAFLD) are still 

108 unknown. We aimed to evaluate the safety, tolerability, seroreactivity, and disease flares after SARS-

109 CoV-2 vaccination in MAFLD patients. 

110 Methods For this prospective observational study, we recruited patients receiving two doses SARS-

111 CoV-2 vaccine (CoronaVac). Neutralizing antibody to the SARS-CoV-2 spike receptor-binding 

112 domain and IgG to SARS-COV-2 spike-specific were evaluated on Day 0, Day 28, Day 57, and Day 

113 180. All participants with available data were included in the safety and immunogenicity, and disease 

114 flares analyses. 

115 Findings 50 MAFLD patients and 50 healthy controls receiving a 0-28 interval vaccination procedure 

116 were enrolled. The seroconversion rates of neutralizing antibodies were 16% in MAFLD group (Log10 

117 Geometric Mean Titers (GMT): median 0·783, IQR: 0·719-0·971) and 32% in non-MAFLD group 

118 (0·884, IQR: 0·716-1·027) on day 28, and 82% in MAFLD group (1·206, IQR: 1·053-1·467), 90% of 

119 non-MAFLD group (1·360, IQR: 1·130-1·464) on day 57, respectively. However, the neutralizing 

120 antibody titer in two groups fell below the seropositivity cut-off value on day 180 (MAFLD group 

121 0.928, IQR: 0·773-1·057 vs. non-MAFLD group 0·907, IQR: 0·810-1·009). There was no significant 

122 difference in the overall incidence of adverse reactions after two-dose vaccinations between two 

123 groups. Furthermore. disease flares were not found in MAFLD group after two-dose vaccinations. On 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3936498
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4.11. Study proves the efficacy of CoronaVac against Covid-19 
on patients with cancer

A study made in Turkey and published 
in the Future Oncology journal 
demonstrated that CoronaVac, 
a vaccine from Butantan and the 
chinese pharmaceutic Sinovac, has 
efficacy and generates protection 
against Covid-19 on patients in 
treatment against cancer. Two 
weeks after the application of the 
second dose of the immunizer, there 
was seroconversion (which means, 
production of antibodies) in 63,8% 
of the participants.

The immunogenicity tax reached 
100% on patients that receive 
only monoclonal antibodies or 
immunotherapy as medication. 
Besides, none of the patients 
presented infection by Covid-
19 on an average monitoring of 
85 days after completing the 
vaccinal scheme. The gap between 
the application of both doses of 
CoronaVac was 28 days.

This is the first study published 
that analyzes the efficacy of 
CoronaVac on oncological patients. 
The conclusions are in the article 
“Immunogenicity and safety of the 
CoronaVac vaccine in patients with 
cancer receiving active systemic 
therapy”, written by researchers 
that work in seven hospitals and two 
universities of Ancara.

The research was conducted 
between January and April of 
2021 with 47 patients with solid 
tumors. They presented, in order of 
frequency, colorectal cancer, breast 
cancer, lung cancer, genitourinary, 
gastric, pancreas, gynecological, 
of the biliary tract and the central 
nervous system. Most of the patients 

were diagnosed with stage IV of 
the disease and received palliative 
systemic treatment. The average 
age of the patients was 73 years, 
and none of them had previous 
contact with the SARS-CoV-2 virus.

Besides the immunogenicity, the study 
analyzed the safety of the vaccine. 
After receiving the first and the 
second dose of CoronaVac, the taxes 
of adverse effects of any level among 
the 47 analyzed patients were 18,9% 
and 23,1% respectively. No severe 
adverse effects were observed.

The results of the Turkish research join 
the other recently disclosed articles 
that also confirm the efficacy of 
CoronaVac on immunosuppressed 
people, a public that has the most 
difficulty in the immunological 
defense of the organism.

A research of the Clinical Hospital 
from University of Sao Paulo Medical 
School demonstrated that patients 
with autoimmune rheumatologic 
diseases presented an increase of 
70,4% on the levels of antibodies 
against the SARS-CoV-2 virus two 
weeks after receiving the second 
dose of CoronaVac. Besides, the 
scientists of the Federal University of 
Sao Paulo and of the Blood Center 
of Ribeirão Preto from the University 
of Sao Paulo concluded that 43% 
of the kidney transplanted patients 
that were analyzed generated 
antibodies against Covid-19 15 days 
after receiving the second dose  
of the vaccine.

Published on: 03/08/2021
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Aim: To evaluate the immunogenicity and safety of the CoronaVac vaccine in patientswith cancer receiving
active systemic therapy. Methods: This multicenter, prospective, observational study was conducted with
47 patients receiving active systemic therapy for cancer. CoronaVac was administered as two doses
(3 μg/day) on days 0 and 28. Antibody level higher than 1 IU/ml was defined as ’immunogenicity.’
Results: The immunogenicity rate was 63.8% (30/47) in the entire patient group, 59.5% (25/42) in those
receiving at least one cytotoxic drug and 100% (five of five) in those receiving monoclonal antibody or
immunotherapy alone. Age was an independent predictive factor for immunogenicity (odds ratio: 0.830;
p = 0.043). Conclusion: More than half of cancer patients receiving active systemic therapy developed
immunogenicity.

Tweetable abstract: Immunogenicity developedwith CoronaVac in 25 (59.5%) of 42 patientswho received
at least one cytotoxic drug and in all patients (n = 5) who receivedmonoclonal antibody or immunotherapy
alone.

First draft submitted: 12 May 2021; Accepted for publication: 22 July 2021; Published online:
3 August 2021

Keywords: cancer • chemotherapy • COVID-19 • immunogenicity • immunotherapy • monoclonal antibody • safety
• tumors • vaccine

The coronavirus disease 2019 (COVID-19) pandemic has affected millions of people worldwide and caused
more than 3 million deaths [1]. Advanced age and chronic disease are major risk factors for increased COVID-19
morbidity and mortality [2]. Cancer patients constitute a particular subgroup that needs more care because of
delays in diagnostic and therapeutic processes during the pandemic leading to higher mortality rates [3,4]. Vaccines
developed against COVID-19 have been promising for cancer patients as well as healthy individuals [5].

CoronaVac is an inactivated COVID-19 vaccine that has been shown to have immunogenicity, with vaccine-
induced neutralizing antibodies to SARS coronavirus 2 (SARS-CoV-2) that can neutralize ten representative strains
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of SARS-CoV-2 [6,7]. In a phase II study, a highly automated bioreactor (ReadyToProcess WAVE 25 rocker; Cytiva,
Umeå, Sweden) was used to produce the vaccine. Immunogenicity is provided by the high content of intact spike
proteins in the vaccine. It has been used in many countries, including China and Turkey. The CoronaVac vaccine
was approved by World Health Organization (WHO) after results of the phase III trial’s interim analysis [8].

Experiences from influenza vaccine trials have given rise to thinking about possible lower immunogenicity rates in
patients who are on active immunosuppressive therapy [9,10]. However, seasonal influenza vaccines have a protective
effect even in cancer patients who receive active systemic treatment, although they develop less immunogenicity
than healthy people [9]. In COVID-19 vaccine trials, receiving immunosuppressive therapy was an exclusion
criterion, so patients on immunosuppressants (including cancer patients) were not included in the trials [6,7]. This
therefore obscures the effectiveness of the COVID-19 vaccine in patients with a cancer diagnosis. Although there
are no randomized controlled clinical trial data evaluating the immunogenicity of the COVID-19 vaccine in cancer
patients who are on active systemic therapy, the COVID-19 vaccine is recommended for these patients by leading
and local guidelines [11,12]. This multicenter, prospective, observational study aimed to evaluate the immunogenicity
and safety of the CoronaVac vaccine in patients with solid organ tumors receiving active systemic therapy (cytotoxic
chemotherapy, monoclonal antibody, immunotherapy).

Methods
This multicenter, prospective, observational study was conducted with patients diagnosed with solid organ tumors
receiving active systemic therapy. Ethics committee approval (2021-01/963) and Ministry of Health permission for
the study were obtained on January 13, 2021. An informed consent form was obtained from all patients included in
the study. Patients who had a solid organ tumor diagnosis, active systemic therapy (cytotoxic chemotherapy, mon-
oclonal antibody, immunotherapy), Eastern Cooperative Oncology Group performance status 0–2, life expectancy
>12 weeks, age >18 years and negative SARS-CoV-2 antibody serology before the first vaccine dose were included
in the study. Those who had previous COVID-19 infection, contact with COVID-19-infected people in the last
14 days or any other immunosuppressive disease (i.e., HIV infection, solid organ transplant) were excluded from
the study.

Evaluation of vaccine immunogenicity was the primary outcome of the study. Secondary outcomes were deter-
mining side effects, safety and factors affecting vaccine immunogenicity (e.g., age, sex, systemic treatment regimen).
Baseline blood samples to measure SARS-CoV2 antibody level were taken 0–3 days before administration of the
first dose of the vaccine. There was no intervention in planned systemic treatment schedules. A second dose of the
vaccine was administered 4 weeks after the first dose. Side effects were recorded after the first and second doses. A
second blood sample was taken to measure antibody level 4 weeks after the last dose of the vaccine. All patients
were vaccinated within the Ministry of Health’s vaccination program.

Vaccine procedure
CoronaVac is an inactivated vaccine against COVID-19. The vaccine (3 μg in 0.5 ml of aluminum hydroxide
diluent per dose in ready-to-use syringes) was administered intramuscularly according to a dosing schedule of day
0 and day 28. Since the study was noninterventional, a specific day was not determined between the patients’
systemic treatment and administration of the vaccine by investigators. The median interval between the first dose
of the vaccine and start of the previous chemotherapy cycle was 7 days (interquartile range: 5–10 days). The
median interval between the second dose of the vaccine and start of the previous chemotherapy cycle was 7 days
(interquartile range: 5–8 days).

Interpretation of antibody results & assessment of immunogenicity
SARS-COV-2 antibody was evaluated by Siemens Healthcare Diagnostics (Tarrytown, NY, USA) Atellica IM
SARS-CoV-2 total ELISA kits approved by the US FDA. The system reports Atellica IM SARS-CoV-2 total assay
results in index values and as nonreactive (<1 index) or reactive (≥1.0 index) [13]. Seroconversion (immunogenicity)
was defined as post-vaccination positivity of SARS-COV-2 antibody (≥1 IU) that was negative (<1 IU) before
vaccination. The antibody meter ranged from 0.05 to 10 IU, and values higher than 10 IU were reported as >10 IU.
According to serum antibody level, immunogenicity was classified as low (1–5 IU), intermediate (6–10 IU), or
high (>10 IU).

4448 Future Oncol. (2021) 17(33) future science group
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Statistical analysis
In the descriptive statistics of the study, numerical data were given as median (range or interquartile range) and
categorical data as frequency (percentage). The Mann–Whitney U test was used to compare the continuous
variables of the two independent groups. Pearson’s chi-square or Fisher’s exact test was used to compare categorical
data. Variables with a p < 0.20 as a result of univariate analysis were included in the logistic regression analysis
to determine the factors affecting immunogenicity. Statistical analysis was performed with SPSS Statistics 25.0
(IBM Corporation, NY, USA) for Windows (Microsoft Corporation, WA, USA), and a two-tailed p < 0.05 was
considered statistically significant.

Results
Patient characteristics
A total of 47 patients with solid tumors were enrolled consecutively between 25 January 2021, and 26 April 2021.
The median patient age was 73 years (range: 64–80), and 61.7% were male. Primary cancer sites, in order of
frequency, were colorectal, breast, lung, genitourinary, gastric, pancreas, gynecological, biliary tract, and CNS. The
majority of patients were diagnosed with stage IV disease and received palliative systemic treatment. There were 42
(89.4%) patients receiving at least one cytotoxic drug, three (6.4%) receiving monoclonal antibody alone and two
(4.2%) receiving immunotherapy alone. Granulocyte colony-stimulating factor was administered to 36.2% of the
patients (Tables 1 & 2).

Immunogenicity
Of the 47 patients, 30 (63.8%) had seroconversion (immunogenicity). Immunogenicity developed in all five patients
who received monoclonal antibody (n = 3) or immunotherapy (n = 2) alone. Immunogenicity also developed in
25 (59.5%) of 42 patients who received at least one cytotoxic drug. Antibody levels in all patients who received
monoclonal antibodies were found to be higher (>10 IU) and were slightly elevated (1–5 IU) in two patients
who received immunotherapy alone. Of the 25 patients who received at least one systemic cytotoxic treatment and
developed immunogenicity, high (>10 IU) antibody levels were measured in four, moderate (6–10 IU) levels were
measured in six and low (1–5 IU) levels were measured in 15. Detailed patient demographics, clinical characteristics
and antibody levels are shown in Table 3.

In univariate analysis, patients who had immunogenicity were younger, with a median age of 72 years (p = 0.031),
whereas the median age of those who had no seroconversion was 75 years. The immunogenicity rate was lower in
those who used granulocyte colony-stimulating factor (47.1% vs. 73.3%; p = 0.072). There was no relationship
between immunogenicity and other demographic and clinical characteristics (Table 3).

Age was defined as a significant independent predictive factor for CoronaVac immunogenicity in multivariate
analysis (odds ratio: 0.830; 95% CI: 0.693–0.994; p = 0.043) (Table 4). None of the patients had COVID-19
infection at a median follow-up of 85 days (range: 62–98 days).

Safety analysis
Local and systemic reactions after the first and second doses of the vaccine are shown in Table 5. After the first and
second doses, side effect rates of any grade were 18.9 and 23.1%, respectively. With regard to local reactions, pain
at the injection site was the most common side effect; among systemic side effects, fatigue was the most common.
There were no serious (grade 3 or 4) side effects or toxic deaths.

Discussion
In this study, the authors prospectively evaluated the immunogenicity and safety of the CoronaVac vaccine in
patients with solid organ tumors receiving active systemic therapy. The immunogenicity rate was 63.8% for the
whole patient population and 59.5% for the patients who received at least one cytotoxic chemotherapy. The
phase I and II CoronaVac trial, which evaluated the immunogenicity of the CoronaVac vaccine in healthy 18- to
59-year-old individuals, had four cohorts, and 3 and 6 μg of the vaccine was administered on a schedule of 0–14
and 0–28 days [6]. However, in the authors’ study, the vaccine was administered on days 0 and 28 at a dose of
3 μg. In the phase I and II CoronaVac trial, the immunogenicity rates were 95.0 and 96.5% for doses of 3 and
6 μg (days 0 and 28), respectively. Another phase I and II trial evaluated the immunogenicity and safety of the
CoronaVac vaccine in a healthy elderly population (≥60 years) [7], and the immunogenicity rates were 98.0 and
99.0% in the 3 and 6-μg dose subgroups, respectively. In the present study, the immunogenicity rates with 3 μg

future science group www.futuremedicine.com 4449
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Table 1. Demographic and clinical features of the patients.
Demographic and clinical features Patients (n = 47)

Age (years), median (range) 73 (64–80)

Sex, n (%)

Male 29 (61.7)

Female 18 (38.3)

Primary malignancy, n (%)

Colorectal 13 (27.7)

Breast 7 (14.9)

Lung 6 (12.8)

Genitourinary 6 (12.8)

Gastric 5 (10.6)

Pancreas 4 (8.5)

Gynecological 3 (6.4)

Biliary tract 2 (4.2)

CNS 1 (2.1)

TNM stage, n (%)

II 4 (8.5)

III 10 (21.3)

IV 33 (70.2)

Treatment modality, n (%)

Neoadjuvant 1 (2.1)

Adjuvant 15 (31.9)

Palliative 31 (66.0)

Type of anticancer treatment, n (%)

Receiving at least one cytotoxic drug 42 (89.4)

Receiving only monoclonal antibody 3 (6.4)

Receiving only immunotherapy 2 (4.2)

Treatment group, n (%)

3W 10 (21.3)

2W 22 (46.8)

1W 7 (14.9)

C 6 (12.8)

IO 2 (4.2)

G-CSF, n (%)

No 30 (63.8)

Yes 17 (36.2)

1W: Cytotoxic drug or monoclonal antibody given each week; 2W: Cytotoxic drug or monoclonal antibody given every 2 weeks; 3W: Cytotoxic drug
or monoclonal antibody given every 3 weeks; C: Cytotoxic drug given continuously orally; IO: Immunotherapy given every 2 weeks; TNM: Tumor, node,
metastasis.

(days 0 and 28) were lower than those seen in these phase I and II CoronaVac trials. However, this study included
cancer patients who were undergoing active systemic cancer treatment with chemotherapy, monoclonal antibody or
immunotherapy. Although the immunogenicity rate was relatively lower in cancer patients, none had COVID-19
over a median follow-up period of 85 days.

To the authors’ knowledge, this is the first study to evaluate the immunogenicity of the CoronaVac vaccine in
cancer patients receiving active systemic therapy. The low immunogenicity demonstrated in the authors’ study was
consistent with other studies [14–17]. In a study conducted in Turkey, it was shown that patients using immunomod-
ulators for rheumatological disease developed less immunogenicity compared with healthy individuals receiving the
CoronaVac vaccine [14]. Similar results have been found in cancer patients who received the mRNA-1273 (Mod-
erna, MA, USA) or BNT162b2 mRNA (Pfizer, NY, USA) COVID-19 vaccines [15–17]. The immunogenicity rate
was found to be 53.7% in patients with hematological malignancies, of which approximately 45% received active
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Table 2. Details of patient demographics, clinical features, treatment schedules and immunogenicity results.
Group Age

(years)
Sex ECOG PS Comorbidity Primary Stage Regimen G-CSF Antibody

IU/ml
Seroconversion

3W 64 F 1 DM, HT Breast III Trastuzumab N �10 Y

3W 72 F 1 HT Breast IV Trastuzumab N �10 Y

3W 74 F 0 DM, HT Breast III Doxorubicin + cyclophosphamide N 6.82 Y

3W 65 F 1 DM, HT Breast IV Pertuzumab + trastuzumab N �10 Y

3W 65 F 1 HT, COPD Lung II Etoposide + cisplatin N 2.87 Y

3W 70 M 2 CHF Lung IV Paclitaxel + carboplatin N �10 Y

3W 75 M 2 – Lung III Paclitaxel + carboplatin Y 0.27 N

3W 74 M 0 – Prostate IV Docataxel Y 0.87 N

3W 74 M 1 HT, CAD Prostate IV Docetaxel Y 0.64 N

3W 74 M 1 – Gastric IV Docetaxel + cisplatin + 5-FU Y 0.59 N

2W 80 M 1 – Gastric IV FOLFIRI Y 1.12 Y

2W 71 M 0 HT, CAD Colon IV FOLFIRI + cetuximab N 6.82 Y

2W 75 F 1 HT, DM GBM IV Irinotecan + bevacizumab N �10 Y

2W 80 F 1 HT Bladder IV Paclitaxel + carboplatin Y 0.90 N

2W 73 M 1 DM Colon IV FUFA + bevacizumab N 1.58 Y

2W 69 M 0 – Pancreas IV Gemcitabine 1–8 N 0.98 N

2W 80 F 1 HT Colon IV FUFA + bevacizumab N 5.29 Y

2W 71 M 1 DM, HT, COPD Pancreas IV mFOLFIRINOX Y 1.20 Y

2W 73 F 1 HT Colon IV FOLFIRI N 2.78 Y

2W 71 M 1 HT, DM Colon III FUFA N 6.31 Y

2W 72 M 1 Arrhythmia Colon IV FOLFIRI + cetuximab Y 9.15 Y

2W 78 M 1 Asthma Pancreas III Gemcitabine Y 1.66 Y

2W 74 M 1 HT, COPD Gastric III FUFA N 4.86 Y

2W 75 M 1 CAD Colon IV FOLFIRI Y 0.76 N

2W 72 F 1 – Breast IV Gemcitabine Y 0.98 Y

2W 72 M 0 HT Bladder IV Gemcitabine + carboplatin N 2.66 Y

2W 78 F 2 HT, DM Endometrium IV Paclitaxel + carboplatin N 0.86 N

2W 77 F 1 HT, COPD Ovarian IV Gemcitabine Y 0.05 N

2W 68 M 1 HT Gastric III FLOT4 Y 1.05 Y

2W 65 M 1 HT, CAH Rectum IV FOLFOX N 4.42 Y

2W 77 F 2 HT, DM Pancreas IV FOLFIRI Y �10 Y

2W 76 M 1 HT, DM, CAD Biliary tract IV Gemcitabine + cisplatin N 0.83 N

1W 73 M 1 – Lung IV Paclitaxel Y 1.05 Y

1W 77 M 1 CAH Lung IV Irinotecan N 0.19 N

1W 80 F 1 HT, DM, arrhythmia Breast III Paclitaxel Y 0.45 N

1W 66 F 0 – Breast II Paclitaxel N 0.97 N

1W 67 M 0 – Rectum IV 5-FU N �10 Y

1W 77 F 1 HT Ovarian IV Paclitaxel + carboplatin Y 7.20 Y

1W 70 M 0 – Lung III Carboplatin N 1.07 Y

C 73 F 1 – Biliary tract IV Capecitabine N 1.03 Y

C 73 M 1 Asthma Colon II Capecitabine N 1.59 Y

C 72 M 1 DM Colon II XELOX N 4.42 Y

C 73 M 2 – Gastric III XELOX N 0.80 Y

C 71 F 2 HT, DM Rectum IV Capecitabine + cetuximab N 0.05 N

C 76 M 1 – Colon IV Capecitabine N 0.95 N

IO 71 M 0 – RCC IV Nivolumab N 2.06 Y

IO 76 M 1 – RCC IV Nivolumab N 1.93 Y

1W: Cytotoxic drug or monoclonal antibody given each week; 2W: Cytotoxic drug or monoclonal antibody given every 2 weeks; 3W: Cytotoxic drug or monoclonal antibody given
every 3 weeks; 5-FU: Fluorouracil; C: Cytotoxic drug given continuously orally; CAD: Coronary artery disease; CAH: Congenital adrenal hyperplasia; CHF: Congestive heart failure;
COPD: Chronic obstructive pulmonary disease; DM: Diabetes mellitus; ECOG PS: Eastern Cooperative Oncology Group performance status; F: Female; FOLFIRI: Folinic acid, fluorouracil
and irinotecan; FOLFOX: Folinic acid, fluorouracil and oxaliplatin; FUFA: Fluorouracil and folinic acid; FLOT4: fluorouracil plus leucovorin, oxaliplatin, and docetaxel; GBM: Glioblastoma
multiforme; G-CSF: Granulocyte colony-stimulating factor; HT: Hypertension; IO: Immunotherapy given every 2 weeks; M: Male; mFOLFIRINOX: Modified folinic acid, fluorouracil,
irinotecan and oxaliplatin; N: No; RCC: Renal cell carcinoma; TNM: Tumor, node, metastasis; XELOX: Capecitabine and oxaliplatin; Y: Yes.
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Table 3. Univariate analysis of serological response rate.
Seroconversion p-value

No Yes

Age (years), median (IQR) 75 (73–77) 72 (70–74) 0.031

Sex, n (%)

Male 10 (34.5) 19 (65.5) 0.760

Female 7 (38.9) 11 (61.1)

ECOG PS, n (%)

0 3 (33.3) 6 (66.7) 0.249

1 10 (31.3) 22 (68.8)

2 4 (66.7) 2 (33.3)

Comorbidity, n (%)

No 7 (50.0) 7 (50.0) 0.199

Yes 10 (30.3) 23 (69.7)

TNM stage, n (%)

II 1 (25.0) 3 (75.0) 0.767

III 3 (30.0) 7 (70.0)

IV 13 (39.4) 20 (60.6)

Treatment, n (%)

Palliative 13 (41.9) 13 (58.1) 0.252

Other 4 (25.0) 12 (75.0)

Treatment group, n (%)

1W 3 (42.9) 4 (57.1) NA

2W 7 (31.8) 15 (68.2)

3W 4 (57.1) 3 (42.9)

C 3 (50.0) 3 (50.0)

IO 0 (0) 2 (100)

Monoclonal AB only 0 (0) 3 (100)

G-CSF, n (%)

No 8 (26.7) 22 (73.3) 0.072

Yes 9 (52.9) 8 (47.1)

1W: Cytotoxic drug or monoclonal antibody given each week; 2W: Cytotoxic drug or monoclonal antibody given every 2 weeks; 3W: Cytotoxic drug or monoclonal antibody
given every 3 weeks; AB: Antibody; C: Cytotoxic drug given continuously orally; ECOG PS: Eastern Cooperative Oncology Group performance status; G-CSF: Granulocyte
colony-stimulating factor; IO: Immunotherapy given every 2 weeks; IQR: Interquartile range; NA: Not applicable; TNM: Tumor, node, metastasis.

Table 4. Multivariate analysis of serological response.
OR 95% CI p-value

Comorbidity 2.937 0.729–11.833 0.130

G-CSF 0.468 0.116–1.881 0.284

Age 0.830 0.693–0.994 0.043

G-CSF: Granulocyte colony-stimulating factor; OR: Odds ratio.

systemic therapy [15]. In the same study, it was stated that immunogenicity decreased independently of treatment
in patients with chronic lymphocytic leukemia. In another study evaluating 167 patients with chronic lymphocytic
leukemia, the immunogenicity rate was found to be 39.5% with the BNT162b2 mRNA COVID-19 vaccine [16]. In
a study by Massarweh et al. that included patients with solid organ tumors or hematological malignancies receiving
active systemic therapy, it was shown that the mean antibody level detected after vaccination (BNT162b2 mRNA)
was lower than that seen in healthy individuals [17].

In previous influenza vaccine studies, it has been shown that the immunogenicity rate may be lower in im-
munosuppressive patients compared with healthy individuals [9]. Adjuvant and high-dose vaccines are beneficial
for increasing immunogenicity in seasonal influenza vaccines in immunosuppressive patients. It was also shown in
a meta-analysis that the immunogenicity of the influenza vaccine was lower in cancer patients, who constituted
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Table 5. Local and systemic reactions after first and second vaccine doses.
First dose Second dose

Any grade Grade 1 Grade 2 Any grade Grade 1 Grade 2

Total, n (%) 9 (18.9) 7 (14.7) 2 (4.2) 11 (23.1) 8 (16.8) 3 (6.3)

Local reaction, n (%)

Pain at injection site 2 (4.2) 2 (4.2) 0 (0) 3 (6.3) 3 (6.3) 0 (0)

Swelling 1 (2.1) 1 (2.1) 0 (0) 0 (0) 0 (0) 0 (0)

Itchiness 1 (2.1) 1 (2.1) 0 (0) 0 (0) 0 (0) 0 (0)

Erythema 0 (0) 0 (0) 0 (0) 2 (4.2) 0 (0) 2 (4.2)

Systemic reaction, n (%)

Fever 1 (2.1) 1 (2.1) 0 (0) 1 (2.1) 1 (2.1) 0 (0)

Myalgia 1 (2.1) 1 (2.1) 0 (0) 0 (0) 0 (0) 0 (0)

Fatigue 2 (4.2) 0 2 (4.2) 5 (10.5) 4 (8.4) 1 (2.1)

Headache 1 (2.1) 1 (2.1) 0 (0) 0 (0) 0 (0) 0 (0)

the immunosuppressive group, compared with healthy individuals [9,18]. In the VACANSE study in which the
immunogenicity of the H1N1v vaccine was evaluated in patients with solid organ tumors receiving active systemic
treatment, it was reported that a single dose of the vaccine did not provide sufficient immunogenicity [10]. However,
the immunogenicity might have increased had the vaccine been administered in two doses. Similarly, the fact
that immunogenicity was lower in the authors’ study compared with studies using healthy individuals raised the
question of whether administration of a booster CoronaVac vaccine dose may increase the immunogenicity rates;
this needs further clinical trials.

With aging, many molecular changes – called immunosenescence – occur in the immune system [19]. This
dysregulation in the elderly immune system causes a decrease in the immune response obtained with vaccines.
Considering that advanced age is a significant risk factor for COVID-19 morbidity and mortality, elderly patients
have been given priority for vaccination against COVID-19 in many countries, including the authors’ [20]. One of
the concerns in the vaccination of elderly patients is immunogenicity sufficiency. The CoronaVac phase I and II
trial, which was conducted with elderly volunteers, showed that the vaccine developed an immunogenicity profile
comparable to that seen with young adults, without any serious adverse events [7]. The authors’ study showed that
the only independent factor affecting immunogenicity in multivariate analysis was age (p = 0.043). As mentioned,
immunogenicity decreases with increasing age. This point might have also contributed to the lower immunogenicity
rate seen with the CoronaVac vaccine in the authors’ elderly cancer patients on active cancer treatment.

In the authors’ study, the cumulative rate of possible vaccine-related side effects observed after two doses of the
CoronaVac vaccine was 32%. Toxicity rates were reported to be 33 and 20% in the 3-μg cohorts of the Phase I
and II CoronaVac trials, which were conducted with younger and elderly healthy volunteers, respectively [6,7]. The
fatigue rate in the authors’ study was higher than that seen in other CoronaVac trials (14.7 vs <10 and 3%). The
higher fatigue rate in the authors’ patients might have been related to cancer diagnosis and its active treatment
during vaccination. Similar to the CoronaVac Phase I and II trials, no serious vaccine-related adverse events were
observed in the authors’ study.

Some researchers have hypothesized that the vaccine could hypothetically lead to an exaggerated immune response
in immunotherapy recipients [21]. However, in a study evaluating short-term safety in 134 patients who received
immunotherapy and the BNT162b2 mRNA COVID-19 vaccine, it was reported that there was no increase in
immunotherapy-related immune side effects [22]. In the authors’ study, only two patients received imunotherapy,
and they did not experience any side effects. The median interval between the vaccine and the start of the previous
immunotherapy cycle was 7 days in both patients.

This study did not have a validation cohort, which was a strong limitation. The study population also consisted of
elderly patients, which was another limitation. Lower immunogenicity rate in the geriatric population irrespective of
vaccination is a well-known finding, so it should be kept in mind that the study results do not reflect immunogenicity
with vaccination in young cancer patients receiving active systemic therapy. It is a fact that the development of
immunogenicity alone does not mean absolute protection from COVID-19 infection. Despite a median follow-up
period of 85 days, the authors note that this is not long enough to comment on whether the vaccine has a long-
term protective effect against COVID-19 infection. Another limitation was that cellular immunity, which has a
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preventive effect against COVID-19 infection, was not evaluated in this study. Comorbidities and active cancer
treatment modalities might be confounding factors in the evaluation of ‘real’ vaccine-related side effects. Therefore,
it has been stated that the side effects were ‘probably’ related to the vaccine. The low number of patients and
absence of a control group are another limitation of the study. Despite these limitations, to the best of the authors’
knowledge, this study was the first to evaluate the efficacy and safety of the CoronaVac vaccine in cancer patients
undergoing active systemic cancer treatment with chemotherapy, monoclonal antibody or immunotherapy.

Conclusion
Immunogenicity developed with two doses of the CoronaVac vaccine (3 μg/day days 0 and 28) in more than half
of the patients with solid organ tumors undergoing active systemic cytotoxic chemotherapy.

Future Perspective
The fact that vaccination rates do not reach the targeted levels worldwide and virus mutations show that our fight
against COVID-19 will continue in the coming years. There is a need for studies investigating more effective
vaccination programs in cancer patients receiving active systemic therapy.

Summary points

• This prospective observational multicenter study was conducted with 47 patients with solid organ tumors
receiving active systemic therapy to evaluate the immunogenicity and safety of the CoronaVac vaccine in patients
with solid organ tumors receiving active systemic therapy (cytotoxic chemotherapy, monoclonal antibody,
immunotherapy).

• Evaluation of vaccine immunogenicity was the primary outcome of the study; the secondary outcome was
determining the vaccine’s safety.

• The median patient age was 73 (range: 64–80), and 61.7% were male. Immunogenicity developed in 25 (59.5%)
of 42 patients who received at least one cytotoxic drug and in all patients (n = 5) who received monoclonal
antibody or immunotherapy alone.

• In univariate analysis, patients who had immunogenicity were younger, with a median age of 72 years (p = 0.031),
whereas the median age of those who had no seroconversion was 75 years.

• Immunogenicity developed in 47.1% of those who were administered granulocyte colony-stimulating factor and
73.3% of those who were not administered granulocyte colony-stimulating factor (p = 0.072).

• In multivariate analysis, the only independent predictive factor affecting immunogenicity was patient age (odds
ratio: 0.830; 95% CI: 0.693–0.994; p = 0.043).

• After the first and second doses of the vaccine, side effect rates of any grade were 18.9 and 23.1%, respectively,
and there were no serious (grade 3 or 4) side effects or toxic deaths.

• Immunogenicity developed with two doses of the CoronaVac vaccine (3 μg/day days 0 and 28) in more than half
of the patients with solid organ tumors undergoing active systemic cytotoxic chemotherapy.

Author contributions

C Karacin contributed to study concept, study design, data analysis and interpretation and manuscript writing. T Eren, E Zeynelgil,

G I Imamoglu, M Altinbas, I Karadag, F B Basal, I Bilgetekin, O Sutcuoglu, O Yazici, N Ozdemir, A Ozet, Y Yildiz, S A Esen, G Ucar,

D Uncu, B Dinc, M B Aykan, I Erturk, N Karadurmus, B Civelek and I Celik contributed to enrolling patients and interpreting data.

M Dogan contributed to enrolling patients and revising the manuscript. Y Ergun contributed to study concept, study design and

manuscript writing. O B Oksuzoglu contributed to study concept and revising the manuscript.

Acknowledgments

The authors thank all patients who participated in the study. Special thanks to Aydanur Sargın, Pinar Karacin, Arif Hakan Önder,
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4.12. CoronaVac increases antibodies against Covid-19 by 70% in 
immunosuppressed patients, says study

Patients with autoimmune 
rheumatologic diseases showed 
an increase of 70.4% in the level 
of antibodies against the SARS-
CoV-2 virus two weeks after 
receiving the second dose of 
CoronaVac, the vaccine against 
Covid-19 from Butantan and 
the Chinese pharmaceutical 
company Sinovac. In addition 
to increasing the seroconversion 
of immunosuppressed patients, 
CoronaVac also raised the amount 
of neutralizing antibodies by 56.3%.

The conclusions are from a study 
conducted by the Clinical Hospital 
of the Medical School of the 
University of São Paulo (HCFMUSP), 
with 910 people, and are described 
in the article “Immunogenicity 
and safety of the CoronaVac 
inactivated vaccine in patients with 
autoimmune rheumatic diseases: 
a phase 4 trial”, published in the 
scientific journal Nature Medicine. 

The result is extremely positive 
because it shows that CoronaVac 
is not only well accepted by the 
organism of immunosuppressed 
patients (who have more difficulty 
in producing antibodies), as well as 
generates a high level of defense 
and neutralizing antibodies. The 
research shows that not only 

CoronaVac is safe in this audience, 
but also effective. 

“This is the largest study ever  
conducted in the world with 
immunosuppressed patients of 
rheumatologic diseases” says the 
clinical director of HCFMUSP, Eloisa 
Bonfá. “The increase in antibody 
levels is very relevant and shows that 
CoronaVac conferred an important 
protection among immunosuppressed 
patients” she adds.

Another fact that attests the safety 
of CoronaVac is the absence of 
adverse reactions in the vaccinees. 
“We didn’t have any cases of 
severe or moderate side effects 
among the patients, even though 
this could be expected among 
immunosuppressed patients. 
We only had mild side effects. 
CoronaVac is a highly safe vaccine”, 
Eloisa points out. 

According to the hospital director, 
the 910 immunosuppressed 
patients participating in the study 
were vaccinated with two doses. 
Shortly after the second dose, 
when the antibodies were still being 
produced, there were 33 cases of 
Covid-19; 40 days later; that number 
had dropped to six cases.
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Why is this result so 
relevant?

The seroconversion result (capacity 
to produce antibodies) of CoronaVac 
in immunosuppressed patients from 
HCFMUSP is surprising, especially 
when compared with the control 
group, composed of people without 
immune deficiencies. The level of 
defense antibodies generated in 
the immunosuppressed patients 
was 70.4%, while in the control 
group it was 95%; and the level of 
neutralizing antibodies was 56.3% 
in the immunosuppressed patients, 
and 79.3% in the control group.

People with autoimmune rheumatic 
diseases are usually treated with 
corticosteroids combined with 
immunosuppressants. In other words, 
their treatment usually involves 
medications that act to suppress the 
immune system, preventing it from 
acting in a way that aggravates the 
autoimmune disease. 

The consequence is that 
immunosuppressed people have 
a lower capacity to produce 

antibodies. Therefore, their 
organisms are more susceptible to 
contract infectious diseases, as in 
the case of Covid-19, and evolve to 
severe cases. Before the HCFMUSP 
research, this public was prevented 
from taking the vaccine and could 
only count on measures still under 
development, such as the anti-
Covid serum.

Autoimmune rheumatologic 
diseases comprise several 
syndromes, such as autoimmune 
myositis, eosinophilic fasciitis, mixed 
connective tissue disease, relapsing 
polychondritis, Sjögren’s syndrome, 
systemic lupus erythematosus  
and scleroderma.

About Nature Medicine

One of the most respected scientific 
publications in the world, known 
among researchers for its rigor, 
Nature Medicine publishes studies 
focused on the development of 
new technologies and knowledge 
related to contemporary medicine.

Published on: 07/30/2021
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
has infected millions of people around the world1. Brazil is 
among those countries with the highest numbers of con-

firmed cases of, and deaths from, SARS-CoV-2 (refs. 1,2), with 
>430,000 deaths registered and approximately 15 million cases as of 
May 2021 (ref. 1). A second infection wave was driven by the Gamma 
coronavirus variant3, which is considered to be 2.5-fold more conta-
gious than the original strain4 and possibly associated with a higher 
risk for hospitalization and intensive care unit admission in patients 
younger than 60 years of age5. This second peak in March and April 
2021 resulted in more than double the reported coronavirus disease 
2019 (COVID-19) cases of the first peak in 2020 (ref. 6). Vaccines 
are therefore essential in regard to reducing COVID-19 mortality 
and morbidity.

Although phase 3 clinical trials results are still being consoli-
dated in China, Hong Kong, Indonesia, Brazil, Chile, Philippines 
and Turkey7, CoronaVac, an inactivated virus vaccine against 
SARS-CoV-2, has received emergency use approval by the World 
Health Organization (WHO) in several countries, including three 
of the six most populated in the world—Brazil, China and Turkey—
which are important for the global control of this disease. At the time 
of this submission, CoronaVac has accounted for approximately 

75% of the vaccines administered in Brazil. It can be kept refrig-
erated8, a great advantage for deployment in developing countries. 
In addition, the more traditional technology using the whole virus 
may have the benefit of a broader immune response compared to 
the other vaccine platforms using only the Spike protein. This may 
be relevant for control of SARS-CoV-2 variants containing muta-
tions in the Spike protein, which have been documented in Brazil3,9. 
Cross-reactive humoral immune responses against the Gamma and 
Zeta variants were achieved in healthy volunteers vaccinated with 
CoronaVac in a phase 3 clinical trial conducted in Brazil10,11.

However, the reported 50.7% efficacy in prevention of mild 
COVID-19 in the phase 3 clinical trial10 raises concerns about the 
immunogenicity of CoronaVac in immunosuppressed patients, 
who number millions, including those with autoimmune diseases, 
neoplasia, transplant recipients and those living with human immu-
nodeficiency virus (HIV) among other groups, with an estimated 
prevalence in the United States of 2.7% of the population12. A recent 
letter reported a greatly reduced anti-Spike antibody response  
after two doses of SARS-CoV-2 mRNA 1273 or BNT162b2 vac-
cination in solid organ transplant recipients13,14. Previous studies  
on COVID-19 vaccine immunogenicity in patients with ARD  
have suggested slightly reduced humoral responses, but have been 

Immunogenicity and safety of the CoronaVac 
inactivated vaccine in patients with autoimmune 
rheumatic diseases: a phase 4 trial
Ana C. Medeiros-Ribeiro1,6, Nadia E. Aikawa1,2,6, Carla G. S. Saad1, Emily F. N. Yuki   1, 
Tatiana Pedrosa   1, Solange R. G. Fusco1, Priscila T. Rojo1, Rosa M. R. Pereira1, Samuel K. Shinjo1, 
Danieli C. O. Andrade1, Percival D. Sampaio-Barros1, Carolina T. Ribeiro1, Giordano B. H. Deveza1, 
Victor A. O. Martins1, Clovis A. Silva2, Marta H. Lopes3, Alberto J. S. Duarte4, Leila Antonangelo4, 
Ester C. Sabino3,5, Esper G. Kallas3, Sandra G. Pasoto1 and Eloisa Bonfa   1 ✉

CoronaVac, an inactivated SARS-CoV-2 vaccine, has been approved for emergency use in several countries. However, its 
immunogenicity in immunocompromised individuals has not been well established. We initiated a prospective phase 4 con-
trolled trial (no. NCT04754698, CoronavRheum) in 910 adults with autoimmune rheumatic diseases (ARD) and 182 age- and 
sex-frequency-matched healthy adults (control group, CG), who received two doses of CoronaVac. The primary outcomes were 
reduction of ≥15% in both anti-SARS-CoV-2 IgG seroconversion (SC) and neutralizing antibody (NAb) positivity 6 weeks (day 
69 (D69)) after the second dose in the ARD group compared with that in the CG. Secondary outcomes were IgG SC and NAb 
positivity at D28, IgG titers and neutralizing activity at D28 and D69 and vaccine safety. Prespecified endpoints were met, with 
lower anti-SARS-Cov-2 IgG SC (70.4 versus 95.5%, P < 0.001) and NAb positivity (56.3 versus 79.3%, P < 0.001) at D69 in the 
ARD group than in the CG. Moreover, IgG titers (12.1 versus 29.7, P < 0.001) and median neutralization activity (58.7 versus 
64.5%, P = 0.013) were also lower at D69 in patients with ARD. At D28, patients with ARD presented with lower IgG frequency 
(18.7 versus 34.6%, P < 0.001) and NAb positivity (20.6 versus 36.3%, P < 0.001) than that of the CG. There were no moder-
ate/severe adverse events. These data support the use of CoronaVac in patients with ARD, suggesting reduced but acceptable 
short-term immunogenicity. The trial is still ongoing to evaluate the long-term effectiveness/immunogenicity.
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limited by the absence of a control group, small numbers of patients 
with ARD, and the fact that neutralizing antibodies have not nec-
essarily been assessed15–19. In addition, most earlier studies evalu-
ated immunogenicity following messenger RNA vaccines and thus 
CoronaVac immunogenicity in immunocompromised individuals 
remains unclear13–19. Importantly, immunocompromised patients 
are at high risk for infectious diseases due to immune dysregulation 
and treatment regimens. In addition, they may fulfill criteria for pri-
oritization in the context of limited vaccine supply, since COVID-19 
severity is associated not only with highly prevalent comorbidities in 
these patients but also with disease activity10–24. Moreover, an immu-
nocompromised state was reported to be associated with prolonged 
SARS-CoV-2 shedding25, reduced SARS-CoV-2 virus clearance and 
enhanced viral genomic evolution26, emphasizing the relevance of 
the vaccine for this group of patients in reducing transmission and 
preventing the emergence of new variants.

In this context, the present study aimed to prospectively evaluate 
the immunogenicity (anti-SARS-CoV-2 IgG and neutralizing anti-
bodies) and safety of CoronaVac in a large cohort of patients with 
ARD compared with an age- and sex-frequency-matched control 
group without these conditions and with no immunosuppressive 
therapy. As an exploratory outcome, we further checked for incident 
symptomatic cases, as confirmed by real-time reverse transcrip-
tase–PCR (RT–PCR) for SARS-CoV-2 and the presence of variants 
of concern (VOC) (Gamma, Alpha and Beta lineages).

Results
Study design and participants. This phase 4 prospective controlled 
clinical trial (CoronavRheum clinicaltrials.gov no. NCT04754698) 
was conducted at a single tertiary center in Brazil.

The primary outcome was humoral immunogenicity, assessed by 
two coprimary endpoints: a minimum of 15% reduction in SC rates 
of anti-S1/S2 SARS-CoV-2 IgG and the presence of NAb 6 weeks 
after administration of the second vaccine dose (D69) in patients 
with ARD compared to controls, based on a previous study of pri-
mary vaccination with the 2009 non-adjuvanted influenza A/H1N1 
vaccine in a large cohort of patients with ARD27.

Secondary immunogenicity outcomes were: anti-S1/S2 IgG sero-
conversion and presence of NAb at D28 (after vaccine first dose); 
geometric mean titers of anti-S1/S2 IgG and their factor increase 
in geometric mean titer (FI-GMT) at D28 and D69; and median 
(interquartile range, IQR) neutralizing activity of NAb at D28 and 
D69. Another secondary outcome was safety related to the vac-
cine doses. Exploratory outcomes were factors associated with 
anti-SARS-CoV-2 IgG SC and NAb positivity at D69, and incident 
COVID-19 case evaluation for a total of 80 days (from day of vac-
cination (D0) to 10 days after the second dose (D39) and thereafter 
for the following 40 days (from D40 to D79)).

A total of 1,418 patients with ARD were invited to join the 
study, but 225 were excluded according to established criteria: 
acute febrile illness/symptoms of suspected COVID-19 on the day 
of vaccination or with real-time RT–PCR-confirmed COVID-19 
<4 weeks before D0 (n = 24); demyelinating disease (n = 1); previ-
ous vaccination with any COVID-19 vaccine (n = 25); inactivated 
virus vaccine up to 2 weeks before D0 (n = 1); individuals who did 
not consent to participate in the study (n = 161); and hospitaliza-
tion for general reasons (n = 13). Subsequently, 542 healthy adult 
controls were invited but 50 individuals refused to participate. The 
remaining 1,193 patients with ARD and 492 controls received the 
first dose of CoronaVac, but 232 (19.4%) patients with ARD and 
191 (38.8%) controls had positive baseline IgG serology and/or 
NAb and were thus excluded from this analysis. The remaining 
961 patients with ARD and 301 controls with negative serology were 
then frequency matched in a 5/1 ratio (five ARD/one control) by 
age (maximal variation ± 5 years) and sex, with 910 patients with 
ARD and 182 healthy adults (CG) comprising the final study groups  

Table 1 | Baseline characteristics of patients with ARD and CG

ARD  
(n = 910)

CG  
(n = 182)

P value

Demographics

 Current age (years) 51 (40–60) 50 (41–60) 0.985

 Female sex 700 (76.9) 140 (76.9) >0.999

 Caucasian race 482 (53.0) 82 (45.1) 0.051

Comorbidities

 Systemic arterial hypertension 400 (44.0) 55 (30.2) 0.001

 Diabetes mellitus 106 (11.6) 28 (15.4) 0.161

 Dyslipidemia 246 (27.0) 14 (7.7) <0.001

 Obesity 295 (32.4) 58 (31.9) 0.954

 Chronic cardiomyopathy 52 (5.7) 3 (1.6) 0.024

 Chronic renal disease 44 (4.8) 0 0.001

 Current smoking 84 (9.2) 21 (11.0) 0.461

Chronic obstructive pulmonary disease 13 (1.4) 2 (1.1) >0.999

 Asthma 36 (4.0) 6 (3.3) 0.673

 Interstitial lung disease 78 (8.6) 0 <0.001

 Pulmonary hypertension 13 (1.4) 0 0.142

 Hematologic disease 3 (0.3) 0 >0.999

 Hepatic disease 39 (4.3) 0 0.001

 Current cancer 8 (0.9) 0 0.365

 Stroke 34 (3.7) 0 0.004

 Current tuberculosis 2 (0.2) 0 >0.999

 HIV 0 0 –

ARD

 Chronic inflammatory arthritis  
(RA, axSpA, PsA)

451 (49.6) – –

 Other ARD (SLE, primary vasculitis,  
SSc, pSSj, IIM, PAPS)

459 (50.4) – –

Current therapy

 Prednisone 348 (38.2) – –

  Prednisone dose, mg 5 (5–10) – –

  Prednisone ≥20 mg day–1 32 (3.5) – –

 Hydroxychloroquine 269 (29.6) – –

 Sulfasalazine 73 (8.0) – –

 Immunosuppressive drugs 573 (63.0) – –

  Methotrexate 229 (25.2) – –

  Leflunomide 130 (14.3) – –

  Mycophenolate mofetil 119 (13.1) – –

  Azathioprine 109 (12.0) – –

  Tofacitinib 19 (2.1) – –

  Cyclophosphamide 10 (1.1) – –

  Tacrolimus 10 (1.1) – –

  Cyclosporine 9 (1.0) – –

 Biologic therapy 321 (35.3) – –

  TNFi 138 (15.2) – –

  Abatacept 51 (5.6) – –

  Tocilizumab 50 (5.5) – –

  Belimumab 30 (3.3) – –

  Secukinumab 29 (3.2) – –

  Rituximab 19 (2.1) – –

  Ustekinumab 5 (0.5) – –

Results are expressed as median (IQR) and n (%). Continuous data were compared 
using the Mann–Whitney U-test, and categorical variables with the chi-square or 
Fisher’s exact test, as appropriate, always as two-sided analyses.
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(Extended Data Fig.  1). Enrollment and vaccination occurred on 
the same day for each participant. The first subject was enrolled and 
vaccinated on 9 February 2021 and the last participant was enrolled 
and vaccinated on 24 February 2021. The majority (n = 1,017, 
93.1%) of patients and controls were recruited and vaccinated on 9 
or 10 February 2021, with no differences between the ARD and CG 
groups (92.7 versus 95.1%, P = 0.261). Patients and controls were 
followed until D79 after the first vaccine dose (D0) for analysis of 
immunogenicity and incident cases in this study. The trial is no lon-
ger recruiting, but it is still ongoing for long-term effectiveness and 
immunogenicity.

Patients with ARD had the following disease diagnoses: chronic 
inflammatory arthritis (CIA) (n = 451, 49.6%), rheumatoid arthri-
tis (RA) (n = 256, 28.1%), axial spondyloarthritis (axSpA) (n = 106, 
11.6%) or psoriatic arthritis (PsA) (n = 89, 9.8%) and other systemic 
ARD (n = 459, 50.4%), systemic lupus erythematosus (SLE) (n = 232, 
25.5%), primary vasculitis (n = 66, 7.3%), primary Sjögren’s syn-
drome (pSSj) (n = 42, 4.6%), systemic sclerosis (SSc) (n = 41, 4.5%), 
idiopathic inflammatory myopathies (IIM) (n = 41, 4.5%) and pri-
mary antiphospholipid syndrome (PAPS) (n = 37, 4.1%) (Table 1). 
The control group (n = 182, CG) included hospital cleaning and 
general maintenance services workers (n = 109, 59.9%), health 
professionals (n = 45, 24.7%) and hospital administrative services 
employees or their relatives (n = 28, 15.4%).

The ARD and CG groups had comparable median ages (51 
versus 50 years, P = 0.985) and enrollment of females (76.9 versus 
76.9%, P > 0.999) (Table 1). Frequencies of comorbidity were higher 
in ARD, particularly systemic arterial hypertension (44.0 versus 
30.2%, P = 0.001), dyslipidemia (27.0 versus 7.7%, P < 0.001), inter-
stitial lung disease (8.6 versus 0%, P < 0.001), cardiomyopathy (5.7 
versus 1.6%, P = 0.024) and chronic renal disease (4.8 versus 0%, 
P = 0.001) (Table 1). A total of 348 (38.2%) patients with ARD were 
receiving ongoing treatment with prednisone and 573 (63.0%) were 
using immunosuppressive drugs. Of those patients treated with 
immunosuppressive drugs, 25.2% were using methotrexate, 14.3% 

leflunomide, 13.1% mycophenolate mofetil, 12% azathioprine and 
<3% others. Of those 321 (35.3%) patients were being treated using 
biologic therapies, 15.2% were using tumor necrosis factor inhibitor 
(TNFi), 5.6% abatacept, 5.5% tocilizumab, 3.3% belimumab, 3.2% 
secukinumab and <3% others (Table 1).

For the primary outcome analysis of immunogenicity, we 
excluded 38 (4.2%) participants (35 patients with ARD and three 
CG participants) with real-time RT–PCR-confirmed COVID-19 
after either the first or second dose of vaccine until D69, and 16/910 
(1.5%) patients who did not attend the final visit (D69), including 
two deaths not related to COVID-19.

Primary immunogenicity outcomes. Humoral response param-
eters in the remaining 859 patients with ARD and 179 controls, all 
with negative anti-SARS-CoV-2 S1/S2 IgG antibodies and NAb pre-
vaccination, are shown in Tables 2 and 3.

The study met the primary outcomes, defined as a minimum of 
15% reduction in anti-S1/S2 SARS-CoV-2 IgG SC and in the presence 
of NAb in patients with ARD compared to CG at 6 weeks (D69) after 
the second dose. Analysis of the SARS-CoV-2 S1/S2 IgG response 
at D69 revealed a lower SC rate in patients with ARD (70.4 versus 
95.5%, P < 0.001). Similarly, NAb positivity was lower in patients 
with ARD compared to controls (56.3 versus 79.3%, P < 0.001).

Secondary outcomes. Secondary immunogenicity outcomes 
defined by anti-SARS-CoV-2 IgG SC at D28, as well as IgG GMT 
and FI-GMT at D28 and D69, are presented in Table 2 and Fig. 1. 
SARS-CoV-2 cPass virus NAb positivity at D28 and median activity 
of NAb at D28 and D69 were also secondary outcomes (Table 3).

A minority of participants in both groups developed anti-SARS- 
CoV-2 IgG antibodies after the first dose (D28), with a lower fre-
quency and level in patients with ARD compared to CG (161 
(18.7%) versus 62 (34.6%), P < 0.001) and FI-GMT (2.3 (95% confi-
dence interval (CI) 2.1–2.5) versus 4.6 (95% CI 3.9–5.4), P < 0.001). 
The SC rates doubled after the second vaccine dose, with an 

Table 2 | Seroconversion rates at D28 and D69; anti-SARS-CoV-2 S1/S2 IgG titers before (D0) and after the first (D28) and second 
dose (D69) of CoronaVac vaccination in patients with ARD and CG

SC GMT (Au ml–1) FI-GMT

D28 D69 D0 D28 D69 D0 to D28 D0 to D69

ARD, n = 859 161 (18.7) 605 (70.4) 2.2 (2.2–2.3) 5.1 (4.7–5.5) 27.0 (24.7–29.5) 2.3 (2.1–2.5) 12.1 (11.0–13.2)

CG, n = 179 62 (34.6) 171 (95.5) 2.3 (2.1–2.4) 10.3 (8.5–12.5) 67.0 (59.8–74.9) 4.6 (3.9–5.4) 29.7 (26.3–33.5)

P (ARD versus CG) <0.0001 <0.0001 >0.9990 <0.0010 <0.0010 <0.0010 <0.0010

SC is defined as post-vaccination titer ≥15 AU ml–1 by indirect ELISA, LIAISON SARS-CoV-2 S1/S2 IgG. Frequencies of SC are presented as number (%), and were compared using a two-sided chi-square  
test between ARD and CG at prespecified time points (D28 and D69). IgG antibody titers and FI-GMT are expressed as geometric means with 95% CI. Data regarding IgG titers were analyzed using 
ANOVA with repeated measures and two factors (two groups (ARD versus CG) at three time points (D0, D28 and D69)), followed by Bonferroni’s multiple comparisons at ln-transformed data 
(Supplementary Table 1). The behavior of IgG titers was different for ARD and CG groups between D28 and D69: mean titers increased at each time point for ARD and CG (P < 0.001). FI-GMT values  
were compared using the Mann–Whitney U-test for intergroup comparisons in ln-transformed data at prespecified time points (D28 and D69). All analyses were two-sided.

Table 3 | Frequency of NAb and median percentage of neutralizing activity in positive cases, after the first (D28) and second dose 
(D69) of CoronaVac vaccination in patients with ARD in comparison to CG

D28 D69

Subjects with positive  
NAb, n (%)

Neutralizing activity (%) 
median (IQR)

Subjects with positive  
NAb, n (%)

Neutralizing activity (%) 
median (IQR)

ARD, n = 859 177 (20.6) 42.6 (35.8–60.4) 484 (56.3) 58.7 (43.1–77.2)

CG, n =179 65 (36.3) 45 (34 .5–71.1) 142 (79.3) 64.5 (48.4–81.4)

P (ARD versus CG) <0.0001 0.4900 <0.0001 0.0130

Frequencies of subjects with positive NAb are expressed as number (%). Positivity for NAb was defined as neutralizing activity ≥30% (cPass sVNT Kit). Data were compared using a two-sided chi-square 
test between ARD and CG at prespecified time points (D28 and D69). Percentage of neutralizing activity among subjects with positive NAb is expressed as median (IQR). Data were compared using a 
two-sided Mann–Whitney U-test for comparison between ARD and CG, at prespecified time points (D28 and D69).
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patients with ARD and CG were pain at the injection site (19.8 
versus 17.0%, P = 0.388), headache (20.2 versus 11.0%, P = 0.003) 
and somnolence (13.6 versus 10.4%, P = 0.243). Overall reac-
tions were more frequently reported in patients with ARD than 
CG (50.5 versus 40.1%, P = 0.011), including arthralgia (13.5 
versus 6.0%, P = 0.005), back pain (9.8 versus 4.9%, P = 0.037), 
malaise (9.5 versus 4.4%, P = 0.026), nausea (6.1 versus 2.2%, 
P = 0.032) and sweating (5.6 versus 1.1%, P = 0.007). After the 
second dose, patients with ARD reported less local itching (2.7 
versus 5.5%, P = 0.047) and more sweating (5.3 versus 1.1%,  
P = 0.010) (Table 4).

Factors associated with lower anti-SARS-CoV-2 IgG SC and NAb 
positivity in patients with ARD. We also analyzed factors associ-
ated with anti-SARS-CoV-2 IgG SC and NAb positivity as explor-
atory outcomes (Table 5). Patients with negative anti-SARS-CoV-2 
IgG after two doses of CoronaVac (D69) were of older age 
(P < 0.001), with a higher frequency of females (81.9 versus 74.7%, 
P = 0.023) compared to those with positive anti-SARS-CoV-2 IgG. 
Non-seroconverters used the following therapies more often: pred-
nisone (55.9 versus 31.1%, P < 0.001) and prednisone ≥20 mg day–1 
(5.5 versus 2.6%, P = 0.037); immunosuppressants (81.9 versus 
54.5%, P < 0.001), particularly methotrexate (34.6 versus 21.7%, 
P < 0.001) and mycophenolate mofetil (24.4 versus 7.9%, P < 0.001); 
and biologic therapy (44.1 versus 32.2%, P = 0.001), especially 
abatacept (11.4 versus 3.3%, P < 0.001) and rituximab (4.3 versus 
1.3%, P = 0.006) (Table  5). Multivariate logistic regression analy-
sis (Supplementary Table  2) was performed using as dependent 
variables SC or the presence of NAb at D69 (primary endpoint), 
and as independent variables those with P < 0.2 in the univari-
ate analysis presented in Table  5. This analysis revealed that age 
≥60 years (odds ratio (OR) = 0.51; 95% CI 0.36–0.74, P < 0.001), 
prednisone (OR = 0.40; 95% CI 0.28–0.56, P < 0.001), methotrexate 
(OR = 0.42; 95% CI 0.29–0.61, P < 0.001), mycophenolate mofetil 
(OR = 0.15; 95% CI 0.09–0.24, P < 0.001), TNFi (OR = 0.41; 95% CI 
0.26–0.64, P < 0.001), abatacept (OR = 0.24; 95% CI 0.13–0.46, 
P < 0.001) and rituximab (OR = 0.34; 95% CI 0.13–0.93, P = 0.036) 
were associated with the absence of SC in patients with ARD  
(Supplementary Table 2).

Similarly, patients with negative NAb after complete vaccination 
(D69) were older (52 (43–62) versus 49 (39–59) years, P < 0.001) 
than those with positive NAb. Patients with negative NAb at D69 
were more frequently ≥60 years of age (32.5 versus 22.5%, P = 0.001) 
and using prednisone (49.3 versus 30%, P < 0.001), immunosup-
pressants (72.5 versus 55%, P < 0.001), including methotrexate  
(30.4 versus 21.7%, P = 0.004) and mycophenolate mofetil (17.9 
versus 8.9%, P < 0.001) or biologic therapy (41.3 versus 31.4%, 
P = 0.003), including abatacept (8.0 versus 3.9%, P = 0.011) and 
rituximab (4.0 versus 0.8%, P = 0.002) (Table 5). Multivariate analy-
sis identified age ≥60 years (OR = 0.65; 95% CI 0.46–0.91, P = 0.011), 
prednisone (OR = 0.48; 95% CI 0.35–0.65, P < 0.001), methotrexate 
(OR = 0.67, 95% CI 0.47–0.95, P = 0.024), mycophenolate mofetil 
(OR = 0.33; 95% CI 0.21–0.53, P < 0.001) and rituximab (OR = 0.28; 
95% CI 0.09–0.87, P = 0.028) as associated with the absence of neu-
tralizing activity in patients with ARD (Supplementary Table 2).

COVID-19 incident cases. For the analysis of incident cases, 
another exploratory outcome was used—participants were fol-
lowed during strictly equivalent time periods of 40 days before 
and after full vaccination: from D0 to D39 and from D40 to D79. 
Therefore, the evaluation period for incident cases was extended 
to 10 days (D79) after the final immunogenicity analysis (D69). A 
total of 39 incident symptomatic, RT–PCR-confirmed COVID-19 
cases among patients with ARD and CG were observed during the 
evaluation periods, with no significant difference between groups  
(4.0 versus 1.6%, P = 0.186). The frequency of cases occurring 

increase of more than fivefold in GMT (FI-GMT) for both groups  
(Table 2 and Fig. 1).

According to Bonferroni’s multiple comparison, the mean 
behavior of the neperian logarithm (ln)-transformed IgG titers 
was different in the ARD and CG groups between D28 and  
D69 (P < 0.001). Mean IgG titers were similar at D0 in both groups 
(P > 0.999) and increased at each time point for ARD and CG 
(P < 0.001). At the D28 and D69 evaluations, patients with ARD 
presented lower mean titers than CG (P < 0.001) (Table 2, Fig. 1 and 
Supplementary Table 1).

Analysis of the dynamics of NAb detection showed that after the 
first dose (D28), a minority of participants had positive antibod-
ies and patients with ARD had lower frequencies (177 (20.6%) ver-
sus 65 (36.3%), P < 0.001), but with similar median (IQR) activity 
(42.6% (35.8–60.4) versus 45% (34.5–71.1), P = 0.490) compared 
with CG (Table  3). At D69, lower median (IQR) neutralization 
activity (58.7% (43.1–77.2) versus 64.5% (48.4–81.4), P = 0.013)  
was observed.

Vaccine tolerance and safety. Vaccine safety analysis, another 
secondary outcome, is illustrated in Table  4. No moderate/severe 
adverse events (AEs) related to the vaccine were reported. After 
the first dose, the most frequently reported vaccine reactions in 
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Fig. 1 | Anti-SARS-CoV-2 S1/S2 IgG titers of patients with ARD and 
subjects in CG at D0, D28 and D69. Box plots show the distribution of 
ln-transformed IgG titers over time. Data for each group (ARD, n = 859 and 
CG, n = 179) are presented at each time point as box plots: central values 
within boxes correspond to median (50th percentile, or Q2); the range 
between the lower (25th percentile, or Q1) and upper (75th percentile, or 
Q3) bounds of the boxes is the IQR. Whiskers represent scores outside 
IQR and ends in maximum (higher “calculated value” = Q3 + 1.5 x IQR) 
and minimum (lower “calculated value” = Q1 – 1.5 x IQR). Spots are outliers 
above the maximum or under the minimum values. The minimum possible 
value is 0.64 (ln 1.9, the value attributed to IgG titers ≤3.8 AU ml–1). Data 
regarding IgG titers were analyzed using ANOVA with repeated measures 
and two factors (two groups (ARD versus CG), at three time points 
(D0, D28 and D69)), followed by Bonferroni’s multiple comparison of 
ln-transformed data (Supplementary Table 1). Tests were always two-sided. 
The mean behavior of the ln-transformed IgG titers was different in ARD 
and CG groups at D28 (P < 0.001) and D69 (P < 0.001). Mean titers 
increased at each time point for ARD and CG (*P < 0.001). At D28 and 
D69 evaluations, patients with ARD presented lower mean titers than CG 
(#P < 0.001). ARD and CG were comparable only at D0 (P > 0.999). Dotted 
line denotes the cut-off level for positivity (ln 15 AU ml–1 = 2.71 by Indirect 
ELISA, LIAISON SARS-CoV-2 S1/S2 IgG).
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Finally, we considered environmental factors that could influ-
ence SARS-CoV-2 infection risk in those participants who answered 
the targeted questions about their exposure. Patients with ARD 
reported higher adherence to social isolation 69.5 versus 21.7%, 
P < 0.001) with lower household contact with infected people (4.6 
versus 15.5%, P = 0.0001) and lower use of public transportation 
(47.7 versus 81.7%, P < 0.001) compared to CG. The numbers of 
people living in the same home were comparable in both groups 
(median of two).

Discussion
Vaccination of immunosuppressed patients, who were excluded 
from phase 3 vaccine trials, is of the utmost importance since 

between D0 and D39 (until 10 days after the second dose) was higher 
compared to D40–D79 (33/1,092 (3.0%) versus 6/1,057 (0.6%), 
P < 0.0001). Four patients with ARD were hospitalized (<10 days 
after the second dose) and none died from COVID-19. There was 
no hospitalizations or deaths associated with COVID-19 in the 
CG. Eighteen symptomatic participants with RT–PCR-confirmed 
COVID-19 were genotyped in our service; 83.3% of infections were 
due to Gamma variants, 5.6% to Alpha and 11.1% to other variants. 
SARS-CoV-2 genotyping could not be performed in the remaining 
21 symptomatic participants because they were unable to attend 
our center due to the long traveling distance involved, and therefore 
their samples were collected for RT–PCR at an independent labora-
tory near to their home.

Table 4 | Adverse events following CoronaVac vaccination in patients with ARD and CG

After vaccine first dose After vaccine second dose

ARD (n = 909) CG (n = 182) P value ARD (n = 893) CG (n = 181) P value

No symptoms 450 (49.5) 109 (59.9) 0.011 545 (61.0) 118 (65.2) 0.293

Local reactions (at the injection site) 213 (23.4) 36 (19.8) 0.284 154 (17.2) 32 (17.7) 0.888

Pain 180 (19.8) 31 (17.0) 0.388 125 (14.0) 30 (16.6) 0.368

Erythema 25 (2.8) 5 (2.7) 0.998 23 (2.6) 3 (1.7) 0.602

Swelling 43 (4.7) 12 (6.6) 0.294 45 (5.0) 10 (5.5) 0.787

Bruising 28 (3.1) 6 (3.3) 0.878 23 (2.6) 2 (1.1) 0.232

Pruritus 28 (3.1) 4 (2.2) 0.637 24 (2.7) 10 (5.5) 0.047

Induration 56 (6.2) 4 (2.2) 0.032 41 (4.6) 12 (6.6) 0.248

Systemic reactions 392 (43.3) 61 (33.5) 0.014 298 (33.4) 56 (30.9) 0.526

Fever 25 (2.8) 5 (2.7) 0.998 23 (2.6) 7 (3.9) 0.336

Malaise 86 (9.5) 8 (4.4) 0.026 80 (9.0) 15 (8.3) 0.772

Somnolence 124 (13.6) 19 (10.4) 0.243 83 (9.3) 15 (8.3) 0.668

Lack of appetite 37 (4.1) 7 (3.8) 0.888 37 (4.1) 7 (3.9) 0.864

Nausea 55 (6.1) 4 (2.2) 0.032 58 (6.5) 13 (7.2) 0.734

Vomiting 14 (1.5) 1 (0.5) 0.488 11 (1.2) 2 (1.1) >0.999

Diarrhea 56 (6.2) 9 (4.9) 0.527 56 (6.3) 12 (6.6) 0.857

Abdominal pain 44 (4.8) 7 (3.8) 0.562 43 (4.8) 10 (5.5) 0.688

Vertigo 64 (7.0) 9 (4.9) 0.302 46 (5.2) 9 (5.0) 0.921

Tremor 22 (2.4) 1 (0.5) 0.155 20 (2.2) 2 (1.1) 0.562

Headache 184 (20.2) 20 (11.0) 0.003 130 (14.6) 33 (18.2) 0.209

Fatigue 99 (10.9) 14 (7.7) 0.196 95 (10.6) 22 (12.2) 0.550

Sweating 51 (5.6) 2 (1.1) 0.007 47 (5.3) 2 (1.1) 0.010

Myalgia 81 (8.9) 10 (5.5) 0.128 78 (8.7) 17 (9.4) 0.776

Muscle weakness 68 (7.5) 7 (3.8) 0.077 68 (7.6) 11 (6.1) 0.470

Arthralgia 123 (13.5) 11 (6.0) 0.005 93 (10.4) 13 (7.2) 0.184

Back pain 89 (9.8) 9 (4.9) 0.037 77 (8.6) 19 (10.5) 0.420

Cough 63 (6.9) 8 (4.4) 0.206 57 (6.4) 12 (6.6) 0.902

Sneezing 75 (8.3) 9 (4.9) 0.127 87 (9.7) 18 (9.9) 0.933

Coryza 75 (8.3) 13 (7.1) 0.616 76 (8.5) 17 (9.4) 0.701

Stuffy nose 52 (5.7) 8 (4.4) 0.474 55 (6.2) 11 (6.1) 0.967

Sore throat 67 (7.4) 7 (3.8) 0.084 60 (6.7) 11 (6.1) 0.751

Shortness of breath 29 (3.2) 6 (3.3) 0.941 23 (2.6) 6 (3.3) 0.576

Conjunctivitis 12 (1.3) 0 0.235 9 (1.0) 2 (1.1) >0.999

Pruritus 33 (3.6) 3 (1.6) 0.253 39 (4.4) 6 (3.3) 0.519

Skin rash 9 (1.0) 3 (1.6) 0.433 14 (1.6) 0 0.090

Results are presented as n (%) and compared with the chi-square or Fisher’s exact test, as appropriate, always as two-sided analyses.
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sic risk for thrombosis28, a rare complication reported for some of 
the new COVID-19 vaccines29, and autoimmune/autoinflamma-
tory manifestations, a problem with adjuvanted vaccines in this 
already predisposed population30. Similar to previous results from 
CoronaVac trials in healthy populations31, most vaccine-related AEs 
were mild with pain at the injection site being the most frequently 
reported. Interestingly, vaccine-related AEs, particularly systemic 
symptoms, were much less frequent in both ARD and CG than those 
reported with mRNA vaccines32,33. These data confirm the previ-
ously reported safety profile of CoronaVac11, and extend this finding 
to a large group of immunocompromised patients. Data on disease 
activity were not available due to the study design, with approxi-
mately 93% of participants vaccinated in a single center over 2 days, 
and therefore the influence of this factor on CoronaVac immunoge-
nicity remains to be determined. The lack of assessment of vaccine 
T cell responses was another limitation of the present study34,35.

patients with ARD have an increased risk of hospitalization for 
severe COVID-19 (refs. 21,24). In this large prospective study of an 
inactivated SARS-CoV-2 vaccine in patients with ARD, CoronaVac 
demonstrated a good safety profile with no serious/moderate AEs 
related to the vaccine. The vaccine was immunogenic in patients 
with ARD, but at lower levels when compared to the CG. Controlling 
the groups for age was essential, since SC may be lower in the 
older population10, and this differentiates the current trial from  
earlier studies15–18.

We prospectively included a large population of patients with 
ARD representing eight systemic diseases fulfilling their respective 
classification criteria, and followed all participants with scheduled 
face-to-face appointments, telephone, smartphone instant messag-
ing and email contacts, which allowed a more precise monitoring of 
vaccine-induced AEs in this population. Tolerance and safety are a 
relevant concern for patients with ARD, since they have an intrin-

Table 5 | Baseline characteristics of patients with ARD with and without SC for anti-SARS-CoV-2 S1/S2 IgG antibodies and with and 
without NAb after two doses of CoronaVac vaccination

ARD patients without 
SC (n = 254)

ARD patients with 
SC (n = 605)

P value ARD patients without 
NAb (n = 375)

ARD patients with 
NAb (n = 484)

P value

Demographics

 Current age (years) 53 (45–63) 49 (39–59) <0.001 52 (43–62) 49 (39–59) <0.001

  Age ≥60 years 89 (35) 142 (23.5) <0.001 122 (32.5) 109 (22.5) 0.001

 Female sex 208 (81.9) 452 (74.7) 0.023 293 (78.1) 367 (75.8) 0.427

 Caucasian race 144 (56.7) 312 (51.6) 0.170 213 (56.8) 243 (50.2) 0.055

 ARD

  CIA 126 (49.6) 304 (50.2) 0.864 200 (53.3) 230 (47.5) 0.091

  Other ARD 128 (50.4) 301 (49.8) 175 (46.7) 254 (52.5)

 Current therapy

  Prednisone 142 (55.9) 188 (31.1) <0.001 185 (49.3) 145 (30.0) <0.001

  Prednisone dose (mg) 5 (5–10) 5 (5–10) 0.926 5 (5–10) 5 (5–10) 0.731

  Prednisone ≥20 mg day–1 14 (5.5) 16 (2.6) 0.037 15 (4) 15 (3.1) 0.476

  Hydroxychloroquine 72 (28.3) 182 (30.1) 0.611 98 (26.1) 156 (32.2) 0.052

  Sulfasalazine 10 (3.9) 61 (10.1) 0.003 24 (6.4) 47 (9.7) 0.081

  Immunosuppressive drugs 208 (81.9) 330 (54.5) <0.001 272 (72.5) 266 (55) <0.001

   Methotrexate 88 (34.6) 131 (21.7) <0.001 114 (30.4) 105 (21.7) 0.004

   Leflunomide 37 (14.6) 84 (13.9) 0.793 57 (15.2) 64 (13.2) 0.409

   Mycophenolate mofetil 62 (24.4) 48 (7.9) <0.001 67 (17.9) 43 (8.9) <0.001

   Azathioprine 31 (12.2) 69 (11.4) 0.739 40 (10.7) 60 (12.4) 0.433

   Tofacitinib 3 (1.2) 15 (2.5) 0.301 10 (2.7) 8 (1.7) 0.304

   Cyclophosphamide 2 (0.8) 7 (1.2) >0.999 3 (0.8) 6 (1.2) 0.739

   Tacrolimus 4 (1.6) 6 (1.0) 0.493 4 (1.1) 6 (1.2) 0.815

   Cyclosporine 4 (1.6) 4 (0.7) 0.245 6 (1.6) 2 (0.4) 0.085

  Biologic therapy 112 (44.1) 195 (32.2) <0.001 155 (41.3) 152 (31.4) 0.003

   TNFi 45 (17.7) 86 (14.2) 0.193 63 (16.8) 68 (14.0) 0.266

   Abatacept 29 (11.4) 20 (3.3) <0.001 30 (8.0) 19 (3.9) 0.011

   Tocilizumab 12 (4.7) 33 (5.5) 0.661 23 (6.1) 22 (4.5) 0.300

   Belimumab 13 (5.1) 17 (2.8) 0.093 16 (4.3) 14 (2.9) 0.277

   Secukinumab 2 (0.8) 26 (4.3) 0.006 7 (1.9) 21 (4.3) 0.043

   Rituximab 11 (4.3) 8 (1.3) 0.006 15 (4.0) 4 (0.8) 0.002

   Ustekinumab 1 (0.4) 4 (0.7) >0.999 2 (0.5) 3 (0.6) 0.869

Results are expressed as median (IQR) and n (%). Continuous data were compared using the Mann–Whitney U-test, and categorical variables with the chi-square or Fisher’s exact test, as appropriate, 
always as two-sided analyses. SC defined as positive serology (IgG titer ≥15 AU ml–1) for anti-SARS-CoV-2 S1/S2 IgG antibodies after vaccination (Indirect ELISA, LIAISON SARS-CoV-2 S1/S2 IgG). 
Positivity for NAb defined as neutralizing activity ≥30% (cPass sVNT Kit).
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In this 40-day interval in which vaccine immunity is already 
expected, the frequency of COVID-19 cases was notably lower 
than in the previous 40 days after the first vaccination (D0–D39).  
The unanticipated overall similar frequency of SARS-CoV-2 
infection in patients with ARD, a known vulnerable immunosup-
pressed population, compared to CG during the study period may 
be explained by the higher adherence to social isolation and lower 
household contact with infected people, as well as by reduced use of 
public transportation among patients. It may also be related to high 
exposure due to the professions of the majority of CG. The small 
number of new RT–PCR-confirmed COVID-19 cases during the 
observation period hampers, however, a definitive conclusion on 
the role of vaccine efficacy. The Gamma variant was the dominant 
strain amongst incident cases, in line with the virologic surveillance 
in the region, where Gamma represented 90% of all sequenced sam-
ples in the state in late April 2021 followed by Alpha and Beta as  
the other VOC41.

In conclusion, this study provides evidence of safety and 
reduced, but acceptable, short-term immunogenicity of an inacti-
vated SARS-CoV-2 vaccine in the ARD population. The impact of 
this diminished humoral response on long-term vaccine effective-
ness is already ongoing, and it will also shed light on the persistence 
of CoronaVac-elicited immune responses and the need for a vaccine 
booster.
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SARS-CoV-2 cPass virus NAb. The SARS-CoV-2 sVNT Kit (GenScript) was 
utilized according to the manufacturer’s instructions. This analysis detects 
circulating NAb against SARS-CoV-2 that block the interaction between the RBD 
of the viral Spike glycoprotein with the angiotensin-converting enzyme 2 cell 
surface receptor. Tests were performed on ETI-MAX-3000 equipment (DiaSorin). 
Samples were classified as either “positive” (inhibition ≥30%) or “negative” 
(inhibition <30%), as suggested by the manufacturer52. The frequency of positive 
samples was calculated at all time points. Medians (IQR) of the percentage of 
neutralizing activity, for positive samples only, were calculated at all time points.

Vaccine AEs and incident cases of COVID-19. Safety was rigorously followed  
by the National Research Ethics Council, and all serious AEs were classified as 
either vaccine related or not related. In addition an independent Data Safety 
Monitoring Board, comprising vaccine-prominent experts, periodically reviewed 
and evaluated the study protocol. Patients and control groups were advised to 
report any side effects of the vaccine; to this end, they received on D0 (first dose) 
and D28 (second dose) a standardized diary for recording of local and systemic 
manifestations. Local manifestations included local pain, erythema, swelling, 
bruising, pruritus and induration at the vaccine site. Systemic reactions included 
fever, malaise, somnolence, lack of appetite, nausea, vomiting, diarrhea, abdominal 
pain, vertigo, tremor, headache, fatigue, myalgia, muscle weakness, arthralgia, 
back pain, cough, sneezing, coryza, stuffy nose, sore throat, shortness of breath, 
conjunctivitis, pruritus and skin rash. Vaccine AE severity was defined according 
to the WHO definition53.

Environmental factors associated with high risk of exposure to SARS-CoV-2 
were recorded from all participants, including adherence to social isolation, 
number of people living in the same house, household contact with infected people 
and use of public transportation.

Additionally, to evaluate incident COVID-19 cases (exploratory outcome), all 
patients with ARD and controls were instructed to communicate any manifestation 
associated or not with COVID-19 by telephone, smartphone instant messaging 
or email. Our medical team was divided to provide a proper follow-up for 
the assigned group of patients/controls including the need for medical care, 
hospitalizations, severity of infections, sick days and treatment. Participants with 
suspicion of COVID-19 were instructed to seek medical care near their residence 
and, if recommended, to come to our tertiary hospital to undergo a RT–PCR test 
for SARS-CoV-2 or make an in-person visit. If tertiary care was required, the 
participant was transferred to a referenced hospital. The standardized diary of AEs 
was carefully reviewed with each participant on the day of the second dose (D28) 
and at the last visit (D69). COVID-19 incident cases were followed for 40 days 
(from D0 to 10 days after the second dose (D39)) and thereafter for the following 
40 days (from D40 to D79).

Study data were collected and managed using REDCap electronic data capture 
tools (10.5.0, 2021 Vanderbilt University) hosted at our Institution54,55.

RT–PCR for SARS-CoV-2 and analysis of VOC. Clinical samples for 
SARS-CoV-2 RT–PCR consisted of naso- and oropharyngeal swabs, using a 
laboratory-developed test56. All participants with positive test results were invited 
to collect samples at our hospital, and these materials were further analyzed 
for VOC. RNA was extracted using the QIAamp Viral RNA Mini Kit (Qiagen) 
according to the manufacturer’s instructions. For rapid access of VOC, we 
performed two real-time PCR protocols in parallel. Romano et al.57 used two sets 
of probes to detect NSP6 Δ 106–108, which encodes a protein that participates 
in the viral replication process and allows the differentiation of ancestral variants 
from Alpha, Beta and Gamma VOC. The protocol of Vogels et al. uses a multiplex 
quantitative RT–PCR (RT–qPCR) assay that targets three regions (N1, ORF1a 
Δ3675–3677 and Spike Δ69–70 primer) and facilitates differentiation of Alpha 
VOC from Beta and Gama VOC, and from ancestral variants58. To confirm the 
results, we sequenced the virus using a combination of targeted multiplex PCR 
amplification and a portable nanopore sequencing MinION platform (Oxford 
Nanopore Technologies)3,58. In brief, complementary DNA was synthesized 
with random hexamers and the Protoscript II First Strand cDNA synthesis Kit 
(New England Biolabs). Whole-genome multiplex PCR amplification was then 
conducted using the ARTIC network SARS-CoV-2 V3 primer scheme. Multiplex 
PCR products were purified using AmpureXP beads (Beckman Coulter), and 
quantification was carried out using the Qubit dsDNA High Sensitivity assay 
on the Qubit 3.0 (Life Technologies). Samples were then normalized (10 ng per 
sample), DNA fragments were barcoded using the EXP-NBD104 (refs. 59,60) and 
EXP-NBD114 (ref. 61) Native Barcoding Kits (Oxford Nanopore Technologies) 
and pooled. Sequencing adapter ligation was performed using the SQK-LSK 109 
Kit (Oxford Nanopore Technologies). Sequencing libraries were loaded onto an 
R9.4.1 flow-cell (Oxford NanoporeTechnologies) and sequenced using MinKNOW 
v.20.10.3 (Oxford Nanopore Technologies).

Symptomatic participants who were unable to come to our center to collect the 
RT–PCR kit were instructed to go to an independent laboratory near their home.

Statistical analysis. Sample size calculation was based on the previous 15% 
reduction in SC rate after first vaccination with the 2009 non-adjuvanted influenza 
A/H1N1 vaccine in a large cohort of patients with ARD36. In expectation of 

Methods
Ethics statement. The protocol was conducted according to the Declaration of 
Helsinki and local regulations, and approved by the National and Institutional 
Ethical Committee of Hospital das Clinicas HCFMUSP, Faculdade de Medicina, 
Universidade de Sao Paulo, Sao Paulo, SP, Brazil (no. CAAE: 42566621.0.0000.0068). 
Written informed consent was obtained from all participants before enrollment, 
including an agreement for sharing of source data following publication of this 
manuscript, with indirect identifiers. There was no participant compensation.

Study design. This phase 4 prospective controlled clinical trial (CoronavRheum 
clinicaltrials.gov, no. NCT04754698) was conducted at a single tertiary center  
in Brazil.

Patients and controls. Patients with ARD and ≥18 years of age from the 
Outpatient Rheumatology Clinics at our center were included, with the following 
diagnoses: RA42, SLE43, axSpA44, PsA45, primary vasculitis46,47, pSSj48, SSc49, IIM50 
and PAPS51.

After confirmation of participation by patients with ARD, CG were invited, 
with frequency matching by age (up to ±5 years difference) and sex, using an 
Excel program for random selection of participants (one control/five patients). 
None of these were previously vaccinated in the hospital’s regular campaign. ARD 
diagnosis, use of immunosuppressive drugs and HIV infection were exclusion 
criteria for CG, whereas other well-controlled medical conditions were allowed  
in the CG group (Extended Data Fig. 1). None of the patients included in this 
analysis held medications to improve vaccine response.

Overall exclusion criteria were: history of anaphylactic response to vaccine 
components; acute febrile illness or symptoms compatible with COVID-19 at 
vaccination; Guillain–Barré syndrome; decompensated heart failure (class III or 
IV); demyelinating disease; previous vaccination with any SARS-CoV-2 vaccine; 
history of live virus vaccine up to 4 weeks previously; inactivated viral vaccine up 
to 2 weeks previously; history of having received blood products up to 6 months 
before the study; individuals who did not agree to participate in the study; 
hospitalized patients; and prevaccination positive COVID-19 serology and/or  
NAb (for immunogenicity analysis) (Extended Data Fig. 1).

After receiving the first vaccine dose, participants with RT–PCR-confirmed 
COVID-19 were excluded from the immunogenicity analysis but included in the 
evaluation of incident cases.

Vaccination protocol. The vaccination protocol for patients with ARD and GC 
consisted of a two-dose schedule of the COVID-19 vaccine. The first dose (with 
blood collection) was given for most participants on 9–10 February 2021 (D0), the 
second dose (with blood collection) on 9–10 March 2021 (D28) and a final blood 
collection on 19 April 2021 (D69) at the Hospital Convention Center. Incident 
COVID-19 cases were assessed for a further 10 days until D79. This protocol was 
delayed by 4 weeks for participants with incident COVID-19 during the study. 
Ready-to-use syringes loaded with CoronaVac (Sinovac Life Sciences, batch no. 
20200412), consisting of 3 µg in 0.5 ml of β-propiolactone-inactivated SARS-CoV-2 
(derived from the CN02 strain of SARS-CoV-2 grown in African green monkey 
kidney cells—Vero 25 cells) with aluminum hydroxide as an adjuvant, were 
administered intramuscularly in the deltoid area.

Primary and secondary outcomes. The primary outcome was humoral 
immunogenicity assessed by two coprimary endpoints: the presence of anti-S1/S2 
SARS-CoV-2 IgG and the presence of NAb 6 weeks after the second vaccine  
dose (D69).

Secondary immunogenicity outcomes were: anti-S1/S2 IgG seroconversion and 
the presence of NAb at D28 (after vaccine first dose); geometric mean titers  
of anti-S1/S2 IgG and their factor increase in GMT (FI-GMT) at D28 and D69;  
and median (IQR) neutralizing activity of NAb at D28 and D69.

A further secondary outcome was safety related to the vaccine doses. 
Additionally, factors associated with anti-SARS-CoV-2 IgG SC and NAb positivity 
and incident COVID-19 case evaluation were exploratory outcomes.

Samples for immunogenicity evaluation. To assess these outcomes, blood samples 
(20 ml) from all participants were obtained at D0 (baseline, immediately before 
first vaccine dose), D28 (immediately before the second dose) and D69 (6 weeks 
after the second dose). Sera were stored in a freezer at −70 °C.

Anti-SARS-CoV-2 S1/S2 IgG antibodies. A chemiluminescent immunoassay 
was used to measure human IgG antibodies against proteins S1 and S2 in the 
receptor-binding domain (RBD) (Indirect ELISA, LIAISON SARS-CoV-2 S1/
S2 IgG, DiaSorin). SC rate was defined as positive serology (≥15.0 UA ml–1) after 
vaccination, taking into consideration that only patients with prevaccination 
negative serology were included. GMT and 95% CIs of these antibodies were  
also calculated at all time points, attributing the value of 1.9 UA ml–1 (half of the 
lower limit of quantification, 3.8 UA ml–1) to undetectable levels (<3.8 UA ml–1). 
FI-GMT is the ratio of GMT after vaccination to that before, with growth 
measured in titers. These values are also presented and compared as geometric 
means and 95% CIs.
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SC rates of 63% in the ARD patient cohort and 78% in the control group, and 
considering an alpha error of 5% and power of 80% in a 5/1 ratio to include more 
patients with ARD, the minimum sample required would be 445 patients with 
ARD and 89 healthy subjects, sex controlled and of similar age. In expectation of 
a higher SC rate of 98% for this vaccine28, such sample size had a power >99% to 
detect a 15% reduction in SC of patients with ARD. Due to the peak of the ongoing 
pandemic in Brazil during the vaccination period, we invited additional patients 
and controls, expecting a high incidence of previously infected people and a high 
rate of infection.

Categorical variables are presented as number (percentage) and compared 
using the chi-square or Fisher’s exact test, as appropriate. Only for patients 
with ARD, multivariate logistic regression analyses were performed using as 
dependent variables SC or the presence of NAb at D69 (primary endpoints), and as 
independent variables those with P < 0.2 in each univariate analysis.

Continuous general data are presented as medians (IQR) and compared 
using the Mann–Whitney U-test for intergroup comparison. Continuous data 
regarding anti-S1/S2 serology titers are presented as geometric means (95% CI); 
their comparisons were performed using repeated-measures analysis of variance 
(ANOVA) with two factors (two groups (ARD and CG) at three time points  
(D0, D28 and D69)), followed by Bonferroni’s multiple comparisons in 
ln-transformed data.

Statistical significance was defined as P < 0.05. All statistical analyses were 
performed using Statistical Package for the Social Sciences, v.20.0 (IBM-SPSS  
for Windows 20.0).

Reporting Summary. Further information on research design is available in 
the Nature Research Reporting Summary linked to this article.

Data availability
All background information on controls and clinical information for patients 
with ARD in this study are included in the Source data provided with this paper 
(https://figshare.com/s/0a8921e7422a4fb8436f). Requests for sera sharing will 
need approval from the Hospital das Clinicas da Universidade de Sao Paulo´s 
review board and the National Research Ethics Council and a Material Transfer 
Agreement, which typically requires about 1 month. The SARS-CoV-2 sequences 
are available on GISAID (http://www.gisaid.org) (nos. EPI_ISL_2894869–
2894885). An account (free registration) on GISAID is needed to obtain access 
to sequences. Additional correspondence and requests for materials should be 
addressed to the corresponding author (E.B.).
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Extended Data Fig. 1 | Trial Design. The diagram depicts the enrollment and analysis of participants in the ARD and CG groups. Reasons for exclusions are 
provided.
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4.13. CoronaVac helps to improve the immunity on transplanted 
patients, affirms study from Unifesp and USP

A study made by researchers from 
Instituto Butantan, the Federal 
University of Sao Paulo (Unifesp) and 
the Blood Center of Ribeirão Preto 
from the University of Sao Paulo 
(USP) demonstrated that 43% of the 
patients with transplanted kidney 
generated antibodies against 
Covid-19 15 days after receiving 
the second dose of CoronaVac 
(which means, they presented 
seroconversion). The result indicates 
that the vaccine from Butantan 
and the chinese pharmaceutic 
Sinovac have an effect on that 
public that is slightly superior to 
other two immunizers, that use 
the technology of mRNA and that 
generated antibodies in about 30% 
of the cases, according to studies.

This data shows the importance 
of the vaccine for all the 
immunosuppressed people that, like 
patients with transplants and people 
with autoimmune diseases, have a 
higher difficulty in the immunological 
defense of the organism. 

“All vaccines have less efficacy 
on those that are transplanted 

because of the use of medications 
against the rejection of the 
transplant. This happens with all 
the immunizers against hepatitis 
B, influenza, pneumonia and 
also with the vaccine against 
the Coronavirus”, explains the 
main author of the article and full 
professor of the transplanting area 
from the Paulista Medicine School 
of Unifesp, José Medina.

The work was developed in the 
Kidney Hospital and its preliminary 
results were disclosed in an article 
at the Transplantation journal, the 
main worldwide publication in the 
transplants area. The research was 
conducted between 20th and 28th 
of March 2021, with 3.354 patients 
with kidney transplant between 
30 and 69 years of age, that have 
done the transplant over 30 days 
before, did not have previous case 
of Covid-19 and completed the 
vaccinal scheme of two doses from 
CoronaVac with a gap of 28 days.

“Since the number of transplanted 
people is small for a general 
population, as soon as the majority 
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of people get vaccinated the 
circulation of the coronavirus will 
decrease, protecting as well the 
transplanted people”, affirms 
Medina. The  seroconversion rates 
among the kidney transplanted 
patients after the first and second 
dose of CoronaVac alerts for the 
need of keeping the individual 
protection measures, like wearing a 
mask, avoiding agglomerations and 
always sanitizing the hands.

The receivers of kidney transplant 
were included in the national 
calendar of vaccination against 
Covid-19 in the priority group with 
comorbidities in April 2021, because 
of the high taxes of mortality 
associated with SARS-CoV-2 in that 
population (up to 30%).

The conclusions of this study adds 
to another research made by the 
Clinical Hospital of USP, where 1.000 
patients with rheumatological 

diseases (also immunosuppressed) 
were vaccinated with CoronaVac. 
The immunization generated a 
moderate immune response on the 
patients: the monitoring before 
and after the vaccine presented 
33 cases of Covid-19 before the 
vaccination and only six cases after 
the immunization.

The efficacy of CoronaVac was 
proved in Brazil through a study with 
13.060 volunteers, all healthcare 
workers, a population that is 
highly exposed to Covid-19. The 
results of the clinical trial of phase 
3 demonstrated that the general 
efficacy of the immunizer may 
reach 62,3% when the gap between 
the first and second dose is from 21 
to 28 days. The data were disclosed 
in the preprint platform SSRN.

Published on: 07/09/2021
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It is effective 
in the elderly5.

5.1. CoronaVac is safe for the elderly and has a low rate of adverse 
events, research shows

A study carried out in Hong Kong 
to assess the risk of adverse events 
in the elderly immunized with 
CoronaVac once again proved 
the safety of the vaccine, with 79.9 
mild adverse events occurring per 
100,000 elderly vaccinated. The 
paper was published in The Lancet 
Health Longevity journal and 
conducted by researchers at the 
School of Medicine of the University 
of Hong Kong.

Of the 1.25 million people in Hong 
Kong who received at least one dose 
of CoronaVac between February 
2021 and January 2022, 622,000 
(49.6%) were at least 60 years old – 
293,000 (47.9% ) men and 329,000 
(52.9%) women.

Among the 622,000 elderly people 
investigated, 126,000 (20.4%) 
received one dose of CoronaVac, 
384,000 (61.7%) received two doses 
and 111,000 (17.9%) received three 
doses of the vaccine. The data 

are from the Government of Hong 
Kong’s Department of Health.

According to the researchers, the 
incidence of adverse events in 
the 21 days after vaccination with 
CoronaVac was low. Among all 
categories of adverse events of 
special interest, only 79.9 cases were 
recorded, all mild, for each group of 
100,000 immunized.

“In comparison with the risk of 
mortality and complications from 
COVID-19 in the elderly, the benefits 
of vaccination with CoronaVac 
outweigh the risks. Our results are 
consistent with the findings of 
previous studies with inactivated 
vaccines, showing its safety 
among other risk groups, such as 
the immunocompromised and 
people with chronic hepatitis B virus 
infection,” the authors state.

Published on: 07/01/2022
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Safety of an inactivated, whole-virion COVID-19 vaccine 
(CoronaVac) in people aged 60 years or older in Hong Kong: 
a modified self-controlled case series
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Summary
Background Because evidence on the safety of COVID-19 vaccines in older adults is scarce, we aimed to evaluate the 
incidence and risk of adverse events after CoronaVac (Sinovac Biotech) vaccination in adults aged 60 years or older.

Methods In this modified self-controlled case series, we enrolled adults aged 60 years or older who had received at 
least one dose of CoronaVac in Hong Kong between Feb 23, 2021, and Jan 31, 2022. We extracted population-based, 
electronic health record data from the clinical management system of the Hospital Authority on adverse events of 
special interest (from Jan 1, 2005, to Feb 23, 2022) and patients’ demographic information (from Jan 1, 2018, to 
Jan 31, 2022), previous diagnoses (from Jan 1, 2018, to Jan 31, 2022), medication history (from Jan 1, 2018, to 
Jan 31, 2022), and laboratory tests, including those for SARS-CoV-2 infection (from Jan 1, 2018, to Jan 31, 2022). 
Details of vaccination status were provided by the Department of Health of the Hong Kong Government and were 
linked to data from the Hospital Authority with identity card numbers or passport numbers. Our outcomes were the 
overall incidence of any adverse event of special interest and the incidence rates of 30 adverse events of special 
interest, as suggested by the WHO Global Advisory Committee on Vaccine Safety, in the inpatient setting within 
21 days (2 days for anaphylaxis) of either the first, second, or third CoronaVac dose compared with a baseline period. 
Individuals who had a history of a particular event between Jan 1, 2005, and Feb 23, 2021, were excluded from the 
corresponding analysis. We evaluated the risk of an adverse event of special interest using conditional Poisson 
regression, adjusting for seasonal effects.

Findings Of 1 253 497 individuals who received at least one dose of CoronaVac during the study period, 
622 317 (49·6%) were aged at least 60 years and were included in the analysis. Our analysis sample received 
1 229 423 doses of CoronaVac and had a mean age of 70·40 years (SD 8·10). 293 086 (47·1%) of 622 317 participants 
were men and 329 231 (52·9%) were women. The incidence of individual adverse events of interest ranged from 
0·00 per 100 000 people to 57·49 per 100 000 people (thromboembolism). The first and third doses of CoronaVac were 
not associated with a significant excess risk of an adverse event of special interest within 21 days (or 2 days for 
anaphylaxis) of vaccination. After the second dose, the only significantly increased risk was for anaphylaxis (adjusted 
incidence rate ratio 2·61, 95% CI 1·08–6·31; risk difference per 100 000 people 0·61, 95% CI 0·03–1·81).

Interpretation Because older age is associated with poor outcomes after SARS-CoV-2 infection, the benefits of 
CoronaVac vaccination in older adults outweigh the risks in regions where COVID-19 is prevalent. Ongoing 
monitoring of vaccine safety is warranted.

Funding The Food and Health Bureau of the Government, Hong Kong Special Administrative Region, China and 
AIR@InnoHK, administered by the Innovation and Technology Commission.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 
4.0 license.

Introduction
Older age is a well recognised risk factor for complications 
after SARS-CoV-2 infection—individuals aged 60 years or 
older have a five-times increased risk of mortality after 
symptomatic SARS-CoV-2 infection compared with 
adults aged 30–59 years.1 In view of this increased risk, 
older adults have been prioritised for COVID-19 
vaccination in many countries and territories, including, 
but not limited to, the USA, the UK, and Hong Kong.2 

CoronaVac from Sinovac Biotech (Hong Kong; equivalent 

to Sinovac Life Sciences) has been available for emergency 
use in Hong Kong during the COVID-19 pandemic.

Two inactivated COVID-19 vaccines, namely CoronaVac 
and BBIBP-CorV (Sinopharm), have contributed to 
almost half of the COVID-19 vaccine doses administered 
around the globe.3 Although accounting for around 
75% of the COVID-19 vaccines administered in Brazil,4 

there have been few post-marketing clinical studies 
evaluating the safety of CoronaVac, especially in the older 
population. There have been infrequent reports of 
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myocarditis in people aged 70 years after Ad.26.COV2.S 
(Janssen) and mRNA-1273 (Moderna) vaccination.5,6 

Some case reports also describe ischaemic stroke and 
thrombotic events after CoronaVac vaccination.7,8 

Nonetheless, evidence of post-vaccination adverse events 
in older adults beyond case reports is still scarce. 
Although randomised controlled trials of CoronaVac 
have not shown major adverse events after vaccination,9,10 

they only included a small proportion of older participants 
and were not able to evaluate rare events due to small 
numbers of events. People aged 60 years or older were 
excluded from the phase 3 trial of CoronaVac in Turkey9 

and represented the minority (37 [9%] of 434) of 
participants enrolled in the phase 3 trial of CoronaVac in 
Chile.10 Despite the large number of CoronaVac doses 
being administered worldwide, vaccine-related adverse 
events might be under-reported in resource-limited 
areas,11 rendering pharmacovigilance studies necessary.

Unlike myocarditis, which has been more frequently 
observed in young males who have received BNT162b2 
(Pfizer–BioNTech) than in unvaccinated controls,12 no 
significantly increased risk of adverse events has been 
found in the older vaccinated population versus the older 
unvaccinated population so far. One study13 found that 
older adults (≥65 years) were more likely to be hospitalised 
after COVID-19 vaccination than were younger adults 
(18–64 years), but relatedness to vaccination is unknown 
because older adults generally have a higher risk of 
hospitalisation than do younger adults. Other studies 
have described a lower prevalence of local and systemic 
side-effects after BNT162b2 or ChAdOx1 nCov-19 
(AstraZeneca) vaccination in participants older than 
55 years (vs those aged ≤55 years)14 or in participants aged 
50 years or older (vs those aged 20–29 years).15 

Discrepancies and inconsistencies among previous 
studies reveal a need to evaluate vaccine safety in the 

older population. Whether the multiple comorbidities 
that are commonly seen in older people put them at 
higher risk of developing adverse reactions to COVID-19 
vaccines is unknown. Older adults (aged ≥65 years) have 
reported reduced reactogenicity (local and systemic 
reactions) following mRNA-based COVID-19 vaccines 
compared with younger adults (aged <65 years),16 hence 
raising the question of whether post-vaccination event 
rates might be different in older, compared with younger, 
adults. We aimed to examine the incidence and risk of 
adverse events of special interest after vaccination with 
CoronaVac in older adults.

Methods
Study design and participants
In this modified self-controlled case series, adults aged 
60 years or older at the time of vaccination who had 
received CoronaVac (one dose or more) in Hong Kong 
between Feb 23, 2021, and Jan 31, 2022, were included. 
Adverse events of special interest were based on primary 
diagnoses upon hospitalisation. The self-controlled case 
series design relies on within-individual comparisons 
and is now an established study design for the evaluation 
of vaccine safety. This design has been applied in several 
studies of vaccine safety, including studies of COVID-19 
vaccines.17–21 The benefit of a self-controlled case series is 
that it treats individuals as their own control, thereby 
minimising measured or unmeasured time-invariant 
confounding.

Ethical approval for this study was granted by the 
Institutional Review Board of the University of 
Hong Kong and Hospital Authority Hong Kong 
West Cluster (UW21–149 and UW21–138) and the 
Department of Health Ethics Committee (LM21/2021). 
As anonymous data were extracted from an electronic 
health database, under Hong Kong regulations and 
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Research in context

Evidence before this study
We searched PubMed and Embase for articles published in 
English between database inception and March 23, 2022, using 
the search terms “adverse event”, “older adults”, “vaccines”, and 
“CoronaVac”. Most studies were case reports describing adverse 
events, such as ischaemic stroke and thrombotic events, after 
CoronaVac (Sinovac Biotech) vaccination. Evidence other than 
case reports is still sparse. Although randomised controlled 
trials of CoronaVac have not shown major adverse events after 
vaccination, our search did not identify any analytical studies 
on the risk of adverse events following CoronaVac vaccination 
in older adults.

Added value of this study
To our knowledge, this population-based study is the first to 
investigate the safety of CoronaVac in people aged 60 years or 
older. This self-controlled case series evaluates the risk of 
adverse events of special interest after the first, second, and 

third doses of CoronaVac vaccine. The self-controlled case series 
method was developed to investigate vaccine safety, and the 
advantage is that it minimises measured and unmeasured 
time-invariant confounding through within-individual 
comparisons. This study found that participants did not have a 
significantly higher risk of adverse events of special interest 
after CoronaVac vaccination compared with a baseline period, 
except for anaphylaxis after the second dose. However, the 
absolute risk increment for anaphylaxis was small.

Implications of all the available evidence
Given the extensive use of inactivated COVID-19 vaccines 
worldwide and the association of older age with poorer 
outcomes after SARS-CoV-2 infection, the potential risks of 
CoronaVac vaccination are outweighed by its benefits in places 
where COVID-19 is prevalent. More pharmacovigilance studies 
are warranted to confirm the safety of COVID-19 vaccines in 
older adults.



 |  785O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

Articles

www.thelancet.com/healthy-longevity   Vol 3   July 2022 e493

approval from the Hospital Authority and the Department 
of Health, consent from participants was not required. 
The study protocol is available online on the website of 
the COVID-19 Vaccines Adverse Events Response and 
Evaluation Programme.

Data source
We extracted data from the clinical management system of 
the Hospital Authority, which stores electronic health 
records in Hong Kong, on adverse events of special interest 
(from Jan 1, 2005, to Feb 23, 2022) and patients’ 
demographic information (from Jan 1, 2018, to Jan 31, 2022), 
previous diagnoses (from Jan 1, 2018, to Jan 31, 2022), 
medication history (from Jan 1, 2018, to Jan 31, 2022), and 
laboratory tests, including those for SARS-CoV-2 infection 
(from Jan 1, 2018, to Jan 31, 2022). Being a statutory 
administrative body in the Hong Kong Special 
Administrative Region, China, the Hospital Authority 
manages 43 public hospitals, 49 specialist outpatient 
clinics, and 73 primary care clinics in Hong Kong. 
Electronic health record data from all these Hospital 
Authority facilities, including emergency room visits, are 
captured by the clinical management system. The 
information recorded in the clinical management system 
of the Hospital Authority has been applied to several 
COVID-19 vaccine pharmacovigilance studies.12,13,20,21

Mortality data were extracted between Feb 23, 2021, and 
Jan 31, 2022, from the Deaths Registry under the 
Immigration Department of the Government of the 
Hong Kong Special Administrative Region, China, 
entries to which are mandatory for all residents in 
Hong Kong and are used by all Government departments 
in Hong Kong. The mass vaccination programme in 
Hong Kong was launched on Feb 23, 2021. Information 
regarding vaccination status and vaccine type from 
Feb 23, 2021, to Jan 31, 2022, was provided by the 
Department of Health of the Hong Kong Government.22 

Details of vaccination status were linked to pre-existing 
data in the clinical management system with a 
deidentified, unique Hong Kong identity card number or 
passport number for each participant.

Outcomes
Our outcomes were the overall incidence rate of any 
adverse event of special interest and the incidence rates of 
30 adverse events of special interest, which were obtained 
from the list of events suggested by the WHO Global 
Advisory Committee on Vaccine Safety,23 in the inpatient 
setting within 21 days (2 days for anaphylaxis) of either the 
first, second, or third CoronaVac vaccine dose compared 
with a baseline period. The adverse events of special 
interest were: autoimmune diseases (Guillain–Barré 
Syndrome, acute disseminated encephalomyelitis, 
narcolepsy, acute aseptic arthritis, type 1 diabetes, 
[idiopathic] thrombocytopenia, and subacute thyroiditis); 
cardiovascular diseases (microangiopathy, heart failure, 
stress cardiomyopathy, coronary artery disease, arrhythmia, 

and myocarditis); diseases of the circulatory system 
(thromboembolism, haemorrhagic disease, and single 
organ cutaneous vasculitis); diseases of the hepatorenal 
system (acute liver injury, acute kidney injury, and acute 
pancreatitis); diseases of peripheral nerves and the CNS 
(generalised convulsion, meningoencephalitis, transverse 
myelitis, and Bell’s palsy); disease of the respiratory 
system (acute respiratory distress syndrome); diseases of 
the skin, mucous membranes, and joints (erythema 
multiforme and chilblain-like lesions); and other system 
diseases (anaphylaxis, anosmia, ageusia, Kawasaki disease, 
and rhabdomyolysis). These adverse events of special 
interest were based on a single principal inpatient 
diagnosis with procedure codes and codes in the 
International Classification of Diseases, Ninth Revision, 
Clinical Modification. The detailed definition of each 
adverse event of special interest is displayed in 
appendix 2 (p 4).

Statistical analysis
To achieve 80% power to detect an incidence rate ratio 
in the exposure period between 1·5 to 3·0 at the 
0·05 significance level, the required sample size for our 
self-controlled case series analysis ranged from 32 to 278. 
More details on sample size calculation are provided in 
appendix 2 (pp 2–3).

Theoretically, three assumptions must be fulfilled 
when adopting the self-controlled case series model. To 
satisfy these assumptions, we used a modified self-
controlled case series model and only considered the first 
incidence of a specific adverse event of special interest 
during the observation period, excluding subsequent 
episodes in the same participant. More detail on these 
assumptions can be found in appendix 2 (p 1).

When measuring the separate incidences of adverse 
events of special interest, individuals who had a history of 
a particular event between Jan 1, 2005, and Feb 23, 2021, 
were excluded from the corresponding analysis. For all 
adverse events of special interest except anaphylaxis, only 
the first incidence of an event in an individual within 
21 days (inclusive of the day of vaccination) of the first, 
second, or third dose of CoronaVac (ie, 0–20 days post-
vaccination) would be regarded as an incident adverse 
event of special interest. The duration of 21 days was 
chosen such that medium-term adverse events could be 
identified, while the risk of short-term outcomes would 
not be underestimated because of dilution caused by 
further extending the observation period.24 Previous 
population-based pharmacovigilance studies that 
evaluated COVID-19 vaccine safety also adopted 21 days 
as the duration of the risk period.24,25 Because classifying 
allergic reactions with a symptom onset of 2 days or more 
after vaccination would have been difficult, the risk period 
for anaphylaxis was defined as 2 days (ie, 0–1 day post-
vaccination). This approach has also been applied by the 
Centers for Disease Control and Prevention in the USA 
when monitoring anaphylaxis events after BNT162b2 

See Online for appendix 2

For the study protocol see 
https://www.hkcare.hku.hk/

For the clinical management 
system of the Hospital 
Authority see https://www.
ha.org.hk/

For the Deaths Registry see 
https://www.immd.gov.hk/eng/
services/birth-death-marriage-
registration.html



786 |    CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

Articles

e494 www.thelancet.com/healthy-longevity   Vol 3   July 2022

vaccination.26 The incidences of adverse events of special 
interest are presented in three ways: incidence per 
100 000 doses, incidence per 100 000 people, and incidence 
rate (cases per 100 000 person-days). 95% CIs for these 
measurements were calculated as the exact binomial 
CIs.27  Futhermore, as the modified self-controlled case 
series design is not applicable for evaluating the risk of 
mortality after vaccination, we report all-cause mortality 
as a descriptive statistic. 

Three exposure periods were considered in the self-
controlled case series analysis: 0–20 days (0–1 day for 
anaphylaxis) after the first dose, 0–20 days (0–1 day for 
anaphylaxis) after the second dose, and 0–20 days 
(0–1 day for anaphylaxis) after the third dose of vaccine 
(figure 1). Other risk periods during the study period 
apart from the exposure periods were considered a 
baseline period (figure 1). The self-controlled case series 
analysis was done for a particular adverse event of 
special interest only when the overall number of events 
recorded for that event was at least five. To examine 
event-dependent exposure, the modified self-controlled 
case series model was applied by use of the R function 
eventdepenexp in the R package, SCCS. By comparing 
the incidence rates of adverse events of special interest 
in different risk periods with those in the baseline 
period, we calculated incidence rate ratios and 
corresponding 95% CIs using conditional Poisson 
regression, adjusting for seasonal effects in monthly 
categories. The model was not adjusted for any 
additional confounders because the self-controlled case 
series design does not require adjustment for any time-
invariant confounders given that individuals serve as 
their own control. We checked the overdispersion 
assumption. Additionally, we calculated risk differences 
per 100 000 people using the difference in incidences 
between risk periods and the baseline period. Incidence 
in the risk periods was calculated by use of the 
observational data collected in this study, whereas 
incidence in the baseline period was calculated by 
dividing the incidence in the risk period by the adjusted 
incidence rate ratio.

Moreover, we did prespecified subgroup analyses of 
adjusted incidence rate ratios and risk differences, 
stratifying by age (<80 years vs ≥80 years) and Charlson 
Comorbidity Index (<3 vs ≥3), to confirm whether results 

were consistent among different age and comorbidity 
groups. Three prespecified sensitivity analyses were done 
to ensure robustness. In the first sensitivity analysis, 
individuals who were infected with SARS-CoV-2 before 
or during the study period were excluded, owing to the 
possible increased risk of post-vaccination adverse events 
of special interest after SARS-CoV-2 infection. In the 
second and final sensitivity analyses, the duration of 
exposure periods for all adverse events of special interest, 
except for anaphylaxis, was changed from 21 days to 
14 days or 28 days, respectively, to investigate whether 
similar results could be reproduced.

All statistical tests were two-sided. R (version 4.0.3) was 
used to conduct all statistical analyses. At least 
two investigators (YW, WX, or VKCY) independently 
conducted each analysis for quality assurance.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
Of 1 253 497 individuals who received CoronaVac in 
Hong Kong between Feb 23, 2021, and Jan 31, 2022, 
622 317 (49·6%) were aged at least 60 years and were 
included in the analysis. Overall, 1 229 423 doses of 
CoronaVac were administered to these 622 317 people 
within the study period, among whom 126 736 (20·4%) had 
one dose, 384 056 (61·7%) had two doses, and 
111 525 (17·9%) had three doses of the vaccine. The mean 
age of CoronaVac recipients was 70·40 years (SD 8·10), 
of whom 47·1% were men and 52·9% were women 
(table 1). Pre-existing comorbidities and medication use 
within the past 90 days among included individuals are 
shown in appendix 2 (p 5).

By and large, the incidences of adverse events of special 
interest and all-cause mortality within 21 days (or 2 days 
for anaphylaxis) of vaccination with CoronaVac were 
small (table 2). The incidence of individual adverse events 
of special interest ranged from 0·00 per 100 000 doses to 
31·81 per 100 000 doses (thromboembolism), from 
0·00 per 100 000 people to 57·49 per 100 000 people 
(thromboembolism), and from 0·00 per 100 000 person-
days to 1·43 per 100 000 person-days (thromboembolism; 
table 2). Adverse events of special interest that were not 
observed within 21 days of vaccination were: type 1 
diabetes; subacute thyroiditis; microangiopathy; stress 
cardiomyopathy; single organ cutaneous vasculitis; 
chilblain-like lesions; and Kawasaki disease. Only 
three adverse events of special interest—coronary artery 
disease, arrhythmia, and thromboembolism—had an 
incidence of more than 20 cases per 100 000 people 
(table 2).

The first and third doses of CoronaVac were not 
associated with a significant excess risk of an adverse 
event of special interest within 21 days (or 2 days for 

Figure 1: Observation timeline of a hypothetical patient in the self-controlled case series
*The exposure period was 2 days for anaphylaxis.

Start of observation
period (Feb 23, 2021)

End of observation
period (Jan 31, 2022)

First dose of vaccine Second dose of vaccine Third dose of vaccine

Baseline period 21-day (or 2-day*) exposure period Adverse events of special interest (can occur anytime
during the observation period)
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anaphylaxis) of vaccination (figure 2). However, we found 
a significantly increased risk of anaphylaxis (adjusted 
incidence rate ratio 2·61, 95% CI 1·08–6·31; risk 
difference per 100 000 people 0·61, 95% CI 0·03–1·81) 
within 2 days of the second vaccine dose compared with 
the baseline period (figure 2). No other significant 
increased risk of an adverse event of special interest was 
noted after the second dose (figure 2). There was no 
overdispersion for all adverse events of special interest as 
none of the outcome variables had larger variance values 
than mean values (appendix 2 p 7).

For our subgroup analyses, post-hoc, we grouped 
adverse events of special interest into disease categories 
(ie, autoimmune diseases, cardiovascular diseases, 
diseases of the circulatory system, diseases of the 
hepatorenal system, disease of the peripheral nerves and 
CNS, and disease of the respiratory system) due to rare 
incidences of individual events. Significant excess risk of 
any adverse event of special interest category was not 
observed after vaccination in those younger than 80 years 
or in those aged 80 years or older (appendix 2 p 8) or in 
those with a Charlson Comorbidity Index of less than 3 

Overall 
(n=622 317)

CoronaVac 
recipients with 
1 dose (n=126 736)

CoronaVac 
recipients with 
2 doses (n=384 056)

CoronaVac 
recipients with 
3 doses (n=111 525)

Demographics and comorbidities

Age, years 70·40 (8·10) 73·81 (9·08) 69·69 (7·79) 68·95 (6·80)

Sex

Female 329 231 (52·9%) 74 769 (59·0%) 205 705 (53·6%) 48 757 (43·7%)

Male 293 086 (47·1%) 51 967 (41·0%) 178 351 (46·4%) 62 768 (56·3%)

Charlson Comorbidity Index 3·00 (1·16) 3·43 (1·32) 2·92 (1·11) 2·76 (0·96)

History of adverse events of special interest

Guillain–Barré Syndrome 921 (0·1%) 216 (0·2%) 568 (0·1%) 137 (0·1%)

Acute disseminated encephalomyelitis 18 (<0·1%) 6 (<0·1%) 11 (<0·1%) 1 (<0·1%)

Narcolepsy 16 067 (2·6%) 3134 (2·5%) 9362 (2·4%) 3571 (3·2%)

Acute aseptic arthritis 5145 (0·8%) 1517 (1·2%) 2953 (0·8%) 675 (0·6%)

Type 1 diabetes 179 (<0·1%) 59 (<0·1%) 102 (<0·1%) 18 (<0·1%)

Thrombocytopenia (idiopathic) 2099 (0·3%) 581 (0·5%) 1259 (0·3%) 259 (0·2%)

Subacute thyroiditis 71 (<0·1%) 17 (<0·1%) 41 (<0·1%) 13 (<0·1%)

Microangiopathy 16 (<0·1%) 4 (<0·1%) 11 (<0·1%) 1 (<0·1%)

Heart failure 10 391 (1·7%) 3810 (3·0%) 5635 (1·5%) 946 (0·8%)

Stress cardiomyopathy 0 0 0 0

Coronary artery disease 47 628 (7·7%) 12 971 (10·2%) 27 463 (7·2%) 7194 (6·5%)

Arrhythmia 30 377 (4·9%) 9397 (7·4%) 17 173 (4·5%) 3807 (3·4%)

Myocarditis 2128 (0·3%) 590 (0·5%) 1206 (0·3%) 332 (0·3%)

Thromboembolism 64 505 (10·4%) 18 835 (14·9%) 37 602 (9·8%) 8068 (7·2%)

Haemorrhagic disease 28 190 (4·5%) 8543 (6·7%) 16 532 (4·3%) 3115 (2·8%)

Single organ cutaneous vasculitis 1680 (0·3%) 453 (0·4%) 993 (0·3%) 234 (0·2%)

Acute liver injury 17 672 (2·8%) 3536 (2·8%) 11 183 (2·9%) 2953 (2·6%)

Acute kidney injury 16 256 (2·6%) 5099 (4·0%) 9203 (2·4%) 1954 (1·8%)

Acute pancreatitis 2646 (0·4%) 710 (0·6%) 1562 (0·4%) 374 (0·3%)

Generalised convulsion 3676 (0·6%) 1063 (0·8%) 2231 (0·6%) 382 (0·3%)

Meningoencephalitis 666 (0·1%) 169 (0·1%) 399 (0·1%) 98 (0·1%)

Transverse myelitis 24 (<0·1%) 8 (<0·1%) 15 (<0·1%) 1 (<0·1%)

Bell’s palsy 4637 (0·7%) 1129 (0·9%) 2811 (0·7%) 697 (0·6%)

Acute respiratory distress syndrome 8243 (1·3%) 2391 (1·9%) 4792 (1·2%) 1060 (1·0%)

Erythema multiforme 139 (<0·1%) 30 (<0·1%) 80 (<0·1%) 29 (<0·1%)

Chilblain-like lesions 85 (<0·1%) 21 (<0·1%) 51 (<0·1%) 13 (<0·1%)

Anosmia or ageusia 688 (0·1%) 131 (0·1%) 418 (0·1%) 139 (0·1%)

Anaphylaxis 14 379 (2·3%) 3785 (3·0%) 8645 (2·3%) 1949 (1·7%)

Kawasaki disease 558 (0·1%) 127 (0·1%) 353 (0·1%) 78 (0·1%)

Rhabdomyolysis 902 (0·1%) 269 (0·2%) 539 (0·1%) 94 (0·1%)

Data are mean (SD) or n (%). 

Table 1: Baseline characteristics of CoronaVac recipients
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or a Charlson Comorbidity Index of 3 or more 
(appendix 2 p 9). The results of our three sensitivity 
analyses were similar to our main findings (appendix 2 
pp 10–12).

Discussion
Until now, safety data for CoronaVac have been 
insufficient. In this large-scale, self- controlled case 
series, adults aged 60 years or older did not have a 

significantly higher risk of adverse events of special 
interest after CoronaVac vaccination compared with a 
baseline period, except for anaphylaxis within 2 days of 
the second dose. The absolute risk increment for 
anaphylaxis after the second vaccine dose was only 
six cases per 1 million people. In comparison with the 
excess risk of mortality and complications from 
COVID-19 in people aged 60 years or older observed in 
previous studies,1 the benefits of vaccination still exceed 

n Incidence per 
100 000 doses (95% CI)

Incidence per 
100 000 people (95% CI)

Incidence rate* 
(95% CI)

Any adverse event of special interest 668 79·97 (74·02–86·27) 145·45 (134·64–156·91) 3·59 (3·32–3·87)

Autoimmune disease 108 10·05 (8·25–12·14) 18·07 (14·82–21·81) 0·45 (0·37–0·55)

Guillain–Barré syndrome 1 0·09 (0·00–0·50) 0·16 (0·00–0·90) 0·00 (0·00–0·02)

Acute disseminated encephalomyelitis 1 0·09 (0·00–0·50) 0·16 (0·00–0·90) 0·00 (0·00–0·02)

Narcolepsy 80 7·35 (5·83–9·15) 13·20 (10·47–16·43) 0·33 (0·26–0·41)

Acute aseptic arthritis 26 2·35 (1·53–3·44) 4·21 (2·75–6·17) 0·11 (0·07–0·16)

Type 1 diabetes 0 0·00 (0·00–0·33) 0·00 (0·00–0·59) 0·00 (0·00–0·01)

Thrombocytopenia (idiopathic) 1 0·09 (0·00–0·50) 0·16 (0·00–0·90) 0·00 (0·00–0·02)

Subacute thyroiditis 0 0·00 (0·00–0·33) 0·00 (0·00–0·59) 0·00 (0·00–0·01)

Cardiovascular diseases 336 34·06 (30·52–37·91) 61·60 (55·19–68·55) 1·54 (1·38–1·71)

Microangiopathy 0 0·00 (0·00–0·33) 0·00 (0·00–0·59) 0·00 (0·00–0·01)

Heart failure 67 6·09 (4·72–7·73) 10·96 (8·49–13·91) 0·28 (0·21–0·35)

Stress cardiomyopathy 0 0·00 (0·00–0·33) 0·00 (0·00–0·59) 0·00 (0·00–0·01)

Coronary artery disease 161 15·56 (13·25–18·16) 28·05 (23·89–32·73) 0·70 (0·60–0·82)

Arrhythmia 166 15·58 (13·30–18·14) 28·08 (23·97–32·69) 0·70 (0·60–0·82)

Myocarditis 7 0·63 (0·25–1·29) 1·13 (0·45–2·33) 0·03 (0·01–0·06)

Circulatory system 352 35·31 (31·72–39·20) 63·85 (57·36–70·88) 1·59 (1·43–1·77)

Thromboembolism 320 31·81 (28·42–35·50) 57·49 (51·37–64·15) 1·43 (1·28–1·60)

Haemorrhagic disease 39 3·65 (2·59–4·98) 6·57 (4·67–8·98) 0·16 (0·12–0·22)

Single organ cutaneous vasculitis 0 0·00 (0·00–0·33) 0·00 (0·00–0·59) 0·00 (0·00–0·01)

Hepatorenal system 40 3·79 (2·71–5·16) 6·82 (4·87–9·29) 0·17 (0·12–0·23)

Acute liver injury 5 0·46 (0·15–1·07) 0·83 (0·27–1·93) 0·02 (0·01–0·05)

Acute kidney injury 19 1·74 (1·05–2·72) 3·14 (1·89–4·90) 0·08 (0·05–0·12)

Acute pancreatitis 18 1·62 (0·96–2·56) 2·91 (1·72–4·59) 0·07 (0·04–0·12)

Peripheral nerves and CNS 65 5·90 (4·55–7·52) 10·60 (8·18–13·51) 0·27 (0·21–0·34)

Generalised convulsion 17 1·53 (0·89–2·45) 2·75 (1·60–4·40) 0·07 (0·04–0·11)

Meningoencephalitis 2 0·18 (0·02–0·65) 0·32 (0·04–1·16) 0·01 (0·00–0·03)

Transverse myelitis 1 0·09 (0·00–0·50) 0·16 (0·00–0·90) 0·00 (0·00–0·02)

Bell’s palsy 46 4·15 (3·04–5·53) 7·45 (5·45–9·94) 0·19 (0·14–0·25)

Respiratory system (acute respiratory distress syndrome) 56 5·08 (3·83–6·59) 9·12 (6·89–11·85) 0·23 (0·17–0·30)

Skin, mucous membranes, and joints 1 0·09 (0·00–0·50) 0·16 (0·00–0·90) 0·00 (0·00–0·02)

Erythema multiforme 1 0·09 (0·00–0·50) 0·16 (0·00–0·90) 0·00 (0·00–0·02)

Chilblain-like lesions 0 0·00 (0·00–0·33) 0·00 (0·00–0·59) 0·00 (0·00–0·01)

Others 8 0·72 (0·31–1·42) 1·29 (0·56–2·54) 0·03 (0·01–0·06)

Anosmia or ageusia 1 0·09 (0·00–0·50) 0·16 (0·00–0·90) 0·00 (0·00–0·02)

Kawasaki disease 0 0·00 (0·00–0·33) 0·00 (0·00–0·59) 0·00 (0·00–0·01)

Rhabdomyolysis 7 0·63 (0·25–1·29) 1·13 (0·45–2·32) 0·03 (0·01–0·06)

Anaphylaxis† 6 0·55 (0·20–1·20) 0·99 (0·36–2·15) 0·25 (0·09–0·54)

All-cause mortality 175 15·65 (13·42–18·15) 28·12 (24·11–32·61) 0·71 (0·61–0·82)

*Cases per 100 000 person-days. †The follow-up period for the incidence of anaphylaxis was 2 days (ie, 0–1 day post-vaccination) and anaphylaxis was not included in the 
calculation of the overall incidence of adverse events of special interest.

Table 2: Incidence of adverse events of special interest and all-cause mortality among patients receiving CoronaVac vaccines
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its risks in places where COVID-19 is prevalent. Our 
results are consistent with the findings of previous 
studies of COVID-19 inactivated vaccines among a group 
of immunocompromised patients4 and people with 
chronic hepatitis B virus infection.28 Previous studies 
have revealed that multimorbidity does not translate to 
an additional risk of adverse events after COVID-19 
vaccination29 and that the composition of the gut 
microbiota might contribute to differences in post-
vaccination adverse event rates.30

Anaphylaxis is an inherent risk associated with all 
vaccines and medicinal products. According to a previous 

study,31 the estimated rate of anaphylaxis was 2·2 cases 
per 1 million doses of CoronaVac, which is slightly lower 
than our estimation (5·5 cases per 1 million doses 
[95% CI 2·0–12·0]). Allergic reactions can be directed 
towards the inactive excipients that stabilise the vaccine, 
such as polyethylene glycol and polysorbate, and, rarely, 
to the active component of the vaccine.32 CoronaVac does 
not contain the aforementioned excipients,33 yet 
theoretically carries a risk of anaphylaxis. Although it 
remains possible that we did not have sufficient statistical 
power to detect an increased risk of anaphylaxis after the 
first dose, the higher risk of anaphylaxis after the second 

Figure 2: Adjusted IRRs and risk differences of adverse events of special interest within 21 days of CoronaVac vaccination
Adjusted IRRs were obtained from conditional Poisson regression adjusted for seasonal effects in our self-controlled case series analysis. The dashed line represents a risk difference of 0. IRR=incidence 
rate ratio. NA=not applicable. 
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dose compared with the baseline period can potentially 
be attributed to a genuine anaphylactic reaction to the 
vaccine components, which only happens on re-exposure 
to the same allergen when it cross- links IgE on sensitised 
mast cells and triggers their degranulation.34 Allergic 
reactions developing after the second dose, but not the 
first dose, of BNT162b2 have also been reported in the 
literature.35 Because only 111 525 people in our study 
received a third dose of CoronaVac, it is very probable 
that our study did not have sufficient power to detect 
anaphylaxis after the third dose because the event rate 
was low. Despite anaphylaxis being potentially life-
threatening, no deaths from allergic reactions after 
COVID-19 vaccination have been reported so far.36

The main result of our study—that there were no 
major adverse events after vaccination—is in accordance 
with findings from randomised controlled trials of 
CoronaVac done in populations mainly consisting of 
younger people (8·5% of participants were aged 
≥60 years).9,10 Some post-marketing observational 
studies12,24,37–41 have raised specific concerns regarding the 
safety of CoronaVac and other COVID-19 vaccines using 
different platforms, such as mRNA and viral vectors. 
They have found associations with myocarditis following 
mRNA-based COVID-19 vaccines,12,24,37,38 vascular events 
and thromboembolism following mRNA-based and viral 
vector-based COVID-19 vaccines,39,40 and Bell’s palsy 
following the CoronaVac COVID-19 vaccine.41

After vaccination with BNT162b2 or Ad.26.COV2.S 
vaccines, myocarditis in boys and men aged 12–24 years 
has been an issue of concern.42,43 We did not find such an 
association in adults aged 60 years or older who received 
CoronaVac. As it is probably an immune-mediated 
reaction, post-vaccination myocarditis might be attributed 
to heightened immune responses in some clinically 
susceptible adolescents,44 although the exact mechanism 
is not well understood. Our findings are in line with 
previous studies reporting a low incidence of myocarditis 
in older people after receiving mRNA vaccines.45,46

Although an increased risk of thromboembolism has 
been reported with BNT162b2 and the adenoviral vector 
vaccine ChAdOx1 nCoV-19,39,40 we did not find an increased 
risk of thromboembolism with CoronaVac in our study; it 
is possible that we did not have sufficient statistical power 
to detect such rare events. With regards to the proposed 
mechanism of vaccine-associated thromboembolism, free 
DNA in the vaccine might trigger the production of 
antibodies against platelet factor 4, which in turn could 
activate platelets and promote immune thrombotic 
thrombocytopenia, resulting in bleeding or thrombosis.47 

As a whole-virion vaccine,9 whether CoronaVac is 
associated with a lower risk of thromboembolism than 
other COVID-19 vaccines has been inadequately explored. 
A Thai study48 revealed that CoronaVac recipients had a 
low prevalence of antibodies against platelet factor 4, but 
the relevance of this finding to vaccine-induced thrombotic 
thrombocytopenia is unknown. Presently, thromboembolic 

events are most common with ChAdOx1 nCoV-19,39 with 
an estimated incidence of vaccine-induced immune 
thrombocytopenia and thrombosis of at least one case per 
100 000 people aged 50 years or older.49 As the approximate 
incidence of acute cerebrovascular disease in people with 
COVID-19 is 1·4% (95% CI 1·0–1·9),50 the potential risk 
associated with vaccination is still substantially lower.

By contrast to a study41 in Hong Kong that suggested 
that the risk of Bell’s palsy in adults (aged ≥18 years) was 
increased after CoronaVac vaccination, we did not find an 
association between Bell’s palsy and CoronaVac in 
recipients aged 60 years or older. This discrepancy could 
be ascribed to these events being rare in this older age 
group, resulting in inadequate power to detect such risk; 
previous studies report that the background incidence of 
Bell’s palsy typically peaks at around 40–50 years of age.51,52 

More importantly, the risk of Bell’s palsy is actually higher 
in those who are infected with SARS-CoV-2 than in 
COVID-19 vaccine recipients.53 Indeed, current evidence 
regarding post-vaccination Bell’s palsy remains largely 
inconsistent and limited in scope. Further studies with 
large sample sizes are needed to confirm our findings.

Our study has several strengths. First, in an area of 
sparse data, our study provides reassuring evidence 
regarding the safety of CoronaVac for adults aged 60 years 
or older. Second, we extracted data from the vaccine 
registry provided by the Department of Health of the 
Hong Kong Government, which covers the entire 
population of Hong Kong, and so our sample size was 
large and population-based. Third, the prevalence of 
COVID-19 in Hong Kong was low during the study 
period (ie, 14 197 COVID-19 cases confirmed as of 
Jan 31, 2022, among a population size of around 
7·5 million),54 and, therefore, the likelihood of 
SARS-CoV-2 infection interfering with post-vaccination 
reactions was minimal. Finally, our findings were robust 
to several sensitivity analyses.

Our study also has limitations. First, considering the 
relatively small number of events recorded, it is possible 
that this study did not have adequate statistical power to 
detect infrequent events. Second, we only enrolled patients 
who had ever attended clinics or hospitals under the 
Hospital Authority. Theoretically, people who had been 
vaccinated but had never used any public health-care 
service would not have been captured by our study. 
However, this number would have been reasonably small 
because more than 90% of inpatient care in Hong Kong is 
provided by the Hospital Authority.55 Third, events might 
have been underdiagnosed or misclassified as they were 
defined by diagnostic codes in the database. Nevertheless, 
this limitation is probably minimal; the coding accuracy of 
the electronic health database of the Hospital Authority 
has been shown in previous studies in Hong Kong, 
showing that the positive predictive values for the 
diagnoses were high.56–58 Fourth, no causal relationship 
can be established due to the observational nature of our 
study. Fifth, we cannot rule out the possibility that some 
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potentially vaccine-related events occurred outside the 
21-day exposure period, and the list of adverse events of 
special interest that we adopted in this study is not 
exhaustive. Finally, we did not evaluate characteristics or 
predictors associated with an increased risk of adverse 
events of special interest after vaccination. Further studies 
are warranted to evaluate the long-term risks of COVID-19 
vaccines and predictors for the risk of post-vaccination 
adverse events of special interest in the older population.

In summary, no increased risk of adverse events of 
special interest, except for anaphylaxis after the second 
dose, was detected in CoronaVac recipients aged 60 years 
or older. The absolute risk increment for anaphylaxis 
after the second vaccine dose was small. Because older 
age is associated with poor outcomes after SARS-CoV-2 
infection, the benefits of vaccination in this population 
far outweigh the risks in places where COVID-19 is 
prevalent. More pharmacovigilance studies of COVID-19 
vaccines among older people are warranted.
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5.2. CoronaVac reduced severe cases and death from Covid-19 in the 
elderly, Colombian study states

A study carried out in Colombia with 
about 700,000 participants showed 
once again that administering 
CoronaVac to people over 60 years 
of age substantially reduces severe 
cases and death from Covid-19. The 
study was published in The Lancet 
Regional Health – Americas and 
conducted by researchers from the 
National University of Colombia 
and the Colombian universities of 
Sinú, Cartagena and de la Costa, as 
well as other institutions such as the 
University of São Paulo.

Between March and August 2021, 
scientists followed 720,000 people 
with an average age of 68. Among 
the volunteers, 76,700 had been 
vaccinated with CoronaVac, 56,000 
had received another vaccine, and 
539,000 had not yet been immunized.

Among unvaccinated individuals, 
there were 21,500 symptomatic 
cases of Covid-19, 2,874 
hospitalizations, 1,061 admissions to 
Intensive Care Units (ICU) and 1,329 
deaths. In those vaccinated with 
CoronaVac, the immunizing agent 
reduced the risk of hospitalization 
and death from Covid-19 by more 
than half.

The authors draw attention to 
another study conducted in 
Colombia with about 3 million 

people, which showed an even 
greater effectiveness of the vaccine 
to prevent deaths in the elderly 
(72.1%). According to research 
published in The Lancet Healthy 
Longevity, less than 1% of elderly 
people who took CoronaVac died 
or needed to be hospitalized as a 
result of Covid-19.

According to the researchers, 
the difference in results can be 
explained by the lower statistical 
power of the current sample (720 
thousand against 3 million) and also 
by the socioeconomic background 
of the volunteers. While the previous 
work was done with the entire 
Colombian population, the current 
research only included participants 
from the north of the country with 
low socioeconomic status – a group 
that is more at risk of being infected 
by SARS-CoV-2 and has less access 
to health services.

The relationship between Covid-19 
and social vulnerability has already 
been demonstrated in different 
countries. More recently, a study by 
the University of São Paulo carried 
out in the Amazon showed that 
children who went hungry were 76% 
more likely to have symptomatic 
Covid-19.

Published on: 07/01/2022
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Effectiveness of CoronaVac and BNT162b2 COVID-19
mass vaccination in Colombia: A population-based
cohort study
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Summary
Background In February 2021, Colombia began mass vaccination against COVID-19 using mainly BNT162b2 and
CoronaVac vaccines. We aimed to estimate vaccine effectiveness (VE) to prevent COVID-19 symptomatic cases, hos-
pitalization, critical care admission, and deaths in a cohort of 796,072 insured subjects older than 40 years in north-
ern Colombia, a setting with a high SARS-CoV-2 transmission.

Methods We identified individuals vaccinated between March 1st of 2021 and August 15th of 2021. We included
symptomatic cases, hospitalizations, critical care admissions, and deaths in patients with confirmed COVID-19 as
main outcomes. We calculated VE for each outcome from the hazard ratio in Cox proportionally hazards regressions
(adjusted by age, sex, place of residence, diabetes, human immunodeficiency virus, cancer, hypertension, tuberculo-
sis, neurological diseases, and chronic renal disease), with 95% confidence intervals (CI).

Findings A total of 719,735 insured participants of 40 and more years were followed. We found 21,545 laboratory-
confirmed symptomatic COVID-19 among unvaccinated population, along with 2874 hospitalizations, 1061 critical
care admissions, and 1329 deaths, for a rate of 207.2 per million person-days, 27.1 per million person-days, 10.0 per
million person-days, and 12.5 per million person-days, respectively. We found CoronaVac was not effective for any
outcome in subjects above 80 years old; but for people 40-79 years of age, we found two doses of CoronaVac
reduced hospitalization (33.1%; 95% CI, 14.5−47.7), critical care admission (47.2%; 95% CI, 18.5−65.8), and death
(55.7%; 95% CI, 32.5−70.0). We found BNT162b2 was effective for all outcomes in the entire population of subjects
above 40 years of age, significantly declining for subjects ≥80 years.

Interpretation Two doses of either CoronaVac in population between 40 and 79 years of age, or BNT162b2 among
vaccinated above 40 years old significantly reduced deaths of confirmed COVID-19 in a cohort of individuals from
Colombia. Vaccine effectiveness for CoronaVac and BNT162b2 declined with increasing age.

Funding UK National Institute for Health Research, the European Union’s Horizon 2020 research and innovation
programme, and the Bill & Melinda Gates Foundation.

Copyright � 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Introduction
The SARS-CoV-2 virus first appeared in Wuhan, China
in late-2019, causing a cluster of cases of COVID-19
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that quickly disseminated worldwide to become the first
large pandemic of the 21st century.1 As of May 17th,
2022, COVID-19 has killed at least 6¢3 million people
worldwide.1

Several efficacious and safe vaccines have been shown
to prevent adverse outcomes due to COVID-19. The
BNT162b2 vaccine has a reported efficacy of 95% (95%
confidence interval [CI], 90.3−97.6) to prevent symptom-
atic cases,2 while the mRNA-1273 vaccine has reported
94% (95% CI, 89¢3−96¢8) efficacy for this outcome.3

CoronaVac has seen less peer-reviewed scrutiny of its
efficacy, effectiveness, and safety, yet has been widely
deployed in 72 countries by January 28th of 2022. Stud-
ies for CoronaVac have shown large heterogeneity in
vaccine effectiveness. A recent clinical trial in Turkey
showed CoronaVac had an efficacy to prevent

symptomatic cases of 83¢5% (95% CI 65¢4−92¢1), whilst
a trial in Brazil showed a 51% vaccine efficacy against
cases (95% CI, 36−62). A matched negative-control
case-control study showed CoronaVac had an effective-
ness of 47% to prevent COVID-19 cases, and 61% to
prevent COVID-19 deaths in Brazil.4 Data from Chile
show CoronaVac has an effectiveness of 66% to prevent
cases.5 Based on this data, the Strategic Advisory Group
of Experts on Immunization of the World Health Orga-
nization approved CoronaVac for emergency use in
countries worldwide.6

Colombia started vaccinating healthcare workers in
early February 2021, mainly using the BNT162b2 vac-
cine. The CoronaVac vaccine was then used to vaccinate
people older than 80 years, and later expanded to those
older than 60 years.7 After prioritization by occupations
with higher risk of exposure, older age, and comorbid-
ities, the vaccine was freely available in the country to
the entire population without out-of-pocket expenses.
As of 15th of August of 2021, overall vaccination cover-
age in Colombia with either vaccine was 40¢8% for first
doses and 27¢1% for fully vaccinated individuals.

Given the need for real-world evidence on Corona-
Vac effectiveness, we consolidated data sources from
one of the largest healthcare insurers in Colombia to
provide evidence of the effectiveness of the vaccine in
this setting. The present analysis provides a unique
opportunity to assess vaccine effectiveness of Corona-
Vac alongside BNT162b2 COVID-19 vaccine in a setting
where the Mu variant predominated in 2021. We aim
here to assess the effectiveness of CoronaVac and
BNT162b2 to prevent symptomatic cases, hospitaliza-
tions, critical care admissions, and deaths in patients
with COVID-19 in Colombia.

Methods

Study design
We designed a retrospective cohort study to evaluate the
effectiveness of the CoronaVac and BNT162b2 vaccina-
tion in Colombia between March 1st and August 15th of
2021. We only included insured subjects older than
40 years (Table 1) and excluded subjects with confirmed
previous SARS-CoV-2 infection.

This study was approved by the ethics committee of
Universidad del Sin�u, Cartagena, Colombia.

Participants and data sources
Our study population is the entire population enrolled
in Mutual Ser, a health insurer of around 2¢15 million
people from Colombia. The insured are mostly low- and
middle-income populations whose healthcare claims
are subsidized by the government. The healthcare sys-
tem in Colombia, includes healthcare provision for poor
population (subsidized regime), for people who work

Research in context

Evidence before this study

We systematically reviewed the evidence using a MED-
LINE search through PubMed, with the combination of
keywords “trial” AND (“coronavac” OR “sinovac” OR
“pfizer” OR “bnt162b2”) AND (“vaccine” OR “vaccina-
tion”) AND (“covid” OR “coronavirus” OR “SARS-CoV-2”).
In addition, we made a Google search, and used the
Johns Hopkins’ International Vaccine Access Center sys-
tematic review of all studies reporting the effectiveness
of COVID-19 vaccines. We included Phase 3 clinical trials
in humans, published up to July 18th of 2021. We found
six Phase 3 trials, one for CoronaVac (efficacy for symp-
tomatic case of 83¢5%; 95% confidence interval [CI],
65¢4−92¢1), and two for BNT162b2 (efficacies for symp-
tomatic cases at all ages of 95¢0 [95% CI, 90¢3 to 97¢6];
and 100¢0% [95% CI, 75¢3 to 100¢0] in adolescents). For
CoronaVac, there were two studies reporting effective-
ness: one cohort study in Chile and a test-negative
matched case-control design in Brazil. Both these latter
studies show significant effectiveness to prevent death
with CoronaVac vaccination.

Added value of this study

We report a significant reduction of death, critical care
admission, and hospitalization for COVID-19, 14 days
after the second dose of CoronaVac or BNT162b2 in a
population 40−79 years old in Colombia, where at the
time of this study, the Mu variant of interest was pre-
dominant. However, effectiveness against cases was
negative for CoronaVac.

Implications of all the available evidence

BNT162b2 showed greater reductions than CoronaVac
in death, critical care admission, and hospitalization for
COVID-19 disease. Strengthening and increasing the
speed of the immunization rollout with these vaccines
may save lives in countries worldwide.
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(contributive regime), for military, teachers, and other
populations (special regime), and for those who are will-
ing to pay for private attention (out-of-pocket or private
expenditure). Mutual Ser provides comprehensive
health-related services under the subsidize regime for
25% in population of the Colombian departments of
Atl�antico, Bol�ıvar, Cordoba, Magdalena, and Sucre. In
779 samples analyzed by the Colombian National Insti-
tute of Health, the Mu variant was predominant during
this time-period (Figure 1). The data on variant fre-
quency are publicly available.8

We identified comorbidities in insured patients (dia-
betes, human immunodeficiency virus (HIV), cancer,
hypertension, tuberculosis, neurological diseases, and
chronic renal diseases). To classify the diseases, we
searched for diagnostic codes using the 10th version of
the International Classification of Diseases (Supple-
mentary Table S1), in the diagnosis of healthcare atten-
tions in the insurer. We also used special health
programs within the insurer to detect people with HIV,
diabetes, hypertension, or cancer.

All persons with respiratory symptoms presenting to
care were tested for COVID-19, as well as their contacts.
The contact tracing algorithm searched for home family
members and tested them, with or without symptoms.

Vaccination status and outcome assessment
The second dose of CoronaVac is given 28 days after the
first dose, while the second dose of BNT162b2 is sched-
uled 21 days after the first dose.

We extracted records of vaccination receipt from a
national dataset of vaccinated individuals in Colombia

covering the period March 1st to August 15th of 202.9,10

Vaccination records are collected by healthcare person-
nel administering the vaccine in health centers across
the country, which enter them into a national official
dataset of vaccinations. The records of the national data-
set of vaccinations may be delayed therefore we col-
lected the records of vaccinations two months after the
end of the follow up period.

Parameters Entire cohort Unvaccinated Two-dose CoronaVac Two-dose BNT162b2
n = 719735 (%) n = 539010 (%) n = 76729 (%) n = 56140 (%)

Age (yrs), n (%)

40−49 213468 (29.7) 197166 (36.6) 1503 (2.0) 5086 (9.1)

50−59 215482 (29.9) 166090 (30.8) 13422 (17.5) 21073 (37.5)

60−69 125601 (17.5) 73470 (13.6) 19011 (24.8) 20355 (36.3)

70−79 79877 (11.1) 41849 (7.8) 22788 (29.7) 8373 (14.9)

80+ 85307 (11.9) 60435 (11.2) 20005 (26.1) 1253 (2.2)

Sex, n (%)

Female 369599 (51.4) 272186 (50.5) 40004 (52.1) 31024 (55.3)

Male 350136 (48.6) 266824 (49.5) 36725 (47.9) 25116 (44.7)

Type of municipality, n (%)

Other cities 475075 (66.0) 346473 (64.3) 58575 (76.3) 38188 (68.0)

Capital city 244660 (34.0) 192537 (35.7) 18154 (23.7) 17952 (32.0)

Comorbidity, n (%)

Diabetes 42556 (5.9) 25265 (4.7) 7795 (10.2) 5591 (10.0)

HIV 2404 (0.3) 1851 (0.3) 136 (0.2) 232 (0.4)

Hypertension 95893 (13.3) 53722 (10.0) 21182 (27.6) 12106 (21.6)

Cancer 9308 (1.3) 5870 (1.1) 1679 (2.2) 968 (1.7)

Tuberculosis 110 (<0.1) 89 (<0.1) 6 (<0.1) 8 (<0.1)

Table 1: Baseline characteristics of people vaccinated with two doses of CoronaVac and BNT162b2, and unvaccinated matched controls.
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Figure 1. Monthly distribution of identified variants of SARS-
CoV-2 in Colombia during the study period.

Note: This is the monthly distribution of variants in the
region of the study period in Colombia, with 779 samples ana-
lyzed by the Colombian National Institute of Health.12 These
data are openly accessible. Samples without identified variants
were excluded.
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We defined four outcomes among persons with labo-
ratory confirmed COVID-19: symptomatic illness, hos-
pitalization, critical care admission and death, and
extracted the dates of symptoms start from epidemiolog-
ical records collected by Mutual Ser. Confirmatory labo-
ratory testing comprised polymerase chain reaction
(PCR), antigen, or IgM positive test. Incident cases were
identified from both active and passive surveillance for
COVID-19 symptoms (i.e., patients with cough, fever,
difficult breathing, sore throat, or fatigue during the last
past five days). Active surveillance was used by the
insurer to trace and follow up contacts of laboratory-con-
firmed, symptomatic COVID-19 cases until free of
symptoms. Hospitalizations and critical care admis-
sions were collected from a dataset of all COVID-19
related healthcare attendances through a database col-
lected by the insurer.

Person-times of follow-up
The follow-up started on March 1st of 2021 for all
patients. All patients were unvaccinated at this date, and
vaccinated patients before this date were excluded. Once
a subject was vaccinated (14 days after the first dose),
this person changed status to vaccinated with the first
dose of either BNT162b2 or CoronaVac. Then, if the
person was vaccinated with two doses (14 days after the
second dose), the person changed status to fully vacci-
nated. We only assessed the effectiveness of the second
dose. This means a person can contribute to person-
times as unvaccinated or fully vaccinated, depending on
the dates of the second dose of each vaccine.

Person-times ended on the start of symptoms, when
the patient had a positive symptomatic SARS-CoV-2
test, and when the patient was hospitalized, admitted to
critical care, or died. These subjects were censured if
these outcomes did not present at the end of follow-up
on August 15th, 2021.

Statistical analysis
We described the time to event for each outcome for
cohorts using Kaplan−Meier curves. We fitted a Cox
regression model with a vaccination status modeled as
time-varying, to estimate the hazard ratios (HR) with
95% confidence intervals (CI). We tested the propor-
tional hazards assumption using log-log plots. Vaccine
effectiveness was calculated as one minus the HR. The
analyses were reported crude and adjusted (by age,
comorbidity, sex, and municipality). We also performed
analyses to assess the potential differences of effective-
ness depending on calendar time. For this assessment,
we split the cohort into two analyses, one from March
1st until May 9th of 2021, and another cohort from May
10th to August 15th of 2021. These dates were chosen
by diving the total study time of the main analysis into
two halves. Both these cohorts had person-times

depending on their start and end dates. The vaccine
effectiveness in the split cohort was estimated similarly
to the main analysis.

We stratified analyses by age (40−79, 80 years old or
more), sex, and by presence or absence of comorbidities
(diabetes, human immunodeficiency virus, cancer,
hypertension, tuberculosis, neurological diseases, or
chronic renal diseases), adding an interaction between
vaccine doses and the strata (older age, sex, and comor-
bidity) to estimate the p-value of the difference between
vaccine effectiveness in each stratum.

A p-value <0.05 was considered statistically signifi-
cant for all analyses. All analyses were made in R (ver-
sion 4.1.1), using the package ‘survival’ (version 3.-211).

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

Population
A total of 719,735 insured participants of 40 and more
years were part of the cohort followed up from 1st of
March of 2021 to August 15th of 2021, with a median
age of 56 years old (IQR, 48−−68), and 48¢6% males
(Table 1). The vaccine coverage for the first dose of all vac-
cines in the cohort was 25¢1% at the end of follow-up.

The frequency of comorbidities is listed in Table 1,
where hypertension was the most frequent comorbid
disease (n = 95,893; 13¢3%), followed by diabetes
(n = 42,556; 5¢9%).

We found 21,545 laboratory-confirmed symptomatic
COVID-19 among unvaccinated population, along with
2874 hospitalizations, 1061 critical care admissions,
and 1329 deaths, for a rate of 207¢2 per million person-
days, 27¢1 per million person-days, 10¢0 per million per-
son-days, and 12¢5 per million person-days, respectively.

Effectiveness of CoronaVac
The rate of disease among the two-dose cohort of Corona-
Vac was 205¢1 per million person-days for symptomatic
cases, 28¢4 per million person-days for hospitalizations,
9¢3 per million person-days for critical care admissions,
and 13¢6 per million person-days for deaths.

The effectiveness of CoronaVac was significantly dif-
ferent according to age and the presence of comorbidities.
We found CoronaVac was not effective for any outcome
in the totality of subjects above 40 years old; but for peo-
ple younger than 80 years of age, we found two doses of
CoronaVac reduced hospitalization (33¢1%; 95% CI, 14¢5
−47¢7), critical care admission (47¢2%; 95% CI, 18¢5
−65¢8), and death (55¢7%; 95% CI, 32¢5−70¢0). See
Tables 2 and 3. In our analyses, subjects with
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comorbidities had significantly more CoronaVac effective-
ness than subjects without these comorbid diseases
(COVID-19 deaths were reduced among vaccinated with
comorbidities by 44¢6%; 95% CI, 20¢6 to 61¢3). Males
had less CoronaVac effectiveness for COVID-19 symp-
tomatic case and hospitalization (Table 3), without signifi-
cant changes in the reduction of critical care admission
or death.

In the analysis splitting the cohort to assess the
effects of calendar time, CoronaVac reduced confirmed

COVID-19 deaths in the first half of study-time by
17¢2% (95% CI, -90¢2 to 63¢9) and 20¢1% (95% CI, -8¢8
to 41¢30) in the second half. All the remaining outcomes
were also non-significant in both cohorts split by half
the calendar time of total study time.

Effectiveness of BNT162b2
The rate of disease among the two-dose cohort of Coro-
naVac was 108¢4 per million person-days for

Outcome and period Laboratory-confirmed symptomatic Covid-19 Non-confirmed symptomatic Covid-19 illness
Effectiveness (95% CI)* Effectiveness (95% CI)*

CoronaVac vaccination

Symptomatic case -44.0 (-54.1 to -34.6) -45.1 (-53.6 to -37.1)

Hospitalization 3.3 (-15.1 to 18.7) -3.0 (-18.0 to 10.1)

Critical care admission 18.0 (-10.6 to 39.2) 13.6 (-13.2 to 34.0)

Death 21.4 (-0.7 to 38.6) 20.6 (-0.5 to 37.3)

BNT162b2 vaccination

Symptomatic case 29.6 (21.1 to 37.2) 13.0 (5.3 to 20.0)

Hospitalization 54.2 (34.6 to 67.9) 45.5 (29.4 to 58.0)

Critical care admission 82.1 (56.5 to 92.6) 82.2 (60.1 to 92.1)

Death 93.5 (73.9 to 98.4) 94.1 (76.4 to 98.5)

Table 2: Effectiveness of two-dose vaccination with CoronaVac and BNT162b2 against Covid-19 cases, hospitalizations, critical care
admissions, and deaths in Colombia.
Note: * Vaccine effectiveness (95% confidence intervals).

Scenarios Symptomatic case Hospitalization Critical care admission Death

Effectiveness (95% CI)* Effectiveness (95% CI)* Effectiveness (95% CI)* Effectiveness (95% CI)*

CoronaVac

Age (yrs)

40−79 -22.1 (-32.8 to -12.3) 33.1 (14.5 to 47.7) 47.2 (18.5 to 65.8) 55.7 (32.5 to 71.0)

80+ -149.2 (-185.2 to -117.8) (<0.001) -76.5 (-133.3 to -33.5) (<0.001) -50.8 (-141.5 to 5.9) (<0.001) -19.3 (-66.2 to 14.3) (<0.001)

Sex

Female -36.6 (-49.7 to -24.7) 20.8 (-3.8 to 39.5) 32.9 (-9.3 to 58.8) 35.2 (4.2 to 56.2)

Male -51.4 (-67.3 to -37.0) (<0.001) -12.5 (-41.4 to 10.5) (<0.001) 6.4 (-37.0 to 36.1) (0.080) 9.0 (-25.5 to 34.1) (0.072)

Comorbidities

Without comorbidities -74.6 (-92.2 to -58.7) -23.6 (-59.7 to 4.3) -13.4 (-69.4 to 24.1) -17.1 (-64.4 to 16.6)

With comorbidities -21.3 (-33.4 to -10.2) (<0.001) 19.3 (-2.2 to 36.3) (0.005) 36.7 (1.0 to 59.5) (0.002) 44.6 (20.6 to 61.3) (<0.001)

BNT162b2

Age (yrs)

40−79 32.2 (23.9 to 39.7) 59.7 (41.4 to 72.3) 85.9 (62.0 to 94.7) 96.7 (76.6 to 99.5)

80+ -48.5 (-178.7 to 20.8) (0.032) -69.0 (-434.3 to 46.5) (0.019) -30.0 (-850.6 to 82.2) (0.031) 34.0 (-374.8 to 90.8) (0.024)

Sex

Female 31.2 (20.2 to 40.7) 66.0 (40.8 to 80.5) 87.1 (47.7 to 96.8) 93.9 (56.2 to 99.1)

Male 28.2 (14.0 to 40.0) (0.189) 40.6 (5.5 to 62.7) (0.183) 76.5 (26.0 to 92.5) (0.667) 93.2 (51.1 to 99.0) (0.991)

Comorbidities

Without comorbidities 30.3 (17.5 to 41.2) 72.5 (44.6 to 86.4) 71.6 (22.6 to 89.6) N.E.

With comorbidities 28.4 (16.1 to 38.8) (0.909) 40.7 (9.8 to 61.0) (0.128) 78.3 (47.2 to 91.1) (0.368) 87.2 (48.4 to 96.8) (0.980)

Table 3: Effectiveness of CoronaVac and BNT162b2 to prevent laboratory-confirmed symptomatic cases, hospitalizations, critical care,
and deaths in Colombia, 14 days after the second dose, according to several scenarios.
Note: * Vaccine effectiveness (95% confidence intervals) (p-value of the difference between the strata).

N.E.: Not estimable.
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symptomatic cases, 10¢8 per million person-days for
hospitalizations, 1¢7 per million person-days for critical
care admissions, and 0¢7 per million person-days
for deaths.

We found BNT162b2 was effective for all outcomes
in the entire population of subjects above 40 years of
age (Table 2). We found that BNT162b2 effectiveness
was different according to age, with older population
having less reduction of all outcomes, while all other
data stratification (comorbidities or not, and sex) did
show significant differences and vaccination effective-
ness when using two doses of BNT162b2 (Table 3).

The outcome with the highest BNT162b2 vaccine
effectiveness with two doses in the entire population
was death (93.5%; 95% CI, 73¢9−98¢4) (Table 2).

In the analysis stratifying the cohort by calendar
time, the effectiveness of BNT162b2 was inestimable in
the Cox proportionally hazards regression for COVID-
19 deaths and critical care admissions. For COVID-19
confirmed symptomatic case, the effectiveness was
11¢1% (95% CI, -532¢2 to 87¢5) in the first half and 43¢3%
(95% CI, 27¢3 to 55¢8) in the second half.

Discussion
We found a COVID-19 mortality risk reduction of 93¢5%
(95% CI, 73¢9 to 98¢4) for those with two doses of
BNT162b and 55¢7% (95% CI, 32¢5 to 71¢0) among those
between 40 and 79 years of age vaccinated with two
doses of CoronaVac. The effectiveness of CoronaVac
and BNT162b2 estimated in the present study must be
put into the context of the population studied. Our
cohort of CoronaVac vaccinees is older than previous
evaluations, with a median age of 68 years. This may
bias towards lower effectiveness, especially for Corona-
Vac, which is reported to have lower effectiveness in
older ages.11 Our evaluation of the effectiveness of
BNT162b2 is in line with previous studies showing a
strong effectiveness for this vaccine.

Our results would also need to be put into the con-
text of high pre-existing SARS-CoV-2 immunity
through previous natural infection in the region of the
study. In serosurveys prior to the start of the present
analysis (in late-November of 2020), a high prevalence
of antibodies against SARS-CoV-2 was found in two of
the capital cities in this region, with a 59% seropreva-
lence in Monteria (capital of Cordoba) and 53% in Bar-
ranquilla (capital of Atl�antico).12 The extent of COVID-
19 community transmission and pre-existing immunity
acquired prior to the initiation of the vaccine program is
likely to have reduced the power of this study, and may
have decreased the incremental estimates of effective-
ness of the vaccines evaluated.

Seventy-two countries worldwide currently approve
CoronaVac for emergency use (on May 19th of 2022),13

representing most of the world population. Our study
contributes to the increasing literature showing

CoronaVac is effective to prevent severe adverse out-
comes of Covid-19. A previous study from Arregoc�es-
Castillo et al.14 in Colombia assessed the effectiveness
of COVID-19 vaccines against hospitalization, death
after hospitalization, and death without hospitalization
in the entire population older than 60 years in the coun-
try. They found BNT162b2 reduced death after hospital-
ization by 94¢8% (95% CI, 93¢3 to 96¢0) in people older
than 60 years and 92¢7% (95% IC, 85¢4 to 96¢4); while
the CoronaVac effectiveness for this outcome was
72¢1% (95% CI, 70¢1 to 73¢9) in those older than
60 years and 66¢3% (95% CI, 63¢4 to 69¢0) in people
over 80 years old. Our study uses data from poor popu-
lation in northern Colombia, which is different from
the Arregoc�es-Castillo et al. study that used the entire
Colombian population. Our results for CoronaVac
reported, descriptively, a lower effectiveness than the
previous study in the entire Colombian population,
while for BNT162b2 we found a higher effectiveness.
The causes of these differences are unknown, but sev-
eral hypotheses are worth exploring. The sample of our
study was composed of people with low socioeconomi-
cal status, which is a driver of infection and adverse out-
comes. Studies from United States,15,16 Germany,17

UK,18 Chile,19 and Colombia20 have shown population
with lower socioeconomic status have higher infection
rate,16−18,20,21 suggesting our population may have
increased infection dynamics and more seroprevalence
at the time of the study. A Colombian study20 showed
that during the pandemic, lower socioeconomic status
was associated to longer time at work when symptom-
atic, longer time at work with a known positive contact,
longer time working outside home, and longer time
between symptoms and test date and test result. A study
in the UK also showed how different infection waves
were associated to different risks of infection according
to socioeconomic status. This increased infection sus-
ceptibility could have potentially increase previous
immunity among poor population, potentially decreas-
ing the effectiveness of vaccination of CoronaVac in our
sample. Another potential cause for these differences is
lower statistical power in our sample, with Arregoc�es-
Castillo et al. studying 1.4 million subjects in the unvac-
cinated cohort. Another difference between our analysis
and the previous study is that the Arregoc�es-Castillo
et al. assessment stratified death into two outcomes
(with and without hospitalization), with lower effective-
ness of death without hospitalization compared to
deaths with hospitalizations. Our analyses do not strat-
ify death into these categories, making the differences
between studies less marked.

A study from Brazil reported a 50% reduction in
symptomatic cases using a matched test-negative case-
control study.4 Another large cohort in Brazil reported
CoronaVac had a 73¢7% effectiveness against COVID-19
deaths, 73¢8% for critical care admission, and 52¢7% for
infection.11 In the present study, we did not find a
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significant reduction from receiving two doses of Coro-
naVac in symptomatic cases of confirmed COVID-19.
However, we did find a significant reduction in deaths
in younger population and more effectiveness for more
severe outcomes, suggesting that CoronaVac may have
greater efficacy against more severe disease. A report in
Chile showed an effectiveness of 67% for symptomatic
cases and 77¢7% (95% CI, 25−100) for deaths with con-
firmed COVID-19.5 Chile vaccinated 90% of its popula-
tion with CoronaVac,5 with a strong reduction of daily
cases during April and May of 2021.1 Despite this, Chile
reported the largest number of daily cases on June 10th
of 2021 since the start of the pandemic.1 Chilean data
might suggest that the effectiveness of CoronaVac is
lower for symptomatic cases4 and waning overtime.22

The trends and peak of cases after 50% coverage with
CoronaVac in Chile also might be explained by the
reduced or no protection against infections or symptom-
atic cases in older population, as the present study
shows. These hypotheses need further study.

Post-licensure studies of BNT162b2 have been pub-
lished for Israel,23,24 United States,25,26 and the UK.27

The present study shows BNT162b2 has strong protec-
tion against symptomatic cases, hospitalization, critical
care, and deaths. COVID-19 vaccination coverage of
fully vaccinated people by June 10th of 2021 was 57%
with BNT162b2 in Israel; and 43% in the UK, vaccinat-
ing with BNT162b2, Vaxzevria, mRNA-1273, and JNJ-
78436735. The 7-day average number of deaths was two
for Israel and eight for the UK on June 10th of 2021
(from a previous peak of 65 and 1248, respectively). The
reduction of cases was also substantial in these two
countries.

Colombia carries out genomic surveillance of SARS-
CoV-2 and its variants, albeit with much less intensity
than many high-income settings. According to the lim-
ited surveillance data available, the Mu variant predomi-
nated in the region in between March and August of
2021,12 with an estimated 60% prevalence of average
monthly samples12 (Figure 1). The Mu variant has
shown more resistance to SARS-CoV-2 antibodies than
the Beta variant in a recent study.28 Previous studies
show BNT162b2 has effectiveness against Alpha, Beta,
and Gamma variants of SARS-CoV-2.11,29−31 Our study
suggests that both BNT162b2 and CoronaVac offer pro-
tection against Covid-19 severe outcomes related to the
Mu variant as well.

In contrast to BNT162b2, we found a significant
increase in symptomatic COVID-19 cases occurring
14 days or more after of the second CoronaVac dose
compared to unvaccinated subjected. For this outcome,
we cannot eliminate the possibility of a health seeking
bias that would increase the frequency of disease among
vaccinated. This bias would only have an effect in milder
outcomes, such as symptomatic and hospitalized
COVID-19, and would be less likely to occur in more
severe outcomes that are likely to universally result in

health seeking behavior, such as death or critical care
admission. Other bias affecting this outcome may be
related to testing differences, although by selecting
patients with less than ten days between testing and
symptoms start did not change the direction of the
results in this outcome.

The evaluation of interventions outside the con-
trolled environment of a clinical trial setting is impor-
tant, especially for mass interventions such as COVID-
19 vaccination. Our study compiles and reports data
from of a large insurer in Colombia and shows the
effect of CoronaVac and BNT162b2 in the field. As with
any observational study, ours has limitations and
strengths. Our main limitation is related to potential
health seeking biases, especially the non-hard out-
comes, where the effectiveness was null or significa-
tively negative (i.e., vaccination increased the disease
rate for CoronaVac). Another limitation is the potential
misclassification of COVID-19 outcomes due to delayed
testing, although in our sensitivity analysis, the exclu-
sion of those tested after ten days of symptoms start did
not significantly alter the results. The data in the pres-
ent study only had a mean follow-up of 107 days for
CoronaVac, therefore we could not assess waning
immunity. The frequency of some comorbidities is rela-
tively low for the older population in present cohort. In
the United States, the prevalence of controlled hyperten-
sion was 49% in 2015 in the population over 60 years
old,32 and another study in Colombia reported a preva-
lence of treated hypertension of 40%.33 One potential
cause for these differences is underreporting. Another
possible explanation is that our sample comes from
low-income backgrounds, therefore potentially increas-
ing the number of subjects with undetected comorbid-
ities. Our results have to be interpreted in the light of
these limitations.

Taking the entire evidence into context, the data sug-
gest the effectiveness of two doses of CoronaVac and
BNT162b2 to prevent COVID-19 deaths could be sub-
stantial in a scenario where Mu predominates. More
studies are needed to assess its protection against
milder and asymptomatic disease, against other pre-
dominant variants, against older population for Corona-
Vac, and the potential vaccine waning of its
effectiveness.
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5.3. Boosting CoronaVac in the elderly raises antibody  
levels 43 times, says Chinese study

A Chinese study published in 
the high-impact journal Nature 
Communications showed an 
increase in antibody levels after the 
third dose of CoronaVac, both in 
the elderly and in younger adults. 
The research was carried out by 
Fudan University, the Centers for 
Disease Control and Prevention in 
Hebei and Jiangsu provinces, and 
pharmaceutical company Sinovac.

Scientists conducted two phase 
2 clinical trials to evaluate the 
immunogenicity and safety of three 
doses of CoronaVac in 600 adults, 
ages 18 to 59, and 350 older adults, 
age 60 and older. Six months after 
the second dose, drops in antibody 
titers were observed, as with all 
vaccines currently available against 
Covid-19.

In the adult group, the booster dose 
raised antibody levels 33-fold with 

the 6 µg dose (to 230.9) and 21-fold 
with the 3 µg dose (to 143.3). The 
same pattern was observed in the 
elderly volunteers: the third dose 
increased the antibodies 43-fold 
(178.9, with 6 µg of the immunizing 
agent) and 46-fold (158.5, with 3 µg). 

Furthermore, after the third dose, 
neutralizing antibodies were 
maintained longer than observed 
after the second. “Higher antigen 
content appeared to induce 
higher neutralisation titres and 
maintain higher levels in the 6 
months of follow-up after booster 
doses in the medium term. This 
implies that vaccines containing 
higher antigen content (i.e. 6 μg) 
could be considered for booster 
immunisation programmes,” the 
researchers state.

Published on: 06/03/2022
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Six-month follow-up of a booster dose of
CoronaVac in two single-centre phase 2 clinical
trials
Qianqian Xin1,8, Qianhui Wu2,8, Xinhua Chen2,8, Bihua Han3,8, Kai Chu4,8, Yan Song5, Hui Jin6, Panpan Chen6,

Wanying Lu2, Tuantuan Yang1, Minjie Li 3,9✉, Yuliang Zhao 3,9✉, Hongxing Pan 4,9✉, Hongjie Yu 2,9✉ &

Lin Wang 7,9✉

Determining the duration of immunity induced by booster doses of CoronaVac is crucial for

informing recommendations for booster regimens and adjusting immunization strategies. In

two single-centre, double-blind, randomised, placebo-controlled phase 2 clinical trials,

immunogenicity and safety of four immunization regimens are assessed in adults aged 18 to

59 years and one immunization regimen in adults aged 60 years and older, respectively.

Serious adverse events occurring within 6 months after booster doses are recorded as pre-

specified secondary endpoints, geometric mean titres (GMTs) of neutralising antibodies one

year after the 3-dose schedule immunization and 6 months after the booster doses are

assessed as pre-specified exploratory endpoints, GMT fold-decreases in neutralization titres

are assessed as post-hoc analyses. Neutralising antibody titres decline approximately 4-fold

and 2.5-fold from day 28 to day 180 after third doses in adults aged 18–59 years of age and in

adults aged 60 years and older, respectively. No safety concerns are identified during

the follow-up period. There are increases in the magnitude and duration of humoral response

with homologous booster doses of CoronaVac given 8 months after a primary two-dose

immunization series, which could prolong protection and contribute to building our wall of

population immunity. Trial number: NCT04352608 and NCT04383574.
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Due in part to waning immunity and diminished protection
over time following primary immunisation1–3, particu-
larly against the Delta (B.1.617.2) variant of SARS-CoV-2,

many countries and regions are experiencing surges in COVID-
19 cases. Booster doses given at 6–8 months after a primary
schedule have been shown to increase neutralisation antibody
levels against wild-type virus and reduce the immunity gap
between wild-type virus and variants of concern4,5. Extended
primary immunisation series were recommended by the World
Health Organisation6, especially for those at high risk of severe
COVID-19 disease, and booster-dose programmes have been
initiated in dozens of countries. With gradual understanding of
the epidemiological parameters and immune escape potential of
the Omicron variant (B.1.1.529), it is of critical importance to
assess the protection and persistence of protection that current
COVID-19 vaccines can provide.

Interim study results suggest that rates of confirmed infection
and severe illness caused by the Delta variant could be sig-
nificantly reduced in the short term following booster doses7,8.
However, no experimental data on the long-term kinetics of
neutralisation titres have been reported, even though in-vitro
neutralisation titres are important predictors of protection from
SARS-CoV-2 variants9,10. As CoronaVac is a commonly used
vaccine and is contributing to the fight against the pandemic,
assessing the duration of immunity following booster-dose
administration will be important for improving and updating
immunisation strategies. The 3 μg dose is the licensed formula-
tion, and an additional (third) dose is recommended to be offered
6 months after the two-dose primary schedule. We conducted a
study to assess immune persistence after a homologous booster
dose of CoronaVac given 8 months after the 2nd dose of a two-
dose primary immunisation series in two population groups:
adults aged 18–59 years and adults aged 60 years or older.

Results
In phase-2 clinical trial among 600 healthy adults aged 18–59
years, 129 (92.8%) of 139 participants from cohort 1a-14d-2m
and 126 (96.9%) of 130 participants from cohort 2a-28d-2m
completed blood sampling to assess immune persistence for 1
year after dose 3 among those assigned a primary third dose.
Separately, 135 participants in cohort 1b-14d-8m (95.7% of the
141 participants assigned a booster dose) and 124 participants in
cohort 2b-28d-8m (95.4% of the 130 participants assigned a
booster dose) completed blood sampling to assess immune per-
sistence for 6 months after dose 3. In phase-2 clinical trial among
a total of 350 healthy adults aged 60 years and older, 283 (93.4%)
of 303 participants who received a booster dose from cohort 3-
28d-8m completed a 6-month follow-up after dose 3. Supple-
mentary Fig. 1 shows the trial profile. Baseline characteristics of
participants are shown in the reports of main findings for these
two trials11–13. Baseline demographic characteristics of partici-
pants who received third doses between the study groups were
similar (Supplementary Table 1).

There were 141 minor protocol deviations in cohort 1b-14d-8m
and 1 minor protocol deviation in cohort 3-28d-8m that did not
result in the exclusion of participants from the analysis, including
141 participants in cohort 1b-14d-8m who were given third doses
9–11 days outside of the pre-specified time window, and 1 par-
ticipant in cohort 3-28d-8m who was given a second dose 5 days
outside of the pre-specified time window (Supplementary Fig. 1).

Compared to antibody concentrations on day 28 after the booster
dose, neutralization titer declined 3–4-fold by 6 months after the
booster dose, which was given 8 months after a two-dose primary
vaccination regimen in adults aged 18–59 years. In the 3 μg group
in cohort 2b-28d-8m, GMTs decreased from 143.3 (95% CI
112.3–182.8) on day 28 to 36.4 (95% CI 28.7–46.1) on day 180 after
a booster dose (Fig. 1 and Supplementary Fig. 2, Supplementary
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Fig. 1 Neutralising antibody levels to ancestral SARS-CoV-2 in cohort 2b-28d-8m (adults aged 18–59 years old). The number of participants for each
group (placebo group, pink; 3 μg group, green; 6 μg group, blue) at each visit included in the analysis is provided below the bars. Dots are reciprocal
neutralising antibody titres for individuals in the per-protocol population. Numbers above the bars are geometric mean titres (GMTs), and error bars
indicate 95% CIs. GMTs and corresponding 95% CIs were calculated on the basis of standard normal distributions of log-transformed antibody titres.
Numbers above the short horizontal lines are p values for comparisons between 3 μg group and 6 μg group using group t tests with log-transformation
(two-sided). Titres lower than the limit of detection (1:4) are presented as half the limit of detection. The dotted horizontal line represents the protective
threshold (1:33).

ARTICLE NATURE COMMUNICATIONS | https://doi.org/10.1038/s41467-022-30864-w

2 NATURE COMMUNICATIONS | ��������(2022)�13:3100� | https://doi.org/10.1038/s41467-022-30864-w |www.nature.com/naturecommunications



 |  807O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

Table 2). With the exception of baseline and day 180 after dose 2,
GMTs at other timepoints in cohort 2b-28d-8m were significantly
higher in the 6 μg group than in the 3 μg group (Supplementary
Fig. 2 and Supplementary Table 2). GMTs decreased from 137.9
(95% CI 99.9–190.4) on day 14 to 33.4 (95% CI 25.0–44.6) on day
180 after booster doses in cohort 1b-14d-8m (Fig. 1, Supplementary
Fig. 2 and Supplementary Table 2). GMTs in cohort 1b-14d-8m on
day 180 after the booster dose were significantly higher (P= 0.02) in
the 6 μg group than in the 3 μg group; there were no significant
differences between the two-dose amounts at other timepoints
(Supplementary Fig. 2 and Supplementary Table 2). Regardless of the
interval between the first two doses and antigen amount, by 1 year
after a primary third dose, GMTs in vaccination groups were all at
least twofold above the detection limit in cohort 1a-14d-2m and
cohort 2a-28d-2m. There were no significant differences in GMTs
between the 3 μg groups and the 6 μg groups at 1 year after dose 3 in
the two cohorts (Supplementary Fig. 2 and Supplementary Table 2).

A similar pattern was observed in cohort 3-28d-8m, in which
neutralisation titres declined from 158.5 [95% CI 96.9–259.1] on
day 28 to 53.2 [95% CI 39.7–71.1] on day 180. GMTs on day 180
after the booster dose were highest in the 6 μg group (GMT 91.2
[95% CI 71.5–116.3], P < 0.0001), followed by the 3 μg group
(Fig. 2 and Supplementary Table 3). In the 3 μg group and the
6 μg group, GMTs 6 months after booster doses among older
adults (60 years and older) were numerically higher than among
younger adults (18–59 years old), but without a statistical dif-
ference (P= 0.05). Results of sensitivity analyses showed that the
use of average dilutions has no significant impact on the values of
neutralisation antibody titre (Supplementary Tables 4–7).

GMT fold decreases during the 6 months after primary two doses,
primary three doses, and booster doses were compared among
vaccination groups, calculated as the ratio of GMT on day 28 to

GMT on day 180 after the specific dose. Taking the 3 μg group in
cohort 2b-28d-8m as an example, the GMT fold decrease between
day 28 and day 180 after a booster dose (4.1-fold) was significantly
lower than that observed between day 28 and day 180 after the
second dose (6.8-fold; P= 0.0007; Fig. 3), which was numerically
lower than that of day 28 and day 180 after primary three doses in
cohort 2a-28d-2m (4.9-fold; P= 0.35; Supplementary Fig. 3). GMT
fold decreases between day 28 and day 180 after the second dose
were similar in cohort 1b-14d-8m (7.3-fold) and cohort 2b-28d-8m
(6.8-fold; P= 0.75; Supplementary Fig. 3), regardless of the interval
of first two doses. Likewise, the GMT fold decrease between day 28
and day 180 after the booster dose (2.5-fold) was significantly lower
than that between day 28 and day 180 after the second dose (10.7-
fold; P < 0.0001; Fig. 3). Compared with adults aged 18–59 years old
(cohort 2b-28d-8m), the GMT fold decrease was greater in adults
aged 60 years and older (cohort 3-28d-8m) after primary two doses
(6.8-fold vs 10.7-fold, P= 0.03), but was lower after booster doses
(4.1-fold vs 2.5-fold, P < 0.0001; Fig. 3). There were no significant
differences in GMT fold decreases between the 3 μg groups and 6 μg
groups after booster doses among all the vaccination groups, irre-
spective of vaccination schedules and age grouping (Fig. 3, Supple-
mentary Fig. 3 and Supplementary Fig. 4).

Serious adverse events that occurred from the beginning of
immunisation to 6 months after second doses in cohort 1b-14d-
8m, cohort 2b-28d-8m, and cohort 3-28d-8m, and that occurred
from the beginning of immunisation to 6 months after third
doses in cohort 1a-14d-2m and cohort 2a-28d-2m have been
reported previously13. During the 6-month follow-up after
booster doses in cohort 1b-14d-8m, cohort 2b-28d-8m, and
cohort 3-28d-8m, serious adverse events were reported in one
(2%) of 52 participants in the 3 μg group in cohort 2b-28d-8m
(Supplementary Table 8), in four (5%) of 85 participants in the
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Fig. 2 Neutralising antibody levels to ancestral SARS-CoV-2 in cohort 3-28d-8m (adults aged 60 years and older). The number of participants for each
group (placebo group, pink; 1.5 μg group, yellow; 3 μg group, green; 6 μg group, blue) at each visit included in the analysis is provided below the bars. Dots
are reciprocal neutralising antibody titres for individuals in the per-protocol population. Numbers above the bars are geometric mean titres (GMTs), and
error bars indicate 95% CIs. GMTs and corresponding 95% CIs were calculated on the basis of standard normal distributions of log-transformed antibody
titres. Numbers above the short horizontal lines are p values for comparisons between the 1.5 μg group, the 3 μg group and the 6 μg group using ANOVA
models with log-transformation. Bonferroni correction done as a post hoc test if the variance was significant. Only P values indicating significant differences
are marked. Titres lower than the limit of detection (1:4) are presented as half the limit of detection. The dotted horizontal line represents the protective
threshold (1:33).
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1.5 μg group, in five (6%) of 90 in the 3 μg group, in three (4%) of
81 in the 6 μg group, and in two (4%) of 47 in the placebo group
in cohort 3-28d-8m (Supplementary Table 9). No participant in
cohort 1b-14d-8m reported a serious adverse event. No serious
adverse event in either trial was considered by the investigators to
be related to vaccination, and no pre-specified trial-halting rules
were met.

Discussion
Following a primary three-dose regimen for immunisation,
neutralisation antibody levels declined 6 months later and
remained stable during the next 6 months. Neutralisation anti-
body levels were substantially increased by booster doses given
8 months after primary two-dose regimens and were maintained
over the following 6 months—comparable with levels after pri-
mary two-dose immunisation regimens. When booster doses
were given 8-month after primary immunisation, the decay rates
of neutralisation titres over the 6 months after booster-dose
administration were much slower than that after primary two-
dose regimens regardless of age group and antigen amount.
Memory B cells are known to proliferate and produce antibodies
that maintain immunity after repeated exposure to antigens—a
phenomenon that likely maintains protection and contributes to
building our wall of population immunity.

Observed GMT fold decreases during the 6 months follow-
ing primary two doses in the two age groups in our CoronaVac
study were in line with results of a BNT162b24 vaccine study,
which were 6.0-fold in 18–55 years of age and 13.1-fold in
65–85 years of age from 7 days after dose 2 to before dose 3
(7.9–8.8 months after dose 2). We found that GMT fold
decreases after booster doses were lower and neutralisation
titres 6 months after booster doses were numerically higher
in adults aged 60 years and older (cohort 3-28d-8m) than in
adults aged 18–59 years old (cohort 2b-28d-8m), which is in

contrast with common sense that immune responses to vac-
cination are generally weaker in older adults14. Notably, dif-
ferences were small and there was overlap between younger
adults and older adults in neutralising activity against SARS-
CoV-2 viruses in the mRNA-1273 vaccine recipients15. Age did
not appear to compromise antibody response, even after
accounting for severity among COVID-19 patients16. More
experimental data are required to address the age heterogeneity
of long-term neutralisation dynamics following vaccination.

A meta-analysis that summarised immune escape potential of
different SARS-CoV-2 variants against immunity induced by
both natural infection and vaccination showed that the average
fold reduction of neutralising antibody level against the Delta
variant was 2.4 (95% CI: 1.1–5.2) for inactivated vaccines in live
virus neutralisation assays when compared to that of prototype
strains17. However, for individuals vaccinated with CoronaVac,
the average reduction against Delta was 9.2-fold compared with
the prototype strain using authentic virus neutralisation assay18.
Currently, there are no available data for immune evasion of the
humoral immunity elicited by inactivated vaccines for the
recently emerged Omicron variant. One report showed that sera
from individuals who received two doses of BNT162b2 exhibited
an average 25-fold reduction in neutralisation titres against the
Omicron variant compared to wild-type virus when using a
pseudovirus neutralisation test19. Another study showed a higher
fold reduction of 41.4 for the Omicron variant among individuals
with previous infection or vaccination20.
Even though neutralisation titres induced by COVID-19 vac-

cines decline over time and against variants, vaccine effectiveness
against severe COVID-19 illness is sustained, including against
severe outcomes caused by Delta21. Although the limited available
evidence shows that the immune escape of Omicron is significant,
vaccine effectiveness against hospitalisation may be well main-
tained. Booster vaccination with current vaccines increases the

Fig. 3 Decline in neutralising antibodies to ancestral SARS-CoV-2 in 3 μg groups in cohort 2b-28d-8m and cohort 3-28d-8m. The number of
participants with paired samples for adults aged 18–59 (green) and adults aged 60 and over (blue) was 49 and 29, respectively. Numbers above the bars
are geometric mean titres (GMTs), and error bars indicate the 95% CIs. The dotted horizontal line represents the protective threshold (1:33). Numbers
above the short horizontal lines are pairwise fold-change values. GMTs and corresponding 95% CIs were calculated on the basis of standard normal
distributions of log-transformed antibody titres. GMT fold decreases in neutralisation titre were calculated as ratios of paired sera at two visits.
Comparisons between groups were conducted by group t tests with log-transformation (two-sided). P values of pairwise comparisons were P < 0.0001,
P < 0.0001, P < 0.0001, P= 0.0187, from left to right, respectively.
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affinity of antibody and neutralisation potency better than that
achieved with primary vaccination only, and this effect can likely
be predicted to provide robust protection from severe infection
outcomes from the current SARS-CoV-2 variants of concern9.
One recent study reported that a moderate to high vaccine
effectiveness against mild infection of 70–75% was seen in the
early period after a booster dose of BNT162b2 following either
ChAdOx1-S or BNT162b2 as a primary series, despite the longer
intervals after primary vaccination22, underscoring the necessity
of timely administration of a booster dose.

Higher antigen content appeared to induce higher neutralisation
titres and maintain higher levels in the 6 months of follow-up after
booster doses in the medium term. This implies that vaccines
containing higher antigen content (i.e. 6 μg) could be considered for
booster immunisation programmes. Heterologous booster vacci-
nation has been shown to induce strong humoral responses and
augment neutralisation potency23,24. At 4–8 months after primary
immunisation with CoronaVac, a significantly higher degree of
humoral immunogenicity against the prototype strain and the
Gamma, Beta, and Delta variants was observed following a third
dose of ZF2001 (a protein subunit vaccine manufactured by Anhui
Zhifei Longcom Biopharmaceutical)18. A heterologous prime-boost
regimen with Convidecia (a type-5-adenovirus-vectored COVID-19
vaccine manufactured by CanSino) after priming with CoronaVac
3–6 months earlier induced approximately 5.9-fold higher live virus
neutralising antibodies than homologous boosting induced25. By
identifying various forms of antigens from vaccines made on dif-
ferent platforms, the immune system apparently can be trained to
produce a more balanced and comprehensive immune response
that enhances the effect of current vaccines through heterologous
immunisation strategies. Heterologous boosting has clear policy
implications, as it can provide solutions to curb the pandemic of
emerging variants before developing new vaccines. It should be
noted there are no large-scale heterologous immunisation practices
until recently, and more high-quality safety and effectiveness
research evidence is required to improve immunisation strategies.
In addition, several research studies have shown that extended
dosing intervals generate more favourable immune responses5,26.
“Mix-and-match” regimens and longer dosing interval strategies
may also be helpful in lower-income countries, where some vac-
cines may be in short supply some of the time. With much of the
world yet to be vaccinated, re-doubling our efforts for equitable and
speedy vaccine delivery on a global scale and improving initial
vaccination coverage should be our primary focus.

Immune memory is what leads to long-term immunity, but it is
difficult to predict how long immunity will last because the exact
mechanisms of protective immunity against SARS-CoV-2 or
COVID-19 are still not clear. The 6-month marker in our study is
an important milestone, but long-term immune response and
effectiveness need to be continuously monitored into the fore-
seeable future.

Our study has several limitations. First, T-cell responses and
neutralisation tests in vitro against emerging variants were not
assessed in our study; these should be further explored. Second,
multicentre studies will be needed to assess primary outcomes
among subpopulations for whom our study had relatively small
proportions, for example, people with multiple underlying condi-
tions or immunosuppressive conditions. Third, the follow-up
time of our study is relatively short. However, timely reporting of
follow-up data is very important for ongoing adjustment of
immunisation strategies in the context of a pandemic with frequent
emergence of variants. Fourth, although neutralising antibodies are
related to protection, actual protection from infection with current
and future variants will need to be monitored with real-world
observational studies. Further research to identify correlates of
protection is essential.

In conclusion, a homologous booster dose of CoronaVac given
8 months after 2nd dose of the primary two-dose immunisation
recalls robust neutralisation antibody levels and significantly
delays antibody attenuation in adults aged 18 years and older.
More experimental and long-term monitoring data are needed to
optimise the selection of booster doses and booster-dose intervals
to most effectively combat the pandemic.

Methods
Study design and participants. The study designs and methods for these two
phase II trials have been previously reported11. Key exclusion criteria for trial
enrolment included suspected or laboratory-confirmed SARS-CoV-2 infections
and known allergy to any vaccine component. A complete list of exclusion criteria
is in the protocol in Supplementary Material. All participants gave written
informed consent to participate in the study before administration of first doses
and booster doses. The two trials were registered with ClinicalTrials.gov,
NCT04352608 and NCT04383574.

Briefly, the initial trial involving 600 healthy adults aged 18–59 years old in a
single-centre, double-blind, randomised, placebo-controlled, phase-2 clinical trial
conducted from May 3, 2020 in Suining county, Jiangsu province, China. Following
enrollment, participants were randomised to receive three doses of either 3 μg of
CoronaVac, 6 μg of CoronaVac, or placebo with an interval of 14 days or 28 days
between the first two doses and 2 months or 8 months between the second and
third doses; the respective study groups were cohort 1a-14d-2m, cohort 1b-14d-
8m, cohort 2a-28d-2m, and cohort 2b-28d-8m. One hundred fifty participants were
assigned to each cohort, and 3 μg or 6 μg of CoronaVac or placebo were randomly
assigned in a 2:1:1 allocation ratio.

The other trial, involving 350 healthy adults aged 60 years and older, was a
single-centre, double-blind, randomised, placebo-controlled, phase-2 clinical trial
conducted from June 12, 2020 in Renqiu county, Hebei province, China. Following
enrollment, participants were randomised to receive three doses of 1.5, 3 or 6 μg of
CoronaVac or placebo with an interval of 28 days between the first two doses and
8 months between second and third doses; this study group is cohort 3-28d-8m.
Randomisation was performed with a 2:2:2:1 allocation ratio.

Electronic Data Capture (EDC) RIEHEN (Version: 2.1.1608) was used to
establish the electronic Case Report Form (eCRF) in both trials to record clinical
trial data. Information was inputted with standard language according to the EDC
instructions and eCRF filling instructions. Randomisation codes for each
vaccination schedule cohort were generated individually and randomly assigned
using block randomisation developed with SAS version 9.4. Adults aged 18–59
years were assigned with a block size of five and adults aged 60 years and older
were assigned with a block size of fourteen. Concealed random group allocations
and blinding codes were kept in signed and sealed envelopes. Investigators,
participants, and laboratory staff were masked to group assignment. The
randomisation code was assigned to each participant in sequence in the order of
enrolment by investigators, who were involved in the rest of the trial.

Follow-up. Essential steps and timing for each visit specified in the protocol are shown
in Supplementary Visit Plan. Conditions leading to participant withdrawal and sus-
pension criteria were reported previously11, including unacceptable adverse events,
abnormal clinical manifestations, participants’ request. Participants who received
primary third doses 2 months after the second dose (cohort 1a-14d-2m and cohort 2a-
28d-2m) had blood samples drawn 1 year after the third dose to evaluate immune
persistence of this three-dose primary immunisation regimen. Participants who
received booster doses 8 months after the second dose (cohort 1b-14d-8m, cohort 2b-
28d-8m and cohort 3-28d-8m), had blood samples drawn 6 months after the booster
dose to evaluate immune persistence of this booster regimen.

Immunological assessment methods and related procedures are described in the
Supplementary Neutralisation Assay. Neutralising antibodies against infectious
SARS-CoV-2 (virus strain SARS-CoV-2/human/CHN/CN1/2020, GenBank
accession number MT407649.1, https://www.ncbi.nlm.nih.gov/nuccore/MT407649.
1) were quantified using a microcytopathogenic effect assay. We treated the
neutralising antibody titer of the serum specimen as the reciprocal of the average
dilutions of two wells when one of two adjacent wells was pathological while the
other not. To avoid the use of the average would not deflate or inflate the values of
neutralisation antibody titre, we conducted sensitivity analyses only to adopt higher
dilutions or lower dilutions respectively. Serious adverse events were recorded for
6 months after the third dose for participants in every cohort. Serious adverse
events were coded by the Medical Dictionary for Regulatory Activities (MedDRA)
System Organ Class. The existence of causal associations between adverse events
and vaccination was determined by the investigators.

Outcomes. A complete list of study endpoints is provided in the Supplementary
Study Endpoints. Results as of 28 days after booster doses (for cohort 1b-14d-8m,
cohort 2b-28d-8m and cohort 3-28d-8m) and 6 months after primary three doses
(for cohort 1a-14d-2m and cohort 2a-28d-2m) have been reported previously11.
Here, we report the follow-up immunogenic results including geometric mean
titres (GMTs) of neutralising antibodies to infectious SARS-CoV-2 one year after
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the full schedule immunisation (for cohort 1a-14d-2m and cohort 2a-28d-2m),
6 months after the booster dose (for cohort 1b-14d-8m, cohort 2b-28d-8m, and
cohort 3-28d-8m), all of which are pre-specified exploratory endpoints. As did
Khoury and colleagues10, we used a protective threshold of 33 for CoronaVac
vaccine, which was defined as the neutralisation titer at which an individual will
have a 50% protective efficacy for CoronaVac. Titres lower than the limit of
detection (1:4) were treated as half the limit of detection.

Serious adverse events occurring within 6 months after booster doses (for
cohort 1b-14d-8m, cohort 2b-28d-8m and cohort 3-28d-8m) were recorded;
serious adverse events were pre-specified secondary endpoints. Comparisons of
GMT fold decreases in neutralisation titres within 1 year after full-course
vaccination for cohort 1a-14d-2m and cohort 2a-28d-2m, and within 6 months
after second doses and third doses for cohort 1b-14d-8m, cohort 2b-28d-8m, and
cohort 3-28d-8m, were post hoc analyses. Given that the 3 μg dose is the licensed
formulation and an additional (third) dose is recommended to be offered 6 months
after the two-dose primary schedule, we present results for the 3 μg groups in
cohort 2b-28d-8m and cohort 3-28d-8m in the main text and provide detailed
results for other intervention groups in the Supplementary.

Ethical statement. We complied with all relevant ethical rules. The complete study
protocol for adults aged 18–59 years old was approved by the ethics committees of
Jiangsu Provincial Centre for Disease Control and Prevention (JSJK2020-A021-02),
and the complete study protocol for adults aged 60 years and older was approved
by the ethics committees of Hebei Provincial Centre for Disease Control and
Prevention (IRB2020-006).

Statistical analysis. The sample size was determined following requirements of
the National Medical Products Administration, China’s regulatory authority for
vaccines. We assessed immunological endpoints in the per-protocol population,
which included all participants who completed their assigned doses and had
antibody results available according to the protocol. Serious adverse events were
evaluated in the safety population for booster-dose groups, which included all
participants who received a booster dose of the study vaccine. GMT fold decreases
in neutralisation titres were assessed among participants who received three doses
and had antibody results from all visits.

Pearson χ² test or Fisher’s exact test were used to analyse categorical outcomes.
We calculated 95% CIs for categorical outcomes using the Clopper–Pearson
method.

We calculated GMTs and corresponding 95% CIs on the basis of standard
normal distributions of log-transformed antibody titres. GMT fold decreases in
neutralisation titre were calculated as ratios of paired sera at two visits. ANOVA
models with log-transformation were used to detect differences among groups.
Comparisons were done between groups by group t tests with log-transformation
and Bonferroni correction done as a post hoc test if the variance was significant.
Hypothesis testing was two-sided, and we considered P values of less than 0.05 to
be significant. We used R software version 4.0.2 for all analyses.

Reporting summary. Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

Data availability
The study protocols are available in the Supplementary Material. To protect participants’
confidentiality, the individual participant data that underlie the results reported in this
article (text, tables, figures and extended data) will only be shared after de-identification.
Due to the clinical trial in adults aged 60 years and older is ongoing, in order to maintain
the blind status of this trial, the data will be available following clinical study report
(CSR) of immune persistence analysis (September 2022). Researchers who provide a
scientifically sound proposal will be allowed access to the individual participant data.
Proposals should be directed to wanglin@sinovac.com.

Code availability
The R code for the main analysis is available on GitHub at https://github.com/cxhhhh24/
sinoVac_antibody.
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5.4. CoronaVac protects the elderly against severe Covid-19,  
Chinese study shows

A Chinese study carried out in Nanjing 
once again showed the efficacy of 
CoronaVac in preventing the elderly 
from developing the severe type 
of Covid-19, demonstrating that 
the vaccine is able to protect even 
against the delta variant of SARS-
CoV-2. The study was published in 
the journal Aging and conducted 
by researchers at Nanjing Medical 
University Hospital in China.

The scientists selected 181 patients 
aged 60 and over who were 
infected with the delta variant, 
admitted between July and 
September 2021 at the Nanjing 
Public Health Center. Of these, 111 
had comorbidities. The volunteers 
were split into three groups: group 
A, with 113 participants that had not 
been immunized; group B, with 46 
that had only taken the first dose 
of CoronaVac; and group C, with 
22 that received the complete two-
dose schedule.

Among the patients, 145 were 
classified as moderate cases of 
Covid-19, 21 progressed to the 
severe form and 15 were critical 
cases, which resulted in two deaths. 
All critical cases occurred in group 
A (unvaccinated).This group also 
had all cases of multiple organ 
dysfunction (14), septic shock (12) 
and Severe Acute Respiratory 
Syndrome (15).

In addition, the study found that 
IgM and IgG antibody levels 
found in vaccinated patients were 
significantly higher than in those not 
immunized. “This clinical retrospective 
investigation confirmed that the 
inactivated SARS-CoV-2 vaccines 
were efficacious in improving the 
disease severity of older patients with 
infection of the Delta variant, especially 
in those with co-morbidities,” the 
researchers conclude.

Published on: 05/18/2021
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INTRODUCTION 
 
The coronavirus disease 2019 (COVID-19) continues to 
spread throughout all parts of the world [1–3], and more 
and more mutant variants have exacerbated the global 
pandemic [2, 4], which may also facilitate escape from 
vaccine protection and current therapies in unexpected 
ways [5, 6]. 

In addition to the nonpharmaceutical interventions 
and symptomatic treatments, new SARS-CoV-2 
vaccines may improve concerns about the global 
pandemic [7]. Several inactivated vaccines against 
SARS-CoV-2 (e.g., ZF2001, CoronaVac, BBIBP-
CorV) have been demonstrated to be generally 
effective and safe in large sample clinical studies [7–
9]. Besides that, these vaccines are also well-tolerated 
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ABSTRACT 
 
Background: The coronavirus disease 2019 (COVID-19) is spreading around the world. The COVID-19 vaccines 
may improve concerns about the pandemic. However, the roles of inactivated vaccines in older patients (aged 
≥60 years) with infection of Delta variant were less studied. 
Methods: We classified the older patients with infection of Delta variant into three groups based on the 
vaccination status: no vaccination (group A, n = 113), one dose of vaccination (group B, n = 46), and two doses 
of vaccination (group C, n = 22). Two inactivated COVID-19 vaccines (BBIBP-CorV or CoronaVac) were evaluated 
in this study. The demographic data, laboratory parameters, and clinical severity were recorded. 
Results: A total of 181 older patients with infection of Delta variant were enrolled. 111 (61.3%) patients had 
one or more co-morbidities. The days of "turn negative" and hospital stay in Group C were lower than those in 
the other groups (P < 0.05). The incidences of multiple organ dysfunction syndrome (MODS), septic shock, acute 
respiratory distress syndrome (ARDS), acute kidney injury, and cardiac injury in Group A were higher than those 
in the other groups (P < 0.05). The MV-free days and ICU-free days during 28 days in Group A were also lower 
than those in the other groups (P < 0.05). In patients with co-morbidities, vaccinated cases had lower incidences 
of MODS (P = 0.015), septic shock (P = 0.015), and ARDS (P = 0.008). 
Conclusions: The inactivated COVID-19 vaccines were effective in improving the clinical severity of older 
patients with infection of Delta variant. 
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in 60 years and older adults and could reduce the 
severity of COVID-19 [7, 10]. However, elderly 
people with co-morbidities or frailty were usually not 
included in the previous phase 1 to 3 trials [11]. In 
both CD8 and CD4 cells, aging has been shown to 
result in a reduction of T cell receptor diversity, 
which may lead to reduced T cell survival [11]. Aging 
could also decrease the production of functional 
antibodies because of reduced expression of select 
proteins [11]. Hence, the current vaccines may be 
theoretically ineffective in older people. 
 
An imported COVID-19 infection related to the Delta 
strain (the B.1.617.2 variant) erupted in the Chinese city 
of Nanjing on July 21, 2021 [3, 12]. Considering the 
mutating variants, the effectiveness of various types of 
vaccines should also be confirmed by more studies. 
While conducting our clinical effort to combat the 
COVID-19 epidemic in Nanjing, we discovered that 
there were a number of older and vaccinated patients 
among confirmed cases. Therefore, we aimed to 
investigate the roles of inactivated SARS-CoV-2 
vaccines in older patients with infection of Delta 
variant, especially in those with co-morbidities. 
 
METHODS 
 
Patients 
 
From July 21 to September 13, 2021, older patients 
(age ≥60 years) with confirmed infection of Delta 
variant admitted to specialized isolation units, Nanjing 
Public Health Center (Nanjing Second Hospital), were 
recruited to participate in this clinical retrospective 
study. The only hospital in Nanjing that treated 
COVID-19 patients was the Nanjing Public Health 
Center. All the older patients were classified as high-
risk groups for severe or critical [12]. Therefore, these 
patients received grade one (in the ward) or special (in 
ICU) nursing care in our specialized isolation units. 
Our institutional review board waived written 
informed consent since this was retrospective research 
that gathered de-identified data with no possible 
danger to the patients. The COVID-19 (Delta variant) 
was diagnosed in accordance with the guidelines of the 
National Health Commission (NHC) of China and 
WHO [3, 12], and verified via RNA test of SARS-
CoV-2 in the specialized lab for clinical research in 
Nanjing Second Hospital. The vaccination 
recommendations followed the COVID-19 vaccination 
technical guidelines of the NHC of China [12]. Two 
inactivated SARS-CoV-2 vaccines (BBIBP-CorV or 
CoronaVac) were available in Nanjing city before and 
during the study period. Two doses of the inactivated 
vaccines were recommended, with an interval of 3 to 8 
weeks [12]. 

Definitions 
 
The clinical classification of COVID-19 was 
recommended by the NHC of China [12, 13]: Mild, 
with minor clinical signs (such as fever and cough) and 
no imaging manifestations. Moderate, with indications 
of respiratory tract infections and pneumonia-like 
imaging characteristics. Severe, having satisfied one or 
more of the conditions below: (1) respiratory discomfort 
and a breathing rate of more than 30 breaths per minute; 
(2) At rest, the pulse oxygen saturation (SpO2) is less 
than or equal to 93 percent; (3) arterial partial pressure 
of oxygen (PaO2)/ fraction of inspired oxygen (FiO2) 
≤300 mmHg (1 mmHg = 0.133 kPa). Critical, having 
satisfied one of the criteria below: (1) respiratory failure 
accompanied by mechanical ventilation (MV); (2) 
shock; (3) admission into the ICU as a result of multiple 
organ dysfunction. Sepsis was described as fatal organ 
failure produced by a dysfunctional host defense against 
pathogens, whereas septic shock was described as a 
subtype of sepsis characterized by metabolic/cellular 
and circulatory impairment that is linked to a greater 
risk of death [14, 15]. 
 
The Berlin standards for acute respiratory distress 
syndrome (ARDS) were used in making the diagnosis 
[16]. The presence of liver damage was determined 
when the serum concentrations of hepatic biological 
markers (e.g., alanine aminotransferase) exceeded twice 
the reference upper limit, or when there was an 
abnormally elevated level of aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT) when 
especially in comparison with alkaline phosphatase 
levels [17]. It was determined that the patient had acute 
kidney injury (AKI) in accordance with the 2012 
Kidney Disease: Improving Global Outcomes (KDIGO) 
guidelines [18]. An increase in blood levels of 
biological markers (e.g., troponin I), exceeding twice 
the reference upper limit, or the discovery of new 
aberrations in echocardiography and electro-
cardiography, was considered evidence of cardiac 
damage [17]. During the 365-day period before 
admission to the hospital, comorbidity was considered 
as present when there was at least 1 specific procedure 
or 2 specific outpatient procedures, or a prescription for 
a medicine that characterized the comorbid condition in 
the 365-day period. Multiple organ dysfunction 
syndromes (MODS) are recognized as the simultaneous 
malfunctions of two or more organs that have been 
identified in an individual. 
 
Data collection 
 
The baseline clinical features, which included body 
mass index (BMI), age, and sex, days from occurrence 
to hospitalization, days from vaccination to admission, 
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days from onset to SARS-CoV-2 testing negative (days 
of “turn negative”), early signs and symptoms, clinical 
classifications, and co-morbidities, were obtained. All 
of the information was derived from electronic medical 
records, which had to be manually retrieved and the 
information of each patient was also checked by another 
investigator. The serum levels of lymphocyte count, 
white blood cell (WBC) count, ALT, C-reactive protein 
(CRP), creatinine, D-dimer, brain natriuretic peptide 
(BNP), procalcitonin (PCT), troponin I (TNI), and 
interleukin-6 (IL-6) were obtained upon admission. The 
serum levels of percentages of CD4 and CD8 
lymphocytes, virus immunoglobulin (Ig) M and IgG 
antibody, and the cycle threshold (CT) of RT-PCR 
assays of admission were also acquired. The 
professional clinical laboratory of Nanjing Second 
Hospital was responsible for detecting all of the 
hematological parameters. 
 
The number of patients with septic shock, cardiac 
injury, AKI, MODS, liver damage, and ARDS, and 
patients requiring high-flow nasal cannula (HFNC) or 
noninvasive ventilation (NIV), continuous renal 
replacement therapy (CRRT), MV, or extracorporeal 
membrane oxygenation (ECMO) were collected. The 
thromboembolic events (e.g., cerebral infarction, 
cerebral infarction, venous thromboembolism) were 
also counted. The length of NIV or HFNC, length of 
hospital stay (LOS), MV-free days, and ICU-free days 
within the initial 28 days and the 28-day mortality were 
also collected. 
 
Statistical analysis 
 
The Kolmogorov-Smirnov test was the first to be 
performed to evaluate the normal distribution of data. 
Data with normal distributions were presented as the 
means ± standard deviation with comparisons made 
using t-tests. Data with abnormal distributions were 
presented as the medians (interquartile ranges, IQR) 
with comparisons made with the help of the Kruskal-
Wallis test and Mann-Whitney U test. In this study, 
categorical data were reported as percentages or 
absolute numbers, and they were evaluated utilizing the 
Fisher’s exact or χ2 test. Additionally, we performed an 
analysis of variance (ANOVA) for multiple testing of 
the general linear model in order to take into 
consideration the repetitiveness of the variables. The 
analysis of statistical data was carried out utilizing IBM 
Statistical Package for the Social Sciences (SPSS, 
version 22.0, New York, USA) program, and P < 0.05 
was established as the criterion of statistical 
significance. Qiao Liu, a biostatistician from the Jiangsu 
Provincial Center for Disease Control and Prevention in 
China, examined the statistical techniques used in this 
research. 

RESULTS 
 
During the course of this clinical retrospective 
analysis, 181 older individuals with verified COVID-
19 (Delta variant) infection were included. The median 
age was 69 (interquartile range, 65.5–74) years, with 
107 (59.1 percent) of the participants being female. 
Among these patients, 113 (62.4%) were not 
vaccinated, 46 (25.4%) received one dose of vaccine, 
and only 22 (12.2%) received two doses of vaccine. 
One hundred and forty-five (80.1%) patients were 
categorized as moderate, 21 (11.6%) patients were 
categorized as severe, and 15 (8.3%) patients were 
categorized as critical. One hundred and eleven 
(61.3%) patients had one or more co-morbidities. 
MODS occurred in 14 patients (7.7% of the total), 
while septic shock occurred in 12 individuals (6.7% of 
the total). Two (1.1%) critically ill patients died within 
28 days of admission. Table 1 contained the 
comprehensive clinical information of the patients. 
 
We classified the patients into three groups on the basis 
of their vaccination status: no vaccination (group A, n = 
113), one dose of vaccination (group B, n = 46), and 
two doses of vaccination (group C, n = 22). As 
described in Table 2, the days from vaccination to 
admission in Group B were considerably lower as 
opposed to those in Group C (P = 0.035). The days of 
"turn negative" and hospital stay in Group C were 
substantially reduced as opposed to those in Group A or 
Group B (P < 0.05). The serum levels of TNI, BNP, and 
PCT in Group C were remarkably reduced as opposed 
to those in Group A or Group B (P < 0.05). The serum 
TNI and BNP levels in Group B were also reduced in 
contrast with those in Group A (P < 0.05). The levels of 
virus IgM and IgG antibodies in Group C were 
considerably elevated as opposed to those in Group A 
or Group B (P < 0.05). The levels of virus IgM and IgG 
antibodies in Group B were also substantially elevated 
in contrast with those in Group A (P < 0.05). 
 
Table 3 highlighted the differences in clinical severity 
and outcome characteristics across the 3 groups. The 
incidences of MODS, septic shock, ARDS, AKI, 
cardiac injury, and other complications in Group A 
were remarkably elevated as opposed to the ones in 
Group B or Group C (P < 0.05). The proportions of 
patients receiving HFNC/NIV or MV in Group A were 
also considerably increased compared to those in Group 
B or Group C (P < 0.05). However, no differences in 
the abovementioned parameters were discovered 
between Group B and Group C (P > 0.05). The ICU-
free and MV-free days within the initial 28 days in 
Group A were dramatically reduced in contrast with 
those in Group B or Group C (P < 0.05). No difference 
was identified in the 28-day mortality among the three 
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Table 1. Demographic data and clinical parameters (n = 181). 

Variables Values 
Age (years) 69 (65.5–74) 
Sex (Male: Female) 74:107 
BMI (kg/m2) 23.7 (22.2–26.6) 
Days from onset to admission 3 (2–5) 
Days from vaccination to admission 14 (8–24) 
Days of “turn negative” 23 (18–27) 
Initial symptoms or signs (n, %)  

Fever 60 (33.1%) 
Cough 47 (26.0%) 
Fatigue 19 (10.5%) 
Pharyngalgia 10 (5.5%) 
Headache or dizziness 8 (4.4%) 
Stuffy nose 6 (3.3%) 
Chest tightness or pain 6 (3.3%) 
Anorexia 5 (2.8%) 
Diarrhea 5 (2.8%) 
Nausea or vomiting 4 (2.2%) 
Myalgia 3 (1.7%) 
Other 8 (4.4%) 

Classifications (n, %)  
Mild 0 (0%) 
Moderate 145 (80.1%) 
Severe  21 (11.6%) 
Critical 15 (8.3%) 

Co-morbidities (repeated)  
Hypertension 82 (45.3%) 
Diabetes mellitus 28 (15.5%) 
Chronic respiratory diseases 15 (8.3%) 
Coronary heart disease 14 (7.7%) 
Cerebral infarction 8 (4.4%) 
Chronic liver or kidney disease 3 (1.7%) 
Other 5 (2.8%) 

Blood parameters  
CRP (mg/L) 11.6 (3.4–30.6) 
WBC (109/L) 4.7 (3.8–6.2) 
Lymphocyte (109/L) 1.0 (0.8–1.4) 
ALT (U/L) 20.5 (15.1–32.1) 
Creatinine (umol/L) 64.3 (55.2–78.9) 
TNI (pg/mL) 5.6 (1.6–12.4) 
D-dimer (mg/L) 0.5 (0.3–0.7) 
BNP (pg/mL) 24 (12.2–56.2) 
PCT (ng/mL) 0.1 (0.0–0.1) 
IL-6 (pg/mL) 24.2 (12.1–37.9) 
CD4 T cells percentage (%) 39.0 (33.0–44.5) 
CD8 T cells percentage (%) 21 (17–25) 
IgM antibody (S/CO) 0.1 (0–0.5) 
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IgG antibody (S/CO) 0.2 (0.1–1.3) 
PCR cycle threshold (CT values)  

ORF1ab gene 23 (20–26) 
N gene 20 (17–24) 

Organs injury (n, %)  
ARDS 15 (8.3%) 
Liver injury 11 (6.1%) 
AKI 11 (6.1%) 
Cardiac injury 12 (6.7%) 
MODS 14 (7.7%) 

Thrombo-embolic events (n, %) 0 (0%) 
Septic shock (n, %) 12 (6.7%) 
Need for NIV/HFNC (n, %) 33 (18.2%) 
Need for MV (n, %) 15 (8.3%) 
Need for CRRT/ECMO (n, %) 6 (3.3%) 
NIV/HFNC days 1.2 ± 3.0 
MV-free days 26.4 ± 5.6 
ICU-free days 25.4 ± 6.8 
Hospital stay (days) 26 (21–30) 
Death (n, %) 2 (1.1%) 

Abbreviations: BMI: body mass index; CRP: C-reactive protein; WBC: white blood cells; ALT: alanine aminotransferase; TNI: 
troponin I; BNP: brain natriuretic peptide; PCT: procalcitonin; IL-6: interleukin-6; IgM: immunoglobulin M; IgG: 
immunoglobulin G; PCR: polymerase chain reaction; ARDS: acute respiratory distress syndrome; AKI: acute kidney injury; 
MODS: multiple organ dysfunction syndrome; NIV: noninvasive ventilation; HFNC: high-flow nasal cannula; MV: 
mechanical ventilation; CRRT: continuous renal replacement therapy; ECMO: extracorporeal membrane oxygenation; ICU: 
intensive care unit. 
 
 
Table 2. The clinical parameters and severity variables. 

 Group A 
(n = 113) 

Group B 
(n = 46) 

Group C 
(n = 22) P value 

Days from onset to admission 3.0 (2.0–5.0) 4.0 (2.0–5.3) 3.5 (1.8–6.0) 0.701 
Days from vaccination to admission / 12.5 (8.0–20.0) 30.0 (8.0–44.5) 0.035 
Days of “turn negative” 23.0 (18.0–27.0) 22.5 (18.0–26.0) 17.0 (13.8–23.3) 0.026 
CRP (mg/L) 10.4 (3.4–28.1) 21.1 (4.0–33.9) 6.5 (2.1–26.9) 0.237 
WBC (109/L) 4.5 (3.5–6.0) 5.0 (4.3–6.2) 5.0 (4.1–6.2) 0.156 
Lymphocyte (109/L) 1.0 (0.8–1.4) 1.0 (0.7–1.5) 1.1 (0.9–1.5) 0.775 
ALT (U/L) 21.2 (15.6–31.1) 19.0 (14.2–32.3) 20.3 (15.1–32.9) 0.638 
Creatinine (umol/L) 61.8 (55.3–79.1) 71.8 (55.0–81.7) 60.4 (54.1–73.4) 0.312 
TNI (pg/mL) 6.1 (2.2–18.9) 4.1 (1.0–8.3) 3.8 (1.8–9.6) 0.041 
D-dimer (mg/L) 0.5 (0.4–0.8) 0.5 (0.3–0.7) 0.5 (0.3–0.7) 0.507 
BNP (pg/mL) 29.2 (12.6–65.3) 20.5 (12.0–44.8) 17.4 (10.0–34.6) 0.039 
PCT (ng/mL) 0.06 (0.04–0.1) 0.06 (0.04–0.1) 0.03 (0.02–0.06) 0.043 
IL-6 (pg/mL) 25.7 (12.9–39.7) 21.9 (12.6–33.4) 16.3 (8.1–32.7) 0.088 
CD4 percentage (%) 38.0 (32.0–43.0) 41.0 (33.8–46.0) 42.0 (37.8–46.3) 0.109 
CD8 percentage (%) 21.0 (18.0–25.0) 20.0 (16.8–25.3) 22.0 (16.8–25.5) 0.674 
IgM (S/CO) 0.06 (0.03–0.3) 0.2 (0.1–0.8) 0.6 (0.2–2.3) <0.001 
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IgG (S/CO) 0.1 (0.06–0.3) 0.3 (0.1–12.5) 10.9 (3.4–104.8) <0.001 
CT values of ORF1ab gene 22.0 (19.0–26.0) 24.0 (20.8–26.0) 22.0 (18.8–25.3) 0.400 
CT values of N gene 20.0 (17.0–24.0) 20.0 (17.0–24.0) 21.0 (16.8–24.0) 0.921 

Abbreviations: Group A: No vaccination; Group B: One dose of vaccination; Group C: Two doses of vaccination; CRP: C-
reactive protein; WBC: white blood cells; ALT: alanine aminotransferase; TNI: troponin I; BNP: brain natriuretic peptide; PCT: 
procalcitonin; IL-6: interleukin-6; IgM: immunoglobulin M; IgG: immunoglobulin G; CT: cycle threshold. 
 
 
Table 3. Clinical variables of severity and outcomes. 

 Group A 
(n = 113) 

Group B 
(n = 46) 

Group C 
(n = 22) P value 

MODS (n, %) 14 (12.4%) 0 (0%) 0 (0%) 0.006 
Septic shock (n, %) 12 (10.6%) 0 (0%) 0 (0%) 0.011 
ARDS (n, %) 15 (13.3%) 0 (0%) 0 (0%) 0.004 
Liver injury (n, %) 8 (7.1%) 2 (4.3%) 1 (4.5%) 0.516 
AKI (n, %) 10 (8.8%) 1 (2.2%) 0 (0%) 0.048 
Cardiac injury (n, %) 11 (9.7%) 1 (2.2%) 0 (0%) 0.035 
Other complications (n, %) 15 (13.3%) 0 (0%) 0 (0%) 0.004 
Need for NIV/HFNC (n, %) 26 (23.0%) 6 (13.0%) 1 (4.5%) 0.022 
Need for MV (n, %) 15 (13.3%) 0 (0%) 0 (0%) 0.004 
Need for CRRT/ ECMO (n, %) 6 (5.3%) 0 (0%) 0 (0%) 0.079 
NIV/HFNC days 1.4 ± 3.0 1.2 ± 3.5 0.3 ± 1.5 0.096 
MV-free days 25.5 ± 6.9 28 ± 0 28 ± 0 0.008 
ICU-free days 24.2 ± 8.2 27.1 ± 2.7 27.6 ± 1.7 0.047 
Hospital stay (days) 27 (23–30) 26 (21–28) 20 (17.8–27.3) 0.004 
Death (n, %) 2 (1.8%) 0 (0%) 0 (0%) 0.315 

Abbreviations: Group A: No vaccination; Group B: One dose of vaccination; Group C: Two doses of vaccination; MODS: 
multiple organ dysfunction syndrome; ARDS: acute respiratory distress syndrome; AKI: acute kidney injury; NIV: noninvasive 
ventilation; HFNC: high-flow nasal cannula; MV: mechanical ventilation; CRRT: continuous renal replacement therapy; ECMO: 
extracorporeal membrane oxygenation; ICU: intensive care unit. 
 
 
groups (P = 0.315). The above findings illustrated that 
patients with two doses of vaccination may have a 
lower incidence of organ injury and less requirement for 
supportive treatments in ICU. 
 
Of the 181 confirmed patients, 111 (61.3%) had 
comorbidities (e.g., hypertension, diabetes mellitus, and 
chronic respiratory diseases) before admission. Table 4 
demonstrated the differences in the clinical outcome 
parameters between the vaccinated and no vaccinated 
patients with or without co-morbidities. In patients with 
co-morbidities, vaccinated cases had lower incidences 
of MODS (P = 0.015), septic shock (P = 0.015), and 
ARDS (P = 0.008). Nevertheless, no significant 
differences (P > 0.1) were discovered in these 
prognostic variables between the vaccinated and no 
vaccinated patients without co-morbidities. 

DISCUSSION 
 
This clinical retrospective research examined the roles 
of inactivated SARS-CoV-2 vaccines in older patients 
with confirmed infection of Delta variant in Nanjing, 
China. The vaccination rate of older patients was only 
37.6% (68/181). We found that patients with two doses 
of vaccination may have shorter LOS, ICU stay, and 
respiratory support time, as well as a lower incidence of 
organ injury and less requirement for supportive 
treatments. Moreover, in patients with co-morbidities, 
vaccinated cases had a lower prevalence of ARDS, 
septic shock, and MODS. However, no difference was 
found in 28-day mortality across the different groups. 
 
As a serious global epidemic, the COVID-19 is still not 
alleviated in lots of countries. Apart from traditional 
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Table 4. Clinical variables of severity and outcomes in patients with or without co-morbidities. 

 
Co-morbidities (n = 111) 

P value 
No co-morbidities (n = 70) 

P value Vaccinated 
(n = 38) 

No Vaccinated 
(n = 73) 

Vaccinated 
(n = 30) 

No Vaccinated 
(n = 40) 

MODS (n, %) 0 (0%) 11 (15.1%) 0.015 0 (0%) 3 (7.5%) 0.255 
Septic shock (n, %) 0 (0%) 10 (13.7%) 0.015 0 (0%) 2 (5.0%) 0.503 
ARDS (n, %) 0 (0%) 12 (16.4%) 0.008 0 (0%) 3 (7.5%) 0.255 
Liver injury (n, %) 1 (2.6%) 6 (8.2%) 0.419 2 (6.7%) 2 (5.0%) 1.000 
AKI (n, %) 1 (2.6%) 9 (12.3%) 0.160 0 (0%) 1 (2.5%) 1.000 
Cardiac injury (n, %) 1 (2.6%) 8 (11.0%) 0.162 0 (0%) 3 (7.5%) 0.255 
Thrombo-embolic 
events (n, %) 0 (0%) 0 (0%) / 0 (0%) 0 (0%) / 

Death (n, %) 0 (0%) 2 (2.7%) 0.546 0 (0%) 0 (0%) / 

Abbreviations: MODS: multiple organ dysfunction syndrome; ARDS: acute respiratory distress syndrome; AKI: acute kidney 
injury. 
 
isolation and symptomatic treatments, increasing 
SARS-CoV-2 vaccines were developed to prevent 
COVID-19. Thompson et al. [19] reported high efficacy 
of the two-dose messenger RNA (mRNA) vaccines 
BNT162b2 (Pfizer-BioNTech) and mRNA-1273 
(Moderna) for the SARS-CoV-2 infection prevention 
among adults within the working age. Zhang Y and 
colleagues [20] investigated the safety, tolerance, and 
ability to induce an immune response of an inactivated 
CoronaVac vaccine (Sinovac Life Sciences, Beijing, 
China) in a phase 1/2 clinical trial in China, and they 
discovered that two dosages of CoronaVac at varied 
concentrations and dosage regimens were well tolerable 
and mildly immunogenic among healthy individuals 
within the age range of 18–59 years old. Jara’s study [7] 
also suggests that the CoronaVac vaccination was 
successful in preventing COVID-19, which resulted in 
severe sickness and death in Chile. Unfortunately, the 
efficacy of the vaccines was still questioned by the 
emerging mutant variants of SARS-CoV-2. 
 
More and more variants have been reported across the 
globe: Alpha, Beta, Gamma, Delta, Omicron, and so on 
[6, 21]. In particular, the Delta variant is considered to 
be a crucial reason for the recurrence or deterioration of 
the COVID-19 epidemic [5, 6, 22]. After perfectly 
controlling the epidemic in 2020, China is also suffering 
from the sporadic outbreak of the COVID-19 (Delta) in 
2021. Consequently, it is necessary to investigate the 
SARS-CoV-2 vaccine efficacy in Delta variants. Lopez 
and colleagues [4] found that the ChAdOx1 nCoV-19 
and BNT162b2 vaccines targeting the Delta variant 
were effective after the receipt of two vaccine doses. 
During the Delta strain epidemic in May 2021 in 
Guangzhou city, China, Li XN and colleagues [23] 
confirmed the efficacy of two doses of inactivated 
vaccines in preventing the Delta variant infection in 

patients (between the ages of 18–59 years). However, 
the effectiveness of these vaccines in older patients was 
less investigated. 
 
Wu Z and colleagues confirmed that the CoronaVac 
was safe and well-tolerated in older adults [10]. Another 
study also confirmed that the CoronaVac vaccination 
was successful in the prevention of COVID-19 as well 
as the associated severe illness and death in older adults 
[7]. On July 21, 2021, an imported COVID-19 epidemic 
attributed to the Delta strain was reported in Nanjing 
city of China [3]. When undertaking our clinical efforts 
to control the COVID-19 pandemic (Delta variant) in 
Nanjing, we discovered that there were a number of 
older and vaccinated patients among confirmed cases. 
In addition, 61.3% of the older patients had one or more 
co-morbidities. Therefore, we investigated the roles of 
Chinese inactivated SARS-CoV-2 vaccines (BBIBP-
CorV or CoronaVac) in older patients with confirmed 
infection of Delta variant, especially in those with co-
morbidities in this study. Our results suggested that two 
doses of the vaccines were effective in improving the 
disease severity of older patients (aged ≥60 years) with 
Delta variant, including those with co-morbidities. No 
difference in 28-day mortality was observed, which 
might be attributed to the limited sample size employed 
in this retrospective study. 
 
The immune status and viral load (CT value) of older 
patients were also investigated in this study. T cell 
receptor diversity may decline with age in both CD8 
and CD4 cells, reducing T cell survival [11]. A study by 
Thompson MG found that vaccination reduced the load 
of viral RNA present, the likelihood of febrile 
manifestations, and the disease duration for those who 
experienced breakthrough infections despite having 
received vaccination [19]. The findings of our research 
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demonstrated the differences in immunoglobulin (IgM, 
IgG) levels in patients with different doses of the 
vaccines. However, no differences were found in the 
CD4 or CD8 percentages and the CT values of RT-PCR 
assays. These results were inconsistent with previous 
reports, which might attribute to the differences in the 
days from vaccination to admission [12.5 (8–20) VS. 30 
(8–44.5), P = 0.035] in our study. 
 
The study had some limitations. It is possible that the 
results are inconclusive because of the limited sample 
size and single-center retrospective methodology; hence, 
large-scale clinical prospective research needs to be 
carried out to determine the correctness of these 
findings. Since this research did not employ patho-
physiology models and the findings were hypothesis-
generating, it is necessary to do more fundamental tests 
in order to determine the actual processes of 
vaccinations in older individuals who had suffered from 
infection with the Delta variant. Finally, because some 
variables were only collected on admission, the later 
effects of vaccines on these variables need to be 
examined in the following clinical studies. 
 
In summary, this clinical retrospective investigation 
confirmed that the inactivated SARS-CoV-2 vaccines 
were efficacious in improving the disease severity of 
older patients with infection of the Delta variant, 
especially in those with co-morbidities. 
 
AUTHOR CONTRIBUTIONS 
 
Sun JK, Wang X, and Shi QK designed the research; 
Song XC, Sun JK, Zhang WH, Shen X, Xu H, Nie S, 
Xiao JL, Sun F, Shu C, Chen JD, Tang Y, and Feng P 
performed the research; Song XC, Zhou XH, Cheng JH, 
Wang X, and Sun XP analyzed the data; Song XC, 
Zhou XH, Sun JK, and Sun XP wrote the paper. 
 
ACKNOWLEDGMENTS 
 
The authors thank Qiao Liu for her assistance in the 
statistical analysis of this study. The authors also thank 
Wang Y, Qi JW, Gao L, Chen YB, Yuan Y, Lei J, and 
other colleagues of Jiangsu united medical team. 
 
CONFLICTS OF INTEREST 
 
The authors declare no conflicts of interest related to 
this study. 
 
Editorial note 
 
&This corresponding author has a verified history of 
publications using a personal email address for 
correspondence. 

REFERENCES 
 
1. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, 

Huang B, Shi W, Lu R, Niu P, Zhan F, Ma X, et al, and 
China Novel Coronavirus Investigating and Research 
Team. A Novel Coronavirus from Patients with 
Pneumonia in China, 2019. N Engl J Med. 2020; 
382:727–33. 
https://doi.org/10.1056/NEJMoa2001017 
PMID:31978945 

2. Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, 
Prescott HC. Pathophysiology, Transmission, 
Diagnosis, and Treatment of Coronavirus Disease 
2019 (COVID-19): A Review. JAMA. 2020; 324:782–93. 
https://doi.org/10.1001/jama.2020.12839 
PMID:32648899 

3. World Health Organization. Coronavirus disease 
(COVID-19). https://www.who.int. 

4. Lopez Bernal J, Andrews N, Gower C, Gallagher E, 
Simmons R, Thelwall S, Stowe J, Tessier E, Groves N, 
Dabrera G, Myers R, Campbell CNJ, Amirthalingam G, 
et al. Effectiveness of Covid-19 Vaccines against the 
B.1.617.2 (Delta) Variant. N Engl J Med. 2021; 
385:585–94. 
https://doi.org/10.1056/NEJMoa2108891 
PMID:34289274 

5. Weber S, Ramirez CM, Weiser B, Burger H, Doerfler 
W. SARS-CoV-2 worldwide replication drives rapid 
rise and selection of mutations across the viral 
genome: a time-course study - potential challenge for 
vaccines and therapies. EMBO Mol Med. 2021; 
13:e14062. 
https://doi.org/10.15252/emmm.202114062 
PMID:33931941 

6. Wang R, Zhang Q, Ge J, Ren W, Zhang R, Lan J, Ju B, 
Su B, Yu F, Chen P, Liao H, Feng Y, Li X, et al. Analysis 
of SARS-CoV-2 variant mutations reveals 
neutralization escape mechanisms and the ability to 
use ACE2 receptors from additional species. 
Immunity. 2021; 54:1611–21.e5. 
https://doi.org/10.1016/j.immuni.2021.06.003 
PMID:34166623 

7. Jara A, Undurraga EA, González C, Paredes F, 
Fontecilla T, Jara G, Pizarro A, Acevedo J, Leo K, Leon 
F, Sans C, Leighton P, Suárez P, et al. Effectiveness of 
an Inactivated SARS-CoV-2 Vaccine in Chile. N Engl J 
Med. 2021; 385:875–84. 
https://doi.org/10.1056/NEJMoa2107715 
PMID:34233097 

8. Yang S, Li Y, Dai L, Wang J, He P, Li C, Fang X, Wang C, 
Zhao X, Huang E, Wu C, Zhong Z, Wang F, et al. Safety 
and immunogenicity of a recombinant tandem-repeat 
dimeric RBD-based protein subunit vaccine (ZF2001) 



 |  821O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

www.aging-us.com 4219 AGING 

against COVID-19 in adults: two randomised, double-
blind, placebo-controlled, phase 1 and 2 trials. Lancet 
Infect Dis. 2021; 21:1107–19. 
https://doi.org/10.1016/S1473-3099(21)00127-4 
PMID:33773111 

 9. Al Kaabi N, Zhang Y, Xia S, Yang Y, Al Qahtani MM, 
Abdulrazzaq N, Al Nusair M, Hassany M, Jawad JS, 
Abdalla J, Hussein SE, Al Mazrouei SK, Al Karam M, et 
al. Effect of 2 Inactivated SARS-CoV-2 Vaccines on 
Symptomatic COVID-19 Infection in Adults: A 
Randomized Clinical Trial. JAMA. 2021; 326:35–45. 
https://doi.org/10.1001/jama.2021.8565 
PMID:34037666 

10. Wu Z, Hu Y, Xu M, Chen Z, Yang W, Jiang Z, Li M, Jin H, 
Cui G, Chen P, Wang L, Zhao G, Ding Y, et al. Safety, 
tolerability, and immunogenicity of an inactivated 
SARS-CoV-2 vaccine (CoronaVac) in healthy adults 
aged 60 years and older: a randomised, double-blind, 
placebo-controlled, phase 1/2 clinical trial. Lancet 
Infect Dis. 2021; 21:803–12. 
https://doi.org/10.1016/S1473-3099(20)30987-7 
PMID:33548194 

11. Soiza RL, Scicluna C, Thomson EC. Efficacy and safety 
of COVID-19 vaccines in older people. Age Ageing. 
2021; 50:279–83. 
https://doi.org/10.1093/ageing/afaa274 
PMID:33320183 

12. National Health Commission of the People’s Republic 
of China. http://www.nhc.gov.cn. 

13. Sun JK, Liu Y, Zou L, Zhang WH, Li JJ, Wang Y, Kan XH, 
Chen JD, Shi QK, Yuan ST. Acute gastrointestinal injury 
in critically ill patients with COVID-19 in Wuhan, 
China. World J Gastroenterol. 2020; 26:6087–97. 
https://doi.org/10.3748/wjg.v26.i39.6087 
PMID:33132657 

14. Levy MM, Evans LE, Rhodes A. The Surviving Sepsis 
Campaign Bundle: 2018 Update. Crit Care Med. 2018; 
46:997–1000. 
https://doi.org/10.1097/CCM.0000000000003119 
PMID:29767636 

15. Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli 
M, Ferrer R, Kumar A, Sevransky JE, Sprung CL, 
Nunnally ME, Rochwerg B, Rubenfeld GD, Angus DC, 
et al. Surviving Sepsis Campaign: International 
Guidelines for Management of Sepsis and Septic 
Shock: 2016. Intensive Care Med. 2017; 43:304–77. 
https://doi.org/10.1007/s00134-017-4683-6 
PMID:28101605 

16. Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson 
ND, Caldwell E, Fan E, Camporota L, Slutsky AS, and 
ARDS Definition Task Force. Acute respiratory distress 
syndrome: the Berlin Definition. JAMA. 2012; 

307:2526–33. 
https://doi.org/10.1001/jama.2012.5669 
PMID:22797452 

17. Sun JK, Zhang WH, Zou L, Liu Y, Li JJ, Kan XH, Dai L, Shi 
QK, Yuan ST, Yu WK, Xu HY, Gu W, Qi JW. Serum 
calcium as a biomarker of clinical severity and 
prognosis in patients with coronavirus disease 2019. 
Aging (Albany NY). 2020; 12:11287–95. 
https://doi.org/10.18632/aging.103526 
PMID:32589164 

18. Section 2: AKI Definition. Kidney Int Suppl (2011). 
2012; 2:19–36. 
https://doi.org/10.1038/kisup.2011.32 
PMID:25018918 

19. Thompson MG, Burgess JL, Naleway AL, Tyner H, 
Yoon SK, Meece J, Olsho LEW, Caban-Martinez AJ, 
Fowlkes AL, Lutrick K, Groom HC, Dunnigan K, Odean 
MJ, et al. Prevention and Attenuation of Covid-19 
with the BNT162b2 and mRNA-1273 Vaccines. N Engl 
J Med. 2021; 385:320–9. 
https://doi.org/10.1056/NEJMoa2107058 
PMID:34192428 

20. Zhang Y, Zeng G, Pan H, Li C, Hu Y, Chu K, Han W, 
Chen Z, Tang R, Yin W, Chen X, Hu Y, Liu X, et al. 
Safety, tolerability, and immunogenicity of an 
inactivated SARS-CoV-2 vaccine in healthy adults aged 
18-59 years: a randomised, double-blind, placebo-
controlled, phase 1/2 clinical trial. Lancet Infect Dis. 
2021; 21:181–92. 
https://doi.org/10.1016/S1473-3099(20)30843-4 
PMID:33217362 

21. Tao K, Tzou PL, Nouhin J, Gupta RK, de Oliveira T, 
Kosakovsky Pond SL, Fera D, Shafer RW. The 
biological and clinical significance of emerging SARS-
CoV-2 variants. Nat Rev Genet. 2021; 22:757–73. 
https://doi.org/10.1038/s41576-021-00408-x 
PMID:34535792 

22. Salian VS, Wright JA, Vedell PT, Nair S, Li C, 
Kandimalla M, Tang X, Carmona Porquera EM, Kalari 
KR, Kandimalla KK. COVID-19 Transmission, Current 
Treatment, and Future Therapeutic Strategies. Mol 
Pharm. 2021; 18:754–71. 
https://doi.org/10.1021/acs.molpharmaceut.0c00608 
PMID:33464914 

23. Li XN, Huang Y, Wang W, Jing QL, Zhang CH, Qin PZ, 
Guan WJ, Gan L, Li YL, Liu WH, Dong H, Miao YT, Fan 
SJ, et al. Effectiveness of inactivated SARS-CoV-2 
vaccines against the Delta variant infection in 
Guangzhou: a test-negative case-control real-world 
study. Emerg Microbes Infect. 2021; 10:1751–9. 
https://doi.org/10.1080/22221751.2021.1969291 
PMID:34396940 



822 |    CORONAVAC | O QUE A CIÊNCIA COMPROVA

5.5. CoronaVac induces immune response in more  
than 80% of elderly people, Turkish study shows

A study carried out in Turkey with 
elderly people immunized with 
CoronaVac showed once again 
that the vaccine provides high 
protection in this population, 
inducing antibody production in 
80.9% of individuals. The study was 
published in the May issue of the 
journal Age & Aging and was led 
by researchers from the School of 
Medicine of the University of Ankara, 
the Turkish capital.

The scientists evaluated 497 elderly 
patients with an average age of 72 
years who were vaccinated with 
CoronaVac. The seroconversion 
rate (individuals who produced 
antibodies) after one to two months 
of the second dose was 80.9%, 
remaining high until the third month, 
at 73.2%. 

The study also pointed out that the 
presence of comorbidities, such as 
chronic diseases, can influence the 
immune response, even more so in 
older individuals who already have 
a naturally compromised immune 
system due to aging. Therefore, it is 
very important that this population 
receives the booster dose. The third 
dose of CoronaVac has already been 
shown to be effective in boosting the 

immunity of the elderly, increasing 
the neutralizing capacity against 
SARS-CoV-2 by almost ten times.

Scientific evidence

Several studies carried out with real-
world data have already proven 
that the Butantan and Sinovac 
vaccine is safe and protects the 
elderly against severe cases and 
death. In Project S, for example, 
a study on the effectiveness of 
CoronaVac conducted in Serrana, 
in the São Paulo countryside, the 
immunizing agent administered 
to the elderly protected 86.4% 
against symptomatic cases, 96.9% 
against hospitalizations and 96.9% 
against death.

Another Brazilian study carried out 
with 60 million people, based on 
national data from the Influenza 
Epidemiological Surveillance 
Information System (SIVEP-Gripe) 
of the Ministry of Health, showed 
CoronaVac’s 84.2% protection 
against hospitalizations, 80.8% 
against ICU admissions and 76.5% 
against death.

Published on: 05/06/2022
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Serhat Ünal4, Meltem Gülhan Halil1

1Department of Internal Medicine, Division of Geriatrics, Hacettepe University Faculty of Medicine, Ankara, Turkey
2Ankara City Hospital Laboratory, Siemens Healthineers, Ankara, Turkey
3Department of Public Health, Hacettepe University Faculty of Medicine, Ankara 06230, Turkey
4Department of Infectious Diseases and Clinical Microbiology, Faculty of Medicine, Hacettepe University, Ankara, Turkey
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Abstract

Background: Sars-CoV-2 infection influences older individuals at the forefront, and there is still limited data on the COVID-
19 vaccine response in the geriatric population. This study aimed to assess antibody response after vaccination with SARS-
CoV-2 inactivated vaccine and examine possible factors affecting this response in a geriatric population.
Methods: individuals who have been on at least the 28th day after the second dose of the COVID-19 vaccine were included.
Comprehensive geriatric assessment tools and the Clinical Frailty Scale were performed. SARS-CoV-2 spike-specific IgG
antibodies were detected and, levels ≥1 U/ml were defined as seropositive, <1 U/ml were defined as seronegative.
Results: a total of 497 patients were included and divided into three groups according to the days past after the second dose
of the vaccine (Group 1: 28–59 days, Group 2: 60–89 days and Group 3: 90 days and more). Groups included 188, 148
and 171 patients, respectively. Seropositivity rate in each group was 80.9,73.2 and 57.3%, respectively. In Groups 1 and 2,
Charlson Comorbidity Index score was higher in the seronegative group (P = 0.023 and P = 0.011, respectively). In Group
3, the prevalence of frailty was significantly higher in the seronegative group (P = 0.002).
Conclusion: to the best of our knowledge, this is the first study assessing the antibody response after vaccination with Sars-
CoV 2 inactivated vaccine in the Turkish geriatric population. Moreover, this is the first study revealing the relationship
between antibody response and frailty. Larger studies are needed to confirm the antibody response duration and the association
between frailty and COVID-19 vaccine response.

Keywords: SARS-CoV-2, sinovac, coronavac, neutralising antibody, anti-Spike IgG, older people

Key Points

• Seroconversion rate in older adults significantly decreased 90 days after the second dose of vaccine.
• Frailty might play an important role in vaccine response.
• The seropositivity rate was significantly lower in frail geriatric patients after two-dose scheduled inactive SARS-CoV-2
vaccination.
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Introduction

Sars-CoV2 infection undoubtedly influenced older individ-
uals at the forefront. Although important steps have been
taken worldwide for the treatment and prevention, vacci-
nation is the most powerful weapon to break the chain of
transmission.

Sinovac’s Coronavac vaccine is an inactivated whole virus
vaccine approved by 32 countries, including Turkey, for use
in adults ≥ 18 years. [1] Despite the disadvantages (i.e.
the integrity of antigens or epitopes that should be verified,
limited immunogenicity requiring adjuvants to enhance the
immune response), inactivated vaccines are still popular due
to their advantages (i.e. non-replicability in the host, non-
transmissibility, relatively easy production systems) [2].Most
vaccine studies (prepared by either new or conventional
methods; mRNA, adenovirus vector, adjuvant protein or
inactivated virus), have not included older patients, espe-
cially the frail groups. Therefore, the immune response to
vaccines in this special group is not well known [2, 3].

Vaccine response in older adults is not a truly well-
understood area [4]. Immunosenescence (qualitative and
quantitative deterioration in immune response due to age-
ing), frailty and multiple chronic diseases make it difficult
to predict the vaccine response in the geriatric population.
Furthermore, there is insufficient data on the duration of
the antibody response. A study conducted on inactivated
influenza vaccine reported that seroprotection rates against
all three strains in the vaccine had decreased six months after
vaccination in older individuals [5]. Therefore, it is essential
to highlight the duration of seroprotection after vaccination
with inactivated SARS-CoV-2 vaccine in this population.

The aim of this study was to assess antibody response after
vaccination with SARS-CoV-2 inactivated vaccine (Coron-
aVac) and to examine possible factors that may affect this
response in a geriatric population aged 60 years and older,
who were evaluated in terms of frailty with comprehensive
geriatric assessment (CGA).

Materials and methods

Sample size determination

In a study with a dichotomous (yes/no) endpoint (Sars-
CoV2 infection) and a study group (older adults) from the
community, it was predicted that the risk of COVID-19
infection in the known (older adults) population was 2% and
the risk of infection in this population could be reduced by
85% with inactivated vaccine. Thus, 411 people aged 60 or
over should be included in the study group with a margin of
error of 0.05 (alpha) and power of 90% [6]. Assuming there
may be a 20% loss until the end of the study, it was calculated
that the sample size should be 493 with 20% excess.

Study design

Four hundred ninety-seven geriatric outpatients, who were
60 years and older and who were on at least the 28th

day after the second dose of the SARS-CoV-2 inactivated
vaccine (CoronaVac), and had not met the exclusion
criteria were enrolled for the study. Exclusion criteria were
determined as any history of Sars-CoV-2 real-time PCR or
thorax computer tomography proven or clinically suspected
COVID-19 infection (information confirmed from the
national database), immunosuppressive treatments, patients
with dementia, active oncological treatments and regular
dialysis treatment.

Demographic data of the participants (age, gender, edu-
cation, occupation, where and whom they live with), chronic
diseases, medications, polypharmacy, smoking and falls were
recorded.

Comprehensive geriatric assessment

CGA was performed using standardised tools, i.e. Mini-
Mental State Examination (MMSE), Mini Nutritional
Assessment short-form (MNA-SF), Yesavage’s Geriatric
Depression Scale (YGDS), The Katz Activities of Daily
Living (ADL) scale and Lawton-Brody Instrumental
Activities of Daily Living (IADL). The patient’s functional
status was evaluated using the Katz ADL test, evaluating
over 6 points by questioning how independently the patient
performed basic care and activities related to daily life and the
score increased as independence increased [7]. The Lawton
Brody scale was performed to evaluate patients’ IADLs
[8]. The cognitive status of the participants was screened
by MMSE. The patients’ orientation, memory, attention,
calculation, recall, language, motor function and perception
skills were assessed with the MMSE. The maximum score
of the test is 30 points, and the scores 24 and below were
assessed as cognitive impairment [9]. Nutritional screening
via MNA-SF was performed and, scores > 11 points were
defined as normal, 8–11 points were defined as the risk of
malnutrition and≤7 points were defined as malnutrition
[10]. The YGDS was used for depression screening, and
patients scoring over five points were assessed clinically for
depression [11].

Assessment of frailty

The Clinical Frailty Scale (CFS) was performed to assess
frailty. CFS defines clinical frailty by giving a score between
1 and 9 (1: very fit; 2: well; 3: well with the treated comorbid
disease; 4: apparently vulnerable; 5: mildly frail; 6: mod-
erately frail; 7: severely frail; 8: very severely frail; and 9:
terminally ill) based on the clinical opinion of the physician,
and according to accepted definitions, patients were divided
into two groups as non-frail (CFS ≤ 4) and frail (CFS> 4)
[12]. Turkish validation study of CFS was available, and
CFS was found to be a reliable and valid frailty screening
tool for community-dwelling older adults in the Turkish
population [13].

Muscle strength

Muscle strength was evaluated by handgrip measurements
defined via the Takei grip strength dynamometer. The
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Table 1.Demographical characteristics and Comprehensive Geriatric Assessments according to groups defined as the days
past after the second dose of the vaccine

Group 1
(28–59 days past after
the second dose of
vaccination group)
(n= 188 (37.8%)

Group 2
(60–89 days past after
the second dose of
vaccination group)
n= 148 (27.8%)

Group 3
(90 and more days past
after the second dose of
vaccination group)
n= 171 (34.4%)

P value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age, median (IQR) 71 (67–75) 71 (67–73) 75(67–79) <0.0001a,c ,d

Female gender, n (%) 111 (56.%) 91 (65.9%) 103 (60.2%) 0.419
Comorbidities Depression, n (%) 18 (9.6%) 19 (13.8%) 24 (14%) 0.406

CVD, n (%) 49 (26.1%) 30 (21.7%) 48 (28.1%) 0.438
HT, n (%) 135 (71.8%) 101 (73.2%) 122 (71.3%) 0.934
DM, n (%) 84 (44.7%) 53 (38.4%) 67 (39.2%) 0.434
Atrial fibrillation, n (%) 16 (8.5%) 11 (8.0%) 25 (14.6%) 0.089
Hypothyroidism, n (%) 34 (18.1%) 28 (20.3%) 28 (16.4%) 0.674
Congestive heart failure, n (%) 19 (10.1%) 10 (7.2%) 14 (8.2%) 0.643
Rheumatological diseases, n (%) 20 (10.6%) 9 (6.5%) 15 (8.8%) 0.433
Malignancy history, n (%) 25 (13.3%) 14 (10.1%) 17 (9.9%) 0.535
Chronic renal disease, n (%) 8 (4.3%) 9 (6.5%) 8 (4.7%) 0.630
Pulmonary diseases, n (%) 15 (8.0%) 13 (9.4%) 6 (3.4%) 0.091

Basic ADLs, median (IQR) 6 (6–6) 6 (5–6) 6 (5–6) 0.051
Instrumental ADLs, median (IQR) 8 (8–8) 8 (8–8) 8 (7–8) 0.143
MMSE, median (IQR) 28 (26–30) 28 (25–29) 28 (26–30) 0.177
Geriatric Depression Scale score, median (IQR) 1(0–5) 2 (0–4.5) 2 (0–4) 0.506
Clock drawing test, median (IQR) 5 (3–6) 6 (3–6) 6 (3–6) 0.669
CCI Score, median (IQR) 1 (0–2) 1 (0–2) 1 (0–2) 0.060
CFS score, median (IQR) 3 (3–4) 3 (3–4) 3 (3–4) 0.071
CFS-frailty, n (%) 37 (20.2%) 28 (21.2%) 36 (22%) 0.924
MNA-SF score, median (IQR) 14 (12–14) 14 (12–14) 14 (12–14) 0.138
Malnutrition (MNA< 12) 43 (23.9%) 20 (15.9%) 41 (27.5) 0.066
Number of drugs, median (IQR) 5 (3–7) 5 (3–7) 5 (2–7) 0.744
Polypharmacy, n (%) 110 (59.5%) 75 (54.7%) 100 (58.5%) 0.520
Falls, n (%) 26 (14.6%) 22 (17.7%) 23 (16%) 0.764
HGS, median (IQR) 20 (16–29.3) 20 (17–26.6) 21.2 (17.2–29.7) 0.755
Low HGS, n (%) 60 (38.7%) 32 (28.8%) 47 (36.7%) 0.228
Low gait speed, n (%) 49 (33.8%) 27 (26.5%) 37 (30.1%) 0.465
Gait speed, median (IQR) 0.9 (0.7–1.2) 0.9 (0.7–1.0) 0.9 (0.8–1.1) 0.881
Sars-CoV2 spike IgG serum level U/ml, median (IQR) 4 (1.6–10) 1.78 (0.9–5.3) 1.35 (0.5–3.7) <0.0001a,b,c ,d

Sars-CoV2 spike IgG serum level BAU/ml, median (IQR) 79.1 (31.6–166.0) 41.2 (19.8–103.5) 27.0 (10.9–62.3) <0.0001a,b,c ,d

Seropositivity, n (%) 152 (80.9%) 101 (73.2%) 98 (57.3%) <0.0001a,c ,d

CVD, Cardiovascular diseases; HT, Hypertension; DM, Diabetes Mellitus; ADL, Activities of daily living; MMSE, Mini-mental State Examination; CFS, Clinical
Frailty Scale; MNA-SF,Mini Nutritional Assessment short-form. aP-value< 0.05 for the comparison between Group 1, 2 and 3. bP value< 0.05 for the comparison
between Group 1 and 2. cP value < 0.05 for the comparison between Group 1 and 3. dP value < 0.05 for the comparison between Group 2 and 3.

measurements were made three times with the dominant
hand in the sitting position, with the elbow bent at 90◦
and the hand in the neutral position. The highest of the
three repeated measurements was used in the analysis.
Cut-off values were taken according to the EWSGOP
revised sarcopenia criteria, the low handgrip strength (HGS)
for women and men, was described as HGS< 16 kg
and<27 kg, respectively [14].

Physical performance

The gait speed measurement was utilised to assess physical
performance. In the four-metres walking test, the patient was
asked to walk at a normal speed (with the auxiliary device if
used) and stop at a specified point, and the elapsed time was
recorded in seconds, then the patient’s walking speed was

calculated in m/s. Values below 0.8 m/s were evaluated in
favour of low physical performance [14].

Assessment of comorbidities

We used the Charlson comorbidity index (CCI) to assess the
patients’ comorbidities. CCI is a commonly used comorbid-
ity index including 17 comorbidities, and it indicates disease
burden with robust estimation of mortality [15, 16].

Detection of SARS-CoV-2 IgG antibody

To measure the level of IgG against SARS-CoV-2, blood
samples were drawn from the patients. Serum samples
were collected by whole blood centrifugation at 4,000 rpm
for 10 min. All samples were stored at –20◦C before
testing. Atellica IM SARS-CoV-2 IgG (sCOVG) assay
(11207386, California, USA) was used to detect IgG against
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the SARS-CoV-2 spike protein receptor-binding domain
and all samples were run in Atellica IM 1600 analyser
(Siemens Healthineers, California, USA). The Atellica IM
sCOVG assay is a fully automated two-step sandwich
immunoassay using chemiluminescent technology with a
measuring interval between 0.50–150.00 Index (U/ml). The
result is reported as non-reactive (negative) if the value
is <1.00 U/ml, and as reactive (positive) if the value is
≥1.00 U/ml. The analytical sensitivity at the cut-off values
for the Atellica IM sCOVG assay was determined using the
World Health Organization First International Standard for
anti-SARS-CoV-2 immunoglobulin (human) NIBSC code:
20/136. The concentration of the reference standard that
corresponds to the cut-off value of 1.00 Index (U/ml) for
the assay is 21.80 BAU/ml [17].

Statistical analyses

Statistical analyses were executed by SPSS version 22.0
(IBM). Variables were investigated using visual (histogram,
probability plots) and analytic methods to determine
whether or not they are normally distributed. Descriptive
statistics were presented as mean± standard deviation
for variables with normal distribution, median (IQR) for
disproportionate variables and the number of cases and (%)
for nominal variables. In terms of median values, when the
group number was two, the differences between the groups
were investigated by Mann–Whitney U test. When the
group number was more than two, the differences between
the groups were investigated by the Kruskal–Wallis test. Chi-
square test or Fisher exact test were performed for categorical
variables to compare the data and Bonferroni correction was
performed when necessary. A P value < 0.05 was considered
statistically significant.

Results

A total of 497 patients with a median (IQR) age of 72
(67–78) years were enrolled in the study, and 305 (61.4%)
patients were female. The median (IQR) number of days
after the 2nd dose of vaccine was 72 (45–97) days. The
seropositivity rate in the whole sample was 70.6% (n= 351).

In order to evaluate the course of the antibody response
over time, patients were divided into three groups according
to the days past after the second dose of the vaccine (Group
1: 28–59 days, Group 2: 60–89 days and Group 3: 90 days
and more), and groups included 188, 148 and 171 patients,
respectively.

Patients in Group 3 were significantly older than other
groups (P < 0.0001). There were no differences between
groups in terms of gender, comorbidities, CGAs, frailty and
functional status (Table 1).

Seropositivity rate decreased over time, and the rate
in each group was 80.9, 73.2 and 57.3%, respectively
(Appendix 1). sCOVG serum level median (IQR) binding

Figure 1. Distribution of antibody titres according to frailty
status.

antibody unit (BAU/ml) for each group was 79.1 (31.6–
166.0), 41.2 (19.8–103.5) and 27.0 (10.9–62.3), respec-
tively (P < 0.0001). In any of the three groups, no significant
difference was found between antibody positive and
negative groups in terms of age, gender, most comorbidities
(exceptions showed in Tables 2 and 3), nutritional status,
number of drugs, falls, low HGS, low gait speed, presence
of adverse reactions and the scores of Basic ADLs, MMSE,
YGDS and clock drowning test (Tables 2–4). Distribution
of seropositivity according to the days past after the second
dose of the vaccine is given in Supplementary Appendices
1. In Groups 1 and 2, the CCI scores were higher in the
seronegative group (P = 0.023 and P = 0.011, respectively)
(Tables 2 and 3). In Group 3, the median (IQR) of IADL,
for seropositive and negative groups were 8 (8–8) and 8
(6–8), respectively (P = 0.025), and prevalence of frailty
was significantly higher in the seronegative group (13.4 vs.
34.3% for seropositive and negative groups, respectively
(P = 0.002), Table 4). In Figure 1, solely for using in the box
blot plot, the logarithmic spike IgG levels were calculated to
exclude outliers.These logarithmic spike IgG levels were only
used in Figure 1 to show the distribution of seropositivity
rate according to the frailty status more comprehensible.

Discussion

Sars-CoV2 infection is a universal challenge and although
Sars-CoV2 infection undoubtedly influenced older
individuals at the forefront, there is still limited data on
the COVID-19 vaccine response in the geriatric population.
However, great strides have been made in vaccination since
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Table 2. Comparison of seropositive and seronegative individuals in Group 1

Sars-CoV2 spike IgG
antibody positive group
n= 152 (80.9%)

Sars-CoV2 spike IgG
antibody negative group
n= 36 (19.1%)

P value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age, median (IQR) 71 (67–76) 72 (68–80.75) 0.272
Female gender n (%) 87 (58%) 22 (61.1%) 0.734
Comorbidities Depression, n (%) 16 (10.2%) 2 (5.6%) 0.533

CVD, n (%) 40 (26.7%) 9 (25.0%) 0.838
HT, n (%) 107 (71.3%) 28 (77.8%) 0.436
DM, n (%) 65 (43.3%) 19 (52.8%) 0.307
Atrial fibrillation, n (%) 13 (8.7%) 3 (8.3%) 0.949
Hypothyroidism, n (%) 27 (18.0%) 7 (19.4%) 0.840
Congestive heart failure, n
(%)

13 (8.7%) 6 (16.7%) 0.215

Rheumatological diseases, n
(%)

13 (8.7%) 7(19.4%) 0.074

Malignancy history, n (%) 18 (12.0%) 7 (19.4%) 0.276
Chronic renal disease, n (%) 6 (4.0%) 2 (5.6%) 0.653
Pulmonary diseases, n (%) 12 (8.0%) 9 (25.0%) 0.008∗ ,∗∗

Basic ADLs, median (IQR) 6 (5.75–6.0) 6 (5.0–6.0) 0.991
Instrumental ADLs, median (IQR) 8 (8–8) 8 (8–8) 0.991
MMSE, median (IQR) 28 (26–30) 27(26–29) 0.377
Geriatric depression scale score, median (IQR) 2(0–5) 1(0–3) 0.204
Clock drawing test, median (IQR) 5 (5–6) 6 (5–6) 0.864
CCI score, median (IQR) 1 (0–2) 2 (1–3) 0.023∗
CFS score, median (IQR) 3 (3–4) 3 (3–4) 0.406
CFS-frailty, n (%) 29 (19.7%) 8 (22.2%) 0.738
MNA-SF score, median (IQR) 14 (12.7–14) 14 (11–14) 0.968
Malnutrition (MNA< 12) 32 (22.2%) 11 (30.6%) 0.294
Number of drugs, median (IQR) 5 (3–7) 6 (3–8) 0.200
Polypharmacy, n (%) 88 (59.9%) 22 (61.1%) 0.891
Falls, n (%) 19 (13.2%) 7 (20.6%) 0.285
HGS, median (IQR) 20.0 (16–29.3) 19.9 (16.2–29.4) 0.392
Low HGS, n (%) 45 (35.7%) 15 (51.7%) 0.111
Low gait speed, n (%) 40 (33.6%) 9 (34.6%) 0.922
Gait speed, median (IQR) 0.90 (0.6–1.2) 0.961 (0.7–1.2) 0.826
Sars-CoV2 spike IgG serum level U/ml, median (IQR) 4.6 (2.5–10) 0.56 (0–0.6) <0.0001∗ ,∗∗ ,∗∗∗
Sars-CoV2 spike IgG serum level BAU/ml, median (IQR) 100.3 (55.1–217.3) 12.3 (0.0–14.2) <0.0001∗ ,∗∗ ,∗∗∗

CVD, Cardiovascular diseases; HT, Hypertension; DM, Diabetes Mellitus; ADL, Activities of daily living; MMSE, Mini-mental State Examination; CFS, Clinical
Frailty Scale; MNA-SF, Mini Nutritional Assessment short-form. ∗Significance at P < 0.05. ∗∗Significance at P < 0.01. ∗∗∗Significance at P < 0.001.

the beginning of the pandemic; older adults, who are likely
to be among the first to be vaccinated, are often excluded in
vaccine studies. Therefore, evaluating the vaccine response
in older adults, who are mostly affected by the pandemic
and may have many confounding factors like frailty and
multiple chronic comorbidities, is essential. In the light of
the CGA, including frailty assessment, this study aimed
to evaluate the antibody response and factors that may
affect it in this particular group. Our findings suggest
that antibody response after two doses of the inactivated
vaccine decreases, especially after 90 days. Furthermore,
to the best of our knowledge, this study is the first
revealing comorbidity burden and frailty as important factors
for COVID-19 vaccine seroconversion in the geriatric
population.

There is still insufficient data for long-term follow-up
of antibody response after COVID-19 vaccination not
only in older adults but also in all age groups. A recent
study on non-immunocompromised healthcare workers

showed a significant decline in neutralising antibody titres
three months after the second dose of BNT162b2 [18].
In addition, Sinopharm’s inactivated COVID-19 vaccine,
which has similar technology with Sinovac’s Coronavac, also
showed decreased antibody production, vaccine effectiveness
and mortality reduction, in older adults [19, 20]. Similar
to the previous studies, we observed a significant decline
in the seroconversion rate over time, particularly if it has
been longer than three months after the second dose. These
findings may support the concerns about the possible short-
lasting humoral immunity response after the two-dose
vaccination schedule, and starting with the older population,
booster doses may be needed to help to pursue seropositivity.

The BAU/ml is the conversion factor determined using
the World Health Organization international standard code
to standardise interlaboratory variability due to different
reagents. However, few studies evaluating the antibody
response of the Sinovac vaccine have used BAU/ml. There-
fore, our study aimed to make qualitative and quantitative

5

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/51/5/afac088/6564409 by U

niversidade de Sao Paulo - EESC
 user on 31 M

ay 2022



828 |    CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

A.Okyar. Baş et al.

Table 3. Comparison of seropositive and seronegative individuals, in Group 2

Sars-CoV2 spike IgG
antibody positive group
n= 101 (73.2%)

Sars-CoV2 spike IgG
antibody negative group
n= 37 (26.7%)

P value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age, median (IQR) 71 (67–75.2) 71 (66.2–75) 0.723
Female gender 66 (67.3%) 23 (63.9%) 0.707
Comorbidities Depression, n (%) 15 (15.3%) 4 (11.1%) 0.537

CVD, n (%) 20 (20.4%) 10 (27.8%) 0.364
HT, n (%) 76 (77.6%) 25 (69.4%) 0.334
DM, n (%) 38 (38.8%) 15 (41.7%) 0.742
Atrial fibrillation, n (%) 6 (6.1%) 5 (13.9%) 0.165
Hypothyroidism, n (%) 24 (24.5%) 4 (11.1%) 0.091
Congestive heart failure, n
(%)

7 (7.1%) 3 (8.3%) 0.728

Rheumatological diseases, n
(%)

2 (2.0%) 7 (19.4%) 0.001∗ ,∗∗

Malignancy history, n (%) 7 (7.1%) 7 (19.4%) 0.055
Chronic renal disease, n (%) 6 (6.1%) 8 (3.8%) 0.701
Pulmonary diseases, n (%) 7 (7.1%) 2 (5.6%) 0.745

Basic ADLs, median (IQR) 6 (5–6) 6 (5–6) 0.331
Instrumental ADLs, median (IQR) 8 (8–8) 8 (8–8) 0.261
MMSE, median (IQR) 28 (25–29) 27.5 (25.7–30) 0.914
Geriatric depression scale score, median (IQR) 2 (0–5) 2.5 (0.7–7) 0.697
Clock drawing test, median (IQR) 6 (2.2–6) 6 (3–6) 0.388
CCI score, median (IQR) 1 (0–1) 1.5 (0–3) 0.011∗
CFS score, median (IQR) 3 (3–4) 3 (3–4) 0.729
CFS-frailty, n (%) 21 (21.9%) 7 (19.4%) 0.761
MNA-SF score, median (IQR) 14 (13–14) 13.5 (12–14) 0.128
Malnutrition (MNA< 8) 13 (14.1%) 7 (20.6%) 0.379
Number of drugs, median (IQR) 5 (3–7) 5 (3–9) 0.719
Polypharmacy, n (%) 20 (55.6%) 55 (56.7%) 0.816
Falls, n (%) 15 (16.5%) 7 (21.2%) 0.542
HGS, median (IQR) 19.4 (16.9–26.6) 23.5 (17.7–27) 0.035∗
Low HGS, n (%) 25 (30.9%) 7 (23.3%) 0.437
Low gait speed, n (%) 17 (23.3%) 10 (34.5%) 0.248
Gait Speed, median (IQR) 0.9 (0.8–1.1) 0.85 (0.6–0.9) 0.382
Sars-CoV2 spike IgG serum level U/ml, median (IQR) 2.9 (1.6–6.5) 0.57 (0–0.7) <0.0001∗ ,∗∗ ,∗∗∗
Sars-CoV2 spike IgG serum level BAU/ml, median (IQR) 61.9 (37.0–131.8) 12.4 (0.0–15.2) <0.0001∗ ,∗∗ ,∗∗∗

CVD, Cardiovascular diseases; HT, Hypertension; DM; Diabetes Mellitus; ADL, Activities of daily living; MMSE, Mini-mental State Examination; CFS, Clinical
Frailty Scale; MNA-SF, Mini Nutritional Assessment short-form. ∗Significance at P < 0.05. ∗∗Significance at P < 0.01. ∗∗∗Significance at P < 0.001.

evaluations by giving both U/ml and BAU/ml values.
Based on a hospital serological study, young healthcare
professionals (mean age: 34.4) who received two doses of
CoronaVac, tested after 60 days, had significantly lower
sCOVG serum levels compared to those who were tested
within 60 days of receiving CoronaVac (111.1± 62.63
vs. 237.4± 160.4 BAU/ml; P < 0.001) [21]. In another
study conducted on participants who received two doses of
CoronaVac with a mean age of 42.3, the median sCOVG
serum level collected after 21–49 days after the second dose
of vaccine was found to be 128 BAU/ml [22]. In our study,
sCOVG serum level median (IQR) BAU/ml for each group
was 79.1 (31.6–166.0), 41.2 (19.8–103.5) and 27.0 (10.9–
62.3), respectively. Compared to the few studies conducted
in young patients, the lower mean BAU values obtained
in a geriatric population may be explained via the factors,
particularly immunosenescence, that reduce ageing related
antibody response. Since this study’s primary aim was not to
compare the age groups, more randomised controlled studies

comparing older and younger adults are needed to prove this
hypothesis.

Vaccine response in the older population is not an
entirely well-understood area due to confounders such as
immunosenescence (qualitative and quantitative deteriora-
tion in immune response due to ageing), frailty and multiple
comorbidities [4, 23].The change of immune organs in older
adults is most obvious in thymus; the activity of thymocytes
and thymic epithelial cells are reduced, the immune
response substances are reduced and therefore immune
function is decreased [24]. In addition, the generation of
activated B cells and immunoglobulin functionality are
important issues [4]. Therefore, immunosenescence may
cause alterations in vaccine response in older adults. Frailty
is a relatively new concept, providing us an integrative
understanding than comorbidities alone of susceptibility
to adverse outcomes [25]. Furthermore, recent studies
show that immunosenescence is not only a consequence of
biological ageing but also a contributor to the variability in

6

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/51/5/afac088/6564409 by U

niversidade de Sao Paulo - EESC
 user on 31 M

ay 2022



 |  829O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

Antibody response with SARS-CoV-2

Table 4. Comparison of seropositive and seronegative individuals, in Group 3

Sars-CoV2 spike IgG
antibody positive group
n= 98 (57.3%)

Sars-CoV2 spike IgG
antibody negative group
n= 73 (42.7%)

P value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age, median (IQR) 75 (68.7–79) 75 (68–81) 0.744
Female gender 63 (64.3%) 4 (54.8%) 0.208
Comorbidities Depression, n (%) 16 (16.3%) 8 (11%) 0.320

CVD, n (%) 29 (29.6%) 19 (26%) 0.608
HT, n (%) 70 (71.4%) 52 (71.2%) 0.978
DM, n (%) 34 (34.7%) 33 (45.2%) 0.164
Atrial fibrillation, n (%) 15 (15.3%) 10 (13.7%) 0.7691
Hypothyroidism, n (%) 8 (18.4%) 10 (13.7%) 0.414
Congestive heart failure, n
(%)

11 (11.3%) 3 (4.1%) 0.090

Rheumatological diseases, n
(%)

7 (7.1%) 8 (11%) 0.383

Malignancy history, n (%) 14 (14.3%) 3 (4.1%) 0.052
Chronic renal disease, n (%) 2 (2%) 6 (8.2%) 0.074
Pulmonary diseases, n (%) 12 (12.2%) 6 (8.2%) 0.396

Basic ADLs, median (IQR) 6 (5–6) 6 (5–6) 0.232
Instrumental ADLs, median (IQR) 8 (8–8) 8 (6–8) 0.025∗
MMSE, median (IQR) 28 (26–29) 28 (24–30) 0.544
Geriatric depression scale score, median (IQR) 2 (1–4) 2 (0–5) 0.769
Clock drawing test, median (IQR) 6 (4–6) 6 (2–6) 0.689
CCI score, median (IQR) 1 (0–2) 1 (0–2) 0.903
CFS score, median (IQR) 3 (3–4) 4 (3–4) 0.028∗
CFS-frailty, n (%) 13 (13.4%) 23 (34.3%) 0.002∗ ,∗∗
MNA-SF score, median (IQR) 14 (11.5–14) 14 (12–14) 0.926
Malnutrition (MNA< 12) 25 (28.1%) 16 (26.7%) 0.849
Number of drugs, median (IQR) 4 (2–6.5) 5 (2–7) 0.662
Polypharmacy, n (%) 54 (55.1%) 46 (63%) 0.299
Falls, n (%) 13 (14.3%) 10 (18.9%) 0.469
HGS, median (IQR) 21 (15.0–28.7) 23 (16.1–27.4) 0.419
Low HGS, n (%) 26 (33.3%) 21 (42%) 0.321
Low gait speed, n (%) 23 (30.7%) 14 (29.2%) 0.860
Gait speed, median (IQR) 0.9 (0.8–1.1) 1 (0.8–1.2) 0.864
Sars-CoV2 spike IgG serum level U/ml, median (IQR) 2.4 (1.37–5.39) 0.5 (0.5–0.59) <0.0001∗ ,∗∗ ,∗∗∗
Sars-CoV2 spike IgG serum level BAU/ml, median (IQR) 52.6 (29.8–117.0) 10.9 (10.9–12.6) <0.0001∗ ,∗∗ ,∗∗∗

CVD, Cardiovascular diseases; HT, Hypertension; DM, Diabetes Mellitus; ADL, Activities of daily living; MMSE, Mini-mental State Examination; CFS, Clinical
Frailty Scale; MNA-SF, Mini Nutritional Assessment short-form. ∗Significance at P < 0.05. ∗∗Significance at P < 0.01. ∗∗∗Significance at P < 0.001.

vulnerability seen with frailty [24, 25]. Current studies have
revealed the impact of frailty on other vaccine responses.
In a study evaluating pneumococcal vaccine response in
older adults, frailty has appeared to be a better predictor
of immune response than age alone [26]. Moreover, many
studies assessing the impact of frailty on influenza vaccine
responses disclosed that frailty was strongly associated with
antibody response as a measure of vaccine efficacy [24].
Although there is a growing body of evidence showing the
relationship between frailty and vaccine response [15, 26],
most of the vaccination studies have not included frail older
adults as a major limitation. In the first report of inactivated
SARS-CoV-2 vaccine, CoronaVac, tested in older adults
(aged ≥ 60 years), used a phase 1/2 study design to assess
the safety of two different doses (3 μg and 6 μg) and
found similar neutralising antibody responses among adults
aged 18–59 years received same doses [27]. However, the
most important limitation of this study was evaluating the
seroconversion rate solely at days 28 and 56 and having
no data on patients’ comorbidities or compressive geriatric

assessments, including frailty. In another Phase 2 vaccine
study conducted on chimpanzee adenovirus vector vaccine
developed by AstraZeneca/Oxford University, people aged
60 and older were included, and similar seropositivity on the
28th day was reported in all age groups. Since, this study is
not providing a follow up after 28 days and excludes older
participants with severe comorbidities and a CFS score of
4 and above, the antibody response in frail older adults has
been unknown [28].

In our study, all patients were evaluated in terms of
frailty via CFS, a frailty scale most often used for cumulative
deficit frailty. Although we observed no relationship between
seroconversion and frailty in Groups 1 and 2 after the second
dose of vaccine, in Group 3, frailty prevalence with CFS was
significantly higher in the seronegative group (P = 0.002).
Even though most studies in the field of vaccination empha-
sise that there might be an age-related decrease in anti-
body response, our study showed no difference between
seropositive and negative groups in terms of age, how-
ever, frailty seems to be associated with antibody response.
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Therefore, frailty might be playing a key role in possible
short-lasting humoral immunity response after the two-dose
vaccination, clarified after 90 days.

Despite the studies focused on the effect of comor-
bidities on non-Sars-CoV2 vaccine response [29], there
is insufficient data about the impact of comorbidity
burden. Although we observed higher scores of CCI in the
seronegative subjects of Groups 1 and 2, no relationship
was found between seroconversion and CCI in Group 3. In
accordance with our findings, in a study with a small group
of haemodialysis patients conducted by Torreggiani et al.,
at the time of the second dose mRNA vaccine (i.e. 3 weeks
after the first dose), low neutralising antibody titers were
observed in the high CCI scored group [30]. In conclusion,
it can be hypothesised that the seroconversion rate, especially
in the early period, may be affected by the burden of
comorbidity.

The main limitation of our study is the cross-sectional
design, which hinders the causal direction of the rela-
tionships seen. Another issue that can be considered as a
limitation is that the prevaccine antibody status of the
patients is not known. Although N-protein IgG measure-
ment is one of the methods that can objectively evaluate
whether patients have had COVID-19 before, it was
not available to make this measurement for this cross-
sectional study. In order to avoid this situation becoming a
limitation, patients were evaluated with all suspicious clinical
symptoms, contacts with people infected with COVID-19
and rt-PCR and thorax computer tomography results were
obtained from the national database since the onset of the
pandemic. Patients were excluded from the study in the
presence of a suspicious/positive history, symptom or result.
In addition, the lack of recurrent antibody measurements
of the same patients also causes limitations in the objective
evaluation of the real-life course of the antibody response.
Furthermore, a follow-up of the patients in terms of
COVID-19 infection could provide essential data on the
vaccine’s effectiveness. Finally, considering that humoral
immune response may not be the sole factor affected by
immunosenescence, further studies evaluating the effect
of cellular immunity on vaccine response may also be
needed.

There are also several strengths of the study. This is the
first study giving information about the inactive COVID-
19 vaccine seroconversion rate proceeding over time in older
adults. Another important strength of this study is showing
the effect of frailty, an essential component of the assessment
of an older individual, on the COVID-19 vaccine response,
as a distinctive feature of the study.

In conclusion; to the best of our knowledge, this is the
first study assessing antibody response after vaccination with
Sars-CoV 2 inactivated vaccine in the Turkish geriatric popu-
lation. We found that the seropositivity rate was significantly
lower in frail geriatric patients after two-dose scheduled
vaccination. These findings may support the necessity
of a third dose vaccination after two doses of inactive
vaccination, especially in the frail older population. Larger

sampled randomised controlled trials are needed to
confirm the association between frailty and COVID-19
vaccine response.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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5.6. CoronaVac shows over 70% effectiveness  
in the elderly in Colombia, study says

A real-world study conducted 
in Colombia showed over 70% 
effectiveness of CoronaVac in 
preventing Covid-19 in the elderly in 
the country. According to the study, 
less than 1% of those over the age 
of 60 immunized with the Butantan 
and Sinovac vaccine died of the 
disease. Published in The Lancet 
Healthy Longevity, the research 
was conducted by the Colombian 
Ministry of Health and Social 
Protection and the Universities of 
the North and Antioquia.

The researchers analyzed data from 
2,828,294 people over the age of 60 
between March and October 2021, 
half of whom had been vaccinated 
against SARS-CoV-2 and the other 
had not. Since CoronaVac was 
the first vaccine approved for this 
population, it was also the most 
applied immunizing agent (683,284 
study participants), followed by 
AstraZeneca (265,730), Pfizer 
(400,136) and Janssen (64,997).

CoronaVac results showed an 
effectiveness of 72.1% against death 

in the population over 60 years of 
age. Less than 1% of the elderly 
vaccinated with the Butantan 
immunizing agent died or needed 
to be hospitalized due to Covid-
19. The overall effectiveness of all 
vaccines in the elderly was 61.6% 
against hospitalizations and 79.8% 
against death.

In all the immunizing agents studied, 
the effectiveness to prevent death 
was 22.6% lower in older adults over 
80 years of age. This is not because 
vaccines don’t work, but because 
aging itself reduces immune 
functions naturally.

“Our findings show the need for 
additional prevention strategies for 
this age group. A booster dose has 
been found to increase the immune 
response, and therefore represents a 
potential solution to the decreased 
effectiveness of vaccines in older 
people,” the authors point out.

Published on: 04/04/2022
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Effectiveness of COVID-19 vaccines in older adults in 
Colombia: a retrospective, population-based study of the 
ESPERANZA cohort
Leonardo Arregocés-Castillo, Julián Fernández-Niño, Maylen Rojas-Botero, Andrés Palacios-Clavijo, Maryory Galvis-Pedraza, 
Luz Rincón-Medrano, Mariana Pinto-Álvarez, Fernando Ruiz-Gómez, Belem Trejo-Valdivia

Summary
Background Although clinical trials showed that vaccines have high efficacy and safety, differences in study designs 
and populations do not allow for comparison between vaccines and age groups. The objective of this study was to 
evaluate the effectiveness of vaccines against COVID-19 in real-world conditions in adults aged 60 years and older 
in Colombia.

Methods In this retrospective, population-based, matched cohort study, we evaluated the effectiveness of vaccines 
against COVID-19-related hospitalisation and death in people aged 60 years and older. The full cohort consisted of 
every person who was eligible to receive a COVID-19 vaccine in Colombia (the ESPERANZA cohort). The exposed 
cohort consisted of older adults who were fully vaccinated with Ad26.COV2-S, BNT162b2, ChAdOx1 nCoV-19, or 
CoronaVac, and who did not have a history of confirmed SARS-CoV-2 infection. The unexposed cohort were people 
aged 60 years and older who had not received any dose of a COVID-19 vaccine during the study period. Participant 
follow-up was done between March 11, 2021, and Oct 26, 2021. Vaccine effectiveness was estimated as 1– hazard ratio 
from cause-specific proportional hazards models in the presence of competing risks. We estimated the overall 
effectiveness of being fully vaccinated, as well as effectiveness for each vaccine, adjusting by main potential confounders. 
The effectiveness of each vaccine was also assessed by age groups (ages 60–69 years, 70–79 years, and ≥80 years).

Findings 2 828 294 participants were assessed between March 11 and Oct 26, 2021. For all ages, the overall effectiveness 
across all assessed COVID-19 vaccines at preventing hospitalisation without subsequent death was 61·6% (95% CI 
58·0–65·0, p<0·0001), 79·8% (78·5–81·1, p<0·0001) for preventing death after hospitalisation with COVID-19, and 
72·8% (70·1–75·3, p<0·0001) for preventing death without previous COVID-19 hospitalisation. The effectiveness of 
all vaccines analysed at preventing death after hospitalisation for COVID-19 was 22·6% lower in adults who were 
aged 80 and older (68·4% [65·7–70·9], p<0·0001) compared with adults aged between 60 and 69 years 
(91·0% [89·0–92·6], p<0·0001).

Interpretation All vaccines analysed in this study were effective at preventing hospitalisation and death from 
COVID-19 in fully vaccinated older adults, which is a promising result for the national vaccination programme 
against COVID-19 in Colombia and in countries where these biologics have been applied. Efforts should be improved 
to increase coverage among older adults. In addition, given that we observed that the effectiveness of vaccines declined 
with increasing age, a booster dose is also justified, which should be prioritised for older adults.

Funding Colombian Ministry of Health and Social Protection.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 
4.0 license.

Introduction
In addition to high rates of mortality,1 the COVID-19 
pandemic has generated one of the largest social, 
economic, and health crises in recent history, exacerbating 
social inequalities between and within countries. With 
the availability of vaccines with proven safety and efficacy, 
which were developed in record time, vaccination, 
together with non-pharmacological measures, became an 
essential resource to manage the pandemic and to control 
the spread of the virus.

People who are 60 years and older have been shown 
to be more likely than younger people to have severe 

COVID-19, require hospitalisation, and die from 
COVID-19.2,3 On Feb 23, 2021, Colombia’s national 
vaccination plan against COVID-19 prioritised vaccinating 
health-care staff and older adults, with the first doses for 
this age group given to people aged 80 years and older.

Colombia has a diverse portfolio of vaccines for 
COVID-19 that were procured mainly on the basis of 
delivery timelines and the number of doses that 
producers offered. Colombia has also negotiated supply 
agreements with five pharmaceutical companies and 
has adhered to the COVAX procurement mechanism. 
Among the purchased vaccines are Ad26.COV2-S, 
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BNT162b2, ChAdOx1 nCoV-19, CoronaVac, and 
mRNA-1273. Vaccine roll-out was done according to 
availability in Colombia. Although BNT162b2 was the 
first vaccine to arrive (in February, 2021), CoronaVac was 
the first to be available in considerable amounts to 
immunise people aged 60 years and older, therefore it 
became the most frequently used biologic in this age 
group. On the contrary, the mRNA-1273 vaccine was the 
last to be available (in July, 2021), and although some 
older adults were immunised with this biologic, we did 
not include these adults in this study because of the short 
time window available to observe the outcomes of 
interest.

These vaccines have shown their efficacy and safety in 
several clinical trials, hence being approved for emergency 
use in Colombia.4–8 All of these vaccines showed a wide 
range in efficacy in preventing a range of COVID-19 
severities, but estimates for preventing severe COVID-19 
and death were highly uncertain because of the low 
sample size and low frequency of these outcomes in these 
trials. Therefore, it is necessary to study the effectiveness 
of vaccines in uncontrolled real-life conditions, especially 
in a highly clinically vulnerable population. Colombia’s 

diverse portfolio of vaccines makes it a good setting for 
evaluating the effectiveness of various vaccines across age 
groups.

In our study, we aimed to compare the effectiveness 
of Ad26.COV2-S, BNT162b2, ChAdOx1 nCoV-19, and 
CoronaVac at preventing hospitalisation and death in 
people aged 60 years and older who were fully vaccinated 
and who had no previously confirmed history of 
SARS-CoV-2 infection (according to the health information 
systems of Colombia), when the mu variant (B.1.621) 
was the most prevalent variant in the country. We aimed 
for evidence generated in this study to inform the 
comprehensive evaluation of the national vaccination plan 
against COVID-19 in Colombia and to support decisions 
made by the Ministry of Health.

Methods
Study design and participants
We conducted a population-based, match-paired cohort 
study to assess the effectiveness of a complete scheme (ie, 
all required doses recommended in the manufacturer’s 
guidelines) of COVID-19 vaccination in people aged 
60 years and older in Colombia without a confirmed 

Research in context

Evidence before this study
We searched OVID MEDLINE and MedRxiv on Dec 15, 2021, to 
identify studies on vaccine effectiveness against COVID-19 in 
people aged ≥60 years using the search terms “Effectiveness”, 
“COVID-19”, “cohort studies”, and “Older adults”, without date, 
language, or article type restrictions. In Spain, a large cohort 
study found that the effectiveness of mRNA COVID-19 vaccines 
at preventing hospitalisations in institutionalised people aged 
≥60 years when fully vaccinated was 88·4% (95% CI 74·9–94·7) 
and 97·0% (91·7–98·9) for preventing deaths. Similar results 
were found in Catalonia in a retrospective cohort study that 
analysed 28 456 nursing home residents who were vaccinated 
with BNT162b2, which showed an adjusted effectiveness in 
people who were fully vaccinated of 95·0% (93·0–96·0) for 
preventing hospital admission and 97·0% (96·0–98·0) for 
preventing death by COVID-19. Also, a cohort study was 
conducted in Portugal in 1·8 million people who were aged 
65 years and older to evaluate the effectiveness of mRNA 
vaccines against COVID-19 hospitalisations and deaths. This 
study found a reduction in the risk of hospitalisation in fully 
vaccinated older adults of 59·0% (95% CI 32·0–76·0) and a 
reduction in the risk of death in the same population of 
81·0% (73·0–87·0). In a national cohort of people aged 
16 years or older in Chile who were immunised with 
CoronaVac, the subgroup of older adults (aged ≥60 years) who 
were fully immunised had an adjusted effectiveness of 
89·2% (87·6–90·6) for preventing the admission to the 
intensive care unit, and 86·5% (84·6–88·1) for preventing 
COVID-19-related death. Other studies that evaluated the 
effectiveness of vaccines in older adults did not analyse 

effectiveness in fully vaccinated older adults or did not have a 
sufficient follow-up time to assess the effectiveness in 
preventing death. The studies found present methodological 
differences (including the study population and predominant 
variant during the period of analysis). Furthermore, published 
articles focused on the effectiveness of mRNA COVID-19 
vaccines. Only few studies were available that compared the 
effectiveness of various vaccines in older populations, 
including various vaccine platforms.

Added value of this study
This study presents real-world evidence for the effectiveness of 
Ad26.COV2-S, BNT162b2, ChAdOx1 nCoV-19, and CoronaVac 
vaccines, disaggregated by vaccine and age group, in people 
aged 60 years and older who were fully vaccinated and had no 
previous confirmed history of SARS-CoV-2 infection. Our results 
suggest that increasing age reduces the effectiveness of 
immunisation against COVID-19 and that the vaccine or 
vaccine platform used might also be associated with reduced 
effectiveness.

Implications of all the available evidence
In this study we provide evidence of reduced effectiveness of 
COVID-19 vaccines in people aged 70 years and older in 
Colombia, after adjusting for many confounders. Other 
studies have shown that additional doses rapidly increase 
antibody titters, hence offering an additional dose to those at 
higher risk of breakthrough infection might increase 
protection. These results support the use of a booster dose in 
people aged 60 years and older, regardless of the vaccine used.
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history of SARS-CoV-2 infection. The data used in this 
study was collected by the Ministry of Health and Social 
Protection of Colombia and the National Institute of 
Health.

The full cohort consisted of every person who was 
eligible to receive a COVID-19 vaccine in Colombia (the 
ESPERANZA cohort). In this study, we included people 
aged 60 years and older, which, in 2021, was projected 
to be 7 107 914 individuals, according to the National 
Administrative Department of Statistics. Data for each 
cohort member was identified by searching each 
individual’s personal identification number (using an 
anonymised code) across several databases: (1) MiVacuna, 
which collected sociodemographic data of all people who 
were eligible to receive a COVID-19 vaccine; (2) PAIWEB, 
an individual-level vaccine registry; (3) SEGCOVID, 
which provides follow-up data of confirmed COVID-19 
cases; (4) RUAF-ND, which provides a registry of all 
deaths, including the cause of death; and (5) the high-
cost disease registry (Cuenta de Alto Costo), which 
provides data for patients by disease diagnosis (eg, 
chronic kidney disease, hypertension, diabetes, cancer, 
and HIV). These information sources are part of the 
integrated information system for social protection and 
satisfy the information quality standards defined in this 
framework. A flowchart of the database preparation is 
included in the appendix (p 1).

In this study, we included all people aged 60 years and 
older who had a complete scheme of COVID-19 
vaccination or who had not received any dose of a 
COVID-19 vaccine. Therefore, the exposed (vaccinated) 
individuals in the cohort included people who had been 
immunised with two doses of BNT162b2, ChAdOx1 
nCoV-19, or CoronaVac, or with one dose of Ad26.COV2-S; 
the unexposed (non-vaccinated) individuals in the cohort 
consisted of people who had not received any dose of a 
COVID-19 vaccine during the entire study period. We 
excluded individuals with a confirmed diagnosis of 
COVID-19 before enrolment in the cohort (we used 
SEGCOVID  to identify those individuals who had a 
previous confirmed SARS-CoV-2 infection), as well as 
individuals with  heterologous vaccination, and those who 
were diagnosed, hospitalised, or who had died from 
COVID-19 within the 14 days following any dose of a 
vaccine. We also excluded individuals who had incomplete 
records.

This study complies with the scientific, technical, and 
administrative regulation for human health research in 
Colombia, which classifies this study as research without 
risk as it only used secondary data sources of anonymised 
information. This study does not therefore require the 
review or approval of a research ethics committee.

Procedures
Individuals who met the inclusion criteria were 
first allocated to groups according to their characteristics 
(ie, potential confounders): sex; age at the time of 

vaccination (for those vaccinated; in one-year categories); 
being diagnosed with cancer, diabetes, chronic kidney 
disease, hypertension, or HIV, which have been shown 
to be risk factors for severe COVID-19 and mortality 
from COVID-19;9,10 health system regime affiliation 
(contributory or subsidised); and municipality of resi-
dence (or department of residence when municipality 
was missing). For identifying the covariates that should 
be considered in the matching and adjusting process, we 
created a directed acyclic graph. These groups were then 
separated into the exposed and the unexposed groups. 
Individuals in each group (exposed and unexposed) were 
assigned a random number from a uniform distribution 
(from zero to the last number, indicating the last 
individual in each subgroup that shares the same 
characteristics given by the matching variables). For each 
group, random numbers were generated, and a couple 
was generated by matching each individual of the 
exposed cohort, as the individual was vaccinated, with an 
individual randomly selected from the unvaccinated 
cohort group that had the same characteristics given by 
the variables used for matching (ie, sex, age at the time of 
vaccine for those vaccinated [in 1-year categories]; being 
diagnosed with cancer, diabetes, chronic kidney disease, 
hypertension, or HIV diagnosis; health system affiliation 
regime [contributory or subsidised]; and municipality 
of residence [or department of residence when munici-
pality was missing]). The unvaccinated individual 
was therefore assigned the same start of follow-up as 
their vaccinated counterpart. When the unvaccinated 
individual had an event (hospitalisation or death) before 
14 days after the vaccination of their vaccinated 
counterpart, that unvaccinated individual was replaced 
by the next unvaccinated individual in the defined order. 
This process was done iteratively until all the possible 
pairs were formed within each group. Individuals who 
were not matched were excluded from the analysis and 
no one was matched more than once.

Outcomes
The primary outcomes of interest in this study were 
hospitalisations and deaths from COVID-19. We used the 
definitions recommended by WHO for surveillance of 
COVID-19.11 Death from COVID-19 was defined as death 
that resulted from clinically compatible illness in a 
probable or confirmed COVID-19 case, unless there was 
a clear alternative cause of death that could not be related 
to COVID-19, without a defined period of complete 
recovery between illness and death.12

 During the observation period, each individual 
provided a specific follow-up duration. The follow-up 
duration for each vaccinated–unvaccinated pair began 
15 days after the vaccinated individual in the pair 
received their last dose (the time period for the vaccine to 
induce the immune response), the day of the event 
(hospitalisation or death from COVID-19), or individual 
censoring. We had three types of right-censoring: people 

See Online for appendix

For the directed acyclic graph 
see http://dagitty.net/dags.
html?id=W1Li3g
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who died from causes other than COVID-19, those who 
received a booster dose of the vaccine, and those who 
finished the follow-up and observation period without 
having presented the outcome of interest. Furthermore, 
to control for immortal time bias, outcomes that occurred 
within 14 days of completion of the vaccination scheme 
were not considered in the analysis.

Statistical analysis
We conducted a descriptive analysis of participants 
according to the exposure (ie, whether a vaccine was 
received, and type of vaccine received). Quantitative 
variables were summarised as median and IQR, and 
qualitative variables as percentages. We also used Kaplan-
Meier estimates and risk tables to describe time to 
hospitalisation and time to death from COVID-19 across 
the entire cohort, by age groups (ie, ages 60–69 years, 
70–79 years, and ≥80 years), and by vaccine received.

Because events compete over time (ie, hospitalisation 
with death as a competing risk), we used a competing 
risk survival analysis by creating a cause-specific Cox 
regression model with time of the event or the censored 
time-to-event. From these data we identified three 
possible outcomes: (1) hospitalisation without 
subsequent death; (2) death after hospitalisation for 
COVID-19; and (3) death without a previous record of 
hospitalisation for COVID-19.

Vaccine effectiveness was estimated as 1 – hazard ratio 
(HR) from cause-specific proportional hazards models in 

the presence of competing risks. First, we estimated 
overall effectiveness (across all vaccines) by including a 
single exposure variable in the model (ie, being 
vaccinated or unvaccinated) and the matched pairs as a 
stratum, which allowed us to include the correlation 
structure among pairs. Thereafter, given that the specific 
vaccine was not included in the matching process, we 
estimated the effectiveness for each vaccine and age 
group in separate models that were adjusted for sex, age, 
diagnosis of hypertension, diabetes, cancer, kidney 
disease, or HIV, and health system affiliation regime.
Municipality of residence was included as a random 
intercept (in these models, we did not include the 
matched pairs as a stratum). For identifying the covariates 
that should be considered in the matching and adjusting 
process, we created a directed acyclic graph.

We verified the proportional hazards assumptions by 
checking the logarithms of the accumulated risks for 
vaccinated and unvaccinated cohorts, confirming that 
differences between the curves were constant over time. 
We also evaluated if the log (survival) and log (t) curves 
were parallel, and we did two sensitivity analyses for 
misclassification bias. For the first analysis, we randomly 
changed a proportion of non-vaccinated individuals 
to being fully vaccinated with any vaccine, which was 
done to explore how much vaccine effectiveness would 
change if we had 25%, 50%, and 75% of registered 
non-vaccinated individuals as fully vaccinated, which 
addresses problems such as a lag in reporting vaccination. 

Ad26.COV2-S 
(n=64 997)

BNT162b2 
(n=400 136)

ChAdOx1 
nCoV-19 
(n=265 730)

CoronaVac 
(n=683 284)

Fully vaccinated 
with any vaccine 
(n=1 414 147)

Unvaccinated 
(n=1 414 147)

Age

Median, years 65·0  
(62·0–70·0)

66·0 
(63·0–69·0)

66·0 
(63·0–70·0)

72·0 
(64·0–80·0)

68·0 
(63·0–75·0)

68·0 
(63·0–75·0)

Age group

60–69 years 48 553 (74·7%) 301 302 (75·3%) 188 934 (71·1%) 282 196 (41·3%) 820 205 (58·0%) 820 205 (58·0%)

70–79 years 13 064 (20·1%) 87 630 (21·9%) 69 621 (26·2%) 219 334 (32·1%) 390 304 (27·6%) 390 304 (27·6%)

≥80 years 3380 (5·2%) 11 204 (2·8%) 7175 (2·7%) 181 754 (26·6%) 203 638 (14·4%) 203 638 (14·4%)

Sex

Male 34 118 (52·8%) 175 260 (43·8%) 128 879 (48·5%) 308 161 (45·1%) 646 265 (45·7%) 64 626 (45·7%)

Female 30 679 (47·2%) 224 876 (56·2%) 136 851 (51·5%) 375 123 (54·9%) 767 882 (54·3%) 767 882 (54·3%)

Affiliation regime to the health system

Contributory 12 674 (19·5%) 194 066 (48·5%) 104 698 (39·4%) 263 748 (38·6%) 575 558 (40·7%) 575 558 (40·7%) 

Subsidised 52 323 (80·5%) 206 070 (51·5%) 161 032 (60·6%) 419 536 (61·4%) 838 589 (59·3%) 838 589 (59·3%)

Comorbidities

At least one comorbidity 10 725 (16·5%) 102 435 (25·6%) 67 230 (25·3%) 204 302 (29·9%) 384 648 (27·2%) 384 648 (27·2%)

Cancer 325 (0·5%) 4401 (1·1%) 2657 (1·0%) 6833 (1·0%) 14 141 (1·0%) 14 141 (1·0%)

Diabetes 2665 (4·1%) 28 810 (7·2%) 18 601 (7·0%) 51 246 (7·5%) 101 818 (7·2%) 101 818 (7·2%)

Chronic kidney disease 1235 (1·9%) 14 405 (3·6%) 9034 (3·4%) 38 264 (5·6%) 62 222 (4·4%) 62 222 (4·4%)

Hypertension 9880 (15·2%) 93 232 (23·3%) 61 915 (23·3%) 192 686 (28·2%) 357 779 (25·3%) 357 779 (25·3%)

HIV 65 (0·1%) 400 (0·1%) 266 (0·1%) 0 1414 (0·1%) 1414 (0·1%)

Data are median (IQR) or n (%). On account of the matching process, data for vaccinated and unvaccinated cohorts are identical.

Table 1: Social, demographic, and medical characterisation of study participants by vaccine
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The second sensitivity analysis tested the assumption 
that the 206  607 individuals with missing information on 
the first vaccination dose (who were excluded from the 
main analysis), were, in fact, fully vaccinated individuals 
(appendix pp 2–5).

We used R (version 4.1.0), survival packages 3.2 to 11 (to 
estimate Kaplan-Meier functions) and risk regression 
(version 2020.12.08, for the competing risk Cox model) 
for the analyses.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
The 230-day observation period ran from March 11 to 
Oct 26, 2021, during which each individual provided a 
specific follow-up time between the 15th day after 
completion of the vaccination schedule of the exposed 
individual in the couple and the day of the individual 
event or date of censoring. The median time of follow-up 
was 118 days (IQR 88–156), with longer follow-up time 
for individuals vaccinated with CoronaVac and shorter 
time for individuals who received ChAdOx1 nCoV-19 and 
Ad26.COV2-S. Of the individuals aged 60 years and 
older who were prioritised to receive a COVID-19 
vaccine, we excluded 1 564 092 records because these 
individuals died before the study observation period, had 
data quality issues, or met at least one exclusion criterion 
(appendix p 1). The last consultation of any of these 
databases was made on Nov 3, 2021.

We analysed a total of 2 828 294 individuals, who were 
assigned in a 1:1 ratio to the exposed group or to the 
unexposed group matched by sex, age, health system 
affiliation status, presence of comorbidities (ie, 
hypertension, diabetes, chronic kidney disease, HIV, or 
cancer), municipality of residence, and an approximation 
of follow-up time.

Hence, because of the matching process, vaccinated 
and unvaccinated individuals had comparable socio-
demographic and clinical characteristics. However, there 

were differences in these characteristics according to the 
vaccine administered (table 1).

The cohort consisted of mostly women (1 535 764 [54·3%] 
of 2 828 294 participants), with a median age of 68 years 
(IQR 12 years [63–75]). 1 677 178 (59·3%) of 2 828 294 par-
ticipants were affiliated to the subsidised health system 
regime. 769 296 (27·2%) had at least one underlying 
disease identified as a risk factor for becoming seriously 
ill and dying from COVID-19. As CoronaVac was the first 
vaccine to be available in the country for mass use, people 
vaccinated with CoronaVac were older than people who 
received the other vaccines (table 1).

Table 2 shows the occurrence of each main outcome by 
vaccine manufacturer. The median follow-up time was 
118 days (IRQ 89–156) for all individuals who were fully 
vaccinated with any vaccine and 117 days (87–156) for all 
unvaccinated individuals. As Coronovac was the first 
vaccine available to older adults in Colombia, the longest 
follow-up time was for this vaccine (median 146 days; 
IQR 112–171). The shortest follow-up time was for 
ChAdOx1 nCoV-19 (70 days; 60–78 days), owing to the 
longer interval needed between doses to finish the 
schedule.

The risk of hospitalisation and death due to COVID-19 
was higher in the unvaccinated cohort, as shown in the 
Kaplan-Meier survival curves (long rank test p<0·0001; 
figure 1).

For people aged 60 years and older, the effectiveness of 
the COVID-19 vaccines in preventing hospitalisations 
and deaths ranged between 61·6% and 79·8% (table 3). 
For any vaccine, the effectiveness for preventing 
hospitalisation without death was 61·6% (95% CI 
58·0–65·0, p<0·0001) across all age groups, with the 
highest effectiveness in adults aged 60–69 years 
(76·1% ([71·2–80·2], p<0·0001) and the lowest in adults 
aged 80 years and older (46·9% [38·5–54·1], p<0·0001).

The effectiveness across all vaccines analysed for 
preventing death after hospitalisation was 79·8% (95% CI 
78·5–81·1, p<0·0001) across all ages, with the highest 
effectiveness in adults aged 60–69 years (91·0% 
[89·0–92·6], p<0·0001) and the lowest effectiveness in 
adults aged 80 years and older (68·4% [65·7–70·9], 

Ad26.COV2-S 
(n=64 997)

BNT162b2 
(n=400 136)

ChAdOx1 
nCoV-19 
(n=265 730)

CoronaVac 
(n=683 284)

Fully vaccinated 
with any vaccine 
(n=1 414 147)

Unvaccinated 
(n=1 414 147)

Outcomes

Hospitalisation without death 17 (<1%) 71 (<1%) 19 (<1%) 555 (<1%) 662 (<1%) 1684 (<1%)

Death after hospitalisation 17 (<1%) 56 (<1%) 15 (<1%) 1061 (<1%) 1149 (<1%) 5413 (<1%)

Death without hospitalisation 2 (<1%) 42 (<1%) 12 (<1%) 511 (<1%) 567 (<1%) 1987 (<1%)

Time of follow-up

Median, days 88·0 
(74·0–94·0)

135·0 
(110·0–151·0)

70·0 
(60·0–78·0)

146·0 
(112·0–171·0)

118·0 
(89·0–156·0)

117·0 
(87·0–156·0)

Data are n (%) or median (IQR).

Table 2: Occurrence of main studied outcomes through the study period by vaccine



838 |    CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

Articles

e247 www.thelancet.com/healthy-longevity   Vol 3   April 2022

p<0·0001). Finally, the effectiveness across all vaccines 
for preventing death without hospitalisation was 
72·8% (70·1–75·3, p<0·0001), being higher in adults 
aged 60–69 years (87·6% [83·4–90·7], p<0·0001), 
reducing to 78·9% (74·6%–82·4%, p<0·0001) in adults 
aged 70–79 years, and 61·2% (56·3–65·6, p<0·0001) in 
those aged 80 years and older.

Table 3 also shows the effectiveness of each vaccine by 
age group. We observed high effectiveness for every 

vaccine analysed, particularly for preventing death. 
BNT162b2 and ChAdOx1 nCoV-19 were most effective at 
preventing all outcomes of interest, with overlapping CIs 
in people aged 60–79 years. Across all age groups, the 
effectiveness of BNT162b2 in preventing hospitalisation 
without death was 83·0% (95% CI 78·4–86·6, p<0·0001), 
94·8% (93·3–96·0, p<0·0001) in preventing death after 
hospitalisation, and 88·3% (84·1–91·4, p<0·0001) in 
preventing death without hospitalisation. Regarding 

Figure 1: Kaplan-Meier survival curves for adults aged 60 years and older in Colombia
(A) Time to hospitalisation due to COVID-19. (B) Time to death due to COVID-19. HR=hazard ratio.
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B Time to death due to COVID-19
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ChAdOx1 nCoV-19, across all age groups, effectiveness 
in preventing hospitalisation without death was 
90·8% (85·5–94·2, p<0·0001), 97·5% (95·8–98·5, 
p<0·0001) in preventing death after hospitalisation, 
and 93·9% (89·3–96·6, p<0·0001) in preventing 
death without hospitalisation. For ChAdOx1 nCoV-19, the 
estimators of effectiveness for each outcome were very 
similar for the different age groups.

CoronaVac, although showing a high effectiveness in 
preventing all outcomes, had a lower effectiveness 
compared with BNT162b2 and ChAdOx1 nCoV-19, with 
some of the CIs not overlapping (table 3, figure 2). 
CoronaVac prevented hospitalisation without death in 
47·3% (95% CI 41·9–52·3, p<0·0001) of participants, 
prevented death after hospitalisation in 72·1% (70·1–73·9, 
p<0·0001) of partici pants, and prevented death without 
hospitalisation in 64·9% (61·2–68·2, p<0·0001) of 
participants. The effectiveness of the CoronaVac vaccine 
showed a clear tendency to decrease with age. For 
instance, for adults aged 80 years and older, CoronaVac 
was 43·4% (34·5–51·2, p<0·0001) effective at preventing 
hospitalisation without death, 66·3% (63·4–69·0, 
p<0·0001) effective at preventing death after hospitali-
sation, and 59·1% (53·8–63·7, p<0·0001) effective at 
preventing death without hospitalisation.

Finally, regarding Ad26.COV2-S, this vaccine prevented 
hospitalisation without death in 60·9% (95% CI 
36·8–75·8, p<0·0001) of participants, prevented death 
after hospitalisation in 85·8% (77·1–91·2, p<0·0001) of 
participants, and prevented death without hospitalisation 
in 95·5% (82·0–98·9, p<0·0001) of participants. It is 
possible that the estimates by interval of the effectiveness 
by age group of this vaccine were imprecise given the 
small sample size and low numbers of participants 
vaccinated by this vaccine, so it was not possible to 
establish if there were significant differences.

In brief, the effectiveness of the vaccines evaluated 
decreased with age. We found better outcomes among 
people aged 60–69 years, followed by those aged 
70–79 years, with the lowest effectiveness in people aged 
80 years and older (figure 2). Although all the vaccines 
analysed showed a reduction in effectiveness as age 
increased, this reduction was greater for the CoronaVac 
vaccine.

For some of the vaccines evaluated, a point estimate of 
vaccine effectiveness could not be estimated because no 
outcomes occurred in that age group. In other instances, 
the CIs were wide because of the low number of people 
who received that specific vaccine, or the short duration of 
follow-up. Results of both sensitivity analyses were 
consistent with results of our primary analyses, suggesting 
that results are robust and consistent (appendix pp 4–5).

Discussion
We conducted a retrospective, national-cohort study to 
evaluate the effectiveness of vaccines against COVID-19 in 
people aged 60 years and older in Colombia. We included 

individuals who received the complete vaccination 
schedule between March 11 and Oct 26, 2021, when the 
mu variant was the most prevalent in the country. The 
results of this study confirm the high effectiveness of the 
available vaccines in Colombia for preventing 
hospitalisations and deaths due to COVID-19. These 
results are congruous with those reported by vaccine 
manufacturers, obtained from controlled clinical trials.4–7

For all vaccines studied, we found an overall 
effectiveness of 61·6% for preventing hospitalisation 
without subsequent death, 79·8% for preventing death 
after hospitalisation, and 72·8% for preventing death 
without previous hospitalisation. These results are 
similar to those found in similar populations in other 
countries. A study13 done in fully vaccinated older long-
term care residents in Spain found that the effectiveness 
of mRNA COVID-19 vaccines in preventing 
hospitalisations was 88·4% (95% CI 74·9–94·7) and 
97·0% (91·7–98·9) for preventing death. Similarly, a 

Hospitalisation without 
death (95% CI); 
n=2 828 294

Death after 
hospitalisation (95% CI); 
n=2 828 294

Death without 
hospitalisation (95% CI); 
n=2 828 294

Any vaccine

Total 61·6% (58·0–65·0) 79·8% (78·5–81·1) 72·8% (70·1–75·3)

60–69 years 76·1% (71·2–80·2) 91·0% (89·0–92·6) 87·6% (83·4–90·7)

70–79 years 60·8% (54·6–66·2) 85·0% (83·1–86·7) 78·9% (74·6–82·4)

≥80 years 46·9% (38·5–54·1) 68·4% (65·7–70·9) 61·2% (56·3–65·6)

Ad26.COV2-S

Total 60·9% (36·8–75·8) 85·8% (77·1–91·2) 95·5% (82·0–98·9)

60–69 years 45·8% (7·5–68·2) 85·0% (69·9–92·5) 95·0% (64·2–99·3)

70–79 years 77·9% (31·1–92·9) 88·6% (72·5–95·3) 93·4% (52·7–99·1)

≥80 years ·· 81·9% (51·7–93·2) ··

BNT162b2

Total 83·0% (78·4–86·6) 94·8% (93·3–96·0) 88·3% (84·1–91·4)

60–69 years 84·0% (77·8–88·5) 94·0% (91·4–95·8) 88·1% (81·3–92·4)

70–79 years 81·3% (72·5–87·3) 96·2% (93·9–97·6) 89·9% 82·9–94·1)

≥80 years 79·3% (49·9–91·4) 92·7% (85·4–96·4) 83·4% (66·6–91·7)

ChAdOx1 nCoV-19

Total 90·8% (85·5–94·2) 97·5% (95·8–98·5) 93·9% (89·3–96·6)

60–69 years 88·4% (79·4–93·5) 98·3% (95·4–99·4) 93·7% (84·9–97·4)

70–79 years 92·4% (84·0–96·4) 96·6% (93·7–98·2) 95·7% (88·4–98·4)

≥80 years ·· 98·0% (85·7–99·7) 86·5% (57·9–95·7)

CoronaVac

Total 47·3% (41·9–52·3) 72·1% (70·1–73·9) 64·9% (61·2–68·2)

60–69 years 63·4% (52·8–71·6) 83·3% (78·5–87·1) 82·5% (73·7–88·3)

70–79 years 44·0% (34·5–52·2) 78·1% (75·1–80·7) 70·7% (64·4–76·0)

≥80 years 43·4% (34·5–51·2) 66·3% (63·4–69·0) 59·1% (53·8–63·7)

All estimators were statistically significant (p<0·0001). The results for any vaccine were obtained from a cause-specific 
Cox regression model, in which each pair of vaccinated and unvaccinated individuals represented a stratum within the 
model, according to the study design. The results for each vaccine were obtained from multivariate cause-specific Cox 
regression models, which were adjusted by age, sex, affiliation regime to the Colombian health system, cancer, 
diabetes, hypertension, kidney disease, and HIV, with a random effect for municipality of residence. The reference 
group corresponds to people who have not received any dose of the COVID-19 vaccine.

Table 3: Effectiveness of vaccines in preventing hospitalisation and death due to COVID-19 in adults aged 
60 years and older in Colombia
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retrospective cohort study14 in Catalonia, which analysed 
28 456 nursing home residents who were vaccinated with 
BNT162b2, had an adjusted effectiveness in those who 
were fully vaccinated of 95·0% (93·0–96·0) for 
preventing hospital admission and 97·0% (96·0–98·0) 
for preventing death. Also, a cohort study15 done in 
Portugal evaluated the effectiveness of mRNA vaccines 
against COVID-19 hospitalisations and deaths in 
1·8 million people who were aged 65 years and older and 
found a reduction in the risk of hospitalisation (59·0% 
[32·0–76·0]) and death (81·0% [73·0–87·0]) in fully 
vaccinated older adults.

In our study, vaccine effectiveness was negatively 
correlated with older age, regardless of the vaccine used, 
but not all vaccine platforms were affected the same. 
Among the vaccines included in this study, viral vector 
and mRNA vaccines were associated with higher 
effectiveness with increasing age than inactivated virus 
vaccines. Colombia used CoronaVac for the prioritised 
older population because it was the first vaccine to be 
available in sufficient quantities. Although mRNA 
vaccines have a higher vaccine effectiveness than 

CoronaVac, waiting several months for them to become 
available in Colombia would have been an unnecessary 
risk. This rationale had already been suggested by other 
authors, in which early vaccination with less effective 
biologics outweighed the advantages of waiting for other, 
more effective vaccines to become available.16

In Chile, one study17 analysed a national cohort of 
people aged 16 years or older who were immunised 
with CoronaVac. In the subgroup of older adults (aged 
60 years and older) who were fully immunised, 
CoronaVac was 89·2% (95% CI 87·6–90·6) effective at 
preventing older adults from admission to the intensive 
care unit, and 86·5% (84·6–88·1) effective at preventing 
COVID-19-related death. Other studies that evaluated 
the effectiveness of vaccines in older people did not 
analyse vaccine effectiveness in older adults who were 
fully vaccinated or did not have a sufficient follow-up 
time to assess the effectiveness of preventing death.18

These studies present methodological differences, 
including the study population and predominant variant 
during the period of analysis, thus the above studies 
should be compared against our results carefully. 

Figure 2: Forest plot of vaccine effectiveness at preventing hospitalisation and death due to COVID-19 in adults aged 60 years and older in Colombia
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Furthermore, these other studies focused on mRNA 
COVID-19 vaccines.5,8,13,15 Only a small number of studies 
are available for comparing the effectiveness of various 
vaccines in older populations, including various vaccine 
platforms.18,19

We observed that the effectiveness across vaccines in 
preventing death after hospitalisation decreased by 
22·6% and decreased by 26·4% in preventing death 
without previous hospitalisation for those aged 80 years 
and older compared with adults aged 60–69 years.  
Possible explanations for this lower effectiveness include 
the greater probability of pre-existing conditions in older 
people, in conjunction with age-related frailty20 and 
immunosenescence, which can cause poor responses to 
vaccination.21 These results are congruent with those 
presented in other studies.22,23

Older adults have already been identified as the 
population with the highest risk of severe illness and 
death from COVID-19. Our findings show the need for 
additional prevention strategies for this age group. A 
booster dose has been found to increase the immune 
response, and therefore represents a potential solution to 
the decreased effectiveness of vaccines in older people.24 
On the basis of our findings, Colombia started offering 
booster doses to people aged 50 years and older from 
early October, 2021.

The mu variant was predominant in Colombia 
throughout the observation period. Although there is no 
information on genomic sequencing in instances of 
breakthrough infections, the high observed effectiveness 
of vaccines indirectly suggests that all vaccines used in 
Colombia confer adequate protection against this variant 
and other variants circulating during the study period. 
However, our study was not able to assess the 
effectiveness of vaccines for any specific variant of 
SARS-CoV-2, given that the evaluated outcomes did not 
distinguish the variant involved in the clinical course of 
the patients. Therefore, our results could not be totally 
extrapolated to other contexts in which other variants are 
predominant.

The differences in self-selection to access the 
application of the vaccines could be a source of 
confounding in this study (eg, an unvaccinated adult 
might also be less likely to wear a mask or take 
precautions, thereby exposing themselves to greater risk 
of infection, which could contribute to the observed 
differences). However, we consider that this bias, if 
present, would have only a small effect on the estimations. 
This is because, first, according to previous surveys of 
vaccination intention in Colombia, older adults had a 
high willingness to get vaccinated. Second, vaccination 
coverage in older adults at the end of December, 2021, 
was above 90%, which confirms that vaccine hesitancy 
was not an issue in this age group. Finally, according to 
international evidence, one of the factors associated with 
refusal to be vaccinated is social class. This factor was 
partly controlled for in this study by adjusting for 

affiliation regime to the health system, which is a strong 
proxy indicator of social class in Colombia.

However, as any cohort study, this different propensity 
to be exposed (vaccinated in this instance) could be 
related to unobserved (or unobservable) variables that 
could affect the estimates. It should be considered that 
this might mean that unvaccinated people did not get 
vaccinated because of individual characteristics that are 
also associated with a higher risk of infection, such as 
lower self-care, which could lead to overestimating the 
effect.

Thus, because there are many factors that influence 
whether people are vaccinated, and the bias could either 
lead to overestimation or underestimation of the 
observed effectiveness estimates, this is a limitation of 
the study. However, this limitation is minimised because 
of the high willingness and rate of vaccination in 
Colombia, as well as the study indirectly controlling for 
social class in this age group and by the matching process 
in the design.

We identified delays in reporting to the individual-level 
vaccination registry system (PAIWEB), which introduced 
a high probability of misclassification bias. The 
vaccinated population who had not been registered as 
such is likely to have reduced the differences in risk for 
outcomes of interest between the exposed cohort and the 
unexposed cohort. This bias tended to underestimate the 
observed effectiveness, so we believe that the presented 
estimators are lower than the actual effectiveness values. 
We conducted a sensitivity analysis in which we randomly 
changed a proportion of non-vaccinated individuals as 
being fully vaccinated with any vaccine, equal to the 
estimated proportion of people fully vaccinated but not 
registered as such (appendix p 4). By the cutoff date 
(Oct 26), approximately 24% of those vaccinated had not 
been registered, although people aged 60 years and older 
were more likely to be reported because they were the 
first to be vaccinated. Results of this analysis suggest a 
higher vaccine effectiveness when individuals in the 
unexposed cohort were randomly assigned as being 
exposed, suggesting that our observed effectiveness was 
underestimated.

Another limitation of our study was that 2 06 607 people 
had a record labelled as a second dose, but without the 
first dose being registered. These records were excluded 
from our analysis. A sensitivity analysis that included all 
records, assuming that all individuals were fully 
vaccinated, showed similar results to our primary 
analysis and did not show a significant increase in overall 
vaccination effectiveness, suggesting that these records 
might correspond to mislabelling and that our estimates 
are robust.

Another limitation of this study is the short follow-up 
period for people vaccinated with Ad26.COV2-S and 
ChAdOx1 nCoV-19, which led to a small number of 
observed events, especially for Ad26.COV2-S, and therefore 
lower precision of the estimators. For future studies, we 
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recommend repeating this analysis with a longer follow-up 
period. Moreover, it was not possible to control for other 
possible confounding variables, such as frailty or residing 
in nursing homes, among others. So, it is possible that our 
results have some residual confounding.

Our study had several strengths. To the best of our 
knowledge, this study is the first investigation to analyse 
and report the effectiveness of four different vaccines 
against COVID-19 in older adults disaggregated by age 
group. There have only been few publications that 
compare inactivated virus vaccines with mRNA and viral 
vector vaccines in the same country in high-risk 
populations. This makes our study relevant for countries 
where inactivated virus vaccines were widely used in 
older populations to act towards better protecting those 
at higher risks of severe illness from COVID-19. In 
addition, the competing risk analysis we used had the 
advantage that, instead of estimating a separate model 
for each outcome, it fitted a joint model for all outcomes. 
This analysis is especially useful since outcomes 
(hospitalisation and death from COVID-19 in this 
instance) might occur at different points in time, 
especially when one of them might have affected the 
censoring and risk of the other.25 Also, we conducted 
several sensitivity analyses, which allowed us to confirm 
the robustness of our findings (appendix pp 4–5).

Our study generates solid evidence on vaccination 
effectiveness in older people in Colombia and might 
inform the administration of these vaccines in older 
populations across the world and decision-making that 
considers risk stratification approaches to target the most 
vulnerable people according to their demographic and 
epidemiological characteristics.
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5.7. Third dose of CoronaVac boosts protection in the elderly to 98% 
against severe cases and death, study finds

A study conducted by the University 
of Hong Kong showed that the 
booster dose of CoronaVac, a 
vaccine from Butantan and the 
Chinese pharmaceutical company 
Sinovac, is 98% effective in 
protecting elderly people against 
severe cases and death from 
Covid-19, even during the outbreak 
of the SARS-CoV-2 omicron variant. 
Among those over 80, the third dose 
protected 96.6% against the same 
outcome. The study was published 
on the MedRxiv preprint platform. 

The researchers analyzed data on 
mild and moderate cases (5,474), 
severe cases (5,294) and deaths 
(4,093) related to Covid-19, which 
occurred between December 2021 
and March 2022, and investigated 
the efficacy of two and three doses 
of CoronaVac and Pfizer, the most 
used immunizing agents in Hong 
Kong. With two doses, CoronaVac 
protected 74% of patients over 60 
years of age against severe disease 
and death, a level similar to that 
seen with Pfizer. The third dose of 
the Butantan vaccine boosted 
protection to 98%. 

In younger adults aged 20 to 
59, protection with two doses of 
CoronaVac against severe cases 
was 91.7% and against death, 
94%. With the booster dose, the 
immunizing agent prevented severe 

disease in 98.5% of the individuals 
(in relation to mortality after the 
third dose, not enough data were 
obtained for estimation).

Omicron caused Covid-19 to 
skyrocket in Hong Kong in January, 
resulting in 649,454 confirmed 
cases and nearly 5,000 deaths by 
mid-March. Vaccination coverage, 
however, is still below ideal, 
especially in the elderly group: 66% 
of people aged between 70 and 79 
years and only 37% over 80 years old 
received both doses. The levels seen 
for the third dose are even lower, at 
30% and 10%, respectively.

“The third dose provides substantial 
additional protection against 
severe COVID-19 and should be 
prioritized, particularly in older 
adults,” the authors state. They add 
that Hong Kong is making efforts to 
expand vaccination coverage in this 
population, extending the opening 
hours of immunization clinics and 
sending vaccination teams to 
nursing homes, housing projects and 
for people with reduced mobility.

The Hong Kong results reinforce 
the findings of other effectiveness 
studies carried out around the 
world, which prove that CoronaVac 
ensures the protection of the elderly.

Published on: 03/24/2021
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Abstract  21

Background: Hong Kong maintained extremely low circulation of SARS-CoV-2 until a 22

major community epidemic of Omicron BA.2 starting in January 2022. Both mRNA 23

BNT162b2 (BioNTech/Fosun Pharma) and inactivated CoronaVac (Sinovac) vaccines are 24

widely available, however coverage has remained low in older adults. Vaccine effectiveness in 25

this predominantly infection-naïve population is unknown.  26

Methods: We used individual-level case data on mild/moderate, severe/fatal and fatal 27

hospitalized COVID-19 from December 31, 2021 to March 8, 2022, along with census 28

information and coverage data of BNT162b2 and CoronaVac. We used a negative binomial 29

model, adjusting for age and calendar day to estimate vaccine effectiveness of one, two and 30

three dose schedules of both vaccines, and relative effectiveness by number of doses and 31

vaccine type.  32

Findings: A total of 12.7 million vaccine doses were administered in Hong Kong’s 7.3 33

million population, and we analyzed data from confirmed cases with mild/moderate 34

(N=5,474), severe/fatal (N=5,294) and fatal (N=4,093) COVID-19. Two doses of either 35

vaccine protected against severe disease and death, with higher effectiveness among adults 36

≥60 years with BNT162b2 (VE: 88.2%, 95% confidence interval, CI: 84.4%, 91.1%) 37

compared to CoronaVac (VE: 74.1%, 95% CI: 67.8%, 79.2%). Three doses of either vaccine 38

offered very high levels of protection against severe outcomes (VE: 98.1%, 95% CI: 97.1%, 39

98.8%).   40

Interpretation: Third doses of either BNT162b2 or CoronaVac provide substantial 41

additional protection against severe COVID-19 and should be prioritized, particularly in older 42

adults who received CoronaVac primary schedules. Longer follow-up is needed to assess 43

persistence of different vaccine platforms and schedules. 44
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INTRODUCTION  47

Hong Kong Special Administrative Region of China (Hong Kong; population 7.3 million) has 48

pursued a COVID-19 elimination strategy since January 2020 involving stringent social 49

distancing measures, border entry restrictions, isolation of cases and quarantine of close 50

contacts, and the use of personal protective measures.1 Consequently, the disease had been 51

largely controlled through December 2021 with four previous epidemic waves resulting in a 52

total of 12,606 cases (<2 per 1,000) and 207 deaths (<3 per 100,000). Since February 2021, 53

both inactivated (Sinovac; CoronaVac) and mRNA (BioNTech/Fosun Pharma; BNT162b2) 54

vaccines have been widely available with residents offered the choice of either. However, by 55

January 2022, two-dose vaccine coverage had only reached 46% in older adults 70-79 years of 56

age and 18% in those aged ≥80 years.257

58

A major community epidemic of COVID-19 Omicron variant (B.1.1.529) lineage BA.2 began 59

in early January 2022, resulting in 649,454 laboratory confirmed cases, 313,127 cases reported 60

by rapid antigen tests and nearly 5,000 deaths to March 17, 2022.2,3 Vaccination coverage has 61

since risen steadily but remains low in the most vulnerable, with two-dose coverage at 66% and 62

37% in 70-79 and ≥80 year olds respectively as of March 17, 2022. Third vaccine doses were 63

recommended first for priority groups and then for the general public on 1 January 2022, to be 64

given six months after the second dose.4,5 Third-dose uptake has been highest in the 40-59y age 65

group (46% as of March 17, 2022) and lower in older adults (30% in 70-79 year olds; 10% in 66

those ≥80). Efforts to increase vaccine uptake in older and high-risk groups are underway, 67

including reducing the duration between first and second doses for care home residents, 68

extending vaccination clinic operating hours and deployment of vaccine outreach teams to care 69

homes, housing estates and to residents with limited mobility.6,770

71
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International data has shown vaccination with BNT162b2 reduces the frequency of severe 72

outcomes, and to a lesser extent, infection for variants circulating prior to Omicron.8–15 Waning 73

of protection has been observed in multiple contexts, in particular against infection,16–18 and 74

recent studies have provided early indications of reduced effectiveness of BNT162b2 against 75

the Omicron variant.19–21 Evidence on vaccine performance against the more transmissible 76

Omicron subvariant BA.2 remains very limited, as is data on the performance of the inactivated 77

CoronaVac vaccine.22 Limited observational evidence suggests strong and durable protection 78

against severe disease and death, with transient protection against milder symptomatic 79

disease.23–26 With a largely infection-naïve population and two COVID-19 vaccines in 80

widespread use, Hong Kong represents a unique environment for monitoring vaccine 81

effectiveness (VE) against Omicron BA.2. In this study we estimated VE of one, two and 82

three doses of BNT162b2 and CoronaVac, their relative effectiveness, and the additional 83

protection offered by third doses against mild/moderate infections, severe/fatal disease and 84

death. 85

86

METHODS  87

Study design and population 88

We assessed VE of the BNT162b2 and CoronaVac vaccines using an ecological study design, 89

which has been previously employed to provide estimates of VE in Israel.27 The study 90

population consisted of residents of Hong Kong aged 20 years and over, where the population 91

with zero, one, two or three doses of either vaccine at risk at a given time was derived using 92

detailed data from the vaccination programme and population census. Information on all 93

laboratory-confirmed SARS-CoV-2 cases in Hong Kong from December 31, 2021 to March 94

8, 2022 was obtained from nationwide individual level surveillance data provided by the 95
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Centre for Health Protection and linked to clinical outcome data provided by the Hospital 96

Authority.  97

98

Ethical approval 99

This project received approval from the Institutional Review Board of the University of Hong 100

Kong. 101

102

Infections and outcomes 103

Extensive PCR testing for SARS-CoV-2 is conducted in public hospitals, community test 104

centres and private laboratories in Hong Kong. Testing is free-of-charge or available at low 105

cost, and required for those who exhibit COVID-19 like symptoms, or following contact 106

tracing based on exposure history or residential location. Regular screening is also required of 107

certain professions, in particular those working with older adults or vulnerable persons. 108

Positive rapid test results have been recognised as confirmed infections since February 25, 109

2022 and included in official case counts from March 7, 2022. Data on all laboratory-110

confirmed cases between December 31, 2021 and March 8, 2022 were extracted and cases 111

classified as ‘imported’, i.e. detected in on-arrival quarantine, were excluded due to their non-112

representative SARS-CoV-2 exposure and vaccination histories. Sequencing of a subset of 113

cases each day indicates that fewer than 1% of cases and deaths during the fifth wave have 114

occurred with the Delta variant, with the remaining infections attributed to the Omicron BA.2 115

lineage.  116

117

Hong Kong has an advanced public and private healthcare system whereby private clinics 118

comprise most primary care and government hospitals provide approximately 90% of hospital 119

medical services at very low cost to patients.28 Up until mid-February 2022, all laboratory-120
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confirmed COVID-19 cases were admitted to hospitals for isolation and standardized clinical 121

management, regardless of symptom presentation, with their hospitalization records stored in 122

the data system managed by the Hospital Authority. After mid-February 2022, due to the 123

large number of incident cases, hospitalisation was reserved for patients with more severe 124

disease, and milder cases were required to isolate at dedicated government quarantine 125

facilities or at home. In the Hospital Authority data system, records of patients’ test results, 126

medication and condition changes were documented and integrated into a centralized 127

database from which we extracted relevant information on those experiencing mild/moderate 128

disease prior to February 16, 2022 and severe disease and death at any time. We excluded 129

those with conflicting information in the database, i.e. persons with a worst recorded 130

condition of ‘mild’ but also experiencing a fatal outcome within hospital. Severe disease was 131

defined as any severe, critical or fatal COVID-19 case (definitions for each in Appendix). 132

133

Population uptake of COVID-19 vaccines 134

Data on the estimated population size at the end of 2021 by age and sex were obtained from the 135

Census and Statistics Department of the Hong Kong Special Administrative Region 136

Government. Data on the number of persons vaccinated with either the BNT162b2 or 137

CoronaVac vaccines in Hong Kong each day since February 22, 2021 are available in a 138

national vaccination database provided by the Department for Health. Data on all vaccinations 139

that had occurred up to March 8, 2022, including vaccinee age and the type and date of receipt 140

of each dose of vaccine, were extracted on March 10, 2022. Vaccination information for all 141

cases in the surveillance data was cross checked with Hospital Authority records and any cases 142

with discrepancies were excluded.  143

144
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Those who received vaccines other than BNT162b2 or CoronaVac, or who received a mixed 145

primary series of one dose of BNT162b2 and one dose of CoronaVac, were excluded from the 146

analysis. In addition, for the purposes of this analysis we also exclude those who switched 147

vaccine platform after the second dose, that is, those who received two doses of CoronaVac and 148

a third dose of BNT162b2 and those who have received a primary series of BNT162b2 and a 149

third dose of CoronaVac. Cases with known prior COVID-19 infection were also excluded. 150

151

Statistical analysis 152

Incidence rates were calculated according to the number of doses of COVID-19 vaccination 153

received (none, one, two or three) for each age group (20-29, 30-39, 40-49, 50-59, 60-69, 70-154

79, ≥80 years) and calendar day throughout the study period. Additional stratification by 155

vaccine type was included to estimate VE for each vaccine type and relative VE (rVE) 156

between two and three doses of each vaccine. Vaccination status was categorised according to 157

the date of vaccination plus a 14-day lag for all doses, to allow for the delay in immune 158

response to vaccination. Daily numbers of persons in each vaccination category were inferred 159

from the uptake data assuming that individuals received the same vaccine for first and second 160

dose (aligned with Hong Kong guidelines), and using aggregate data by age on vaccine 161

switching for the third dose. The population at risk in each stratum was matched to the report 162

date of cases, and cumulative numbers of previous SARS-CoV-2 infections within each 163

group were removed from the population at risk at each time point. Incidence rate ratios 164

(IRR) were estimated using a negative binomial rate model for the daily counts of cases 165

adjusted for age group and calendar day including the logarithm of person-time as an offset 166

term in the model to account for differing numbers at risk within each strata. VE was defined 167

as (1-IRR)×100%.  168

169
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RESULTS 170

A total of 486,074 persons had confirmed SARS-CoV-2 infection during the study period 171

from December 31, 2021 to March 8, 2022. The case data were linked to the Hospital 172

Authority dataset to determine their clinical outcomes and those with complete age and 173

vaccination records were extracted. Of these, 5,474 persons were recorded as having 174

mild/moderate disease between December 31, 2021 and February 15, 2022. During the entire 175

study period from December 31, 2021 to March 8, 2022, 5,294 persons with severe/fatal 176

disease and 4,093 with fatal disease were included (Table 1).  177

178

Up to March 8, 2022, a total of 12.7 million vaccine doses had been administered in Hong 179

Kong. Severe disease or death occurred a median of 161 (interquartile range, IQR: 73 to 207) 180

days after the second vaccination in those vaccinated with two doses of BNT162b2, and 127 181

(IQR: 51 to 162) among those who received two doses of CoronaVac. Those experiencing 182

severe and fatal outcomes after a third dose tested positive a median of 52 (IQR: 38 to 70) 183

days and 45 (IQR: 24 to 100) days after vaccination with BNT162b2 and CoronaVac 184

respectively. The distribution of mild cases according to age and vaccination status were 185

similar to the population, with severe disease and death occurring predominantly in the 186

unvaccinated older population (Figure 2).   187

188

VE after receipt of two doses  189

We found two doses of CoronaVac provided no protection against mild/moderate disease 190

across all age groups, with some protection offered by BNT162b2 in younger age groups 191

(VE: 31.0%, 95% CI: 1.6%, 51.7%). However, both vaccines were estimated to have high 192

effectiveness against severe disease. Limited differences in vaccine effectiveness were 193

observed for severe outcomes in younger adults, where VE was estimated to be 95.2% (95% 194
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CI: 92.9%, 96.8%) for BNT162b2 and 91.7% (95% CI: 87.8%, 94.4%) for CoronaVac (Table 195

2). The difference in VE was more pronounced for older adults, with higher effectiveness 196

among adults >60 years who received BNT162b2 (VE: 88.2%, 95% confidence interval, CI: 197

84.4%, 91.1%) compared to CoronaVac (VE: 74.1%, 95% CI: 67.8%, 79.2%). When broken 198

down further by age, we estimated that VE was 91.1% (95% CI: 85.4%, 94.6%) for 199

BNT162b2 and 82.6% (74.2%, 88.2%) for CoronaVac in those 60-69y, reducing to 84.5% 200

(95% CI: 75.5%, 90.2%) and 60.2% (95% CI: 43.9%, 71.8%) among those ≥80y for 201

BNT162b2 and CoronaVac, respectively. This was also observed for the mortality endpoint, 202

where in adults aged ≥80y two doses of BNT162b2 offered a higher level of protection 203

against fatal disease (88.2%, 95% CI: 80.2%, 93.0%) compared to two doses of CoronaVac 204

(66.8%, 95% CI: 51.9%, 77.0%).  205

206

We compared the two-dose schedules of both vaccines and found no significant differences 207

between BNT162b2 and CoronaVac for mild disease in any age group. Superiority of the 208

two-dose BNT162b2 schedule was estimated for severe/fatal disease in adults ≥60y (relative 209

VE: 54.6%, 95% CI: 38.7%, 66.4%). This was also the case for mortality in those ≥60y 210

(relative VE: 58.5%, 95% CI: 70.7%, 41.3%). No differences between vaccines were found 211

against severe/fatal or fatal COVID-19 in adults 20-59y.  212

213

VE after receipt of three doses 214

We estimated three doses of both vaccines offered very high protection against severe disease 215

(98.1%, 95% CI: 97.1%, 98.8%) and mortality (98.6%, 95% CI: 97.7%, 99.2%) which was 216

sustained within all age groups (Table 2). Vaccine estimates were very similar for both 217

vaccines against severe and fatal outcomes. Three doses of BNT162b2 was estimated to have 218

a VE of 71.5% (95% CI: 54.5%, 82.1%) against mild/moderate disease in younger adults 219
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while for three doses of CoronaVac the VE was estimated as 42.3% (95% CI: 11.4%, 62.4%) 220

against the same outcome.  221

222

Relative VE of three versus two doses 223

We estimated the relative effect of three doses versus two doses of each vaccine type (Table 224

3). For mild/moderate disease we find an additional benefit of a third dose of BNT162b2 in 225

younger (relative VE: 58.6%, 95% CI: 34.4%, 73.9%) and older (relative VE: 63.8%, 95% 226

CI: 26.7%, 82.1%) adults who had previously received two doses of BNT162b2. A third dose 227

of CoronaVac increased protection (relative VE: 57.0%, 95% CI: 23.4%, 75.9%) in older 228

adults who had received two doses of CoronaVac, with no benefit observed in the younger 229

age category. For severe/fatal disease we found an additional benefit of a third dose in adults 230

of all ages for both vaccine types, with relative VE of 71.9% (95% CI: 25.1%, 89.5%) for 231

three vs two doses of BNT162b2, and 96.6% (95% CI: 85.7%, 99.2%) for three vs two doses 232

of CoronaVac among those ≥80 years. Additional protection against mortality was offered by 233

a third dose in older adults, with no differences observed in younger adults. 234

235

DISCUSSION 236

We used detailed population-level data on the vaccination programme in Hong Kong since 237

February 2021 and individual-level COVID-19 case data from December 31, 2021 to March 238

8, 2022 to estimate VE of one, two and three doses of BNT162b2 and CoronaVac vaccines in 239

a largely infection-naïve population during the fifth wave of COVID-19 in Hong Kong. Two 240

or three doses of BNT162b2 or three doses of CoronaVac provide a very high level of 241

protection against severe disease and death in those under 80 years of age. A reduction in VE 242

was observed among two-dose CoronaVac recipients ≥80 years. We found no effect of two 243

doses of CoronaVac and a limited effect of BNT162b2 against mild/moderate disease, with 244
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the caveat that many individuals had received their second dose several months before 245

exposure to the SARS-CoV-2 virus. Limited protection against mild/moderate disease was 246

restored with third doses for both vaccines, but we were only able to estimate VE for the 247

short period since administration of third vaccine doses, and it is unclear how long this 248

protection will last.  249

250

Although improved effectiveness of a third dose was observed against severe outcomes in 251

younger age groups, the absolute VE of two doses remains high in this age group for both 252

vaccines and the relative effects should be interpreted accordingly.29 Our finding that three 253

doses of CoronaVac are needed for older adults to achieve high levels of protection is 254

consistent with World Health Organization recommendations for this group.30 While there is 255

a preferential recommendation in Hong Kong for a third dose of BNT162b2 in adults who 256

received two doses of CoronaVac,31 this did not translate to preference in the community. Of 257

all adults who had received two doses of CoronaVac and a third dose, only 26% received the 258

third dose with BNT162b2. We were unable to evaluate the comparative effectiveness of 259

heterologous vs homologous third dose schedules or durability of three dose protection in this 260

study, but evidence from our analyses that three doses of inactivated vaccine provides a high 261

level of protection against the severe spectrum of COVID-19 disease, at least in the short 262

term, is reassuring.  263

264

Almost all sequenced SARS-CoV-2 isolates during Hong Kong’s fifth wave are of the 265

Omicron BA.2 lineage. Our overall findings are largely consistent with existing VE evidence 266

against this subvariant.32–34 A study from Qatar estimated that third dose VE for BNT162b2 267

was 43.7% (95% CI: 36.5, 50.0%) in the first month and begins to decline again in the 268

following weeks, with substantially improved protection against severe outcomes (six-week 269
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VE: 90.9%, 95% CI: 78.6%, 96.1%).35 Similarly, a US study estimated VE of two doses of 270

mRNA vaccines against severe Omicron disease, defined as COVID-19 requiring invasive 271

mechanical ventilation or in-hospital death, of 79% (95% CI: 66%, 87%) a median of 265 272

days after the second dose; and three dose VE of 94% (95% CI: 88%, 97%), similar to our 273

estimate of 98.1% (95% CI: 97.1%, 98.8%).36274

275

Despite the overall consistency between our results and those presented in other studies, it is 276

possible that VE, particularly against severe outcomes, has been overestimated in our study. 277

Vaccine hesitancy in Hong Kong is highest among the elderly and in individuals with 278

underlying health conditions.37 In this scenario so-called ‘healthy vaccinee bias’, by which 279

vaccine recipients are healthier than their unvaccinated peers, may inflate the estimates.38280

Although we have accounted for age in the current estimates, a lack of individual-level data 281

on controls mean that this cannot be formally assessed with currently available data. 282

However, our estimates for BNT162b2 and CoronaVac are similar to other studies using 283

alternative designs, and we anticipate the magnitude of overestimation is unlikely to be 284

substantial.19,35 Even if individual-level adjustments had been possible, estimating absolute 285

VE after vaccines have been available for some time is problematic because it is necessary to 286

compare incidence rates in vaccinated individuals with those from unvaccinated cohorts often 287

with few remaining persons. This is the case in younger age groups in Hong Kong, whose 288

characteristics are likely to differ substantially from those who chose to be vaccinated earlier. 289

This bias, inherent to observational studies, is present in much of the existing VE literature at 290

this stage of the pandemic. To address this concern, we also estimated a relative VE of three 291

versus two doses of each vaccine type, as these cohorts are likely to be more comparable 292

(Table 3). We find a third dose of either vaccine provides additional protection, reiterating the 293

public health value of a third dose for minimizing severe disease and death but also for 294
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reducing health system congestion, public concern and indirect costs stemming from milder 295

episodes during a COVID-19 epidemic.  296

297

We compared performance of the mRNA BNT162b2 and inactivated CoronaVac vaccines 298

and found higher VE for BNT162b2 following one and two doses, but similar performance 299

after three doses (Table 2). Our estimates are likely to be affected by time since vaccination, 300

where typically more time has passed since administration of second than third doses which 301

have only been widely available in Hong Kong since the beginning of January 2022 (Table 302

1). Improved effectiveness may partially reflect a recent, rather than a third, vaccine dose. 303

This hypothesis is supported by data from an observational study in Malaysia which 304

compared the duration of protection of the BNT162b2 and CoronaVac vaccines. They find 305

more rapid waning of CoronaVac, in particular for mild/moderate and severe outcomes, but 306

to a lesser extent for COVID-19 related mortality.24 Moreover, a recent study of humoral and 307

cellular responses among Hong Kong vaccinees over time found that neutralising antibodies 308

against variants of concern dropped to detection limit only three months after vaccinations, 309

along with diminishing memory T cell responses, primarily among CoronaVac recipients.39310

311

Our study has a number of limitations arising from available data and the nature of the 312

epidemic within Hong Kong. Firstly, we used census data from the correct time period to 313

construct the source population, but any differential population movement by vaccine status 314

over the duration of the vaccination program could affect the validity of our estimates. 315

Furthermore, as we are estimating vaccine effectiveness in real-time, there are large amounts 316

of missingness in clinical data, which is especially problematic when assuming a population 317

level denominator, as the assumed number of people still at risk will be overestimated. 318

However, this is mostly an issue for mild/moderate outcomes, as we used complete records 319
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on COVID-19 mortality to derive estimates and we expect severe cases are fully documented. 320

Secondly, there are some differences in testing requirements by vaccine status, particularly 321

for those required to regularly test because of occupation. However, we expect that VE 322

estimates against severe outcomes will be only marginally susceptible to biases related to 323

testing requirements. Finally, in Hong Kong there was a clear preference for the BNT162b2 324

vaccine in younger age groups and for CoronaVac in older adults. We have addressed this 325

confounding in estimates presented by stratifying by age categories and adjusting estimates 326

by 10-year age categories and calendar day, however some residual confounding by age is 327

possible in the vaccine platform-specific estimates and other factors may confound the 328

relationship between vaccine status, type and risk of infection that cannot be accounted for in 329

this design.  330

331

Our findings indicate that two dose schedules of both BNT162b2 and CoronaVac vaccines 332

offer strong protection against severe disease and death, however higher levels of protection 333

were observed among those who received two doses of BNT162b2 compared to those 334

receiving two doses of CoronaVac, particularly in older age groups. Three recent doses of 335

both vaccines offer very high levels of protection for older adults against severe outcomes, 336

with no differences observed across vaccine types. It will be important to increase uptake of 337

third vaccine doses, particularly in older adults who have so far received two doses of 338

CoronaVac. Further investigation of the durability of protection provided by both vaccines is 339

warranted and planned.  340

341

342
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Figure 1. Daily incidence of (A) all PCR confirmed COVID-19 cases (B) mild/moderate 497

cases in the early part of the fifth wave prior to 15 February 2022, (C) severe/fatal cases, and 498

(D) deaths throughout the fifth wave in Hong Kong by vaccination status, where severe 499

disease is defined as having ever been listed as ‘Serious’ or ‘Critical’ or ‘Fatal’ by the 500

Hospital Authority during hospitalisation for COVID-19. Vaccination status was categorised 501

according to the number of doses received plus a 14-day lag for all doses, to allow for the 502

immune response to vaccination. The drop in mild/moderate cases on 4 March was due to a 503

very small number of cases being reported as having been admitted to hospital or isolation 504

facilities on that day. Mild cases were only included up until 15 February 2022 to account for 505

change in admission criteria.  506
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508

Figure 2. Vaccine status of population and those experiencing mild/moderate, severe/fatal 509

and fatal COVID-19 as at 8 March 2022 as a percent of the population within a given age 510

group shown by vaccine type and number of doses. 511

512

513
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Table 1. Descriptive characteristics of confirmed COVID-19 cases in Hong Kong classified 516

as having mild, severe or fatal disease between 31 December 2021 and 8 March 2022.  517
Mild/moderate disease

(N= 5474) 
Severe/fatal disease

(N=5294) 
Fatal disease

(N=4093) 

Age
20-49 years 3144 101 39
50-69 years 1602 784 488
≥70 years 728 4408 3566

Sex
Male 2337 3245 2528
Female 3137 2049 1565

Vaccination statusa

No doses 1300 4064 3277
One dose

BNT162b2 151 73 44
CoronaVac 226 532 374

Two doses
BNT162b2 2139 130 74

CoronaVac 1271 434 287
Three doses

BNT162b2 126 12 7
CoronaVac 210 14 7

Median (25th, 75th percentile) of days between last vaccine dose and positive SARS-CoV-2 test resultb

One dose
BNT162b2 27 (22, 35) 21 (18, 32) 21 (18, 32)

CoronaVac 29 (21, 35) 24 (17, 38) 24 (17, 39)
Two doses

BNT162b2 182 (151, 217) 161 (73, 207) 171 (91, 213)
CoronaVac 179 (146, 209) 127 (51, 162) 125 (51, 157)

Three doses
BNT162b2 31 (20, 49) 52 (38, 70) 68 (49, 77)

CoronaVac 39 (25, 66) 45 (24, 100) 64 (30, 100)
aNumber of doses plus 14-day lag 518
bMedian time since vaccination among those where 14 days has passed since latest dose519

520

521
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Table 2. Vaccine effectiveness by dose (one, two, three) and vaccine type (CoronaVac, 522

BNT162b2) in all ages and within age categories (mild/moderate: 20-59, ≥60; severe/fatal, 523

fatal: 20-59, 60-69, 70-79,  ≥80 years) against COVID-19 related mild/moderate disease, 524

severe/fatal disease and death.  525
One dose Two doses Three doses 

BNT162b2 CoronaVac BNT162b2 CoronaVac BNT162b2 CoronaVac 

Mild/moderate disease 

   20-59 years 37.4 

(0.7, 60.6) 

2.1 

(-53.3, 37.5) 

31.0 

(1.6, 51.7) 

17.9 

(-18.0, 42.9) 

71.5 

(54.5, 82.1) 

42.3 

(11.4, 62.4) 

   ≥60 years  Nonea Nonea Nonea Nonea 71.6 

(43.5, 85.7) 

50.7 

(12.9, 72.1) 

     

Severe/fatal disease      

   20-59 years 85.0 

(69.1, 92.7) 

60.9 

(40.6, 74.3) 

95.2 

(92.9, 96.8) 

91.7 

(87.8, 94.4) 

98.5 

(95.9, 99.4) 

98.5 

(95.2, 99.5) 

   60-69 years 59.9 

(29.3, 77.3) 

55.1 

(30.9, 70.9) 

91.1 

(85.4, 94.6) 

82.6 

(74.2, 88.2) 

99.2 

(96.7, 99.8) 

98.5 

(95.3, 99.6) 

   70-79 years 71.5 

(48.9, 84.1) 

33.9 

(8.1, 52.5) 

89.4 

(83.0, 93.3) 

80.8 

(72.8, 86.5) 

99.5 

(96.0, 99.9) 

96.7 

(92.3, 98.6) 

   ≥80 years 65.0 

(42.2, 78.8) 

35.0 

(8.8, 53.7) 

84.5 

(75.5, 90.2) 

60.2 

(43.9, 71.8) 

95.7 

(89.0, 98.3) 

98.6 

(94.3, 99.7) 

       

Mortality      

   20-59 years 93.7 

(74.2, 98.5) 

65.4 

(38.6, 79.4) 

96.4 

(93.6, 98.0) 

94.0 

(89.6, 96.5) 

99.4 

(95.6, 99.9) 

-b

-

   60-69 years 63.3 

(30.7, 80.5) 

70.2 

(51.3, 81.7) 

93.7 

(88.6, 96.5) 

87.6 

(80.9, 91.9) 

98.9 

(95.3, 99.7) 

98.7 

(94.4, 99.7) 

   70-79 years 81.3 

(60.6, 91.1) 

48.9 

(28.1, 63.7) 

92.2 

(86.5, 95.5) 

84.4 

(77.5, 89.2) 

- b

-

97.2 

(92.3, 99.0) 

   ≥80 years 71.8 

(50.6, 83.9) 

40.5 

(14.9, 58.4) 

88.2 

(80.2, 93.0) 

66.8 

(51.9, 77.0) 

96.0 

(88.8, 98.6) 

99.2 

(94.3, 99.9) 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 24, 2022. ;https://doi.org/10.1101/2022.03.22.22272769doi:medRxiv preprint 



872 |    CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

29

       

526

a No evidence of protection based on a negative or very small positive point estimate and wide confidence 527

intervals. 528
b Insufficient outcomes to estimate 529

530

531

532

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 24, 2022. ;https://doi.org/10.1101/2022.03.22.22272769doi:medRxiv preprint 



 |  873O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

30

Table 3. Relative vaccine effectiveness of a three versus two dose BNT162b2 schedule and a 533

three versus two dose CoronaVac schedule against mild disease, severe disease and mortality 534

as defined by the Hospital Authority. 535
Relative VE of three doses vs two doses of same vaccine technology (%)  

 CoronaVac BNT162b2 

Mild/moderate disease    

   20-59 years 29.7 (-7.7, 54.1) 58.6 (34.4, 73.9) 

≥60 years 57.0 (23.4, 75.9) 63.8 (26.7, 82.1) 

   

Severe/fatal disease    

   20-59 years 81.8 (40.6, 94.4) 68.3 (9.8, 88.9) 

   60-69 years 91.7 (72.5, 97.5) 91.1 (61.2, 98.0) 

   70-79 years 83.0 (58.8, 93.0) 94.9 (61.4, 99.3) 

≥80 years  96.6 (85.7, 99.2) 71.9 (25.1, 89.5) 

   

Mortality    

   20-59 years -a 83.1 (-28.6, 97.8) 

   60-69 years  89.2 (53.9, 97.4) 82.2 (20.0, 96.0) 

   70-79 years 82.4 (49.4, 93.8) -a

≥80 years 97.7 (82.8, 99.7) 66.2 (-1.3, 88.7) 

536
a Insufficient outcomes to estimate 537

538
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5.8. Chilean study with more than 10 million people 
demonstrates that the effectiveness of CoronaVac is 
higher than 86%, including among the elderlies

An article published in the The 
New England Journal of Medicine 
showed once more that CoronaVac, 
vaccine from Butantan and the 
chinese pharmaceutic Sinovac, is 
effective (which means, has proved 
efficacy in the “real world” and not 
only in a controlled study of clinical 
trials) against cases of Covid-19 
and variants of the SARS-CoV-2, 
including among the people with 
more than 60 years of age.

The research was realized in Chile, 
and showed that the protection 
of CoronaVac was 65,9% against 
Covid-19 infections, 87,5% against 
hospitalization, 90,3% against 
hospitalizations in the Intensive Care 
Unit (ICU) and 86,3% against deaths. 
For the group fully vaccinated above 
60 years of age, the effectiveness of 
the vaccine was 66,6% for protection 
against infections, 85,3% against 
hospitalization, 89,2% against 
hospitalizations in the Intensive Care 
Unit (ICU) and 86,5% for prevention 
of deaths related to the disease.

The analysis was made between 
February and May of 2021 with 
around 10,2 million people. The cohort 
study (observational study that 
follows individuals during a period 
of time to determine characteristics 
and evolution of the group) had 
participants with more than 16 years 
old registered in the National Found 

of Health (FONASA), chilean national 
program of health, that covers 
around 80% of the population.

The participants were divided into 
three groups: non vaccinated, 
vaccinated with only one dose and 
totally vaccinated. The tests for 
detection of Covid-19 were RT-PCR 
(98,1%) and quick antigen tests 
(1,9%). During the period of analysis, 
the ICUs in Chile operated with 
93,5% of its capacity.

The andean country has the highest 
rates on test realization for Covid-
19 detection in Latin America and 
a padronized system of public 
information with statistics that were 
vital for this study. The Health Ministry 
of Chile used 13,98 million doses 
of the CoronaVac vaccine since 
the beginning of the vaccination 
campaign, in February 2021.

Another effectiveness study of 
CoronaVac was made by Butantan 
in Serrana, São Paulo. Project S 
vaccinated almost the whole adult 
population of the city (28,000 
people) between February and 
April 2021 and concluded that the 
immunizer caused a reduction of 
80% in the number of symptomatic 
cases of Covid-19, 86% in 
hospitalization and 95% in deaths.

Published on: 09/02/2021
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5.9. Study with 60 million Brazilians demonstrates an 
effectiveness of CoronaVac higher than 70% against 

hospitalizations and deaths, even among elderlies

A research made with 60,5 
million of vaccinated brazilians 
between January and June of 2021 
demonstrated that CoronaVac, 
vaccine of Butantan and the chinese 
pharmaceutic Sinovac, have an 
effectiveness higher than 70% to 
avoid severe cases, hospitalization 
in the Intensive Care Unit (ICU) and 
deaths caused by Covid-19, even 
among the elderlies. The study, 
which analyzed CoronaVac and the 
vaccine of AstraZeneca/Fiocruz, is 
the biggest realized in Brazil about 
the effectiveness of the vaccination 
against SARS-CoV-2.

From the total number of evaluated 
people that had completed 
the vaccination scheme with 
CoronaVac (which means, had 
received both doses), 72,6% 
presented less risk of hospitalization, 
72,4% less risk of admission in an ICU 
and 74% less risk of death. Among 
the people between 60 and 89 
years of age, the effectiveness of 
the vaccine was even better: 84,2% 
against hospitalization, 80,2% 
against hospitalizations in ICu and 
76,5% against deaths.

The study was realized by  
researchers from the federal 
universities of Bahia and Ouro 
Preto, the Brasilia University, the 
State University of Rio de Janeiro, 
from London School of Hygiene & 
Tropical Medicine and Oswaldo 
Cruz Foundation (Fiocruz). The 
conclusions were published in 
the article “The effectiveness 
of Vaxzevria and CoronaVac 
vaccines: A nationwide longitudinal 
retrospective study of 61 million 
Brazilians (VigiVac-COVID19)”, in 
the preprint platform MedRxiv.

From the 60,5 million Brazilians 
analyzed in the study, 21,9 million 
(36,2%) were immunized with 
CoronaVac, and 38,6 million (63,8%) 
with the vaccine of AstraZeneca/
Fiocruz. In total, 26,8 million people 
(44,4% in total) were 60 or older.

To determine the effectiveness of 
the vaccines in avoiding severe 
cases of Covid-19, the researchers 
confronted the informations of 
vaccinated population with the 
national data of the Epidemiological 
Vigilance of Influenza System 
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(SIVEP-Gripe), that gather notified 
cases of hospitalization and deaths 
caused by respiratory viruses, which 
is the case of SARS-CoV-2.

The study is extremely important 
not just because of the high number 
of analyzed individuals, but also for 
being the first data survey made 
nationally to measure the vaccinal 
effectiveness - which is not the same 
as efficacy. While the investigation 
of efficacy is made in ideal and 
controlled conditions, usually in 
labs, the vaccinal effectiveness 
analysis is based on data of the real 
world, where the vaccine is put on 
proof in a diverse group of people, 
in different conditions.

Another effectiveness study related 
to CoronaVac is the Project S, made 
by Butantan in Serrana, countryside 
of São Paulo. Through that study, 
the population (almost 28,000 
adult people) were vaccinated 
between February and April of 2021. 

The research concluded that the 
immunizer caused a reduction of 
80% in the number of symptomatic 
cases of Covid-19, 86% in the 
hospitalizations and 95% in deaths. 
Besides, it showed that with a 
vaccine coverage of about 75% of 
the adult population the pandemic 
can be controlled.

The efficacy of CoronaVac was 
proved in Brazil through a clinical 
study of phase 3 with 13,000 
volunteers, all healthcare workers, a 
highly exposed population to Covid-
19. The final results demonstrated 
that the general efficacy of the 
vaccine can reach 62,3% when the 
gap between the first and second 
dose is from 21 to 28 days. The 
data was disclosed on the preprint 
platform SSRN, associated with The 
Lancet journal.

Published on: 08/25/2021
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5.10. Study confirms CoronaVac efficacy against the 
gamma variant (P.1) among the elderly

A research published in the MedRxiv 
attests  to the efficacy of CoronaVac, 
a vaccine from Butantan and the 
Chinese pharmaceutical company 
Sinovac against Covid-19, in 
preventing the gamma variant (P.1, 
Amazonian) of the SARS-CoV-2 virus 
in elderly people over 70 years old. 

The vaccine’s effectiveness against 
hospitalizations 14 days after the 
second dose was 59%, and against 
deaths, 71.4%. The indicator varied with 
the increase of age: among individuals 
aged 70 to 74 years old, the efficacy 
was 61.8% against symptomatic 
disease, 80.1% against hospitalizations, 
and 86% against deaths. 

“In summary, it was evidenced that 
a two-dose CoronaVac vaccine 
regimen was effective in preventing 
symptomatic cases of Covid-19 and 
in preventing more severe clinical 
outcomes among the elderly facing 
the gamma variant, “ state the 
authors in the article. 

The work was conducted by 
researchers associated with the 

Secretariat of Health of the State of 
São Paulo, the Pan American Health 
Organization, the University of São 
Paulo and the American universities 
of Florida and Yale, among other 
institutions. A total of 43,774 adults 
aged 70 years old or over, living in the 
state of São Paulo, all symptomatic 
for Covid-19, were investigated. 

The aim of the research was to 
estimate the efficacy of CoronaVac 
against symptomatic Covid-19 in 
the elderly population of São Paulo 
State, during the wide circulation 
of the gamma variant between 
January and April of 2021.

The authors conclude that, although 
further research must still contribute 
to reaffirm the efficacy of CoronaVac 
against the gamma variant, results 
provide evidence to support the 
use of the vaccine in Brazil and in 
the other South American countries 
facing the spread of the SARS-CoV-2 
gamma variant.

Published on: 07/21/2021
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ABSTRACT	

Objective	To	estimate	the	effectiveness	of	the	inactivated	whole-virus	vaccine,	CoronaVac,	

against	symptomatic	COVID-19	in	the	elderly	population	of	São	Paulo	State,	Brazil	during	

widespread	circulation	of	the	Gamma	variant.	

Design	Test	negative	case-control	study.	

Setting	Health-care	facilities	in	São	Paulo	State,	Brazil.	

Participants	43,774	adults	aged	70	years	or	older	who	were	residents	of	São	Paulo	State	and	

underwent	SARS-CoV-2	RT-PCR	testing	from	January	17	to	April	29,	2021.	26,433	cases	with	

symptomatic	COVID-19	and	17,622	symptomatic,	test	negative	controls	were	selected	into	

7,950	matched	pairs,	according	to	age,	sex,	self-reported	race,	municipality	of	residence,	prior	

COVID-19	status	and	date	of	RT-PCR	testing.	

Intervention	Vaccination	with	a	two-dose	regimen	of	CoronaVac.	

Main	outcome	measures	RT-PCR	confirmed	symptomatic	COVID-19	and	COVID-19	associated	

hospitalizations	and	deaths.	

Results	Adjusted	vaccine	effectiveness	against	symptomatic	COVID-19	was	18.2%	(95%	CI,	0.0	

to	33.2)	in	the	period	0-13	days	after	the	second	dose	and	41.6%	(95%	CI,	26.9	to	53.3)	in	the	

period	≥14	days	after	the	second	dose.	Adjusted	vaccine	effectiveness	against	hospitalisations	

was	59.0%	(95%	CI,	44.2	to	69.8)	and	against	deaths	was	71.4%	(95%	CI,	53.7	to	82.3)	in	the	

period	≥14	days	after	the	second	dose.	Vaccine	effectiveness	≥14	days	after	the	second	dose	

declined	with	increasing	age	for	the	three	outcomes,	and	among	individuals	aged	70-74	years	it	

was	61.8%	(95%	CI,	34.8	to	77.7)	against	symptomatic	disease,	80.1%	(95%	CI,	55.7	to	91.0)	

against	hospitalisations	and	86.0%	(95%	CI,	50.4	to	96.1)	against	deaths.		

Conclusions	Vaccination	with	CoronaVac	was	associated	with	a	reduction	in	symptomatic	

COVID-19,	hospitalisations	and	deaths	in	adults	aged	70	years	or	older	in	a	setting	with	

extensive	Gamma	variant	transmission.	However,	significant	protection	was	not	observed	until	

completion	of	the	two-dose	regimen,	and	vaccine	effectiveness	declined	with	increasing	age	

amongst	this	elderly	population.	
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Summary	boxes 

	

What	is	already	known	on	this	topic 

• Randomised	controlled	trials	(RCT)	have	yielded	varying	estimates	(51	to	84%)	for	the	

effectiveness	of	the	inactivated	whole-virus	vaccine,	CoronaVac,	against	symptomatic	

COVID-19.	

• Current	evidence	is	limited	on	whether	CoronaVac	is	effective	against	severe	disease	or	

death	caused	by	the	SARS-CoV-2	variant	of	concern,	Gamma,	or	in	the	setting	of	

extensive	Gamma	variant	circulation.		

• More	evidence	is	needed	for	the	real-world	effectiveness	of	CoronaVac	and	other	

inactivated	vaccines	among	elderly	individuals,	a	population	that	was	underrepresented	

in	RCTs	of	these	vaccines.	

 

What	this	study	adds 

• A	two-dose	regimen	of	CoronaVac	provides	significant	protection	against	symptomatic	

COVID-19,	hospitalisations	and	deaths	among	adults	≥70	years	of	age	in	the	setting	of	

widespread	Gamma	variant	transmission.	

• Significant	protection	did	not	occur	until	≥14	days	after	administration	of	the	second	

dose	of	CoronaVac.	

• The	effectiveness	of	CoronaVac	declines	with	increasing	age	in	the	elderly	population.			
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Introduction	
	

The	coronavirus	disease	(COVID-19)	pandemic	has	caused	3.9	million	deaths	worldwide	as	of	

early	July	2021,1	and	has	imparted	disproportionately	high	mortality	and	morbidity	on	the	

elderly.2	A	key	question	is	whether	the	authorised	COVID-19	vaccines	are	effective	in	the	

elderly,	who	may	have	impaired	immune	responses3,4	and	are	underrepresented	in	randomised	

controlled	trials	(RCTs).5–7	mRNA	and	adenovirus	vector-based	vaccines	have	been	shown	to	be	

effective	against	COVID-19	in	elderly	individuals,8,9	but	evidence	is	limited	for	the	effectiveness	

of	inactivated	vaccines	in	these	populations.7,10–12		

	

CoronaVac,	an	inactivated	whole-virus	vaccine,	has	been	approved	by	32	countries	and	

jurisdictions,10	and	has	been	implemented	as	part	of	mass	vaccination	campaigns	in	low-income	

and	middle-income	countries,	many	of	which	are	experiencing	COVID-19	epidemics	due	to	the	

emergence	of	SARS-CoV-2	variants	of	concern	(VOC).	RCTs	of	a	two-dose	CoronaVac	regimen	in	

healthcare	workers	and	the	general	population	have	yielded	varying	estimates	(51	to	84%)	of	

vaccine	efficacy	against	symptomatic	COVID-19.5,7,10	The	World	Health	Organisation	(WHO)	

Emergency	Use	Listing	(EUL)	procedure	approved	CoronaVac	in	early	June	2021,	but	identified	

an	evidence	gap	for	the	effectiveness	of	this	vaccine	in	adults	aged	60	and	above.11	The	WHO	

EUL	cited	an	observational	study	in	Chile,10,12	which	found	that	the	adjusted	effectiveness	of	

CoronaVac,	starting	14	days	after	the	second	dose,	was	66.6%	among	adults	aged	60	years	and	

older.	During	the	study	period,	the	variant	of	concern	(VOC)	Gamma	was	detected	in	28.6%	of	

SARS-CoV-2	genomes.12	Furthermore,	evidence	from	RCTs	or	observational	studies	have	not	

 . CC-BY-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted July 21, 2021. ;https://doi.org/10.1101/2021.05.19.21257472doi:medRxiv preprint 



932 |    CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

5	
	

addressed	whether	CoronaVac	provides	significant	protection	after	administration	of	the	first	

vaccine	dose	or	in	the	setting	of	widespread	VOC	transmission.5,10,11	

	

Brazil	has	experienced	one	of	the	world’s	highest	COVID-19	burdens	during	the	pandemic	with	

more	than	18	million	cases	and	526,000	deaths	as	of	early	July	2021.1,13	VOCs,	and	in	particular	

the	Gamma	variant,	have	played	an	important	role	in	the	recent	epidemic	wave	in	Brazil	which	

began	in	early	2021.14–16	The	Gamma	variant,	which	was	first	detected	in	Manaus,	has	

increased	transmissibility,16	has	accrued	mutations	associated	with	decreased	in	vitro	

seroneutralisation,17–19	and	at	present,	accounts	for	the	majority	of	SARS-CoV-2	isolates	

genotyped	in	Brazil	from	1	January	2021.14,20		In	the	setting	of	a	large	Gamma	variant-associated	

epidemic	in	São	Paulo,	the	most	populous	state	in	Brazil,	we	conducted	a	matched,	test-

negative,21	case-control	study	to	evaluate	the	real-world	effectiveness	of	CoronaVac	against	

symptomatic	COVID-19	and	severe	clinical	outcomes	in	the	elderly	population.	

	

Methods	

Study	setting	

The	State	of	São	Paulo	(23°3ʹS,	46°4’W)	has	645	municipalities	and	46	million	inhabitants,	

among	which	3.23	million	are	≥70	years	of	age.22	The	state	experienced	three	successive	

COVID-19	epidemic	waves	during	which	2,997,282	cases	(cumulative	incidence	rate:	6,475	per	

100,000	population)	and	100,649	deaths	(cumulative	mortality:	217	per	100,000	population)	

have	been	reported	as	of	9	May	2021	(Figure	1A,	Supplementary	Figure	1).23	The	State	

Secretary	of	Health	of	Sao	Paulo	(SES-SP)	initiated	a	COVID-19	vaccination	campaign	for	the	
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general	population	on	17	January	2021	according	to	an	age-based	prioritisation	strategy	(Figure	

1,	B-D)	and	is	administering	a	two-dose	regimen	of	CoronaVac,	separated	by	a	two	to	four	week	

interval,	and	a	two-dose	regimen	of	ChAdOx1,	separated	by	a	12	week	interval.24	As	of	29	April	

2021,	8.63	million	doses	(5.16	first	and	3.47	second	million	doses)	have	been	administered	of	

CoronaVac	and	2.06	million	doses	(1.987	first	and	0.07	second	million	doses)	of	ChAdOx1.	

	

Study	design	

We	conducted	a	matched	test-negative	case-control	study	to	estimate	the	effectiveness	of	

CoronaVac	in	reducing	the	odds	of	symptomatic	RT-PCR-confirmed	COVID-19	in	adults	≥70	

years	of	age	from	São	Paulo	State	during	the	period	from	17	January	2021,	the	start	of	COVID-

19	vaccination,	to	29	April	2021.	Test-negative	design	studies	have	provided	estimates	of	

vaccine	effectiveness	in	concordance	with	those	obtained	from	RCTs25,26	and	have	been	used	

extensively	to	evaluate	vaccines	against	respiratory	infections,27	including	COVID-19.8,21		We	

chose	the	test-negative	design	because	of	the	feasibility	of	accessing	information	on	individuals	

who	received	SARS-CoV-2	testing	from	São	Paulo	State	surveillance	systems	and	the	

opportunity	to	control	for	potential	biases,	such	as	healthcare-seeking	behaviour	and	access	to	

testing.21	The	study	population	was	adults	≥70	years	of	age	who	had	a	residential	address	in	São	

Paulo	State,	underwent	SARS-CoV-2	RT-PCR	testing	during	the	study	period,	and	had	complete	

and	consistent	information	between	data	sources	on	age,	sex,	residence,	and	vaccination	and	

testing	status	and	dates.	We	matched	symptomatic	test-negative	controls	to	COVID-19	cases	by	

date	of	testing	to	address	potential	sources	of	bias	that	may	vary	during	the	course	of	an	
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epidemic,	as	well	as	by	participant	characteristics	of	age,	gender,	self-reported	race,	

municipality	of	residence,	and	prior	COVID-19	status.	

	

The	study	design	and	statistical	analysis	plan	were	specified	in	advance	of	extracting	

information	from	data	sources	and	are	described	in	a	publicly	available	protocol	

(https://github.com/juliocroda/VebraCOVID-19)	and	the	Supplement.	In	the	protocol,	we	pre-

specified	power	thresholds	for	conducting	analyses	on	the	effectiveness	of	CoronaVac	and	

ChAdOx1.	These	thresholds	were	achieved	for	CoronaVac	but	not	for	ChAdOx1	because	of	

lower	rates	of	ChAdOx1	administration	in	the	population.	We	therefore	restricted	the	

evaluation	of	vaccine	effectiveness	to	CoronaVac.	The	study	was	approved	by	the	Ethical	

Committee	for	Research	of	Federal	University	of	Mato	Grosso	do	Sul	(CAAE:	

43289221.5.0000.0021).	

	

Data	Sources	

We	obtained	individual-level	information	on	demographic	characteristics,	comorbidities,	SARS-

CoV-2	testing,	and	COVID-19	vaccination	during	the	study	period	by	extracting	information	on	6	

May	2021	from	the	SES-SP	laboratory	testing	registry	(GAL),	the	national	surveillance	databases	

for	COVID-19-like	illnesses	(e-SUS)	and	severe	acute	respiratory	illness	(SIVEP-Gripe),	and	the	

SES-SP	vaccination	registry	(Vacina	Já).	Notification	of	suspected	COVID-19	cases	and	SARS-CoV-

2	testing	results	is	compulsory	in	Brazil.	The	information	technology	bureau	of	the	São	Paulo	

State	Government	(PRODESP)	linked	individual-level	records	from	the	four	databases	using	CPF	

numbers	(Brazilian	citizens’	unique	identifier	code)	and	provided	anonymised	datasets.	We	
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retrieved	information	on	SARS-CoV-2	variants	from	genotyped	isolates	deposited	in	the	GISAID	

database.20	

	

Selection	of	cases	and	matched	controls	

Cases	were	selected	from	the	study	population	who	had	symptomatic	COVID-19,	defined	as	an	

individual	who	had	a	COVID-19-like	illness;	had	a	positive	SARS-CoV-2	RT-PCR	test	result	from	a	

respiratory	sample	which	was	collected	within	10	days	after	the	onset	of	symptoms;	and	did	

not	have	a	positive	RT-PCR	test	in	the	preceding	90-day	period.	Controls	were	selected	from	the	

study	population	who	had	a	COVID-19-like	illness;	had	a	negative	SARS-CoV-2	RT-PCR	test	result	

from	a	respiratory	sample	that	was	collected	within	10	days	after	the	onset	of	symptoms;21	and	

did	not	have	a	positive	RT-PCR	test	in	the	prior	90	days	during	the	study	period	or	in	the	

subsequent	14	days.	Cases	and	controls	were	excluded	if	they	received	the	ChAdOx1	vaccine	

before	sample	collection	for	RT-PCR	testing.	COVID-19-like	illness	was	defined	as	the	presence	

of	one	or	more	reported	COVID-19	related	symptoms.28		

	

We	matched	one	test-negative	control	to	each	case	according	to	RT-PCR	sample	collection	date	

(±3	days);	age	category	(5-year	age	bands,	e.g,	70-74,	75-79	years);	municipality	of	residence;	

self-reported	race	(defined	as	brown,	black,	yellow,	white,	or	indigenous);29	and	previous	

symptomatic	events	that	were	reported	to	the	surveillance	systems28	between	February	1,	

2020	and	January	16,	2021,	as	a	proxy	for	previous	COVID-19	infection.	Matching	factors	were	

chosen	from	variables	that	were	associated	with	vaccination	coverage	or	timing,	and	with	SARS-
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CoV-2	infection	risk	or	healthcare	access	(see	protocol	in	Supplement).21	Upon	identification	of	

each	case,	a	single	control	was	randomly	chosen	from	the	set	of	all	eligible	matching	controls.		

	

Statistical	analysis	

We	estimated	the	effectiveness	of	CoronaVac	against	symptomatic	COVID-19	during	the	

periods	0-13	and	≥14	days	after	the	second	vaccine	dose	and	≥14	days	after	a	single	vaccine	

dose.	Furthermore,	we	estimated	the	effectiveness	of	a	single	dose	during	the	period	0-13	days	

after	the	first	dose,	when	the	vaccine	has	no	or	limited	effectiveness.5,30,31	An	association	during	

this	period	may	serve	as	an	indicator	of	unmeasured	confounding	in	the	effectiveness	

estimate.32	The	reference	group	for	vaccination	status	was	individuals	who	had	not	received	a	

first	vaccine	dose	before	the	date	of	sample	collection.	

	

We	used	conditional	logistic	regression	to	estimate	the	odds	ratio	(OR)	of	vaccination	among	

cases	and	controls.	1-OR	provided	an	estimate	of	vaccine	effectiveness	under	the	assumptions	

of	a	test-negative	design.33	We	included	age	and	COVID-19-associated	comorbidities	

(cardiovascular,	renal,	neurological,	haematological,	or	hepatic	comorbidities,	diabetes,	chronic	

respiratory	disorder,	obesity,	or	immunosuppression)	as	covariates	in	the	model.	We	evaluated	

nonlinearity	for	age	using	restricted	cubic	splines	and	chose	the	parsimonious	model	comparing	

nested	models	with	a	likelihood	ratio	test.	Furthermore,	we	conducted	a	post	hoc	sensitivity	

analysis	that	incorporated	the	calendar	date	of	RT-PCR	sample	collection	in	the	model	to	

evaluate	potential	residual	confounding	that	may	not	be	addressed	by	the	matching	criteria	
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We	estimated	the	vaccine	effectiveness	against	acute	respiratory	illness	(ARI)	associated	

hospitalizations	and	deaths	in	a	post	hoc	analysis.	In	separate	analyses,	we	selected	matched	

pairs	in	which	the	case	had	the	secondary	outcome	of	interest.34,35	We	fit	the	same	conditional	

logistic	regression	model	as	for	the	primary	outcome.	

	

We	conducted	a	pre-specified	analysis	of	vaccine	effectiveness	among	age	sub-groups	for	the	

primary	and	secondary	outcomes,	but	could	not	perform	analyses	stratified	by	previous	COVID-

19	documented	infection	because	of	small	numbers.	Additional	post	hoc	analyses	were	

performed	of	vaccine	effectiveness	for	the	primary	outcome	for	subgroups	stratified	by	sex,	

number	of	chronic	comorbidities	(none	vs.	at	least	one),	the	two	most	frequent	chronic	

comorbidities	(cardiovascular	disease	and	diabetes),	and	region	of	residence	(“Grande	São	

Paulo”	health	region	vs.	others).	Interaction	terms	were	incorporated	into	the	model	to	

evaluate	the	association	of	each	subgroup	of	interest	with	vaccine	effectiveness	≥14	days	after	

the	second	dose.		

	

Power	calculation	

Our	protocol	specified	that	we	would	conduct	proposed	analyses	after	achieving	≥80%	power	

to	identify	a	vaccine	effectiveness	of	40%	against	symptomatic	COVID-19	for	the	comparison	of	

≥14	days	after	the	second	dose	of	CoronaVac	and	not	receiving	a	vaccine	dose.	The	power	was	

simulated	fitting	conditional	logistic	regressions	on	1,000	simulated	datasets.	After	extracting	

the	surveillance	databases	on	May	6,	2021	and	generating	matched	case-control	pairs,	we	

determined	that	the	power	of	the	study	was	99.9%	and	proceeded	to	conduct	the	pre-specified	
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analyses.	We	did	not	perform	an	analysis	for	ChAdOx1	since	the	simulated	power	was	31%	to	

identify	a	vaccine	effectiveness	of	40%	for	the	comparison	of	≥28	days	after	the	first	dose	of	

ChAdOx1	and	not	receiving	a	vaccine	dose.	All	analyses	were	done	in	R,	version	4.0.2.	

	

Results	

COVID-19	epidemic	and	vaccination	campaign	in	São	Paulo	State	

São	Paulo	State	experienced	three	COVID-19	epidemic	waves	during	which	peak	incidence	

occurred	in	July	2020	for	the	first	wave	(Supplementary	Figure	1),	January	2021	for	the	second	

wave	and	March	2021	for	the	third	wave	(Figure	1A).	The	second	wave	was	preceded	in	

November	2020	by	an	increase	in	the	prevalence	of	the	Zeta	variant	among	genotyped	isolates	

from	São	Paulo	State	deposited	into	the	GISAID	database	(Figure	1E).		The	third	wave	was	

preceded	in	January	2021	by	an	increase	in	the	prevalence	of	the	Gamma	variant	among	

genotyped	isolates.	The	Gamma	variant	replaced	other	SARS-CoV-2	variants20	and	accounted	

for	79%	(3,834/4,887)	of	the	genotyped	isolates	that	were	reported	in	GISAID	during	the	study	

period	and	86%	(3,584/4,192)	of	genotyped	isolates	that	were	reported	between	1	March	to	29	

April	2021	when	the	majority	of	discordant	case-control	pairs	were	identified	(Supplementary	

Figure	2).	The	vaccination	campaign,	initiated	on	January	17,	2021,	achieved	an	estimated	

coverage	of	roughly	85%	for	the	first	(2.82	million)	and	65%	for	second	(2.10	million)	CoronaVac	

doses	among	adults	≥70	years	of	age	by	April	29,	2021	(Figure	1B-D).	After	initiation	of	the	

vaccination	campaign	and	during	the	third	epidemic	wave,	COVID-19	incidence	increased	and	

peaked	in	late	March	in	all	age	groups	except	for	adults	≥90	years	of	age	(Figure	1A).	
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Study	population	

Among	43,774	individuals	eligible	for	study	inclusion	(Figure	2),	15,852	(36.2%)	who	provided	

15,900	RT-PCR	test	results	were	selected	into	7,950	matched	case	and	control	pairs.	There	were	

38	individuals	that	contributed	two	times	as	controls	and	10	individuals	one	time	as	control	and	

one	time	as	case.		Table	1	shows	the	characteristics	of	eligible	individuals	with	positive	and	

negative	RT-PCR	tests	and	selected	cases	and	matched	controls.	A	higher	proportion	of	cases	

had	reported	comorbidities	than	controls.	Supplementary	Table	1	shows	the	distribution	of	

matched	pairs	according	to	the	vaccination	status	of	cases	and	controls	at	the	time	of	RT-PCR	

testing.	The	majority	of	discordant	pairs,	based	on	vaccination	status,	were	selected	after	14	

March	2021	(Supplementary	Figure	3).	Cases	and	controls	who	completed	the	two	dose	vaccine	

regimen	had	similar	inter-dose	intervals	(mean	29	vs.	25	days).	Likewise,	cases	and	controls	

who	were	vaccinated	had	similar	distributions	for	the	intervals	between	administration	of	

vaccine	doses	and	RT-PCR	testing	(Table	1	and	Supplementary	Figure	3).	The	characteristics	of	

the	matched	case	and	control	pairs	which	were	selected	for	the	analysis	of	secondary	outcomes	

of	hospitalisation	(n=8,078)	and	death	(n=4,104)	are	shown	in	Supplementary	Tables	2	and	3.	

	

Vaccine	effectiveness	

The	adjusted	effectiveness	of	the	two-dose	CoronaVac	schedule	against	symptomatic	COVID-19	

was	18.2%	(95%	CI	0.0	to	33.2)	in	the	period	0-13	days	and	41.6%	(95%	CI	26.9	to	53.3)	in	the	

period	≥14	days	after	administration	of	the	second	dose	(Table	2).	We	did	not	identify	a	

significant	reduction	or	increase	in	the	odds	of	COVID-19	in	the	time	periods	following	a	single	

vaccine	dose,	including	the	period	0-13	days	which	serves	as	a	potential	bias-indicator.	
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Increasing	number	of	comorbidities	was	significantly	associated	with	increased	odds	of	COVID-

19.	In	a	sensitivity	analysis	including	calendar	date	of	testing	as	a	covariate,	vaccine	

effectiveness	was	19.3%	(95%	CI	1.3	to	34)	in	the	period	0-13	day	and	42.3%	(95%	CI	27.7	to	

53.9)	in	the	period	≥14	days	after	administration	of	the	second	dose.	

	

In	the	period	starting	14	days	after	the	second	dose,	the	adjusted	effectiveness	of	the	two-dose	

schedule	was	59.0%	(95%	CI	44.2	to	69.8)	against	hospitalisation	and	71.4%	(95%	CI	53.7	to	

82.3)	against	deaths	(Table	2).	In	general,	statistically	significant	protection	was	not	observed	

until	after	the	second	dose,	and	the	vaccine	effectiveness	in	the	"bias-indicator"	period	0-13	

days	after	the	first	dose	was	low.		

	

Vaccine	effectiveness	against	symptomatic	COVID-19	in	the	period	≥14	days	after	the	second	

dose	declined	with	increasing	age	and	was	61.8%	(95%	CI	34.8	to	77.7)	among	individuals	70-74	

years	old,	48.9%	(95%	CI	23.3	to	66.0)	among	75-79	years	old,	and	28.0%	(95%	CI	0.6	to	47.9)	

among	individuals	≥80	years	of	age	(pinteraction	=	0.05)(Figure	3).	The	same	pattern	was	observed	

for	hospitalisations	(pinteraction	=	0.04)	and	deaths	(pinteraction	=	0.19),	yielding	effectiveness	of	

80.1%	(95%	CI	55.7	to	91.0)	for	hospitalisations	and	86.0%	(95%	CI	34.8	to	77.7)	for	deaths	

among	the	70-74	years	age	group	(Figure	3	and	Supplementary	Table	4).	

	

Vaccine	effectiveness	against	symptomatic	COVID-19	disease	did	not	differ	among	sub-groups	

defined	by	sex,	presence	of	comorbidities,	reported	cardiovascular	disease,	or	regions	of	

residence.	However,	individuals	with	reported	diabetes	had	lower	protection	than	those	
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without	reported	diabetes	(VE	26.9%	vs.	45.6%	,	pinteraction	=	0.12)	during	the	period		starting	14	

days	after	the	2nd	dose	(Supplementary	Table	5	and	Supplementary	Figure	4).	

	

Discussion	

This	test-negative	case-control	study	found	that	a	two-dose	schedule	of	CoronaVac	had	a	real-

world	effectiveness	of	41.6%	(95%	CI	26.9	to	53.3)	against	symptomatic	COVID-19,	59.0%	(95%	

CI	44.2	to	69.8)	against	COVID	associated	hospitalisations,	and	71.4%	(95%	CI	53.7	to	82.3%)	

against	COVID-19	associated	deaths	among	those	≥70	years	during	a	Gamma	variant-associated	

epidemic	in	Brazil.	Furthermore,	we	have	addressed	several	evidence	gaps	for	the	use	of	this	

vaccine:	1)	vaccination	with	CoronaVac	demonstrated	an	effectiveness	against	COVID-19,	

including	associated	severe	outcomes,	in	the	setting	of	widespread	Gamma	transmission	which	

was	similar	to	that	found	in	the	Brazilian	RCT	conducted	prior	to	the	emergence	of	Gamma,5	2)	

the	vaccine	did	not	confer	significant	protection	until	14	days	after	completion	of	the	two	dose	

regimen;	and	3)	vaccine	effectiveness	declined	with	increasing	age	among	adults	≥70	years	of	

age.	

	

Research	in	context	

A	key	evidence	gap,	as	raised	in	the	WHO	EUL	for	Coronavac,11	has	been	the	effectiveness	of	

this	vaccine	in	the	elderly	population,	since	this	age	group	was	not	represented	in	the	Brazilian	

and	Turkish	RCTs.5,7,10,11	We	found	that	CoronaVac	had	an	effectiveness	in	the	elderly	

population	that	was	similar	to	that	observed	in	RCTs	of	younger	populations	and	similar	to	

estimates	of	vaccine	effectiveness	in	adults	≥60	years	of	age	from	a	retrospective	cohort	study	
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in	Chile.10,12	However,	we	observed	a	significant	decline	in	vaccine	effectiveness	against	

symptomatic	COVID-19	with	increasing	age	from	61.8%	(95%	CI	34.8	to	77.7)	in	adults	70-74	

year	olds	to	28.0%	(95%	CI	0.6	to	47.9)	in	adults	≥80	years	of	age.	These	findings	parallel	real-

world	evidence	for	the	BNT162b2	mRNA	vaccine,	which	found	reduced	effectiveness	in	

residents	of	long-term	care	facilities	in	Denmark,36	skilled	nursing	facilities	in	the	USA,37	and	the	

general	population	with	≥70	years	in	Finland38	and	≥80	years	of	age	in	Israel.39	As	well	as	a	

slower	immune	response	and	lower	peak	of	neutralising	antibodies	than	younger	populations,	

elderly	individuals	seem	to	have	faster	decay	of	antibodies	titers.4	Together,	these	findings	

suggest	that	effective	COVID-19	vaccination	of	the	very	elderly	(≥80	years)	population	may	

require	specific	vaccines	or	vaccination	schemes.	

	

Vaccine	effectiveness	was	greater	against	severe	outcomes	than	against	symptomatic	COVID-19	

in	all	age	subgroups	among	the	elderly.	This	finding,	consistent	with	RCTs	and	observational	

studies	for	multiple	COVID-19	vaccines	and	across	settings,5,6,9,10,12	suggests	that	vaccination	

will	reduce	morbidity	and	mortality	even	if	effectiveness	at	preventing	infections	is	reduced	

among	the	elderly.	The	direct	comparison	of	the	effectiveness	against	hospitalisation	with	other	

vaccines	and	between	countries	is	not	straightforward,	because	hospitalisation	is	dependent	on	

admission	triage	policies	that	change	according	to	age	and	hospital	bed	availability.	Therefore,	a	

patient	above	80	years	with	symptomatic	COVID-19	has	higher	likelihood	of	being	admitted	

compared	to	younger	patients	even	if	not	severe,	and	this	likelihood	varies	between	public	and	

private	facilities	and	whether	the	health	system	is	overwhelmed.13	Thus,	we	cannot	generalise	

our	findings	for	protection	against	hospitalisations	without	considering	this	context.	We	
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evaluated	vaccine	effectiveness	at	the	individual	level,	not	accounting	for	the	indirect	effect	

and	the	total	effect	from	the	vaccination	campaign.	A	preliminary	aggregated	analysis	using	

weekly	times	series	of	COVID-19	deaths	in	Brazil	found	a	relative	decrease	in	mortality	among	

those	≥70	years	compared	with	all	ages	after	the	vaccination	with	CoronaVac	and	ChAdOx1,40	

suggesting	a	discernible	impact	of	vaccination	on	mortality	at	the	population	level.	Additional	

investigation	is	required	to	address	the	duration	of	protection	conferred	by	Coronavac.7,19,21	

	

The	absence	of	demonstrable	effectiveness	of	CoronaVac	until	completion	of	the	two	dose	

regimen	has	profound	implications	for	its	use	in	an	epidemic	response.	In	contrast	to	COVID-19	

vaccines	that	confer	protection	after	the	first	dose,9,41	we	did	not	detect	significant	

effectiveness	for	CoronaVac	until	≥14	days	after	the	second	dose	(more	than	six	weeks	after	the	

first	dose).19	Our	findings	suggest	that	in	countries	where	CoronaVac	supplies	are	constrained	

and	are	experiencing	high	SARS-CoV-2	transmission,	vaccination	should	prioritise	completion	of	

the	two-dose	regimen	among	the	highest	risk	populations	and	avoid	expanding	to	broader	

segments	for	which	provisions	for	a	second	dose	have	not	been	secured.	

	

Our	study	did	not	directly	address	the	question	whether	vaccination	with	CoronaVac	was	

effective	against	Gamma-variant-associated	COVID-19	since	we	have	no	data	on	whether	the	

analysed	cases	were	due	to	Gamma	variant.	However,	90%	(1,790/1,999)	of	the	discordant	

pairs	in	this	matched	case-control	study	were	selected	during	the	period	1	March	to	29	April	

2021,	when	Gamma	accounted	for	85%	of	the	genotyped	isolates	during	surveillance	in	São	

Paulo	state.	A	test-negative	study	in	Canada	evaluated	≥70	years	individuals	and	estimated	an	
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adjusted	vaccine	effectiveness	of	single-dose	mRNA	vaccines	of	61%	(95%	CI	45-72)	against	the	

VOC	Gamma	compared	to	72%	(95%	CI	58-81)	for	non-VOC.42	Although	further	studies	are	

required	to	determine	the	effectiveness	of	CoronaVac	against	Gamma	and	additional	VOCs,	our	

findings	provide	supportive	evidence	for	the	use	of	CoronaVac	in	countries	in	South	America	

which	are	experiencing	epidemics	due	to	extensive	spread	of	Gamma20	and	are	administering	

mass	vaccination	with	CoronaVac	as	part	of	the	epidemic	response.	

	

Strengths	and	limitations	of	this	study	

This	study	has	several	strengths	which	include	the	large	sample	size	and	geospatial	coverage,	

comprising	the	state	of	São	Paulo	with	46	million	inhabitants	distributed	across	645	

municipalities.	We	implemented	a	pre-specified	publicly-available	protocol,	which	is	in	

accordance	with	the	recent	WHO	guideline	for	COVID-19	vaccine	effectiveness	evaluation.21	

Using	a	test-negative	design,	we	have	addressed	biases	that	affect	observational	vaccine	

effectiveness	studies,	such	as	health-seeking	behaviour	and	access.	Additionally,	after	matching	

and	adjustment,	the	"bias-indicator"	association	between	recent	vaccination	with	a	single	dose	

0-13	days	before	sample	collection	was	close	to	null,	suggesting	that	vaccinated	and	

unvaccinated	individuals	did	not	differ	in	their	underlying	risk	of	testing	positive	for	SARS-CoV-

2.8,32,43	

	

Our	study	had	limitations.	We	could	not	assess	the	influence	of	a	previous	SARS-CoV-2	infection	

on	vaccine	effectiveness	since	passive	surveillance	identified	few	individuals	with	a	positive	RT-

PCR	or	rapid	antigen	test	before	the	study	period.	Prior	to	the	start	of	the	vaccination	

campaign,	the	estimated	seroprevalence	of	COVID-19	in	inhabitants	who	were	≥60	years	of	age	
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in	the	capital	of	São	Paulo	State	was	19.9%	(95%	CI,	14.9-29.9)	in	January	2021.44	Our	estimates	

of	vaccine	effectiveness	may	therefore	be	subject	to	downward	bias	as	unvaccinated	individuals	

were	at	lower	risk	of	reinfection.	We	attempted	to	exclude	false-negative	RT-PCR	tests	by	

excluding	as	controls	patients	with	a	subsequent	positive	test	within	14	days	after	the	initial	

testing	and	including	only	tests	performed	10	days	of	symptom	onset.21	In	addition,	we	

restricted	our	study	population	to	elderly	individuals	because	they	were	a	priority	group	for	

vaccination	and	received	the	large	majority	of	CoronaVac	doses	during	the	initial	stages	of	the	

campaign	in	Brazil;	as	a	result,	a	direct	comparison	of	the	effectiveness	of	CoronaVac	between	

older	and	younger	populations	was	not	possible.	Our	analyses	were	also	limited	by	the	lack	of	

more	refined	covariates,	such	as	frailty	and	chronic	illness	status,	which	could	influence	vaccine	

effectiveness	in	the	very	elderly	and	would	not	be	addressed	by	age	and	reported	comorbidities	

per	se.	Finally,	although	we	matched	for	calendar	time	of	SARS-CoV-2	testing	(±3	days),21	we	

cannot	exclude	the	possibility	of	time-varying	changes	in	behaviour	or	testing	practices	among	

participants	that	were	not	addressed	by	our	matching	criteria	and	may	introduce	bias.	

However,	estimates	of	vaccine	effectiveness	remained	similar	in	the	sensitivity	analysis	that	

adjusted	for	calendar	date	of	RT-PCR	sample	collection.	

	

In	summary,	we	found	that	a	two-dose	schedule	of	CoronaVac	was	effective	in	preventing	

symptomatic	COVID-19	and	more	severe	clinical	outcomes	among	elderly	individuals	and	in	a	

setting	with	extensive	Gamma	variant	transmission.	However,	the	delayed	onset	of	vaccine-

mediated	protection	underscores	the	need	to	prioritise	vaccine	supplies	and	maximise	the	

number	of	individuals	who	complete	the	two-dose	schedule,	when	CoronaVac	is	used	as	part	of	

a	mass	vaccination	campaign	that	is	implemented	in	response	to	a	COVID-19	epidemic. 	
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Figure	1.	Incidence	of	reported	COVID-19,	vaccination	coverage,	and	prevalence	of	SARS-CoV-2	
variants	of	concern	from	Oct	1,	2020	to	April	29,	2021	in	São	Paulo	State,	Brazil.	Panels	A,	B,	and	C	
show	the	14-day	rolling	average	of	daily	age	group-specific	incidence	of	reported	COVID-19	cases,	
hospitalization	rate,	and	mortality	(events	per	100,000	population),	respectively.	Panel	D	shows	daily	
cumulative	vaccination	coverage	in	individuals≥70	years	of	age.	Population	estimates	for	age	groups	were	
obtained	from	national	projections	for	2020.20	Panel	E	shows	the	monthly	prevalence	of	SARS-CoV-2	variants	
among	genotyped	isolates	in	the	GISAID	database	(extraction	on	June	20th	2021).18	Vertical	bars,	from	left	to	
right	in	each	panel,	show	the	dates	that	adults	≥90,	80-89	and	70-79	years	of	age	in	the	general	population	
became	eligible	for	vaccination.	
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Figure	2.	Flowchart	of	the	identification	of	the	study	population	from	surveillance	databases	and	
selection	of	matched	cases	and	controls.	
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Figure	3.	Adjusted	vaccine	effectiveness	during	the	period	≥14	days	after	the	second	CoronaVac	dose	
for	subgroups	of	adults	≥70	years	of	age.	Estimates	of	vaccine	effectiveness	were	obtained	from	a	
conditional	logistic	regression	model	that	included	covariates	of	age	and	the	number	of	comorbidities	
and	incorporated	an	interaction	term	between	the	category	of	interest	and	the	period	≥14	days	after	
the	second	CoronaVac	dose.	
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Table	1.	Characteristics	of	adults	≥70	years	of	age	who	were	eligible	for	matching	and	selected	into	case-
test	negative	pairs.		

		 Eligible	cases	and	controls	 Matched	pairs	

Characteristics*	 Test-negative		
(n=17,622)^	

Test-positive	
(n=26,433)^	

Controls	
(n=7,950)^	

Cases	
(n=7,950)^	

Demographics	 	 	 	 	

Age,	mean	(SD),	years	 77.53	(6.8)	 76.71	(6.2)	 76.15	(5.8)	 76.15	(5.8)	

Age	categories,	n	(%)	 	 	 	 	

70-79	years	 12,123	(68.8)	 19,673	(74.4)	 6,150	(77.4)	 6,150	(77.4)	

80-89	years	 4,301	(24.4)	 5,437	(20.6)	 1,510	(19.0)	 1,510	(19.0)	

≥90	years	 1,198	(6.8)	 1,323	(5.0)	 290	(3.6)	 290	(3.6)	

Male	sex,	n	(%)	 7,689	(43.6)	 12,431	(47.0)	 3,276	(41.2)	 3,276	(41.2)	

Self-reported	race†,	n	(%),	 	 	 	 	

			White/Branca	 13,415	(76.1)	 19,796	(74.9)	 6,420	(80.8)	 6,420	(80.8)	

			Brown/Pardo	 3,192	(18.1)	 4,983	(18.9)	 1,301	(16.4)	 1,301	(16.4)	

			Black/Preta	 785	(4.5)	 1,258	(4.8)	 191	(2.4)	 191	(2.4)	

		Yellow/	Amarela	 226	(1.3)	 390	(1.5)	 38	(0.5)	 38	(0.5)	

			Indigenous/Indigena	 4	(0.0)	 6	(0.0)	 -	 -	

Residence	in	“Grande	São	Paulo”	
Health	Region,	n	(%)	 12,381	(70.3)	 16,538	(62.6)	 4,259	(53.6)	 4,259	(53.6)	

Comorbidities	 	 	 	 	

	Reported	number‡,	n	(%)	 	 	 	 	

			None	 10,027	(56.9)	 12,668	(47.9)	 4,510	(56.7)	 3,564	(44.8)	

			One	or	two	 6,984	(39.6)	 12,548	(47.5)	 3,151	(39.6)	 3,994	(50.2)	

			Three	or	more	 611	(3.5)	 1,217	(4.6)	 289	(3.6)	 392	(4.9)	

Cardiovascular	disease	,	n	(%)	 5,293	(30.0)	 10,079	(38.1)	 2,375	(29.9)	 3,252	(40.9)	

Diabetes,	n	(%)	 3,233	(18.3)	 6,533	(24.7)	 1,314	(19.0)	 2,092	(26.3)	

Prior	SARS-CoV-2	exposure**		 	 	 	 	
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Previous	symptomatic	events	notified	
to	the	surveillance	systems**,	n	(%)	

685	(3.9)	 354	(1.3)	 35	(0.4)	 35	(0.4)	

Positive	SARS-CoV-2	test	result	††,	n	(%)	 66	(0.4)	 13	(0.0)	 1	(0.0)	 4	(0.1)	

Interval	between	symptoms	onset	and	
RT-PCR	testing,	median	(p25-p75),	days	 3	[2-5]	 4	[2-6]	 3	[1-5]	 4	[2-6]	

ARI	associated	hospitalisations,	n	(%)	 4,524/17,484	
(25.9)	

12,987/26,221	
(49.5)	

2,065/7,889	
(26.2)	

4,039/7,883	
(51.2)	

ARI	associated	deaths,	n	(%)	 912/16,710	
(5.5%)	

7,054/24,508	
(28.8%)	

729/7,557	
(9.6%)	

2,052/7,359	
(27.9%)	

Interval	between	symptoms	onset	and	
hospitalization,	median	(p25-p75),	days	 3	[2-6]	 7	[4-10]	 3	[2-6]	 7	[4-10]	

Interval	between	symptoms	onset	and	
deaths,	median	(p25-p75),	days	 8	[4-13]	 14	[9-21]	 8	[4-15]	 15	[10-22]	

Vaccination	status	 	 	 	 	

Not	vaccinated,	n	(%)	 11,986	(68.0)	 17,233	(65.2)	 5,485	(69.0)	 5,561	(69.9)	

Single	dose,	within	0-13	days,	n	(%)	 1,446	(8.2)	 2,976	(11.3)	 747	(9.4)	 762	(9.6)	

Single	dose,	≥14	days,	n	(%)		 1,797	(10.2)	 3,312	(12.5)	 843	(10.6)	 851	(10.7)	

Two	doses,	within	0-13	days,	n	(%)	 1,041	(5.9)	 1,533	(5.8)	 437	(5.5)	 421	(5.3)	

Two	doses,	≥14	days,	n	(%)		 1,352	(7.7)	 1,379	(5.2)	 438	(5.5)	 355	(4.5)	

Interval	between	first	and	second	dose,	
mean	(SD),	days	 25	(6)	 30	(12)	 25	(6)	 29	(11)	

Interval	between	first	dose	and	RT-PCR	
testing,	mean	(SD),	days	 28	(19)	 23	(16)	 24	(17)	 23	(16)	

Interval	between	second	dose	and	RT-
PCR	testing,	mean	(SD),	days	 20	(15)	 17	(14)	 18	(15)	 17	(14)	

*Continuous	variables	are	displayed	as	mean	(SD);	categorical	variables	are	displayed	as	n	(%).	
^These	numbers	refer	to	RT-PCR	tests	and	represent	43,774	individuals	for	the	eligible	cases	and	
controls	and	15,852	individuals	in	the	matched	cases	and	controls.	
†Race/skin	colour	as	defined	by	the	Brazilian	national	census	bureau	(Instituto	Nacional	de	Geografia	e	
Estatísticas).27		
‡Comorbidities	included:	cardiovascular,	renal,	neurological,	haematological,	or	hepatic	comorbidities,	
diabetes,	chronic	respiratory	disorder,	obesity,	or	immunosuppression.	
**Prior	to	the	start	of	the	study	on	17	January,	2021	and	after	systematic	surveillance	was	implemented	
on	1	February,	2020.	
**	Reported	illness	with	COVID-19	associated	symptoms	in	the	eSUS	and	SIVEP-Gripe	databases.	
††	Defined	as	a	positive	SARS-CoV-2	RT-PCR	or	antigen	detection	test	result.
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Table	2:	Effectiveness	of	CoronaVac	against	symptomatic	COVID-19,	hospitalisations	and	deaths	in	adults	≥70	years	of	age.	

		 Unadjusted	Analysis	 Adjusted	Analysis^	

Symptomatic	COVID-19	(n=15,900)	 OR	(95%	CI)	 VE	(95%	CI)	 p-value	 OR	(95%	CI)	 VE	(95%	CI)	 p-value	

Single	dose,	within	0-13	days	vs.	unvaccinated*	 0.97	(0.85-1.12)	 2.7%	(-11.7-15.3)	 0.70	 0.98	(0.85-1.12)	 2.5%	(-12.2-15.3)	 0.72	

Single	dose,	≥14	days	vs.	unvaccinated*	 0.91	(0.78-1.05)	 9.5%	(-5.3-22.3)	 0.20	 0.90	(0.77-1.04)	 10.5%	(-4.4-23.3)	 0.16	

Two	doses,	within	0-13	days	vs.	unvaccinated*	 0.81	(0.66-0.98)	 19.5%	(1.9-34.0)	 0.03	 0.82	(0.67-1.00)	 18.2%	(0.0-33.2)	 0.05	

Two	doses,	≥14	days	vs.	unvaccinated*	 0.60	(0.48-0.74)	 40.5%	(25.8-52.3)	 <0.001	 0.58	(0.47-0.73)	 41.6%	(26.9-53.3)	 <0.001	

COVID-19	associated	hospitalisations	(n=8,078)	 	 	 	 	 	 	

Single	dose,	within	0-13	days	vs.	unvaccinated*	 0.89	(0.74-1.07)	 11.3%	(-7.0-26.4)	 0.21	 0.84	(0.68-1.02)	 16.4%	(-2.2-31.6)	 0.08	

Single	dose,	≥14	days	vs.	unvaccinated*	 0.85	(0.70-1.04)	 14.6%	(-4.2-30.0)	 0.12	 0.83	(0.66-1.01)	 18.5%	(-1.0-34.2)	 0.06	

Two	doses,	within	0-13	days	vs.	unvaccinated*	 0.62	(0.47-0.81)	 38.1%	(18.8-52.8)	 0.001	 0.59	(0.44-0.79)	 40.9%	(20.7-55.9)	 <0.001	

Two	doses,	≥14	days	vs.	unvaccinated*	 0.47	(0.36-0.63)	 52.7%	(37.2-64.4)	 <0.001	 0.41	(0.30-0.56)	 59%	(44.2-69.8)	 <0.001	

COVID-19	associated	deaths	(n=4,104)	 	 	 	 	 	 	

Single	dose,	within	0-13	days	vs.	unvaccinated*	 0.92	(0.72-1.18)	 8.2%	(-17.7-28.4)	 0.50	 0.93	(0.71-1.21)	 7.4%	(-21.3-29.2)	 0.58	

Single	dose,	≥14	days	vs.	unvaccinated*	 0.76	(0.57-1.00)	 24.5%	(0.0-43.0)	 0.05	 0.68	(0.50-0.93)	 31.6%	(7.1-49.7)	 0.02	

Two	doses,	within	0-13	days	vs.	unvaccinated*	 0.40	(0.27-0.59)	 60.4%	(40.6-73.5)	 <0.001	 0.36	(0.23-0.55)	 64.4%	(44.6-77.1)	 <0.001	

Two	doses,	≥14	days	vs.	unvaccinated*	 0.34	(0.22-0.52)	 66.2%	(47.8-78.1)	 <0.001	 0.29	(0.18-0.46)	 71.4%	(53.7-82.3)	 <0.001	

ARI	-	acute	respiratory	illness		
*At	date	of	index	sample	collection	for	cases	and	controls.		
^	Models	adjusted	by	age	(linear	term	for	symptomatic	and	hospitalisation,	restricted	cubic	spline	for	deaths)	and	number	of	comorbidities	(None,	One	or	Two,	
Three	or	more)		
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Supplementary	Figure	1.	Daily	cases	and	vaccine	coverage	by	age.	
	

Panel	A	shows	the	daily	cases	of	reported	COVID-19	from	Mar	15,	2020	to	Apr	29,	2021	in	São	Paulo	State,	Brazil,	
with	the	green	line	representing	the	14-day	rolling	average	of	counts.	Panels	B,	C	and	D	show	the	cumulative	
vaccination	coverage	for	age	groups	>90y,	80y-89y,	and	70y-79y,	respectively.	Population	estimates	for	age	groups	
were	obtained	from	national	projections	for	2020.20	Vertical	bars,	from	left	to	right	in	each	panel,	show	the	dates	
that	adults	≥90,	80-89	and	70-79	years	of	age	in	the	general	population	became	eligible	for	vaccination.	

  

	

	

  

 . CC-BY-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted July 21, 2021. ;https://doi.org/10.1101/2021.05.19.21257472doi:medRxiv preprint 



 |  959O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

3	
	

Supplementary	Figure	2.	Timing	of	enrolment	of	discordant	case-control	pairs	by	vaccination	category	
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Supplementary	Figure	3.	Timing	of	RT-PCR	sample	collection	date	relative	to	first	(left	column)	and	second	(right	
column)	vaccine	dose	date,	among	cases	(top	row)	and	controls	(bottom	row)	who	were	vaccinated	during	the	
study	period.	
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Supplementary	Table	1.	Distribution	of	concordant	and	discordant	matched	case-control	pairs.	

  

		 Cases	

Controls	 Unvaccinated	 Single	dose,	
dose	1	within	
0-13	days	

Single	
dose,	dose	
1	≥14	days	

Two	doses,	
dose	2	within	
0-13	days	

Two	doses,	
dose	2	≥14	
days	

Unvaccinated	
4,920	 290	 168	 55	 52	

Single	dose,	dose	
1	within	0-13	days	

301	 286	 131	 15	 14	

Single	dose,	dose	
1	≥14	days	

167	 134	 379	 119	 44	

Two	doses	dose	2	
within	0-13	days	

82	 26	 118	 166	 45	

Two	doses,	dose	2	
≥14	days	

91	 26	 55	 66	 200	
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Supplementary	Table	2.	Characteristics	of	adults	≥70	years	of	age	who	were	eligible	for	matching	and	selected	into	
case-test	negative	pairs	for	the	hospitalisation	analysis.		

		 Eligible	cases	and	controls	 Matched	pairs	

Characteristics*	 Test-negative		
(n=17,622)^	

Test-positive	
(n=26,433)^	

Controls	
(n=4,039)^	

Cases	
(n=4,039)^	

Demographics	 	 	 	 	

Age,	mean	(SD),	years	 77.53	(6.78)	 76.71	(6.19)	 77.22	(6.41)	 77.25	(6.38)	

Age	categories,	n	(%)	 	 	 	 	

70-79	years	 12,123	(68.8)	 19,673	(74.4)	 2847	(70.5)	 2847	(70.5)	

80-89	years	 4,301	(24.4)	 5,437	(20.6)	 965	(23.9)	 965	(23.9)	

≥90	years	 1,198	(6.8)	 1,323	(5.0)	 227	(5.6)	 227	(5.6)	

Male	sex,	n	(%)	 7,689	(43.6)	 12,431	(47.0)	 1771	(43.8)	 1771	(43.8)	

Self-reported	race†,	n	(%),	 	 	 	 	

			White/Branca	 13,415	(76.1)	 19,796	(74.9)	 3251	(80.5)	 3251	(80.5)	

			Brown/Pardo	 3,192	(18.1)	 4,983	(18.9)	 644	(15.9)	 644	(15.9)	

			Black/Preta	 785	(4.5)	 1,258	(4.8)	 115	(2.8)	 115	(2.8)	

		Yellow/	Amarela	 226	(1.3)	 390	(1.5)	 29	(0.7)	 29	(0.7)	

			Indigenous/Indigena	 4	(0.0)	 6	(0.0)	 -	 -	

Residence	in	“Grande	São	Paulo”	
Health	Region,	n	(%)	

12,381	(70.3)	 16,538	(62.6)	
1783	(44.1)	 1783	(44.1)	

Comorbidities	 	 	 	 	

	Reported	number‡,	n	(%)	 	 	 	 	

			None	 10,027	(56.9)	 12,668	(47.9)	 2213	(54.8)	 1127	(27.9)	

			One	or	two	 6,984	(39.6)	 12,548	(47.5)	 1661	(41.1)	 2566	(63.5)	

			Three	or	more	 611	(3.5)	 1,217	(4.6)	 165	(4.1)	 346	(8.6)	

Cardiovascular	disease	,	n	(%)	 5,293	(30.0)	 10,079	(38.1)	 1241	(30.7)	 2201	(54.5)	

Diabetes,	n	(%)	 3,233	(18.3)	 6,533	(24.7)	 793	(19.6)	 1439	(35.6)	

Prior	SARS-CoV-2	exposure**		 	 	 	 	
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Previous	symptomatic	events	
notified	to	the	surveillance	

systems**,	n	(%)	
685	(3.9)	 354	(1.3)	

13	(0.3)	 13	(0.3)	

Positive	SARS-CoV-2	test	result	††,	n	
(%)	

66	(0.4)	 13	(0.0)	
0	(0.0)	 2	(0.0)	

Interval	between	symptoms	onset	
and	RT-PCR	testing,	median	(p25-

p75),	days	
3	[2-5]	 4	[2-6]	 3	[1-5]	 4	[2-6]	

ARI	associated	hospitalisations,	n	
(%)	

4,524/17,484	
(25.9)	

12,987/26,221	
(49.5)	

1,252/4,009	
(31.2)	

4,039/4,039	
(100)	

ARI	associated	deaths,	n	(%)	 912/16,710	
(5.5%)	

7,054/24,508	
(28.8%)	

446/3,795	
(11.8)	

1,939/3,470	
(55.9)	

Interval	between	symptoms	onset	
and	hospitalization,	median	(p25-

p75),	days	
3	[2-6]	 7	[4-10]	 3	[2-6]	 7	[4-10]	

Interval	between	symptoms	onset	
and	deaths,	median	(p25-p75),	

days	
8	[4-13]	 14	[9-21]	 8	[4-15]	 15	[10-23]	

Vaccination	status	 	 	 	 	

Not	vaccinated,	n	(%)	 11,986	(68.0)	 17,233	(65.2)	 2656	(65.8)	 2746	(68.0)	

Single	dose,	within	0-13	days,	n	(%)	 1,446	(8.2)	 2,976	(11.3)	 413	(10.2)	 408	(10.1)	

Single	dose,	≥14	days,	n	(%)		 1,797	(10.2)	 3,312	(12.5)	 445	(11.0)	 463	(11.5)	

Two	doses,	within	0-13	days,	n	(%)	 1,041	(5.9)	 1,533	(5.8)	 230	(5.7)	 196	(4.9)	

Two	doses,	≥14	days,	n	(%)		 1,352	(7.7)	 1,379	(5.2)	 295	(7.3)	 226	(5.6)	

Interval	between	first	and	second	
dose,	mean	(SD),	days	

25	(6)	 30	(12)	 25	(6)	 29	(12)	

Interval	between	first	dose	and	RT-
PCR	testing,	mean	(SD),	days	

28	(19)	 23	(16)	 25	(19)	 24	(18)	

Interval	between	second	dose	and	
RT-PCR	testing,	mean	(SD),	days	

20	(15)	 17	(14)	 20	(16)	 20	(16)	

*Continuous	variables	are	displayed	as	mean	(SD);	categorical	variables	are	displayed	as	n	(%).	
^These	numbers	refer	to	RT-PCR	tests	and	represent	43,774	individuals	for	the	eligible	cases	and	controls	and	8,059	individuals	in	the	matched	
cases	and	controls.	
†Race/skin	colour	as	defined	by	the	Brazilian	national	census	bureau	(Instituto	Nacional	de	Geografia	e	Estatísticas).		
‡Comorbidities	included:	cardiovascular,	renal,	neurological,	haematological,	or	hepatic	comorbidities,	diabetes,	chronic	respiratory	disorder,	
obesity,	or	immunosuppression.	

**Prior	to	the	start	of	the	study	on	17	January,	2021	and	after	systematic	surveillance	was	implemented	on	1	February,	2020.	
**	Reported	illness	with	COVID-19	associated	symptoms	in	the	eSUS	and	SIVEP-Gripe	databases.	
††	Defined	as	a	positive	SARS-CoV-2	RT-PCR	or	antigen	detection	test	result 	
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Supplementary	Table	3.	Characteristics	of	adults	≥70	years	of	age	who	were	eligible	for	matching	and	selected	into	
case-test	negative	pairs	for	the	death	analysis.		

		 Eligible	cases	and	controls	 Matched	pairs	

Characteristics*	 Test-negative		
(n=17,622)^	

Test-positive	
(n=26,433)^	

Controls	
(n=2,052)^	

Cases	
(n=2,052)^	

Demographics	 	 	 	 	

Age,	mean	(SD),	years	 77.53	(6.78)	 76.71	(6.19)	 77.69	(6.57)	 77.76	(6.53)	

Age	categories,	n	(%)	 	 	 	 	

70-79	years	 12,123	(68.8)	 19,673	(74.4)	 1396	(68.0)	 1396	(68.0)	

80-89	years	 4,301	(24.4)	 5,437	(20.6)	 523	(25.5)	 523	(25.5)	

≥90	years	 1,198	(6.8)	 1,323	(5.0)	 133	(6.5)	 133	(6.5)	

Male	sex,	n	(%)	 7,689	(43.6)	 12,431	(47.0)	 962	(46.9)	 962	(46.9)	

Self-reported	race†,	n	(%),	 	 	 	 	

			White/Branca	 13,415	(76.1)	 19,796	(74.9)	 1654	(80.6)	 1654	(80.6)	

			Brown/Pardo	 3,192	(18.1)	 4,983	(18.9)	 320	(15.6)	 320	(15.6)	

			Black/Preta	 785	(4.5)	 1,258	(4.8)	 61	(3.0)	 61	(3.0)	

		Yellow/	Amarela	 226	(1.3)	 390	(1.5)	 17	(0.8)	 17	(0.8)	

			Indigenous/Indigena	 4	(0.0)	 6	(0.0)	 -	 -	

Residence	in	“Grande	São	Paulo”	
Health	Region,	n	(%)	

12,381	(70.3)	 16,538	(62.6)	
982	(47.9)	 982	(47.9)	

Comorbidities	 	 	 	 	

	Reported	number‡,	n	(%)	 	 	 	 	

			None	 10,027	(56.9)	 12,668	(47.9)	 1105	(53.8)	 535	(26.1)	

			One	or	two	 6,984	(39.6)	 12,548	(47.5)	 868	(42.3)	 1304	(63.5)	

			Three	or	more	 611	(3.5)	 1,217	(4.6)	 79	(3.8)	 213	(10.4)	

Cardiovascular	disease	,	n	(%)	 5,293	(30.0)	 10,079	(38.1)	 633	(30.8)	 1142	(55.7)	

Diabetes,	n	(%)	 3,233	(18.3)	 6,533	(24.7)	 396	(19.3)	 754	(36.7)	

Prior	SARS-CoV-2	exposure**		 	 	 	 	
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Previous	symptomatic	events	
notified	to	the	surveillance	

systems**,	n	(%)	
685	(3.9)	 354	(1.3)	

7	(0.3)	 7	(0.3)	

Positive	SARS-CoV-2	test	result	††,	n	
(%)	

66	(0.4)	 13	(0.0)	
0	(0.0)	 1	(0.0)	

Interval	between	symptoms	onset	
and	RT-PCR	testing,	median	(p25-

p75),	days	
3	[2-5]	 4	[2-6]	 3	[1-5]	 4	[2-6]	

ARI	associated	hospitalisations,	n	
(%)	

4,524/17,484	
(25.9)	

12,987/26,221	
(49.5)	

645/2,035	
(31.7)	

1,939/2,025	
(95.8)	

ARI	associated	deaths,	n	(%)	 912/16,710	
(5.5%)	

7,054/24,508	
(28.8%)	

255/1,940	
(13.1)	

2,052/2,052	
(100)	

Interval	between	symptoms	onset	
and	hospitalization,	median	(p25-

p75),	days	
3	[2-6]	 7	[4-10]	 3	[2-6]	 6	[4-10]	

Interval	between	symptoms	onset	
and	deaths,	median	(p25-p75),	

days	
8	[4-13]	 14	[9-21]	 8	[4-12]	 15	[10-22]	

Vaccination	status	 	 	 	 	

Not	vaccinated,	n	(%)	 11,986	(68.0)	 17,233	(65.2)	 1362	(66.4)	 1425	(69.4)	

Single	dose,	within	0-13	days,	n	(%)	 1,446	(8.2)	 2,976	(11.3)	 218	(10.6)	 225	(11.0)	

Single	dose,	≥14	days,	n	(%)		 1,797	(10.2)	 3,312	(12.5)	 226	(11.0)	 236	(11.5)	

Two	doses,	within	0-13	days,	n	(%)	 1,041	(5.9)	 1,533	(5.8)	 117	(5.7)	 79	(3.8)	

Two	doses,	≥14	days,	n	(%)		 1,352	(7.7)	 1,379	(5.2)	 129	(6.3)	 87	(4.2)	

Interval	between	first	and	second	
dose,	mean	(SD),	days	

25	(6)	 30	(12)	 25	(6)	 24	(5)	

Interval	between	first	dose	and	RT-
PCR	testing,	mean	(SD),	days	

28	(19)	 23	(16)	 24	(18)	 22	(17)	

Interval	between	second	dose	and	
RT-PCR	testing,	mean	(SD),	days	

20	(15)	 17	(14)	 19	(16)	 20	(15)	

*Continuous	variables	are	displayed	as	mean	(SD);	categorical	variables	are	displayed	as	n	(%).	
^These	numbers	refer	to	RT-PCR	tests	and	represent	43,774	individuals	for	the	eligible	cases	and	controls	and	4,099	individuals	in	the	matched	
cases	and	controls.	
†Race/skin	colour	as	defined	by	the	Brazilian	national	census	bureau	(Instituto	Nacional	de	Geografia	e	Estatísticas).		
‡Comorbidities	included:	cardiovascular,	renal,	neurological,	haematological,	or	hepatic	comorbidities,	diabetes,	chronic	respiratory	disorder,	
obesity,	or	immunosuppression.	

**Prior	to	the	start	of	the	study	on	17	January,	2021	and	after	systematic	surveillance	was	implemented	on	1	February,	2020.	
**	Reported	illness	with	COVID-19	associated	symptoms	in	the	eSUS	and	SIVEP-Gripe	databases.	
††	Defined	as	a	positive	SARS-CoV-2	RT-PCR	or	antigen	detection	test	result. 	
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Supplementary	Table	4.	Adjusted	vaccine	effectiveness	during	the	period	≥14	days	after	the	second	CoronaVac	
dose	for	subgroups	of	adults	≥70	years	of	age.		

Estimates	of	vaccine	effectiveness	were	obtained	from	a	conditional	logistic	regression	model	that	included	
covariates	of	age	and	the	number	of	comorbidities	and	incorporated	an	interaction	term	between	the	category	of	
interest	and	the	period	≥14	days	after	the	second	CoronaVac	dose.	

	

Outcome	 OR	(95%	CI)	 VE	(95%	CI)	 p-value	for	
interaction	

Symptomatic	cases	(n=15,900)	 	 	 	

70-74	(n=8,178)	 0.38	(0.22-0.65)	 61.8%	(34.8-77.7)	 0.05	

75-79	(n=4,122)	 0.51	(0.34-0.77)	 48.9%	(23.3-66.0)	

80+	(n=3,600)	 0.72	(0.52-0.99)	 28.0%	(0.60-47.9)	

Hospitalisations	(n=8,078)	 		 		 		

70-74	(n=3,596)	 0.20	(0.09-0.44)	 80.1%	(55.7-91.0)	 0.04	

75-79	(n=2,098)	 0.31	(0.16-0.58)	 69.5%	(42.4-83.8)	

80+	(n=2,384)	 0.57	(0.38-0.85)	 43.4%	(15.4-62.0)	

Deaths	(n=4,104)	 		 		 		

70-74	(n=1,652)	 0.14	(0.04-0.50)	 86.0%	(50.4-96.1)	 0.19	

75-79	(n=1,140)	 0.13	(0.04-0.40)	 87.1%	(60.2-95.8)	

80+	(n=1,312)	 0.50	(0.27-0.92)	 49.9%	(8.1-72.7)	
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Supplementary	Table	5.	Estimated	effectiveness	of	CoronaVac	≥14	days	after	the	second	dose,	in	subgroups	of	
adults	≥70	years	of	age.		

All	models	are	adjusted	by	age	(continuous)	and	number	of	comorbidities,	and	include	an	interaction	term	
between	the	subgroup	of	interest	and	vaccinations	with	2	doses,	≥14	days	after	second	vaccine	dose.	

Subgroup Adjusted OR (95% CI) Adjusted VE (95% CI) p-value for 
interaction 

Age       

70-74 (n=8,178) 0.38 (0.22-0.65) 61.8% (34.8-77.7) 0.05 

75-79 (n=4,122) 0.51 (0.34-0.77) 48.9% (23.3-66.0) 

80+ (n=3,600) 0.72 (0.52-0.99) 28.0% (0.60-47.9) 

Sex       

Females (n=9,348) 0.60 (0.45-0.80) 40.1% (19.8-55.3) 0.85 

Males (n=6,552) 0.56 (0.39-0.80) 44.0% (20.4-60.6) 

Comorbidities       

No reported (n=8,074) 0.60 (0.45-0.80) 40.0% (20.3-54.8) 0.81 

Reported (n=7,826) 0.57 (0.44-0.74) 43.1% (26.3-56.0) 

Cardiovascular disease       

No reported (n=10,273) 0.58 (0.45-0.75) 42.4% (25.5-55.5) 0.86 

Reported (n=5,627) 0.59 (0.45-0.79) 40.9% (21.3-55.5) 

Diabetes       

No reported (n=12,294) 0.54 (0.43-0.69) 45.6% (30.6-57.4) 0.12 

Reported (n=5,627) 0.73 (0.51-1.05) 26.9% (-4.6-48.9) 

Health regional area       

“Grande São Paulo” (n=7,382) 0.58 (0.44-0.77) 42% (23.0-56.4) 0.66 

Not “Grande São Paulo” (n=8,518) 0.58 (0.41-0.84) 41.6% (15.8-59.5) 

 

	
	
	 	

 . CC-BY-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted July 21, 2021. ;https://doi.org/10.1101/2021.05.19.21257472doi:medRxiv preprint 



968 |    CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

12	
	

Supplementary	Figure	4.	Adjusted	vaccine	effectiveness	during	the	period	≥14	days	after	the	second	CoronaVac	
dose	for	subgroups	of	adults	≥70	years	of	age.		

Estimates	of	vaccine	effectiveness	were	obtained	from	a	conditional	logistic	regression	model	that	included	
covariates	of	age	(continuous)	and	the	number	of	comorbidities	and	incorporated	an	interaction	term	between	the	
category	of	interest	and	the	period	≥14	days	after	the	second	CoronaVac	dose.	
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Protocol for the Teste-Negative Case-Control Study in 
São Paulo State 

	

	

Version	01.3	/	April	30th	2021	

	

Released	in	https://github.com/juliocroda/VebraCOVID-19/	
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PROTOCOL 

 
Evaluation of Vaccine Effectiveness in Brazil against COVID-19 (VEBRA-COVID) 

Sub-Study: A Test-Negative Case-Control Study on the Effectiveness of COVID-19 Vaccines amongst the 
General Population of São Paulo State in Brazil  

 
Version: 01.3 / April 30th 2021 

 
Table 1. Protocol Revisions 

Changes in Version 1.3 Justification 
Addition of ChAdOx1 exposure times We added the time windows following the first and 

second doses of ChAdOx1 to be 0-13 days, 14-27 days 
and ≥28 days  

Revised expected vaccine effectiveness In the VEBRA-COVID analysis of the elderly (≥70 
years of age) in São Paulo, we aimed to answer the 
research question of whether vaccines had a real-world 
effectiveness of public health value rather than whether 
they had a real-world effectiveness that was consistent 
with efficacy estimates from RCTs. Thus, we powered 
the study for a real world effectiveness above a lower 
threshold of 40%, below which the value of the 
vaccination would require reconsideration. 

Change of matching criteria from CEP (5 digits) to 
Municipality and self-reported race  

We based this decision on three main reasons: 
1 – A great proportion of municipalities in São Paulo 
State has a unique CEP (zipcode), so everyone in that 
municipality has the same CEP. For these 
municipalities, we would lose within municipality 
socioeconomic information 
2 – We observed a larger proportion of invalid CEPs 
mainly in the e-SUS database compared with the 
SIVEP-Gripe database, which may introduce potential 
bias since SIVEP-Gripe has a higher proportion of 
severe COVID-19 cases  
3 – A significant number of unique CEPs were 
inconsistently placed in more than one municipality. 

Addition of outcomes for the cohort analysis of test-
positive cases  

We added ICU admission and respiratory support, 
occurring within 21 days of initial SARS-CoV-2 test 
positivity. We also changed hospitalization from 
occurring within 14 days to within 21 days of initial 
SARS-CoV-2 test positivity. 
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I. Background 
 
Since the emergence of severe acute respiratory virus coronavirus 2 (SARS-CoV-2), Brazil has experienced one of 
the world’s highest incidence and mortality rates in the world, with over 13 million reported infections as of the 
middle of April 2021.1–3 São Paulo, the most populous state in Brazil (~ 46 million inhabitants), is the state with 
highest number of cases and deaths: 2,827,833 cases and 92,548 deaths as by April 24th 2021.4 Variants of Concern 
(VOC) also had a key role on the recent several surges in Brazil and São Paulo State. The P.1 VOC, which was first 
detected in Manaus on Jan 12, 2021, 5–7 and now consists the majority of new infections, being dominant in several 
states in Brazil. P1. has accrued mutations associated with decreased neutralization,8,9 and has since spread 
throughout Brazil, synchronizing the epidemic in country in a scenario of relaxed non-pharmacological 
interventions. 
 
The rapid development of novel vaccines against COVID-19 allowed countries to start vaccine distribution 
programs within a year of the identification of the novel virus. Among the first vaccines to be developed was 
Sinovac’s CoronaVac vaccine.10–12 Phase III trials were conducted in Turkey, Chile, Singapore and Brazil. The 
Brazilian trial was conducted among a study population of healthcare professionals, and reported that the 
effectiveness of CoronaVac after 14 days following completion of a two dose schedule was 50.7% (95% CI 36.0-
62.0) for all symptomatic cases of COVID-19, 83.7% (95% CI 58.0-93.7) for cases requiring medical attention, and 
100% (95% CI 56.4-100) for hospitalized, severe, and fatal cases.12 CoronaVac was approved for emergency use on 
17 January in Brazil, and used to vaccinate healthcare workers and the general population. AstraZeneca-Oxford’s 
ChAdOx1 vaccine13,14 was approved on the same day and was administered beginning on 23 January 2021. In 
Brazil, ChAdOx1 schedule is for 12 weeks between first and second dose. 
 
As vaccine programs continue, there has been much interest in estimation of vaccine effectiveness through 
observational studies, and specifically in settings where VOC are circulating. Such studies have advantages over 
clinical trials, including increased size and follow-up time, and reduced cost. However, as vaccinated and 
unvaccinated individuals are likely different in their SARS-CoV-2 risk and healthcare access, these studies must 
address bias through design and analysis. Several studies have demonstrated the effectiveness of COVID-19 
vaccines against infection caused by the B.1.1.7 variant.15 However, large-scale real-world investigations on vaccine 
effectiveness have not been conducted in regions where the P.1 variant is prevalent. 
 
We propose a test-negative case-control study16,17 of the general population from the São Paulo State to evaluate the 
effectiveness of COVID-19 vaccines in preventing symptomatic disease in a setting of widespread P.1 VOC 
transmission.6 The study will initially evaluate the effectiveness of COVID-19 vaccines, CoronaVac and ChAdOx1 
amongst the population with age ≥70 years, since the vaccination campaign prioritized this age group in its first 
months. We will expand the study population as additional age groups become eligible for vaccination. Furthermore, 
we expect that additional vaccines will be approved and will evaluate their effectiveness. We will therefore continue 
to amend the protocol and its objectives accordingly to address these new questions. 
 
II. Objectives 
 
To estimate the effectiveness of COVID-19 vaccines against symptomatic SARS-CoV-2 infection amongst the general 
population from the São Paulo State. Our initial analyses will focus on estimating vaccine effectiveness in the age 
group of ≥70 years. 

 
 
III. Methods 
 
1. Study Design: We will conduct a retrospective matched case-control study, enrolling cases who test positive for 
SARS-CoV-2 and controls who test negative for SARS-CoV-2 amongst the general population (Section 3) as of the 
day that the COVID-19 vaccination campaign was initiated at the study sites. The study will evaluate vaccine 
effectiveness on the primary outcome of symptomatic SARS-CoV-2 infection. We will identify cases and matched 
controls by extracting information from health surveillance records and ascertain the type and data of vaccination by 
reviewing the state COVID-19 vaccination registry. In this design, one minus the odds ratio (1-OR) of vaccination 
comparing cases and controls estimates the direct effect of vaccination on the disease outcome. In a separate 
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analysis, we will assess the association between vaccination and hospitalization and/or death among individuals who 
have tested positive for SARS-CoV-2. 
 
2. IRB and Ethics Statement: The protocol has been submitted to the Ethical Committee for Research of Federal 
University of Mato Grosso do Sul (CAAE: 43289221.5.0000.0021). The work of investigators at the University of 
Florida, Yale University, Stanford University, and Barcelona Institute for Global Health was conducted to inform 
the public health response and was therefore covered under Public Health Response Authorization under the US 
Common Rule. 
  
Study Details 

 
Study Site: The State of São Paulo (23°3′S, 46°4’W) is the most populous state in Brazil: an estimated population of 
46,289,333 in 2020. São Paulo State has 645 municipalities and its capital, São Paulo city, has 12 million 
inhabitants. São Paulo State reported 2,827,833 COVID-19 cases (cumulative incidence rate: 6,109 per 100,000 
population) and 92,548 deaths (cumulative mortality: 200 per 100,000 population), by 24/04/2021. The State 
Secretary of Health of Sao Paulo (SES-SP) initiated its COVID-19 vaccination campaign on 17 January 2021 and is 
administering two vaccines, CoronaVac and ChAdOx1. As of 24 April 2021, 10.7 million doses (6.9 million first 
doses and 3.8 million second doses) have been administered in the State. 
 
Data Sources and Integration: We will identify eligible cases and controls from the State of São Paulo who test 
positive and negative, respectively, from the state laboratory testing registry of public health laboratory network; 2) 
Determine vaccination status from state vaccination registries; and 3) Extract information from national healthcare 
and surveillance databases that will be used to define outcomes, match controls to cases, determine vaccination 
status, serve as covariates for post-stratification and provide a source for cross-validation of information from 
databases. Registries are not available which enables constructing a cohort of people eligible for vaccination in the 
general population.  Data sources for this study will include: 
 

• State laboratory testing registry (GAL) of the network of public health laboratories 
• State COVID-19 vaccination registry (Vacina Já) 
• National surveillance database of severe acute respiratory illnesses (SIVEP-Gripe) created by Ministry of 

Health Brazil in 2009 
• National surveillance system of suspected cases of COVID-19 (e-SUS) from mild to moderate "influenza 

like illness", created by the Ministry of Health Brazil in 2020 
 
The databases will be integrated by the São Paulo State Government – PRODESP -  using CPF numbers (Brazilian 
citizens’ unique identifier code) and send to the VEBRA-COVID group anonymized. The database will be updated 
on a bi-weekly basis.  
 
 
Study Population 
 
 
Inclusion criteria: 

● Has a residential address in the State of São Paulo, 
● Eligible to receive a COVID-19 vaccine based on age, 
● With complete information, which is consistent between databases, on age, sex, and residential address 
● With consistent vaccination status and dates for those who were vaccinated. 

 
Exclusion criteria: 

● Does not have a residential address in the State of São Paulo, 
● Not eligible to receive a COVID-19 vaccine based on age, 
● With missing or inconsistent information on age, sex, or city of residence 
● With existing but inconsistent vaccination status or dates. 
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Case definition and eligibility: We will use information from integrated GAL/SIVEP-Gripe/e-SUS databases to 
identify cases that are defined as eligible members of the study population (as defined above, Study Population) 
who: 

• Had a sample with a positive SARS-CoV-2 RT-PCR, which was collected between January 17, 2021 and 7 
days prior to database extraction of information 

• Did not have a positive RT-PCR test in the 90 day period preceding the index positive RT-PCR result 
• Have complete and consistent data on SARS-CoV-2 RT-PCR test results 

 
Control definition and eligibility: We will use integrated GAL/SIVEP-Gripe/e-SUS databases to identify eligible 
controls. Controls are defined as eligible members of the study population who: 

• Had a sample with a negative SARS-CoV-2 RT-PCR result, which was collected after January 17, 2021, 
• Did not have a positive RT-PCR test in the 90 day period preceding the index positive RT-PCR result 
• Did not have a subsequent positive RT-PCR test in the 7-day period following the index positive RT-PCR 

result 
• Have complete and consistent data on SARS-CoV-2 PCR test result 

 
When studying each vaccine, individuals that received another vaccine are eligible for selection as a case and/or 
control until the day they receive their vaccine, i.e. we will consider test positive and test negative cases for RT-PCR 
collected before the day of receipt of the other vaccine. 
 
Matching: Test-negative controls will be matched 1:1 to the cases. We chose the matching factors to balance the 
ability to reduce bias and to enroll sufficient case-control pairs. Matching factors will include variables that are 
anticipated to be causes of the likelihood of receiving the vaccine, risk of infection and likelihood of receiving PCR 
testing for SARS-CoV-2 (see Figures 1-5): 

• Age, categorized as 5-years age bands (e.g., 70-74, 75-79 years), 
• Sex, 
• Municipality, 
• Self-reported race, 
• Window of ±3 days between collection of RT-PCR positive respiratory sample for cases and collection of 

RT-PCR negative respiratory sample for controls. If the date of respiratory sample collection is missing, the 
date of notification of testing result will be used. 

 
 
We will use the standard algorithms to conduct matching which include: 1) setting a seed, 2) locking the database, 4) 
creating a unique identifier for matching after random ordering, 5) implementing exact matching based on matching 
variables, sampling controls at random if more than one available per case within strata. 
 
An individual who fulfils the control definition and eligibility and later has a sample tested that fulfils the case 
definition and eligibility can be included in the study as both a case and a control. An individual who fulfils the 
control definition for multiple different sample collection dates can be included in the study as a control for each 
collection date, up to a maximum of three times.  
 
Exposure definition: 
CoronaVac vaccination: 

• Received the first vaccine dose, and not having received a second dose, in the following time periods 
relative to sample collection for their PCR test: 

o 0-13 days 
o ≥14 days 

• Received the second dose in the following time periods relative to sample collection for their PCR test: 
o 0-13 days 
o ≥14 days 

 
ChAdOx1vaccination: 

• Received the first vaccine dose, and not having received a second dose, in the following time periods 
relative to sample collection for their PCR test: 
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o 0-13 days 
o 14-27 days 
o ≥28 days 

 
• Received the second dose in the following time periods relative to sample collection for their PCR test: 

o 0-13 days 
o ≥14 days 

 
Statistical Analyses: We will evaluate the effectiveness of CoronaVac and ChAdOx1for the following SARS-CoV-2 
infection outcomes: 

• Primary: Symptomatic COVID-19, defined as one or more reported COVID-19 related symptom with onset 
within 0-10 days before the date of their positive RT-PCR test 
 

• Secondary: 
o COVID-19 associated hospitalization within 21 days of the symptom onset 
o COVID-19 associated ICU admission within 21 days of the symptom onset 
o COVID-19 associated respiratory support 
o COVID-19 associated death within 28 days of symptom onset 

 
We will evaluate vaccine effectiveness for the primary outcome according to the test-negative design. Table 1 shows 
a list of all planned analyses in the test-negative design. The test-negative design may introduce bias when 
evaluating outcomes of hospitalizations and deaths during an epidemic. We will therefore perform time to 
event/logistic regression analysis of test positive cases to evaluate the association of vaccination status and the risk 
for hospitalization, ICU admission, COVID-19 respiratory support, and death after infection. 
 
Our initial analyses will focus on estimating vaccine effectiveness in the population with age ≥70 years of age who 
were the initial priority group of the COVID-19 vaccination campaign. 
 
Case-control analysis: Analyses of the primary outcome will be restricted to case and control pairs who are matched 
based on the presence of a COVID-19 related symptom before or at the time of testing. 
 
We will use conditional logistic regression to estimate the odds ratio (OR) of vaccination among cases and controls, 
accounting for the matched design, where 1-OR provides an estimate of vaccine effectiveness under the standard 
assumptions of a test-negative design. For the CoronaVac analysis, the reference group will be individuals who have 
not received a first dose of CoronaVac by the date of respiratory sample collection. For the ChAdOx1 analysis, the 
reference group will be individuals who have not received a first dose of ChAdOx1by the date of respiratory sample 
collection. Date of notification of the testing result will be used if the date of respiratory sample collection is 
missing. To evaluate potential biases and the timing of vaccine effectiveness after administration, we will evaluate 
the windows of vaccination status corresponding: A) 0-13 days and ≥14 days after the 1st dose and 0-13 days and 
≥14 days after the 2nd dose of CoronaVac; and B) 0-13 days, 14-27 days and ≥28 after the 1st dose and0-13 days and 
≥14 days after the 2nd dose of ChAdOx1. 
 
We will include the following covariates in the adjusted model, which we hypothesize are predictive of vaccination, 
the risk of SARS-CoV-2 infection and COVID-19 severity and healthcare access and utilization:  

• Age as continuous variable 
• Comorbidities (None, 1-2, ≥3 comorbidities) 
• Evidence of prior SARS-CoV-2 infection (defined as positive PCR test, antigen test or rapid antibody test) 

 
Although data on comorbidities is available through e-SUS and SIVEP-Gripe, this data may have different degrees 
of missingness between databases and between cases and control groups. Adjusting for comorbidities using 
complete case data will likely introduce bias. We will explore the feasibility of multiple imputation of comorbidity 
in a sensitivity analysis. Additional sensitivity analyses will evaluate potential effect modification of the vaccine 
effectiveness by history of a positive RT-PCR, antigen or serological test result prior to the vaccination campaign 
and age subgroups. 
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Survival/logistic regression analysis of hospitalization, ICU, respiratory support and death: We will perform 
additional analyses for hospitalization and death amongst individuals who test positive and estimate the hazards 
according to vaccination status at the date of positive test, adjusting for covariates described in the case-control 
analyses. Sensitivity analyses will be conducted to evaluate the association of influence of a positive RT-PCR, 
antigen or serological test result prior to the vaccination campaign. 
 
Sample size calculations and timing of analyses: The power of a matched case-control study depends on the 
assumed odds ratio and the number of discordant pairs (i.e. pairs in which the case is exposed and the control is 
unexposed, or vice versa), which is a function of the assumed odds ratio and the expected prevalence of exposure 
among controls. Moreover, the estimate of the odds ratio for one level of a categorical variable compared to baseline 
is determined by the distribution of all discordant pairs. As vaccine coverage and incidence are changing over time, 
the latter in ways we cannot predict, and there is no power formula for this analysis, we will simulate power and 
enroll individuals until we have reached a target power, which we can assess without analyzing the data. In 
particular, after determining the number of discordant case-control pairs for each combination of exposure 
categories, we will randomly assign one of each pair to each relevant exposure type according to a Bernoulli 
distribution, with the probability determined by the assumed odds ratio comparing the two categories. We will run 
an unadjusted conditional logistic regression on the simulated dataset to determine the p-value, and estimate the 
power as the proportion of N=1,000 simulations that return p<0.05. Code to perform the power calculation can be 
found at https://github.com/mhitchings/VEBRA_COVID-19. 
 
Timing of final analyses: We will perform an analysis of the primary outcome upon reaching simulated 80% power 
to detect vaccine effectiveness of 40% ≥14 days after the second dose for the CoronaVac. For the ChAdOx1, we will 
perform an analysis of effectiveness of at least one dose upon reaching simulated 80% power to detect vaccine 
effectiveness of 40% ≥28 days after the first dose. In addition, we will perform an analysis of effectiveness of two 
doses upon reaching simulated 80% power to detect vaccine effectiveness of 40% ≥14 days after the second dose. 
We chose a vaccine effectiveness of 40% to address the question of whether vaccination with CoronaVac and 
ChAdOx achieved a threshold of real-world effectiveness, below which the public health value of vaccination may 
need to be reconsidered.  
 
Privacy: Only SES-SP, São Paulo State data management had access to the identified dataset to linkage the datasets 
by name, date of birth, mother's name and CPF. After the linkage, the CPF was encrypted and the de-identified 
dataset was sent to the team for analysis. 
 
Working group: Matt Hitchings, Otavio T. Ranzani, Julio Croda, Albert I. Ko, Derek Adam Cummings, Wildo 
Navegantes de Araujo, Jason R. Andrews, Roberto Dias de Oliveira, Patricia Vieira da Silva, Mario Sergio 
Sacaramuzzini Torres, Wade Schulz, Tatiana Lang D Agostini, Edlaine Faria de Moura Villela, Regiane A. Cardoso 
de Paulo, Olivia Ferreira Pereira de Paula, Jean Carlo Gorinchteyn 
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Figure 1: PCR testing rate by age, sex and self-reported race (from data extracted on April 07, 2021) 

 

 

 

Figure 2: PCR positive testing rate by age, sex and self-reported race (from data extracted on April 07, 2021) 
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Figure 3: PCR positive proportion by age, sex and self-reported race (from data extracted on April 07, 2021) 

 

  

Figure 4: Vaccine coverage by age, sex and self-reported race (from data extracted on April 07, 2021) 
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Panel A. Indicators by Municipality 

 

Panel B. Indicators by Municipality and Race 

 

Figure 5: PCR testing rate (pcr_done), PCR positive testing rate (pcr_pos), positivity proportion (tpp) and vaccine 
coverage (vac) by each municipality (A) and municipality and race (B). RM SP denotes metropolitan area of São 
Paulo city (from data extracted on April 07, 2021) 
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Supplementary Figure 1. Reported RT-PCR or Antigen confirmed COVID-19 in the general population of the São Paulo State, Brazil from October 
2020 to April 7, 2021. Lines depict moving 14-day averages for case. Vertical lines represent vaccine eligibility by age. 
 

 
 
Supplementary Figure 2. Reported RT-PCR or Antigen confirmed COVID-19 rates in the general population of the São Paulo State, Brazil from 
October 2020 to April 7, 2021. Lines depict rolling averages. Vertical lines represent vaccine eligibility by age. 
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Table 1: Table of planned analyses 
Analysis Exposure Outcome 
CoronaVac   

Primary outcome, primary exposure 
Two-dose regimen of CoronaVac in 
the period starting 14 days after 
administration of the 2nd dose 

Positive test for SARS-CoV-2, with 
at least one COVID-19 symptom 
reported 0-10 days before sample 
collection date 

Primary outcome, secondary 
exposure (2-dose) 

Two-dose regimen of CoronaVac in 
the period 0-13 days after 
administration of the 2nd dose 

Primary outcome, secondary 
exposure (1-dose) 

One-dose regimen of CoronaVac, in 
the period starting 14 days after 
administration of the 1st dose 

Primary outcome, bias indicator 
One-dose regimen of CoronaVac, in 
the period 0-13 days after 
administration of the 1st dose 

ChAdOx1   

Primary outcome, primary exposure 
One-dose regimen of ChAdOx1 in 
the period starting 28 days after 
administration of the 1st dose 

Positive test for SARS-CoV-2, with 
at least one COVID-19 symptom 
reported 0-10 days before sample 
collection date 

Primary outcome, secondary 
exposure (2-dose) 

Two-dose regimen of ChAdOx1 in 
the period ≥14 days after 
administration of the 2nd dose 

Primary outcome, secondary 
exposure (1-dose) 

One-dose regimen of ChAdOx1 in 
the period 0-13 days after 
administration of the 1st dose 

Primary outcome, secondary 
exposure (1-dose) 

One-dose regimen of ChAdOx1, in 
the period starting 14-27 days after 
administration of the 1st dose 

Primary outcome, secondary 
exposure (2-dose) 

Two-dose regimen of ChAdOx1, in 
the period starting 0-13 days after 
administration of the 2nd dose 

Primary outcome, bias indicator 
One-dose regimen of ChAdOx1, in 
the period 0-13 days after 
administration of the 1st dose 
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5.11. CoronaVac is associated with the decrease of Covid-19 
mortality among elderly people, studies show

Studies conducted by researchers 
from Brazil, United States and Spain 
have shown that the administration 
of CoronaVac, the vaccine from 
Butantan against Covid-19, led to 
a decrease in hospitalization and 
deaths from SARS-CoV-2 among 
elderly patients, including in settings 
where the gamma variant (P.1) of 
the new coronavirus predominates.

According to the article “Estimating 
the early impact of vaccination 
against Covid-19 on deaths 
among elderly people in Brazil”, 
the escalation of vaccination 
among the elderly in the country 
is associated with a considerable 
drop in mortality among the elderly 

compared to younger people. 
Between January-February (when 
few elderly people had taken the 
second dose) and April 2021, the 
drop in the number of deaths in the 
population over 80 years old was 
from 25% to 13%.

Between the first epidemiological 
week and April 22, 2021, 171,517 
deaths were attributed to Covid-
19 according to the Ministry of 
Health´s Mortality Information 
System. The following graph shows 
that there is a clear acceleration 
in deaths starting in week 9 (early 
March), when the P.1 variant begins 
to predominate in Brazil.
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Between epidemiological weeks 
13 and 14 (in April, when about 
10 million people had received 
the second dose), there begins a 
slowdown in the number of deaths, 
especially in people over 70 years 
old. In the graph, it is evident that 
there was no increase in the number 
of positive cases in the group over 
90 years old, which shows that the 
vaccine has become effective in 
containing the force of infection of 
the virus in this age group. 

Furthermore, the study 
“Effectiveness of the CoronaVac 
vaccine in the elderly population 
during a Gamma variant-
associated epidemic of Covid-19 in 
Brazil”, conducted between January 
and April 2021, with 15,000 cases 
of people over 70 years old in the 

state of São Paulo, showed that 
the vaccine’s effectiveness in a P.1 
variant context increases over time 
and does not vary significantly from 
the vaccines overall effectiveness, 
being 49.4% 21 days after the 
second dose. It is higher, however, in 
the younger elderly: those aged 70 
to 74, the efficacy is 61.8%.

Effectiveness data from studies using 
the vaccine routinely may vary, and 
therefore should be interpreted  with 
caution. Not to mention that the 
researchers vary from methodological 
point of view and analyze different 
epidemiological moments. 

It should be noted that the 
prediction of the study effectiveness 
is based on the relation between 
vaccination numbers and numbers 
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of confirmed cases and deaths from 
Covid-19. The research is not based 
on clinical hospitalization indicators. 
The primary aim of CoronaVac is to 
reduce the number of deaths and 
hospital admissions, reducing the 
impact of the disease on the deaths 
and the healthcare system. 

Studies conducted in Brazil and in 
other countries have shown that 
CoronaVac is effective against the 
new variants, like P.1 and P.2, and that 
it protects all age groups, including 
the elderly group, against Covid-19 
mortality. But it is important to note 
that no vaccine prevents a person 

from becoming infected with  
the coronavirus.

Another relevant point is that 
any vaccine generates a lower 
immune response in older people. 
This does not mean that they 
are less protected against the 
disease, but rather that the body 
responds less to a novel antigen - 
a characteristic that is not related 
to the effectiveness of the vaccine 
itself, but to the natural processes of 
the immune system.

Published on: 06/19/2021
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A B S T R A C T

Background: Vaccination against COVID-19 in Brazil started in January 2021, with health workers and the
elderly as the priority groups. We assessed whether there was an impact of vaccinations on the mortality of
elderly individuals in a context of wide transmission of the SARS-CoV-2 gamma (P.1) variant.
Methods: By May 15, 2021, 238,414 COVID-19 deaths had been reported to the Brazilian Mortality Informa-
tion System. Denominators for mortality rates were calculated by correcting population estimates for all-
cause deaths reported in 2020. Proportionate mortality at ages 70�79 and 80+ years relative to deaths at all
ages were calculated for deaths due to COVID-19 and to other causes, as were COVID-19 mortality rate ratios
relative to individuals aged 0�69 years. Vaccine coverage data were obtained from the Ministry of Health.
All results were tabulated by epidemiological weeks 1�19, 2021.
Findings: The proportion of all COVID-19 deaths at ages 80+ years was over 25% in weeks 1�6 and declined
rapidly to 12.4% in week 19, whereas proportionate COVID-19 mortality for individuals aged 70�79 years
started to decline by week 15. Trends in proportionate mortality due to other causes remained stable. Mortal-
ity rates were over 13 times higher in the 80+ years age group compared to that of 0�69 year olds up to week
6, and declined to 5.0 times in week 19. Vaccination coverage (first dose) of 90% was reached by week 9 for
individuals aged 80+ years and by week 13 for those aged 70�79 years. Coronavac accounted for 65.4% and
AstraZeneca for 29.8% of all doses administered in weeks 1�4, compared to 36.5% and 53.3% in weeks
15�19, respectively.
Interpretation: Rapid scaling up of vaccination coverage among elderly Brazilians was associated with impor-
tant declines in relative mortality compared to younger individuals, in a setting where the gamma variant
predominates. Had mortality rates among the elderly remained proportionate to what was observed up to
week 6, an estimated additional 43,802 COVID-related deaths would have been expected up to week 19.
Funding: CGV and AJDB are funded by the Todos pela Sa�ude (S~ao Paulo, Brazil) initiative.

© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Introduction

In early 2021, Brazil became the global epicenter of the COVID-19
pandemic [1] with an average of over 2000 daily deaths in recent
months [2]. The gamma or P.1 variant, initially identified in Manaus
in late 2020 [3] has rapidly spread throughout the country [4].
Although genomic analyses are infrequent, in April and May 2021 the

new variant accounted for three out of every four samples subjected
to viral sequencing [5].

Vaccination against COVID-19 was started in late January 2021,
with two types of vaccines being offered: Coronavac (Sinovac, China)
and AZD1222 (Oxford-AstraZeneca, UK). Vaccination has been ini-
tially targeted at four priority groups: health workers, the elderly
(starting with those aged 85 years or more, and gradually vaccinating
younger age groups), indigenous populations, and institutionalized
individuals. By May 28, 41,478,005 Brazilians had received the first
dose, and 19,604,603 the second dose [6].

Vaccination campaigns have been associated with reductions in
hospital admissions and mortality among targeted population

* Corresponding author at: International Center for Equity in Health, Federal Univer-
sity of Pelotas, Rua Marechal Deodoro 1160, Pelotas, RS, 96020-220, Brazil

E-mail address: cvictora@equidade.org (C.G. Victora).

https://doi.org/10.1016/j.eclinm.2021.101036
2589-5370/© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

EClinicalMedicine 38 (2021) 101036

Contents lists available at ScienceDirect

EClinicalMedicine

journal homepage: https://www.journals.elsevier.com/eclinicalmedicine



986 |    CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

groups, in several of the early starting countries [7-9]. Yet, there is
limited evidence on the efficacy of the two vaccines being delivered
in Brazil against the gamma variant that currently accounts for the
majority of cases in the country. Two observational studies among
health care workers in Manaus [10] and S~ao Paulo [11] suggested
that the Coronavac provided partial protection against symptomatic
illness in settings where gamma accounted for 75% and 47% of all
infections, respectively, at the time of the study. Yet, there is growing
concern that high SARS-CoV-2 incidence rates such as those observed
in Brazil in early 2021 will lead to the appearance of new variants of
concern as well as increase in the risk of vaccine escape [12].

To evaluate the real-life effectiveness of the vaccination campaign
in Brazil, we analyzed time trends in mortality due to COVID-19 using
a database of over 450,000 registered COVID-19 deaths since the
beginning of the pandemic. We hypothesized that mortality would
fall more rapidly among the elderly, who were the initial target group
of the vaccination campaign, than among younger Brazilians.

Methods

Data sources

Data on COVID-19 deaths were obtained from the Ministry of
Health Mortality Information System [13] including deaths reported

until May 27, 2021. Coverage of the death registration system has
been estimated at over 95% by 2010 [14]. As of 2016, the Global Bur-
den of Disease project assigned four out of five stars for the system’s
coverage and quality of cause of death ascertainment [15], and by
2019 5.6% of all deaths were coded as due to ill-defined causes
(França GA, unpublished data). We analyzed deaths for which the
underlying cause was coded as B34.2, which included codes U07.1
(COVID-19, virus identified) and U07.2 (COVID-19, virus not identi-
fied) [16]. For 84% of 2021 deaths, presence of the virus was con-
firmed in a laboratory (preliminary results based on investigation of
163,637 deaths).

Data on COVID-19 vaccination coverage were obtained from a
dataset made available by the Brazilian Ministry of Health [6]. The
data are updated daily and consist of an individual level dataset
including personal information and information on the vaccination
(type and dose) along with whether it is the first or second dose
received and the priority group for the person vaccinated. Data
through May 15, 2021 were included in this analysis.

Population estimates

Population estimates for July 1, 2020 by age and sex were
obtained from the Brazilian Institute for Geography and Statistics
(IBGE) [17]. Due to the excess mortality observed in 2020 and the
higher COVID-19 mortality among the elderly [18], the population
numbers from IBGE for 2020 are overestimated, particularly at older
ages. Since vaccination started in Brazil in early January 2021, it is
imperative to obtain an adjusted estimated population that more
closely reflects the Brazilian population by the end of 2020. We con-
sidered the total deaths that were reported in 2020 (for all causes, as
reported in the Mortality Information System), and the expected
deaths as implied in the IBGE estimates. We excluded the additional
number of deaths from the published 2020 estimates and used that
adjusted population as the denominator in our analyses. All adjust-
ments were made by age and sex. All calculations were done in R (R
Core Team, 2020).

Data analyses

Mortality results were analyzed in two ways. First, we calculated
proportionate mortality by dividing the number of COVID-19 deaths
at ages 70�79 and 80+ years by the total number of COVID-19 deaths
at all ages. Our main analyses described mortality by epidemiological
week in 2021, which are supported by analyses by month of death
during 2020. To investigate whether age-specific trends in propor-
tionate mortality were specific to COVID-19 deaths, we also investi-
gated trends due to other causes of death. Second, we calculated
COVID-19 age-specific mortality rates by dividing the numbers of
weekly deaths from the Mortality Information System by the esti-
mated population by age group, as described above. Mortality rates
at ages 70�79 and 80+ years were then divided by rates for the age
range 0�9 years in the same week, resulting in mortality rate ratios.

Formal statistical tests were not performed as all results are based
on the full country population, rather than samples. Analyses were
carried out using Stata version 16 (StataCorp, College Station, TX,
USA).

Ethics approval

All analyses were based on anonymized databases that are avail-
able at the Brazilian Ministry of Health website [6].

Role of funding source

The funders did not play any role in the preparation of the manu-
script, nor on the decision to publish.

Research in context

Evidence before this study

Brazil has been one of the world’s hotspots for COVID-19 in
2021, largely due to the rapid spread of the SARS-CoV-2 gamma
variant. Vaccination of the elderly population started in mid-
January with the Coronavac (Sinovac, China) and Oxford/Astra-
Zeneca (UK) vaccines. Although the efficacy of both vaccines
has been established in phase-3 trials against the original vari-
ant of SARS-CoV-2, little is known about their protection
against the gamma variant.

Added value of this study

By May 27, 2021, approximately 95% of Brazilians aged 80+
years had received the first vaccine dose. We analyzed data
from the Ministry of Health database of over 450,000 COVID-19
deaths since the beginning of the pandemic, including 238,414
deaths in 2021.

Up to mid-February 2021, the deaths of individuals aged 80+
years due to COVID-19 remained almost constant at 25�30% of
all reported COVID-19 deaths at any age. Starting in mid-Febru-
ary, proportionate mortality in the elderly started to fall
steadily to under 13% in the first half of May. Similar trends
were observed for individuals aged 70�79 years, after a time
lag that was consistent with the later increase in vaccination
coverage in this age group.

Trends in mortality due to other causes were stable, indicat-
ing a specific impact on COVID-19 deaths.

Implications of all the available evidence

Confirming early reports from cohorts of vaccinated health
workers, our nationwide findings suggest that vaccination
against SARS-CoV-2 in Brazil, which largely relied on the Coro-
navac vaccine in the first trimester of 2021, was associated
with an important decline in relative mortality among the
elderly compared to younger individuals, in a setting where the
gamma variant accounted for three quarters of samples with
information on sequencing cases in April-May 2021.

2 C.G. Victora et al. / EClinicalMedicine 38 (2021) 101036
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Results

From the beginning of the first epidemiological week in 2021 (Jan-
uary 3) to May 15, 238,414 deaths in the Mortality Information Sys-
tem were assigned to COVID-19 and 447,817 to other causes.
Supplementary Table 1 shows the absolute number of COVID-19
deaths for epidemiological weeks 1�19 of 2021 (January 3 to May
15). There was rapid acceleration in deaths from week 9 (early
March) when the gamma variant became the dominant strain.
Results for weeks 17�19 (April 25 to May 15) are likely affected by
registration delay but remain useful for comparing age-specific pro-
portionate mortality and mortality rate ratios. Table 1 does not
include deaths occurring after epidemiological week 19 (May 16 or
later) as these are more markedly affected by delay than earlier
deaths.

Fig. 1 shows that proportionate COVID-19 mortality of individuals
aged 80+ years fell rapidly from week 6 onwards, whereas propor-
tionate mortality due to non-COVID causes remained relatively stable
at just under 30%. Up to May 27, an additional 7,733 deaths had been
reported for epidemiological weeks 20 and 21, of which 13.1% were

among individuals aged 80+, a finding that is consistent with the lev-
els achieved by week 15. Fig. 1 also shows that proportionate mortal-
ity for individuals aged 70�79 years remained at around 25% up to
week 15, when it started to decline sharply. For the same age group,
proportionate mortality due to other causes remained stable at just
over 20% of deaths at any age.

Supplementary Fig. 1 shows that proportionate mortality at ages
80+ years fell in all regions of the country. The trend was less marked
in the North region (where the Amazon is located) than in the rest of
the country. Supplementary Fig. 2 expands the time series by show-
ing proportionate mortality based on 453,244 COVID-19 deaths that
occurred since the beginning of the pandemic in the country. From
May 2020 (when the monthly number of deaths exceeded 15,000) to
January 2021, proportionate mortality at ages 80+ remained between
25% and 30%, with a sharp reduction starting in mid-February 2021.
Proportionate mortality at ages 70�79 years remained above 20%
until March 2021, with a substantial decline in April�May. Also
showing data for 2020 and 2021, Supplementary Fig. 3 demonstrates
that the decline in proportionate mortality was observed for men
and women, although proportionate mortality for women aged 80+
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years tended to be higher than for men, likely due to higher life
expectancy of women resulting in fewer deaths in those aged under
80 years.

Fig. 2 shows time trends in mortality rate ratios using the age
group 0�69 years as the reference. The mortality rate ratio for per-
sons aged 80+ years fell from over 27 in January and early February
to 8 in week 19. The decline in the rate ratio for ages 70�79 was
more gradual, from 13.8 in week 1 to 5.0 in week 19. Mortality rate
ratios for non-COVID causes remained stable over time.

Fig. 3 shows vaccine coverage for individuals aged 70�79 and
80+ years over time. The increase in coverage was consistent with
prioritization of older population groups, with 50% coverage
reached for individuals aged 80+ years in the first half of February
and over 80% by the second half, stabilizing at around 95% in
March. For 70�79-year-olds, 50% coverage was reached by week
11 and 90% coverage by week 19. Coverage among younger age
groups was largely restricted to priority groups including health
workers, indigenous peoples and people living in institutions. In
weeks 1�4, Coronavac accounted for 65.4% of all doses given and
AstraZeneca for 29.8% whereas the corresponding percentages for
weeks 15�19 were 36.5% and 53.3%. Pfizer/BioNTech (Germany)
and Serum Institute (India) accounted for the remaining doses in
the recent period.

The downturn in proportionate mortality due to COVID-19 started
at about the sixth week of 2021. Had the number of deaths among
individuals aged 80+ years continued to increase at the same rate as
deaths among people aged 0�69 years, one would expect 70,015
such deaths during the 13-week period from mid-Feb to mid-May.
Yet, 32,624 deaths were reported, or 37,401 fewer than expected
under the scenario of similar trends as for the 0�69 years age group.
A similar calculation was performed for deaths among 70�79-year-
olds, among whom proportionate mortality started to decline around
week 15. Compared to 13,838 deaths in weeks 15�19, 20,238 would
be expected if mortality behaved similarly to that observed for 0�69-
year-olds. Adding the two estimates, 43,802 deaths may have been
avoided by the decline in mortality among the elderly.

Discussion

We found evidence that, although dissemination of the gamma
variant led to increases in reported COVID-19 death at all ages, the
proportion of deaths among the elderly started to fall rapidly from
the second half of February 2021. This proportion had been stable at

around 25�30% since the beginning of the epidemic in early 2020
but is now below 13% in May 2021.

Estimates of proportionate mortality must be interpreted with
caution. We now describe how we handled potential caveats in these
analyses.

First, the absolute number of deaths in the elderly may be reduced
due to smaller number of persons at risk, resulting from high mortal-
ity in 2020 due to COVID-19 and other causes. In an estimated popu-
lation of approximately 815 thousand Brazilians aged 90+ years in
2020, there were approximately 144 thousand deaths in the calendar
year, of which about 10% were reported as being caused by COVID-
19. To address this potential caveat, our calculations of mortality
rates for 2021 were based on population estimates at the beginning
of the year from which all-cause deaths had already been deducted.

Second, proportionate mortality may be spuriously reduced
among the elderly if the gamma variant of concern disproportionally
affected younger individuals, either in terms of infection rates or of
infection-fatality rates. The EPICOVID-19 study has been monitoring
prevalence of antibodies against SARS-CoV-2 through household sur-
veys in nine large cities in the state of Rio Grande do Sul since April
2020. In early February 2021, antibody prevalence levels were 9.6%,
11.3%, 10.0% and 8.3% for unvaccinated individuals aged 10�19,
20�39, 40�59, and 60+ years, respectively (AJD Barros, personal
communication). The state has been strongly affected by the recent
pandemic wave, yet there is no evidence of important age patterns in
antibody prevalence.

Thirdly, our results based on ratios of mortality rates closely mir-
ror the findings from the proportionate mortality analyses, showing
that the rate ratio for individuals aged 80+ relative to those aged
0�69 years fell from 13.3 in January to 8.0 in April.

Lastly, our analyses of deaths due to causes other than COVID-19
showed that proportionate mortality and mortality rate ratios for the
elderly remained stable over time, thus supporting the specificity of
an impact on COVID-19 deaths.

Another potential limitation of our analyses is the underreporting
of deaths and delays in reporting. Delays are particularly relevant for
estimating mortality rates for recent periods, as only deaths that
reached the system by May 27 were included. However, proportion-
ate mortality by age groups would only be affected if delays varied
systematically with age, which is unlikely. As discussed in the Intro-
duction, the overall coverage of mortality statistics has been very
high in Brazil for many years, and ill-defined causes represent 5.6% of
all deaths. The mortality database for the present analyses includes
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approximately 30% more deaths than the SIVEP-Gripe database on
hospital admissions and mortality that has been employed in previ-
ous analyses of COVID-19 deaths in Brazil [18-20].

However, there is evidence that the excess mortality during 2020
relative to earlier years was not fully explained by deaths due to
COVID-19. It is likely that some of such deaths were reported as hav-
ing been due to other causes or to ill-defined conditions, but it is also
possible that increases in non-COVID-19 deaths were because health
services were under stress due to the large COVID-19 case load.
Unless reporting patterns varied by age or calendar time, this limita-
tion is unlikely to affect the present results particularly in light of the
present finding that age patterns in deaths assigned to non-COVID
causes remained stable.

The decline in mortality was observed for both sexes. Proportion-
ate mortality at older ages was higher among women than for men,
which is compatible with higher case-fatality of younger male adults,
possibly related to comorbidities, given that existing serological sur-
veys do not suggest differences in infection prevalence by sex
[21,22]. The reductions in proportionate mortality were very similar
across four of the five regions of the country. A decline was also
observed in the fifth region (Northern Brazil including the Amazon),
but proportionate mortality was lower at the beginning of the year
than in the rest of the country, and the decline started later than in
the rest of the country. The North region has been badly hit by the
first and second waves of the pandemic, and high prevalence, high
case-fatality, and the limited availability of health services in this
region [23] may have led to a larger number of deaths among young
adults. Even before the pandemic, life expectancy at birth in the
North region was the shortest in the country at 72.9 years, compared
to 73.9, 78.3, 78.6 and 75.8 in the Northeast, Southeast, South and
Center-West, respectively [17].

The most likely explanation for the observed reductions in pro-
portionate mortality and in rate ratios for the elderly is the rapid
increase in vaccination coverage in these age groups, as has been
described for other parts of the world [7-9]. The increase in vaccine
coverage preceded the decline in mortality, and the decline at ages
80+ years preceded the decline at ages 70�79 years, which is in
accordance with the vaccination calendar.

Our results are original in the sense that none of existing popula-
tion-based mortality studies were carried out in a setting where the
gamma variant is predominant. Recent observational studies in vacci-
nated health workers in Manaus and S~ao Paulo [10,11] had already
suggested that Coronavac provided some degree of protection against
symptomatic illness in settings where gamma was prevalent. Corona-
vac accounted for most vaccinations in the 80+ years age group, who
were immunized in January and February, with AstraZeneca vaccine
accounting for the majority of recent doses. Individuals who received
the latter are so far protected by a single dose given that the second
dose is provided 12 weeks after the first, whereas the second dose of
Coronavac has already been administered to a very high proportion
of individuals aged 80+ years [24] as doses are given four weeks
apart. The health worker study in S~ao Paulo suggested that the num-
ber of cases started to drop after the first Coronavac dose, which is
compatible with our findings [11]. This is supported by the results of
a recent mass vaccination trial with Coronavac in the town of Serrana
(population 27,000) carried out by Instituto Butantan. Following high
coverage with Coronavac in early 2021, reductions of 86% in admis-
sions and 95% in deaths were observed in the town by the end of
May [25].

We attempted to provide an approximate estimate of lives saved
among elderly Brazilians in the eight-week period since vaccination
was accelerated throughout the country. The figure of over 40 thou-
sand deaths averted is likely an underestimate, because it does not
take into account lives saved among other priority groups for vacci-
nation, such as health workers and indigenous populations. Also, by
using the mortality in ages 0�69 years to predict expected deaths

among those aged 70+ years, we are not accounting for lives saved by
the vaccine among younger age groups � e.g., 60�69-year-olds - for
whom coverage also increased, albeit at a slower rate.

Although it is not possible to make strong causal arguments on
the basis of the data available for our analyses, our findings are con-
sistent with the results of efficacy trials for both vaccines, with two
observational studies in high-risk groups of health workers, [10,11]
and with a population-based test-negative study of individuals aged
70+ years in S~ao Paulo State, all of which suggested that vaccination
was effective under real-life conditions [26]. Although it is not possi-
ble to rule out publication bias, our literature search did not identify
any studies showing lack of effectiveness of the Brazilian vaccination
campaign, and one would expect that studies showing lack of effec-
tiveness of widely used vaccines would be as likely to be published as
those reporting a positive impact. Regarding generalizability, our
findings are consistent with the growing evidence of vaccination
impact on cases, hospital admissions and deaths in other countries as
reported in the lay press [27].

The main contribution brought by the present analyses is to pro-
vide large-scale supporting evidence for effectiveness of vaccination
in a setting with wide circulation of the gamma variant. Because com-
pliance with non-pharmaceutical interventions such as social dis-
tancing and mask use is limited in most of the country, rapid scaling
up of vaccination remains as the most promising approach for con-
trolling the pandemic in a country where over 500,000 lives have
already been lost to COVID-19 by July 2021.
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It protects children  
and adolescents6.

6.1. CoronaVac adverse event rate in children and adolescents 
in Brazil is less than one case per 100,000 doses applied

The incidence rate of adverse events 
in children and adolescents who 
took CoronaVac in Brazil is 0.76 per 
100,000 doses applied, according 
to notifications received by the 
Pharmacovigilance of Instituto 
Butantan. That is, the notification 
of adverse events among those 
under 17 years of age who took the 
Butantan-Sinovac vaccine was less 
than one case per 100,000 doses 
administered, which proves the very 
low reactogenicity of CoronaVac 
in the age group from 6 to 17 years. 
Adverse events were spontaneously 
reported to the Pharmacovigilance 
of Instituto Butantan, which carried 
out the survey with data up to the 
end of July.

The survey takes into account 
the more than 13 million doses of 
CoronaVac applied in this age 
group until the period surveyed - 
11.05 million in children aged 6 to 11 
years and 2.02 million in adolescents 
aged 12 to 17 years.

The National Immunization 
Program of the Brazilian Ministry 
of Health recommends the use of 
CoronaVac in two doses, with a 
28-day interval, for children over 
3 years of age, adolescents and 
adults. As the authorization for the 
use of CoronaVac in children under 

5 years of age was authorized by 
the Brazilian Health Regulatory 
Agency (ANVISA) only on July 13, 
the survey has data on vaccination 
of children from 6 years of age, 
whose authorization from ANVISA 
occurred in January 20.
 
Adverse events in 
children aged 6 to 
11 years

According to the Butantan survey, 
the occurrence of adverse events 
in children aged 6 to 11 years is even 
lower than the general average. 
The total of 64 cases reported in 
children in this age group represents 
only 0.58 adverse events for every 
100,000 doses applied. 

When this data is refined, the 
incidence rate of non-serious 
adverse events is 0.38 per 100,000 
doses applied. The events with 
the highest incidence are: fever 
(incidence rate of 0.09 per 100,000 
doses), vomiting (incidence rate 
of 0.04 per 100,000 doses), pain at 
the injection site (0.03 per 100,000 
doses) and headache (0.03 per 
100,000 doses). 

The incidence rate of serious adverse 
events is 0.20 per 100,000 doses 
applied. The most incident events 
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were hypersensitivity and syncope 
(fainting), with an incidence rate of 
0.04 per 100,000 doses.

Adverse events in 
adolescents aged 
12 to 17 years

Adverse events in adolescents 
aged 12 to 17 years who took both 
doses of CoronaVac are quite rare, 
according to data from Butantan’s 
Pharmacovigilance collected in 
the same period. Thirty-six adverse 
events (33 non-serious and three 
serious) were reported among all 
2 million vaccinated adolescents, 
which is equivalent to a rate of 1.78 
adverse events per 100,000 doses 
administered to this population.

Among the non-serious 
adverse events reported, there 
were oropharyngeal pain, 
hypersensitivity (both with rates 
of 0.20 per 100,000 doses applied) 
and post-vaccination cough (rate 
of 0.15 per 100,000 doses applied). 
There were also reports of malaise, 
fever, sneezing (rate of 0.1 adverse 
event per 100,000 doses applied), in 
addition to pain at the injection site, 
nasal congestion and itching at the 
injection site (rate of 0.05 adverse 
event per 100,000 doses applied).

Among the three serious 
adverse events reported in this 
population, which were not 
related to vaccination, one 
was intussusception (intestinal 
obstruction), one was enterocolitis 
and one was not specified by the 
reporter (rate of 0.05 adverse event 
per 100,000 doses applied).

“The total number of adverse 
events spontaneously received by 
the Pharmacovigilance of Instituto 
Butantan compared with the 
estimate of individuals exposed to 
the vaccine show that CoronaVac 
is a very safe product for these 
audiences,” says the scientific 
researcher and qualified person 
for Pharmacovigilance at Instituto 
Butantan, Vera Gattás.



6.2. CoronaVac is 59% effective against hospitalizations in children 
and adolescents aged 6 to 17 years, Brazilian study shows

A study conducted by the Oswaldo 
Cruz Foundation (Fiocruz), 
published in the journal Nature 
Communications, showed that 
CoronaVac was able to protect 
children and adolescents aged 
6 to 17 years against severe 
cases of Covid-19 during the 
omicron outbreak. The estimated 
effectiveness was 59.2% against 
Covid-19 hospitalizations. Scientists 
analyzed data from almost 200,000 
children, immunized between 
January and April 2022, after 
approval of the Butantan vaccine 
by the Brazilian Health Regulatory 
Agency (ANVISA).

Data were obtained from e-SUS 
Notifica, the national surveillance 
system for RT-PCR and antigen 
tests for Covid-19 infection, from 
the Influenza Epidemiological 
Surveillance Information System 
(SIVEP-Gripe) and from the 
Information System of the National 
Immunization Program (SI-PNI). 

It is worth mentioning that all 
vaccines have shown reduced 
efficiency against infection by the 
omicron variant, which is more 
transmissible, but the vaccines still 
prevent serious conditions and 
death. “These findings are also in 
line with previous studies in adult 
and adolescent populations that 
have shown a significant reduction 
in vaccine effectiveness against 

Omicron compared with other 
variants,” the authors state.

Similar results were observed in 
Chile, which has been vaccinating 
children since last December. The 
effectiveness of the immunizing 
agent was evaluated in 500,000 
children aged 3 to 5 years, also during 
the omicron period. CoronaVac also 
protected 69% against admission 
to Intensive Care Units (ICU) and 
64.6% against hospitalizations.

Chilean pharmacovigilance data 
also showed that CoronaVac was 
the safest vaccine for children and 
had the lowest rate of adverse events 
recorded, corresponding to 0.01% 
of the total doses administered. 
Together with a series of studies, 
this evidence served as basis for 
the recent expansion of vaccine use 
for the 3-5 age group, approved by 
ANVISA on July 13. Other countries 
such as China, Colombia, Thailand, 
Cambodia, Ecuador and Hong 
Kong SAR already vaccinate this 
population with CoronaVac.

Vaccination is the only way to 
protect children against Covid-
19, which has caused two deaths 
a day in children under 5 since 
the beginning of the pandemic, 
according to a survey by Fiocruz.

Published on: 08/13/2022
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Vaccine effectiveness of CoronaVac against
COVID-19 among children in Brazil during
the Omicron period

Pilar T. V. Florentino 1,2 , Flávia J. O. Alves 1, Thiago Cerqueira-Silva 3,4,
Vinicius de Araújo Oliveira 1,4, Juracy B. S. Júnior5, Adelson G. Jantsch3,
Gerson O. Penna 6, Viviane Boaventura3,4, Guilherme L. Werneck 7,8,
Laura C. Rodrigues9, Neil Pearce9, Manoel Barral-Netto 1,4,
Mauricio L. Barreto1,10 & Enny S. Paixão 9,10

Although severe COVID-19 in children is rare, they may develop multisystem
inflammatory syndrome, long-COVID and downstream effects of COVID-19,
including social isolation and disruption of education. Data on the effective-
ness of the CoronaVac vaccine is scarce during the Omicron period. In Brazil,
children between 6 to 11 years are eligible to receive the CoronaVac vaccine.
We conducted a test-negative design to estimate vaccine effectiveness using
197,958 tests from January 21, 2022, to April 15, 2022, during the Omicron
dominant period in Brazil among children aged 6 to 11 years. The estimated
vaccine effectiveness for symptomatic infection was 39.8% (95% CI 33.7–45.4)
at≥14days post-seconddose. For hospital admission vaccine effectivenesswas
59.2% (95% CI 11.3–84.5) at ≥14 days. Two doses of CoronaVac in children
during the Omicron period showed low levels of protection against sympto-
matic infection, and modest levels against severe illness.

Randomized clinical trials have demonstrated high mRNA vaccine
efficacy and immunogenicity in children and adolescents1, 2. However,
data related to the inactivated-virus vaccine (CoronaVac) of efficacy
and effectiveness (VE) against the SARS-CoV-2 B.1.1.529 (Omicron)
variant are lacking for children aged 6–11 years.

Although severe COVID-19 is a rare condition in children3, the
widespread distribution of SARS-CoV-2 infection and the increasing
number of cases in this population has caused a significant public
health impact. Besides, children are also susceptible to the multi-
system inflammatory syndrome in Children (MIS-C), long-COVID
syndrome3, 4 and downstream effects of COVID-19, including social
isolation and interruption in education4. Therefore, there is an urgent

need to collectmoredata on the effectiveness of vaccines, especially in
the Omicron period, to guide decision-makers in adopting policies,
such as mandating mask use in school settings.

In Brazil, the children’s vaccination campaign started on January
21, 20225, and CoronaVac has been used for children aged 6–11 years.
On April 15, 2022, vaccine uptake for all vaccines used in children was
62.9% for the 1st dose and 26.6% for the second dose. For CoronaVac,
vaccine uptake was 35.1% for 1st dose and 19.8% for the second dose.
To our knowledge, no report estimates vaccine effectiveness for Cor-
onaVac among children aged 6–11 years during the Omicron period.
Therefore, in this observational study using a nationwide database
from Brazil, we estimated the vaccine effectiveness (VE) of the
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CoronaVac against medically attended symptomatic and severe
COVID-19 in children aged 6–11 years.

Results
During the study period, 197,958 tests were performed on Brazilian
children aged6–11 years, with 89,595 (45.3%) cases and 108,363 (54.7%)
controls, with 508 hospital admissions (Fig. S1). The age, sex, geo-
graphic region, socioeconomic position, comorbidities, and hospital
admission were similar among the children who tested positive and
negative (Table S1). For children between 6 and 11 years, VE against
symptomatic COVID-19 during Omicron circulation was 21.2% (95% CI
18.6–23.8) after 13 days post first dose of CoronaVac. After the second
dose, VE reached 30.8% (95%CI 24.2–36.8) at 0–13 days and39.8% (95%
CI 33.7–45.4) at ≥14 days (Table 1; Fig. 1) with most of the individuals
being tested within 43 days after the second dose (Figure S2). For
hospital admission among children vaccinated with one dose of Cor-
onaVac at≥14 days, the adjusted VEwas 47.1% (95%CI 26.6–62.7). After
two doses of CoronaVac, the adjusted VE was 82.4% (95% CI 44.2–97.1)
at 0–13 days and 59.2% (95% CI 11.3–84.5) at ≥14 days (Table 1; Fig. 1).
For ICU admission there were two cases among children vaccinated
with two-dose at ≥14 days and the estimated VE for rare events was
20.9% (95% CI [−177.2]−85.0) (Table S2). No death events were detec-
ted among children vaccinatedwith twodoses. The sensitivity analyses
using multiple imputations for missing data in ethinicity (19.4%) pro-
duced similar results to the primary analyses (Table S3). Furthermore,
the analyses excluding the previously infected group generated similar
VE estimates (Table S4).

Discussion
In this investigation of CoronaVac VE in children 6–11 years of age
duringOmicron variant predominance, we found that twodoses of the
CoronaVac vaccine were 39.8% effective against medically attended
symptomatic COVID-19 and 59.2% effective in preventing hospital
admission COVID-19 cases at ≥14 days after the second dose. The VE
estimated in children 6–11 years in Brazil during the Omicron period
wasmuch lower than the effectiveness of 75.8% reported for the same
demographic in Chile when B.1.617.2 (Delta) was the predominant
circulating SARS-CoV-2 variant6. However, our data were comparable
with results observed in children aged 3–5 during the Omicron out-
break in the same country, 38.2%; (95% CI, 36.5–39.9) against symp-
tomatic disease and, 64.6% (95%CI, 49.6–75.2) against hospitalisation7.
These findings are also in line with previous studies of VE in adult and

adolescent populations that have shown a significant reduction in VE
against Omicron compared with early pandemic variants8, 9. Although
we have analysed VE at the optimal period of the second dose among
children vaccinated with CoronaVac, it is likely to wane quickly,
especially during the Omicron period as it was seen for the adolescent
and children population vaccinated with BNT162b28, 10–13.

This study has strengths and limitations. A strength of this study is
the high-quality nationwide database from Brazil. Furthermore, we
used Test Negative Design (TND) to minimise bias related to access to
health care and health-seeking behaviour. TND’s primary assumption
is that people seeking and getting tested would be influenced by
similar pressures regardless of vaccination status14. Another strength is
the improbableunder ascertainment of vaccination status since the all-
vaccines doses administered against COVID-19 in Brazil are recorded in
the national immunisation system (SI-PNI). An important limitation is
the high rates of asymptomatic infection allied to limited testing in
Brazil among children since the database from the study only accounts
for tests from the healthcare system and not community testing. Also,
the under ascertainment of previous infection may bias the VE esti-
mates if this condition occurs differentially or non-differentially in the
vaccinated and unvaccinated group15–17.

In summary, our findings indicate low levels of protection against
symptomatic infection with the Omicron variant after two doses of
vaccination with CoronaVac among children. Hence, in line with pre-
vious studies involving other vaccines and age groups, the vaccination
program alone is unlikely to suppress viral circulation. However, this
vaccine was 59.2% effective against COVID-19-hospital admissions,
albeit with wide uncertainty intervals. Further studies will be necessary
to assess the duration of protection, specially against complications of
COVID-19 that occur in the pediatric population, such as MIS-C and
long-COVID. Effectiveness also must continue to be monitored as new
variants arise.

Methods
Data sources
Data were obtained from three routinely collected sources: the
national surveillance system for RT-PCR and antigen tests for
COVID-19 infection (e-SUS Notifica); the information system for
severe acute respiratory illness (SIVEP-Gripe). These two datasets
present notifications from public and private healthcare systems of
SARS-CoV-2 suspected cases, and hospitalisation cases of SARS,
respectively. Also, the national immunisation system (SI-PNI).

Table 1 | Odds Ratio and Vaccine Effectiveness for Symptomatic Infection and Hospital admission among children aged 6–11
vaccinated with Coronavac

Symptomatic infection

Vaccination status Positive tests n = 89,595 Negative tests n = 108,363 OR Crude (95% CI) OR adjusted (95% CI) VE (%) (95% CI)

Unvaccinated 72,737 (50.99%) 69,923 (49.01%)

1st dose

0–13 days
≥14-2nd dose

7499 (52.22%)
8205 (28.89%)

6862 (47.78%)
20,193 (71.11%)

1.05 (1.02, 1.09)
0.39 (0.38, 0.40)

1.09 (1.05, 1.13)
0.79 (0.76, 0.81)

[−9.0 (−13.1, −4.9)]
21.2 (18.6, 23.8)

2nd dose

0–13 days
≥14 days

630 (12.16%)
524 (7.12%)

4552 (87.84%)
6833 (92.88%)

0.13 (0.12, 0.14)
0.07 (0.07, 0.08)

0.69 (0.63, 0.76)
0.60 (0.55, 0.66)

30.8 (24.2, 36.8)
39.8 (33.7, 45.4)

Hospital admission

Vaccination status Positive tests n = 508 Negative tests n = 108,363 OR Crude (95% CI) OR adjusted (95% CI) VE (%) (95% CI)

Unvaccinated 428 (0.61%) 69,923 (99.39%)

1st dose

0–13 days
≥14-2nd dose

30 (0.44%)
42 (0.21%)

6862 (99.56%)
20193 (99.79%)

0.71 (0.49, 1.04)
0.34 (0.25, 0.47)

0.73 (0.49, 1.05)
0.53 (0.37, 0.73)

27.0 (−5.2, 51.1)
47.1 (26.6, 62.7)

2nd dose

0–13 days
≥14 days

2 (0.04%)
6 (0.09%)

4552 (99.96%)
6833 (99.91%)

0.07 (0.02, 0.29)
0.14 (0.06, 0.32)

0.18 (0.03, 0.56)
0.41 (0.16, 0.89)

82.4 (44.2, 97.1)
59.2 (11.3, 84.5)
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A more detailed description from our database can be found in the
Supplementary Materials. In addition, we deterministically linked
the data using the information provided by DATASUS from the
Brazilian Ministry of Health. Dataset quality assessment and linkage
details have been described before18–21.

Study design
We used a test-negative design, which is a type of case-control study
among the population tested, with controls selected from those who
presented a negative test22. The study population comprised childrens
aged 6–11 years with COVID-19-related symptoms in Brazil from Jan-
uary 21, 2022, to April 15, 2022, with a predominant circulation of the
Omicron variant (>98% of sequenced viruses)23. We linked records of
SARS-CoV-2 reverse transcription-polymerase chain reaction (RT-PCR)
and antigen tests to national vaccination and clinical records. Partici-
pants were symptomatic children with a sample collected within ten
days of symptomonset. Cases of confirmed infectionwere thosewith a
positive SARS-CoV-2 RT-PCR or antigen test, and control had a nega-
tive SARS-CoV-2 RT-PCR or antigen test. Additionally, we evaluated
severe COVID-19 (hospital admission), defined as a positive test that
occurred within 14 days before the hospitalisation date and up to four
days after hospital admission, and death occurringwithin 28 days after
a positive test.

We excluded: (1) individuals older than 11 years and younger than
6 years; (2) individuals who received vaccines other than CoronaVac;
and (3) tests among asymptomatic people and tests referring to a
symptom onset date after the notification date; (4) individuals whose
time interval between the first and second doses was less than 14 days
and received first dose before January 21, 2022; (5) negative test within
14 days of a previous negative test; (6) negative test followed by a
positive test up to 7 days; (7) any test after a positive test up to 90days,
and (8) tests with missing information on age, sex, city of residence,
sample collection, or first symptoms date; (9) any individual which
received the third dose. Our exposure was vaccination status stratified
by the time since the last dose on the date of sample collection,
categorised as: unvaccinated and, for the vaccinated, grouped in per-
iods (days) after eachdose:first dose (0–13 days, and ≥14 days), second
dose (0–13, ≥14 days). In addition, the following confounders were
included in the model: age, gender, ethnicity, time (month), region of
residence, socioeconomic position measured by quintile of depriva-
tion (the Índice Brasileiro de Privação in Brazil)24, previous SARS-CoV-2
infection (between 3–6 months or more six months ago), number of

comorbidities commonly associated with COVID-19 illness. The odds
ratio (OR) comparing the odds of vaccination between cases and
controls and its associated 95% Confidence Interval (CI) were derived
using logistic regression. VE was estimated as (1-OR)*100, obtained
from an adjustedmodel including the described covariates, expressed
as a percentage. All data processing and analyses were performed in R
(version 4.1.1)25, using the Tidyverse package26. Missing values relating
to ethnicity were imputed using multiple imputations, as sensitivity
analyses. For these analyses, we used the MICE package (version 1.16)
with five imputations27. We conducted a logistic regression for rare
events (ICU admission) using Firth’s bias reduction method (Logistf
package v. 1.24.1)28.

We followed the RECORD reporting guidelines (Table S5)29. The
statistical analysis plan (SAP) was published in https://vigivac.fiocruz.
br/. The Brazilian National Commission in Research Ethics approved
the research protocol (CONEP approval number 4.921.308) and (CAAE
registration no. 50199321.9.0000.0040). CONEP waived the require-
ment for informed consent because we did not have access to identi-
fied data. The Brazilian Ministry of Health authorized the use of these
data by the Vaccination Digital Vigilance (VigiVac) program under the
data protection law which allows such a consent for public health
research.

Data availability
Our statistical analysis plan is available at https://vigivac.fiocruz.br.
Regarding Brazilian data availability, one of the study coordinators
(M.B.-N.) signed a term of responsibility on using each database made
available by the Ministry of Health (MoH). Each member of the
research team signed a term of confidentiality before accessing the
data. Data was manipulated in a secure computing environment,
ensuring protection against data leakage. The Brazilian National
Commission in Research Ethics approved the research protocol
(CONEP approval no. 4.921.308). Our agreement with the MoH for
accessing the databases patently denies authorization of access to a
third party. Any information for assessing the databases must be
addressed to the Brazilian MoH at https://datasus.saude.gov.br/, and
requests can be addressed to datasus@saude.gov.br. In this study, we
used anonymized secondarydata following the Brazilian PersonalData
ProtectionGeneral Law, but it is vulnerable to re-identification by third
parties as they contain dates of relevant health events regarding the
same person. To protect the research participants’ privacy, the
approved Research Protocol (CONEP approval no. 4.921.308)

14+ 0:13 14+
0

10

20

30

40

50

60

70

80

90

100

VE
 (C

I 9
5)

 %

Days post 
1st dose

Days post 
2nd dose

Hospital admission

Symptomatic Infection

Fig. 1 | Vaccine Effectiveness for symptomatic infection and hospital admission
among children aged 6–11 vaccinated with CoronaVac. The dots represent the
adjusted vaccine effectiveness (VE;1- adjusted odds ratio) estimates (sample
n = 197,958), with error bars indicating the corresponding 95% Wald’s C.I. for

symptomatic infection and Profile’s likelihood C.I. for hospital admission. Red
represents adjusted VE against symptomatic infection, and blue against hospital
admission considering vaccination status (in days post first and second dose). The
comparison group was the unvaccinated.
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authorises the dissemination only of aggregated data, such as the data
presented here.

Code availability
All code used in this study is publicly available at https://github.com/
cidacslab/vigivac/tree/main/tnd_02.
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6.3. CoronaVac induces antibodies in more than 90% of children, 
including those with comorbidities, Chilean study shows

A survey from Chile once again 
confirmed the immunogenicity 
of CoronaVac in children and 
adolescents, with seroconversion 
reaching 91.8% one month after 
the second dose. The vaccine 
performed even better in those 
with comorbidities such as obesity, 
reaching 97.4% in this group. The study 
was published in the International 
Journal of Infectious Diseases and 
conducted by the country’s Ministries 
of Health and Education and the 
School of Medicine of the University 
of Chile. The country has been 
administering CoronaVac to children 
over 3 years of age since December 
2021 and, at the end of August, 
approved the vaccine for children 
over 6 months of age.

Scientists evaluated the 
seroconversion of IgG antibodies 
in about 2,000 children and 
adolescents aged 6 to 18 years, 
students from 24 schools located 
in the three most populous regions 
of Chile. In the analyzed group, 
173 children had comorbidities 
such as obesity, chronic lung 
disease, cardiovascular disease, 
hypertension, diabetes and cancer.

The percentage of children who 
produced antibodies against 
SARS-CoV-2 (seroconversion) 
was 91.8% one month after the 

second dose. Analyzing individuals 
separately according to age group, 
sex, location and comorbidities, 
seroconversion remained high, 
above 85%, in most groups.

The vaccine, recently approved 
in Brazil for the age group of 3 to 5 
years, and which has been applied to 
the group from 6 to 17 since January, 
has already had its safety proven in 
several studies. Another study, also 
from Chile, showed that CoronaVac 
has the lowest rate of adverse events 
among the vaccines administered 
to children in the country, with only 
10.67 notifications per 100,000 
doses - 0.01% of the total doses. The 
vaccine also has the lowest rate of 
adverse events in adults.

CoronaVac’s efficiency against 
severe cases has also been 
demonstrated in real-world 
studies. In Brazil, a recent study 
by the Oswaldo Cruz Foundation 
(Fiocruz) recorded an effectiveness 
of 59.2% against hospitalizations 
for Covid-19 in those aged 6 to 17 
years. In Chile, in children aged 3 
to 5 years, the effectiveness was 
69% against admission to Intensive 
Care Units (ICU) and 64.6% against 
hospitalization, even during the 
omicron outbreak.

Published on: 05/24/2022
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Introduction 

COVID-19 vaccination of children is gaining global support 
( Committee on Infectious Diseases, 2022 ), and data on immuno- 
genicity and efficacy/effectiveness are increasing ( Walter et al., 
2022 ; Frenck et al., 2021 ; Han et al., 2021 ). Chile has rapidly 
advanced in a national vaccination campaign for children: as of 
February 17, 2022, 79% of children aged 3–17 years have been 
fully vaccinated ( Ministerio de Salud Chile, 2022 ). Children aged 
12–17 years have been vaccinated since June 22, 2021, with the 
mRNA Pfizer/BioNTech vaccine, followed weeks later by children 
aged 6–11 years, who received the inactivated Sinovac vaccine. 
We previously reported a national COVID-19 IgG seropositivity 
study in adults vaccinated with either vaccine that demonstrated 
the utility of large cross-sectional immunologic surveys using lat- 
eral flow tests (LFTs) ( Sauré et al., 2022 ). In this study, we re- 
ported IgG seropositivity in vaccinated and non-vaccinated Chilean 
school-aged children who received the inactivated vaccine from 
Sinovac (CoronaVac) or the mRNA vaccine from Pfizer/BioNTech 
(BNT162b2) within 1–20 weeks before sample collection, or no 
vaccine. Data on IgG seropositivity among vaccinated children 
with inactivated as compared with mRNA vaccines are currently 

∗ Corresponding author: Miguel O’Ryan, Programa de Microbiologia e Inmunolo- 
gia, Instituto de Ciencias Biomédicas, Facultad de Medicina, Universidad de Chile, 
Av. Independencia 1027, Independencia, Santiago, Chile, + 569 61401237 

E-mail address: moryan@uchile.cl (M. O’Ryan) . 

non-existent and can provide important information for decision- 
makers worldwide. 

Methods 

We performed SARS-CoV-2 IgG testing using the OnSite (CTK 
Biotech Inc, Poway, CA, US) LFT. This was the same LFT as the one 
used in adults ( Sauré et al., 2022 ), with reported sensitivity and 
specificity of 96.7% and 98.1%, respectively ( CTK Biotech, 2021 ). In 
conjunction with the Chilean Ministries of Education and Health, 
24 schools located in the three most populated regions in Chile 
were invited to take part in the study. Briefly, all parent/children 
pairs were invited to participate through a letter sent by school 
authorities. Accepting parents signed informed consent, and chil- 
dren aged > 8 years an assent. Children of every accepting par- 
ent were tested. Trained staff in each school obtained basic in- 
formation from the parent/caregiver of the child participant, in- 
cluding type of vaccine and vaccination dates, age, gender, country 
of origin, general medical history, previous COVID-19 IgG or poly- 
merase chain reaction testing, home address and usual transporta- 
tion method to school. A finger-prick blood sample was obtained 
from children as previously described ( Sauré et al., 2022 ). Tests 
were read on-site and results (positive, negative, or not conclusive) 
and surveillance data were instantly uploaded through a web in- 
terface to a database harbored at the Instituto Sistemas Complejos 
de Ingeniería, as in previous reports ( Sauré et al., 2022 ). The study 
was approved by the Comité de Ética de Investigación en Seres Hu- 
manos (Universidad de Chile, Santiago, Chile). 

https://doi.org/10.1016/j.ijid.2022.04.039 
1201-9712/© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Table 1 
Covid-19 IgG positivity according to population characteristics and vaccine received a . 

Characteristics Total Unvaccinated Sinovac Pfizer 

n/N IgG positivity (95% CI) n/N IgG positivity (95% CI) n/N IgG positivity (95% CI) n/N IgG positivity (95% CI) 

Age range 
6–11 years 837/1033 81.0% (78.6%, 83.4%) 25/90 27.8% (18.5%, 37.0%) 792/920 86.1% (83.9%, 88.3%) 20/23 87.0% (73.2%, 100%) 
12–18 years 1136/1269 89.5% (87.8%, 91.2%) 7/31 22.6% (7.9%, 37.3%) 505/591 85.4% (82.6%, 88.3%) 624/647 96.4% (95.0%, 97.9%) 
Gender 
Male 866/1001 86.5% (84.4%, 88.6%) 15/62 24.2% (13.5%, 34.9%) 598/678 88.2% (85.8%, 90.6%) 253/261 96.9% (94.8%, 99.0%) 
Female 1107/1301 85.1% (83.2%, 87.0%) 17/59 28.8% (17.3%, 40.4%) 699/833 83.9% (81.4%, 86.4%) 391/409 95.6% (93.6%, 97.6%) 
Region 
Metropolitan 1301/1459 89.2% (87.6%, 90.8%) 19/72 26.4% (16.2%, 36.6%) 920/1021 90.1% (88.3%, 91.9%) 362/366 98.9% (97.8%, 100%) 
Valparaíso 374/461 81.1% (77.6%, 84.7%) 12/36 33.3% (17.9%, 48.7%) 238/292 81.5% (77.1%, 86.0%) 124/133 93.2% (89.0%, 97.5%) 
Biobío 298/381 78.2% (74.1%, 82.4%) 1/13 7.7% (0%, 22.2%) 139/197 70.6% (64.2%, 76.9%) 158/171 92.4% (88.4%, 96.4%) 
Prev. pos. PCR b 35/45 77.8% (65.6%, 89.9%) 3/6 50.0% (10.0%, 90.0%) 20/27 74.1% (57.5%, 90.6%) 12/12 100% (100%, 100%) 
Comorbidities 
Obesity 50/56 89.3% (81.2%, 97.4%) 1/6 16.7% (0%, 46.5%) 38/39 97.4% (92.5%, 100%) 11/11 100% (100%, 100%) 
Chronic pulmonary 
disease 

82/94 87.2% (80.5%, 94.0%) 1/4 25.0% (0%, 67.4%) 33/40 82.5% (70.7%, 94.3%) 48/50 96.0% (90.6%, 100%) 

Cardiovascular 13/14 92.9% (79.4%, 100%) 0/0 - 6/7 85.7% (59.8%, 100%) 7/7 100% (100%, 100%) 
Other c 8/9 88.9% (68.4%,100%) 0/0 - 0/0 - 8/9 88.9% (68.4%, 100%) 
None identified 1820/2129 85.5% (84.0%, 87.0%) 30/111 27.0% (18.8%, 35.3%) 1220/1425 85.6% (83.8%, 87.4%) 570/593 96.1% (94.6%, 97.7%) 
Total 1973/2302 85.7% (84.3%, 87.1%) 32/121 26.4% (18.6%, 34.3%) 1297/1511 85.8% (84.1%, 87.6%) 644/670 96.1% (94.7%, 97.6%) 

CI, confidence interval; PCR, polymerase chain reaction. 
a The data exclude participants with incomplete information (n = 6), inconsistent vaccination status information (n = 86), region other than those listed (n = 1) and those 

vaccinated with vaccines other than Sinovac or Pfizer (n = 11) 
b Positive PCR previously obtained 
c Includes four cases of hypertension, four cases of diabetes and one case of cancer. 

Fig. 1. Seropositivity one to four weeks after first dose (light blue-shaded region) or after second dose for recipients of Sinovac or Pfizer vaccines with no prior positive PCR 
result. 

Results 

As of December 24, 2021, a total of 2302 children have been 
included, as described in Table 1 . Whereas most Sinovac recipi- 
ents were aged 6–11 years (920), Pfizer/BioNTech recipients were 
almost exclusively aged 12–18 years (647). IgG positivity was sig- 
nificantly higher in Pfizer than in Sinovac recipients for all study 
variables except comorbidities ( Table 1 ). In 670 children receiving 
the Pfizer/BioNTech vaccine, seropositivity was 91.7% three to four 

weeks after the second dose, with figures above 90% by 20 weeks 
after full vaccination ( Fig. 1 ). In 1506 children receiving Sinovac, 
seropositivity was 91.8 % three to four weeks after the second dose, 
with a declining trend thereafter ( Fig. 1 ). 

Discussion 

In school-aged Chilean children, SARS-CoV-2 IgG seropositiv- 
ity surpassed 90% two weeks after the administration of a sec- 

90 
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ond dose in the case of the inactivated vaccine (Sinovac), and up 
to 10 weeks after administering a second dose in the case of the 
mRNA vaccine (Pfizer/BioNTech). Compared with the adult pop- 
ulation ( Sauré et al., 2022 ), children showed a slightly weaker 
response to the mRNA vaccine and a slightly stronger response 
to the inactivated vaccine in terms of the overall proportion of 
seropositive individuals in the short-term period after vaccina- 
tion. Nevertheless, in the case of adults, seropositivity in the in- 
activated vaccine recipients declines over time, suggesting that a 
booster dose will most likely be required for children; however, 
by 22–24 weeks after immunization, we reported a small sam- 
ple size for the inactivated vaccine. LFTs do not differentiate IgG 
responses due to vaccination vs infection, which may have in- 
fluenced some of the responses observed; positivity in a small 
number of non-vaccinated children reached 27%. Self-reporting 
of child characteristics reduces robustness for the comparison of 
comorbidities. 

Chile was one of the first Western countries to begin vacci- 
nating children ( Ministerio de Salud 2021 ), a decision that may 
be relevant given the scenario of circulation of more transmissi- 
ble variants. With the Omicron variant, SARS-CoV-2 infections and 
hospitalizations reached high levels in children, but severe clini- 
cal outcomes were less frequent than with the Delta variant in 
this population ( Wang et al., 2022 ). The impact of the COVID-19 
vaccines on protection against infection and especially severe dis- 
ease has yet to be elucidated in children. However, immunization 
of children could have an impact on both direct and indirect ef- 
fects of SARS-CoV-2 infection, favoring school attendance, men- 
tal health and cognitive learning, especially in vulnerable children 
( Fore, 2020 ). 
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6.4. CoronaVac has the lowest rate of adverse events among  
Covid-19 vaccines available for children and adolescents in Chile

Data from the Chilean 
government’s pharmacovigilance 
indicate that CoronaVac, a vaccine 
from Butantan and Chinese 
pharmaceutical company Sinovac, 
is the immunizing agent with the 
lowest rates of adverse events in 
children and adolescents, aged 
between three and 17, who received 
Covid-19 vaccines in the country. 
CoronaVac is the safest immunizing 
agent both in general notifications 
and when compared to other 
vaccines and among people of 
different ages and sexes, according 
to data from the 4th Statistical 
Report “ESAVI associated with 
the administration of SARS-CoV-2 
vaccines in Chile in the pediatric 
population and adolescents”, from 
the local Ministry of Health. 

Between March 1st, 2021 and 
February 26, 2022, 6.9 million 
doses of Covid-19 vaccines were 
administered to those under 18 
years of age in Chile. Of these, 
4.9 million doses were from 
CoronaVac and 2 million doses 
from Comirnaty, a Pfizer/BioNTech 
vaccine. In the same period, 868 
Events Supposedly Attributable 
to Vaccination or Immunization 
(ESAVIs) were reported by Chilean 
pharmacovigilance among people 
aged three to 17 years who received 
both vaccines, with lower rates of 
adverse events among those who 
received CoronaVac. 

ESAVI is an unfavorable, unintended 
health condition, which can be a 
symptom, a laboratory finding, or a 
disease, occurring after vaccination 
(vaccine administration) or 
immunization (generation of an 
immune response), according to  
the Pan American Health 
Organization (PAHO). 

“The total number of notifications 
received associated with CoronaVac 
was 520, which corresponds to 0.01% 
of the total doses administered 
and a notification rate of 10.67 
notifications per 100,000 doses,” 
the report describes. 

The messenger RNA vaccine (Pfizer), 
in turn, demonstrated a rate of 15.35 
notifications of ESAVIs per 100,000 
doses administered. The rate is 
higher than among those who took 
CoronaVac, even with a smaller 
number of doses administered in 
the analyzed age group.

These data prove that CoronaVac is 
a vaccine with rare adverse effects 
in children and adolescents and 
when they appear, they are usually 
limited to pain at the injection site 
in most reports. So much so that of 
the 520 notifications, 456 were of 
events considered non-severe, that 
is, symptoms disappear without the 
need for symptomatic treatment 
and hospitalization and that do not 
endanger life, as defined by PAHO.
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The Chilean Ministry of Health 
authorized the use of CoronaVac 
in children aged 6 years and 
older on September 6, 2021 and 
in children aged 3 years and older 
on November 30, 2021. Messenger 
RNA vaccine has been used in the 
country in people aged 5 years and 
older since December 21, 2021.

The data were collected 
by the Pharmacovigilance 
Subdepartment (Subdepartamento 
de Farmacovigilancia, SDFV) of 
the Chilean Public Health Institute 
(Instituto de Salud Pública, ISP), 
linked to the local Ministry of Health, 
which notifies and investigates 
whether or not ESAVIs are related  
to vaccination. 

CoronaVac sustains 
safety between doses

Notifications of adverse events 
between the first and second 
dose were also lower in those who 
took CoronaVac. According to the 
Chilean report, the first dose of 
CoronaVac was associated with 
12.92 notifications and the second 
dose with 4.24 notifications of 
ESAVIs for every 100,000 doses 
administered. Among those who 
took the messenger RNA vaccine, 
there were 16.67 notifications of 
ESAVIs in the first dose and 10.41 in 
the second dose for every 100,000 
doses administered. 

Differences by 
age group and sex

Adverse event rates are also lower 
among boys and girls who have 

taken CoronaVac compared to the 
other available vaccine. According 
to the report, the notification rate of 
ESAVIs among boys aged 12 to 17 who 
took CoronaVac is 9.45 notifications 
per 100,000 doses, while the rate in 
boys of the same age group who 
took the RNA vaccine messenger, 
is 14.57 for every 100,000 doses 
administered. Among girls aged 12 
to 17 who took CoronaVac, the rate 
of ESAVIs was 10.58 per 100,000 
doses, while among girls in the 
same age group who took the other 
vaccine, it was 15.46 notifications 
per 100,000 doses. 

As for the age group from 3 to 11 years, 
adverse event data were computed 
only in relation to CoronaVac. 
Among boys in this age group, 
the rate was 10.76 notifications of 
ESAVIs for 100,000 doses and 11.06 
notifications for 1,100 doses among 
girls in this age group.

Most common 
adverse effects

According to the document, pain 
at the injection site corresponds 
to 3.26 notifications for every 
100,000 doses of CoronaVac, on 
average. Pruritus (1.99 notifications 
per 100,000 doses), headache 
(1.60 per 100,000 doses), vomiting 
(1.54 notifications per 100,000 
doses), urticaria (1.42), fever (1.07 
) and nausea (1.05) are the other 
most frequent events. All data are 
fewer incidents than reported for 
messenger RNA vaccines.

Published on: 05/16/2022
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Vacunas SARS-CoV-2 Autorizadas y utilizadas en Chile en población menor de 

18 años 
En Chile, debido a la pandemia ocasionada por el virus SARS-CoV-2, se ha aprobado el uso de 

emergencia de dos vacunas en pacientes pediátricos y adolescentes, contribuyendo de esta manera, 

a las estrategias implementadas en el país para el control y mitigación de la propagación de este 

virus, con el objetivo de disminuir el riesgo de contagio de COVID-19 y prevenir los síntomas graves 

de dicha enfermedad. En la tabla 1, se resume la información de las vacunas SARS-CoV-2 utilizadas 

en nuestro país para el grupo etario menor a 18 años. 

Tabla 1. Vacunas SARS-CoV-2 autorizadas y en uso a la fecha en Chile en población menor de 18 años. 

Fabricante Fecha de autorización 

Vacunas SARS-CoV-2 en 

población menor de 18 años  

Indicaciones aprobadas al 26 de febrero de 2022 

Pfizer - BioNTech 15 de diciembre de 2020 Inmunización activa contra la enfermedad COVID-

19 causada por el virus SARS-CoV-2,  

en personas desde los 16 años. 

31 de mayo de 2021 Inmunización activa contra la enfermedad COVID-

19 causada por el virus SARS-CoV-2,  

en personas desde los 12 años. 

21 de diciembre de 2021 Inmunización activa contra la enfermedad COVID-

19 causada por el virus SARS-CoV-2,  

en personas desde los 5 años. 

Sinovac Life 
Sciences 

06 de septiembre de 2021 Inmunización activa contra la enfermedad COVID-

19 causada por el virus SARS-CoV-2, en personas 

desde los 6 años. 

30 de noviembre de 2021 Inmunización activa contra la enfermedad COVID-

19 causada por el virus SARS-CoV-2, en personas 

desde los 3 años. 
Nota: Se excluyen las siguientes vacunas SARS-CoV-2: Moderna, que, si bien el 03 de febrero 2022 se aprobó su importación con 
indicación de uso en personas desde los 12 años,  aún no se utiliza en el país en este grupo etario, en el periodo comprendido en este 
informe. 
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Dosis administradas de vacunas SARS-CoV-2 
Desde la implementación de la campaña de inmunización con vacunas SARS-CoV-2 en Chile, hasta 

el 26 de febrero de 2022, se han administrado 6.946.593 dosis de vacunas SARS-CoV-2 a menores 

de 18 años1. La distribución de cada vacuna SARS-CoV-2, según laboratorio fabricante, se muestra 

en la tabla 2. 

Tabla 2. Número de dosis administradas de vacunas SARS-CoV-2 distribuidas por laboratorio fabricante, periodo 01 marzo 
de 2021 a 26 febrero de 2022 en menores de 18 años.  

Laboratorio fabricante 
Vacuna SARS-CoV-2, 
Plataforma 

1° dosis 2° dosis 1°Refuerzo 2°Refuerzo Total 

Pfizer-BioNTech, 
ARN mensajero 779.619 739.701 552.523 151 2.071.994 

Sinovac, 
Inactivada 2.585.174 2.289.215 207 3 4.874.599 

Total 
 3.364.793 3.028.916 552.730 154 6.946.593 

 

 

ESAVI reportados al SDFV 
El Subdepartamento Farmacovigilancia (SDFV) del Instituto de Salud Pública de Chile (ISP), recibe las 

notificaciones de Eventos Supuestamente Atribuibles a la Vacunación e Inmunización (ESAVI) a 

través de 4 vías: sistemas de notificación electrónica ESAVI-EPRO, REDRAM y NOTI-RAM ESAVI, y el 

formulario manual recibido por correo electrónico. 

El presente informe abarca los datos recogidos de las notificaciones de ESAVI de las vacunas SARS-

CoV-2 recibidas en el SDFV en el periodo definido anteriormente. Es importante señalar que estas 

notificaciones fueron recopiladas mediante el método de vigilancia pasiva e informadas por 

profesionales de la salud. Los ESAVI no se pueden considerar relacionados a las vacunas, hasta que 

no se confirme una relación causal con su administración. Esta evaluación se lleva a cabo de manera 

rutinaria por la sección Farmacovigilancia de Vacunas del SDFV, así como por el equipo de 

Farmacovigilancia de Vacunas del SDFV. Este equipo está compuesto por un Comité de Expertos 

Externos al ISP, integrantes del Programa Nacional de Inmunizaciones del MINSAL, y profesionales 

del SDFV. 

                                                             
1 Según información obtenida desde el Departamento de Inmunizaciones, MINSAL 
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En el periodo de estudio se recibió un total de 868 notificaciones de ESAVI, lo que corresponde al 

0,01% del total de dosis administradas y a una tasa total de 12,50 notificaciones por cada 100.000 

dosis administradas, en menores de 18 años. De ellas, 107 corresponden a eventos serios, lo que 

representa un 0,002% del total de dosis administradas y a una tasa de 1,54 notificaciones por 

100.000 dosis administradas.  

 

Distribución de ESAVI vacunas SARS-CoV-2, por laboratorio fabricante 

De un total de 868 notificaciones recibidas en el SDFV, podemos observar, en la tabla 3, la 

distribución de notificaciones según laboratorio fabricante. La vacuna con un mayor número de 

notificaciones corresponde a la vacuna SARS-CoV-2 Sinovac, con 520 notificaciones, que equivalen 

al 59,91% del total de notificaciones recibidas, sin embargo, al calcular las tasas por cada 100.000 

dosis administradas, se evidencia que presenta una menor tasa de notificación en comparación con 

la vacuna SARS-CoV-2 Pfizer-BioNTech, con solo 10,67 notificaciones por cada 100.000 dosis 

administradas. En cuanto a la vacuna SARS-CoV-2 Pfizer-BioNTech, es la que posee la mayor tasa de 

notificación, con 15,35 notificaciones por cada 100.000 dosis administradas, lo que corresponde a 

318 notificaciones, que equivale al 36,64% del total de notificaciones recibidas en el SDFV. Ambas 

tasas no difieren en gran medida, encontrándose en el mismo orden de magnitud.   
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Tabla 3. Distribución de ESAVI, según laboratorio fabricante, periodo 01 marzo de 2021 a 26 febrero de 2022, menores de 
18 años 

Vacuna SARS-CoV-2 

Laboratorio fabricante 

Número de 

notificaciones 

Porcentaje 

respecto al total 

de 

notificaciones 

Tasa de notificaciones cada 

100.000 dosis administradas 

Pfizer-BioNTech 318 36,64 15,35 

Sinovac  520 59,90 10,67 

No señala 30 3,46 - 

Total 868 100 12,50 

 

 

Distribución de ESAVI serios de vacunas SARS-CoV-2, por laboratorio fabricante 

De un total de 868 notificaciones de ESAVI recibidas en el SDFV, 107 de ellas se clasificaron 

preliminarmente como serias2, lo que equivale al 12,33% del total y a una tasa de 1,54 por cada 

100.000 dosis administradas. En la tabla 4, se observa que la vacuna SARS-CoV-2 Pfizer-BioNTech 

presentó una tasa de 2,08 ESAVI serios por cada 100.000 dosis administradas, que equivale al 

40,19% del total de las notificaciones serias, mientras que la vacuna SARS-CoV-2 Sinovac presentó 

una tasa de 1,31 por cada 100.000 dosis administradas, que equivale al 59,81% de las notificaciones 

serias reportadas. Nuevamente, ambas tasas se encuentran en el mismo orden de magnitud.  

  

                                                             
2 Las notificaciones que se clasifican como serias son aquellas que amenazan la vida, causan hospitalización o 
la prolongan, resultan en incapacidad persistente o permanente, o resultan en la muerte del paciente. 
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Tabla 4. Distribución de ESAVI serios según laboratorio fabricante, periodo 01 marzo de 2021 a 26 febrero de 2022, 
menores de 18 años  

Vacuna SARS-CoV-2 

Laboratorio fabricante 

Número de 

notificaciones 

serias 

Porcentaje de 

notificaciones 

serias 

Tasa de notificaciones cada 

100.000 dosis administradas 

Pfizer-BioNTech 43 40,19 2,08 

Sinovac  64 59,81 1,31 

Total 107 100,00 1,54 

 

Distribución de ESAVI totales, por laboratorio fabricante y número de dosis 

administradas 

En la figura 1, se observa la distribución de la tasa de notificaciones según el laboratorio fabricante 

y el número de dosis administrada del esquema primario (1° y 2° dosis), además de la dosis de 

refuerzo para la vacuna SARS-CoV-2 Pfizer-BioNTech. Para esta última, la tasa más elevada se 

presentó en la 1° dosis, con 16,67 por cada 100.000 dosis administradas, al igual que para la vacuna 

SARS-CoV-2 Sinovac, para la cual, sin embargo, se obtuvo una tasa más baja, de 12,92 notificaciones 

por cada 100.000 dosis administradas. El cálculo de la tasa de notificaciones con la 1° dosis de 

refuerzo para la vacuna SARS-CoV-2 Sinovac no fue incluido, dado el bajo número de personas que 

recibieron esta dosis durante el periodo de estudio, por lo que no se puede hacer una comparación 

entre ambas vacunas. 



1014 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

9 
 

 

Figura 1.Tasa de notificaciones por 100.000 dosis administradas, según laboratorio fabricante y número de dosis 
administrada, periodo 01 marzo de 2021 a 26 febrero de 2022, menores de 18 años. 

Nota: Se excluyen las notificaciones que no indicaron el número de dosis administrada ni el laboratorio fabricante de la vacuna.  

 

 

Distribución de notificaciones según sexo y grupo etario, por laboratorio fabricante 

En la figura 2, se observan las tasas de notificación según sexo y grupo etario, por laboratorio 

fabricante. La mayor tasa de notificación para la vacuna SARS-CoV-2 Pfizer-BioNTech, se presentó 

en el grupo etario comprendido entre los 12-17 años, tanto para el sexo femenino como masculino, 

con tasas de 15,46 y 14,57 por cada 100.000 dosis administradas, respectivamente. Es importante 

mencionar que, si bien se han recibido un total de 4 notificaciones en el rango etario comprendido 

entre 05-11 años para la vacuna SARS-CoV-2 Pfizer-BioNTech, no se muestran en este gráfico debido 

a que el número de dosis administradas asciende a solo 864, por lo que la tasa obtenida no es 

representativa y no puede ser comparada con la de la vacuna SARS-CoV-2 Sinovac. 
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Figura 2. Distribución de notificaciones vacunas SARS CoV-2 según sexo y grupo etario, por laboratorio fabricante, periodo 
01 marzo de 2021 a 26 febrero de 2022, menores de 18 años  

 

 

Vacuna SARS-CoV-2 Pfizer-BioNTech 
Hasta el día 26 de febrero, se habían administrado 2.071.994 dosis de la vacuna SARS-CoV-2 Pfizer-

BioNTech en menores de 18 años. El total de notificaciones recibidas en el SDFV asociadas a esta 

vacuna fue 318, lo que corresponde a 0,02% del total de las dosis administradas y a una tasa de 

notificación de 15,35 reportes por cada 100.000 dosis administradas. En la Tabla 5, se desglosa el 

detalle por seriedad de las notificaciones recibidas. 
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Tabla 5. Distribución de notificaciones para la vacuna SARS-CoV-2 Pfizer-BioNTech, por seriedad, periodo 01 marzo de 
2021 a 26 febrero de 2022, menores de 18 años 

Seriedad Vacuna SARS-CoV-2 N° de notificaciones % Tasa ESAVI por cada 

100.000 dosis 

administradas 

No Pfizer-BioNTech 275 86,48 13,27 

SI Pfizer-BioNTech 43 13,52 2,08 

Total Pfizer-BioNTech 318 100,00 15,36 

 

 

Distribución de ESAVI reportados para la vacuna SARS-CoV-2 Pfizer-BioNTech, según 

sexo  

 

En la figura 3, se observan las tasas de notificación según sexo para la vacuna SARS-CoV-2 Pfizer-

BioNTech, en el grupo etario de 12 a 17 años. Para el sexo femenino se recibieron un total de 161 

notificaciones, lo que corresponde al 51,27% de los reportes para esta vacuna, es decir, una tasa de 

15,46 por cada 100.000 dosis administradas. Para el sexo masculino se recibieron un total de 150 

notificaciones, lo que corresponde al 47,77% de los reportes, es decir, una tasa de 14,57 por cada 

100.000 dosis administradas. Las notificaciones que no señalaron el sexo del individuo 

corresponden al 0,96% del total de reportes para la vacuna SARS-CoV-2 Pfizer-BioNTech.  
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Figura 3. Tasa de notificación de ESAVI según sexo y grupo etario para la vacuna SARS-CoV-2 Pfizer-BioNTech, periodo 01 
marzo de 2021 a 26 febrero de 2022, menores de 18 años  

Nota aclaratoria figura 3: Es importante mencionar que se ha recibido un total de 4 notificaciones 

en el rango etario comprendido entre 05-11 años para la vacuna SARS-CoV-2 Pfizer-BioNTech, y el 

número de dosis administradas corresponde a 864, por lo que las tasas calculadas no resultan 

representativas, por ende, no pueden ser comparadas con las demás tasas para la misma vacuna. 

 

Manifestaciones más frecuentes de los ESAVI No serios reportados para la vacuna 

SARS-CoV-2 Pfizer-BioNTech 

Las manifestaciones de los eventos clasificados como no serios más frecuentemente notificados 

luego de la administración de la vacuna SARS-CoV-2 Pfizer-BioNTech, se resumen en la figura 4. Los 
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notificación, con una tasa de 6,37 por cada 100.000 dosis administradas, le siguen cefalea y fiebre, 

con una tasa de 4,39 y 2,17 por cada 100.000 dosis administradas, respectivamente.  La cefalea, 

fatiga, mialgia, y reacciones producidas en la zona de inyección, se encuentran descritos en los 

ensayos clínicos realizados para esta vacuna en la población desde los 5 años. 
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Figura 4. Tasa de notificación de manifestaciones clínicas No serias, más frecuentemente reportadas para la vacuna SARS-
CoV-2 Pfizer-BioNTech, periodo 01 marzo de 2021 a 26 febrero de 2022, menores de 18 años 

*zona de inyección, reacción considera: zona de inyección, dolor; zona de inyección, eritema; zona de inyección, hinchazón; zona de 
inyección, inflamación; zona de inyección, calentamiento; zona de inyección, sangrado; zona de inyección, endurecimiento; zona de 
inyección, prurito; zona de inyección, absceso 

 

Manifestaciones más frecuentes de los ESAVI Serios reportados para la vacuna SARS-

CoV-2 Pfizer-BioNTech 

En la figura 5, se observa que la manifestación seria más frecuente corresponde a miocarditis, con 

una tasa de 0,77 por cada 100.000 dosis administradas. Se han presentado 16 casos en el periodo 

evaluado, en adolescentes entre 13 a 17 años. En segundo lugar, se encuentran las manifestaciones 

pericarditis y reacción anafiláctica, con 0,24 notificaciones por cada 100.000 dosis administradas. 

Con una tasa de 0,14 por cada 100.000 dosis administradas, en tercer lugar, se encuentra la 

manifestación convulsiones.  
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Es importante señalar que, tanto la miocarditis como la pericarditis, son eventos que han sido 

evaluados como una señal de seguridad. El Comité de Evaluación de Riesgos en Farmacovigilancia 

de la Unión Europea (PRAC, por sus siglas en inglés), encargado de evaluar todos los aspectos de la 

gestión de riesgos de los medicamentos de uso humano en ese continente, concluyó, tras la 

evaluación detallada de los datos disponibles, que existe una relación causal plausible entre los 

casos reportados y la administración de las vacunas ARNm. Esto quiere decir, que es razonable 

suponer que la vacuna puede haber sido un elemento causal de la afección. No obstante, la 

frecuencia de aparición de casos de miocarditis y/o pericarditis luego de la administración de estas 

vacunas sigue siendo muy rara, detectándose tasas de 0,26 por 10.000 (2,6 por 100.000) casos extra 

de miocarditis, vale decir sobre nivel basal, en hombres de 12 a 29 años, comparados con personas 

no vacunadas. 

También es importante mencionar que se presentaron, con una tasa de 0,05 por cada 100.000 dosis 

administradas, casos de cianosis, hipertonía, nefritis e insuficiencia cardiaca. Estos no se informaron 

en el gráfico debido a que no se ubican dentro de las 10 primeras manifestaciones más frecuentes. 
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Figura 5. Tasa de notificación de manifestaciones clínicas serias más frecuentemente reportadas, para la vacuna SARS -
CoV-2 Pfizer-BioNTech periodo 01 marzo de 2021 a 26 febrero de 2022, menores de 18 años 

*miocarditis considera: miocarditis y miopericarditis. ** convulsiones considera: convulsiones, convulsiones focales y convulsiones  
tónico/clónicas 

 

Eventos de especial interés reportados para la vacuna SARS-CoV-2 Pfizer-BioNTech 

Los eventos de especial interés (AESI, por sus siglas en inglés – eventos de importancia médica 

predefinidos que necesitan ser monitoreados y confirmados por estudios específicos) notificados 

con posterioridad a la administración de la vacuna SARS-CoV-2 Pfizer-BioNTech, se resumen en la 

figura 6. Esta clasificación es independiente de si la notificación fue catalogada como seria o no seria, 

por lo que puede repetirse con las manifestaciones señaladas en las secciones anteriores de este 

informe. Se observa que el evento miocarditis fue el que presentó la mayor tasa de notificación, 

alcanzando 0,87 por cada 100.000 dosis administradas; le sigue, en segundo lugar, convulsiones,  

con 0,58 por cada 100.000 dosis administradas y, en tercer lugar, reacción anafiláctica y pericarditis, 

las que se presentaron con una tasa de 0,29 por cada 100.000 dosis administradas. Todas las tasas 

expresadas como 0,00 en la figura 6, son AESI que no se presentaron en las notificaciones recibidas 

para esta vacuna. 
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Figura 6. Tasa de notificación de manifestaciones clínicas de especial interés reportadas para la vacuna SARS -CoV-2 Pfizer-
BioNTech, periodo 01 marzo de 2021 a 26 febrero de 2022, menores de 18 años  

*miocarditis considera: miocarditis y miopericarditis. **convulsiones considera: convulsiones, convulsiones focales y convulsiones  
tónico/clónicas. ***tromboembolismo considera: trombosis, tromboembolismo y embolismo. 
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ESAVI no serios según número de dosis vacuna SARS-CoV-2 Pfizer-BioNTech 
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de dosis administradas, de vacuna SARS-CoV-2 Pfizer-BioNTech, se presentan en la tabla 6. En 
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que, al administrarse la segunda dosis, esta tasa desciende a 3,92 por cada 100.000 segundas dosis 

administradas y en la dosis de 1° refuerzo se presenta con 4,71 por cada 100.000 dosis 

administradas. La cefalea se presenta como la segunda manifestación más frecuente, con tasas 

similares tanto para la primera como para la segunda dosis, de 4,36 y 4,46 por cada 100.000 dosis 

administradas, respectivamente, y en el 1° refuerzo se presentó con una tasa de 2,53 por cada 

100.000 dosis administradas. La tercera manifestación más frecuente corresponde a prurito, con 

una tasa de 2,82 por cada 100.000 primeras dosis administradas, pero, si observamos la misma 

manifestación con la segunda dosis, la tasa disminuye a 1,62 por cada 100.000 dosis administradas; 

en cuanto a la tasa presentada con su uso como 1° refuerzo, esta disminuye a 0,72 por cada 100.000 

dosis administradas. 

A nivel general, los datos muestran que todas las manifestaciones presentadas más frecuentemente 

con la primera dosis, disminuyeron con la segunda dosis y con la dosis de 1° refuerzo. 
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Tabla 6. Comparación de las tasas de notificación de los ESAVI No serios más frecuentes, de acuerdo al número de dosis 
para la vacuna SARS-Cov-2 Pfizer-BioNTech, periodo 01 marzo de 2021 a 26 febrero de 2022, menores de 18 años 

Manifestaciones Tasa de notificación de ESAVI No serio cada 100.000 dosis 
administradas para la vacuna SARS-CoV-2 Pfizer-BioNTech 

1° dosis 2° dosis 1° refuerzo 
Zona de inyección, 
reacción* 

8,59 3,92 4,71 

Cefalea 4,36 4,46 2,53 
Prurito 2,82 1,62 0,72 
Sincope 1,92 0,27 0,36 
Náuseas 1,92 1,62 0,90 
Fiebre 1,54 3,11 1,27 
Malestar general 1,54 1,08 0,90 
Urticaria 1,41 0,68 0,36 
Vómitos 1,41 1,22 0,72 
Mareo 1,03 0,81 0,36 

*zona de inyección, dolor; zona de inyección, eritema; zona de inyección, hinchazón; zona de inyección, calentamiento; zona de inyección,  
inflamación; zona de inyección, endurecimiento; zona de inyección, sangrado; zona de inyección, prurito; zona de inyección, absceso. 

Nota aclaratoria tabla 6: se han recibido en el SDFV, 3 notificaciones no serias para esta vacuna 

administrada como 2° refuerzo, administrándose, a la fecha de corte de este informe, 151 dosis de 

2° refuerzo, por lo que las tasas calculadas no resultan representativas y por ende no pueden ser 

comparadas con las del esquema primario de vacunación, por ello no se incluyen en la tabla anterior. 

 

ESAVI Serios, según número de dosis, vacuna SARS-CoV-2 Pfizer-BioNTech 

La comparación de las manifestaciones serias notificadas según el número de dosis administradas 

de la vacuna SARS-CoV-2 Pfizer-BioNTech, se presentan en la tabla 7. Las manifestaciones más 

frecuentemente notificadas con la primera dosis de la vacuna SARS-CoV-2 Pfizer-BioNTech son; 

reacción anafiláctica en primer lugar, con una tasa de 0,64 por cada 100.000 primeras dosis 

administradas; en segundo lugar, se encuentra síndrome de respuesta inflamatoria multisistémica, 

con 0,26 por cada 100.000 primeras dosis administradas. Se presentaron 2 casos de este síndrome, 

los cuales fueron evaluados por el Comité de Farmacovigilancia de Vacunas como inconsistentes 

con el proceso de vacunación, debido a que estuvieron en contacto con pacientes con COVID-19, 

previo a la vacunación, y esa puede ser una razón más plausible. En tercer lugar, se encuentran, con 

una tasa de 0,13 por 100.000 primeras dosis administradas, las manifestaciones miocarditis, 

convulsiones, pericarditis, encefalitis, hepatitis autoinmune, insuficiencia cardiaca, hipertonía y 

cianosis. Para la segunda dosis, destaca, en primer lugar, la miocarditis, con una tasa de 1,62 por 

cada 100.000 segundas dosis administradas; en segundo lugar se encuentra pericarditis, con una 
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tasa de 0,41 por cada 100.000 segundas dosis administradas, mientras que, en tercer lugar, se 

encuentran reacción anafiláctica y convulsiones, con una tasa de 0,14 por cada 100.000 segundas 

dosis administradas, cada una. Para el 1° refuerzo, con una tasa de 0,36 por cada 100.000 dosis 

administradas se observa miocarditis en primer lugar, mientras que, con una tasa de 0,18 por cada 

100.000 dosis administradas, en segundo lugar se encuentran convulsiones y pericarditis. Los 

hallazgos de reacciones cardiológicas se condicen con lo detectado a nivel internacional, tal como 

se señaló en párrafos anteriores.  

Para todos los eventos serios descritos, el ISP ha realizado seguimiento de su evolución clínica y 

recopilación de antecedentes, con el objetivo de contar con toda la información necesaria que 

permita evaluar los casos y detectar si existieron antecedentes previos, así como factores de riesgo 

y/o causas alternativas que pudieran influir en la aparición del evento observado.  

Tabla 7. Comparación de las tasas de notificación de los ESAVI Serios más frecuentes, de acuerdo al número de dosis para 
la vacuna SARS-Cov-2 Pfizer-BioNTech, periodo 01 marzo de 2021 a 26 febrero de 2022, menores de 18 años 

Manifestaciones Tasa de notificación de ESAVI Serio cada 100.000 dosis 
administradas para la vacuna SARS-CoV-2 Pfizer-BioNTech 

1°dosis 2° dosis 1°refuerzo 
Reacción anafiláctica 0,64 0,14 0,00 
Síndrome de respuesta 
inflamatoria sistémica 

0,26 0,00 0,00 

Convulsiones* 0,13 0,14 0,18 
Miocarditis** 0,13 1,62 0,36 
Pericarditis 0,13 0,41 0,18 
Encefalitis 0,13 0,00 0,00 
Hepatitis autoinmune 0,13 0,00 0,00 
Insuficiencia cardiaca 0,13 0,00 0,00 
Hipertonía 0,13 0,00 0,00 
Cianosis 0,13 0,00 0,00 

*convulsiones considera: convulsiones, convulsiones focales y convulsiones tónico/clónicas. **miocarditis considera; miocarditis y 
miopericarditis. 

Vacuna SARS-CoV-2 Sinovac 
Hasta el día 26 de febrero, se habían administrado 4.874.599 dosis de la vacuna SARS-CoV-2 Sinovac 

a menores de 18 años. El total de notificaciones recibidas en el SDFV asociadas a esta vacuna fue de 

520, lo que corresponde a 0,01% del total de dosis administradas y a una tasa de notificación de 

10,67 reportes cada 100.000 dosis. En la Tabla 8, se desglosa el detalle por seriedad de las 

notificaciones recibidas.  
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Tabla 8. Distribución de notificaciones para la vacuna SARS-CoV-2 Sinovac, por seriedad, periodo 01 marzo de 2021 a 26 
febrero de 2022, menores de 18 años 

Seriedad Vacuna SARS-CoV-2 
N° de 

notificaciones  
% 

Tasa ESAVI cada 100.000 

dosis administradas 

No Sinovac 456 87,69 9,35 

SI Sinovac 64 12,31 1,31 

Total Sinovac 520 100,00 10,67 

 

 

Distribución según sexo y grupo etario de ESAVI vacuna SARS-CoV-2 Sinovac 

En la figura 7, se pueden observar las tasas de notificación según grupo etario y sexo para la vacuna 

SARS-CoV-2 Sinovac. Para ello, se establecieron dos grupos, el primero corresponde al tramo 3-11 

años y el segundo 12-17 años. Al compararlos, se observa una mayor tasa de notificación para el 

grupo entre los 3 y 11 años de edad, dentro del cual se contabilizó un total de 191 notificaciones de 

pacientes de sexo femenino, lo que corresponde al 36,73% de los reportes para esta vacuna, es 

decir, una tasa de 11,06 por cada 100.000 dosis administradas. Para el sexo masculino se recibieron 

un total de 188 notificaciones, lo que corresponde al 36,15% de los reportes para esta vacuna, es 

decir, una tasa de 10,76 por cada 100.000 dosis administradas. El segundo grupo etario evaluado en 

este informe corresponde al tramo 12-17 años. Para el sexo femenino se recibieron un total de 73 

notificaciones, lo que corresponde al 14,04% de los reportes para esta vacuna, es decir, una tasa de 

10,58 por cada 100.000 dosis administradas, mientras que para el sexo masculino se recibieron un 

total de 67 notificaciones, lo que corresponde al 12,88% de los reportes, es decir, una tasa de 9,45 

por cada 100.000 dosis administradas. Cabe mencionar que 1 reporte no declaró el sexo del 

paciente, lo que corresponde al 0,20% de los reportes. 
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Figura 7. Tasa de notificación de ESAVI según sexo y grupo etario para la vacuna SARS-CoV-2 Sinovac, periodo 01 marzo 
de 2021 a 26 febrero de 2022, menores de 18 años 

 

Manifestaciones más frecuentes de los ESAVI No serios, reportados para la vacuna 

SARS-CoV-2 Sinovac  

Las manifestaciones no serias más frecuentemente notificadas posteriormente a la administración 

de la vacuna SARS-CoV-2 Sinovac, se resumen en la figura 8, en la cual se muestra que la más 

frecuente corresponde a las reacciones locales presentadas en la zona de inyección, con una tasa 

de 3,26 por cada 100.000 dosis administradas. Le siguen prurito y cefalea, con tasas de 1,99 y de 

1,60 por cada 100.000 dosis administradas, respectivamente. Las manifestaciones: cefalea, fiebre, 

mialgia, náuseas, malestar general y reacciones producidas en la zona de inyección, se encuentran 

descritas en los ensayos clínicos realizados para esta vacuna en la población desde los 3 años de 

edad.  
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Figura 8. Tasa de notificación de manifestaciones clínicas no serias más frecuentemente reportadas para la vacuna SARS -
CoV-2 Sinovac, periodo 01 marzo de 2021 a 26 febrero de 2022, menores de 18 años  

*zona de inyección reacción considera: zona de inyección, dolor; zona de inyección, eritema; zona de inyección, hinchazón.  

 

 

Manifestaciones más frecuentes de los ESAVI Serios, reportados para la vacuna 

SARS-CoV-2 Sinovac 

Los eventos clasificados como serios, más frecuentemente notificados luego de la administración 

de la vacuna SARS-CoV-2 Sinovac, se resumen en la figura 9. Se puede observar que la manifestación 

seria más frecuente es convulsiones, la que se presentó con una tasa de 0,29 por cada 100.000 dosis 

administradas. El segundo lugar corresponde a reacción anafiláctica, con una tasa de 0,27 por cada 

100.000 dosis administradas; en el tercero se encuentran Síndrome de Guillain-Barré y 

tromboembolismo con 0,06 notificaciones por cada 100.000 dosis administradas. Es importante 

mencionar que también se presentó, con una tasa de 0,02 por cada 100.000 dosis administradas, 

bloqueo aurículo ventricular, cuadriparesia, hepatitis fulminante, miocarditis, pericarditis, 
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encefalomielitis, enfermedad de kawasaki. Éstos no se informaron en el gráfico, debido a que no se 

presentaron dentro de las 10 primeras manifestaciones más frecuentes.  

Para todos los eventos serios descritos, el ISP ha realizado seguimiento de su evolución clínica y 

recopilación de antecedentes, con el objetivo de contar con toda la información necesaria que 

permita evaluar los casos y detectar si existieron antecedentes previos, factores de riesgo y/o causas 

alternativas que pudieran influir en la aparición del evento observado. 

 

 

Figura 9. Tasa de notificación de manifestaciones clínicas serias más frecuentemente reportadas, para la vacuna SARS -
CoV-2 Sinovac periodo 01 marzo de 2021 a 26 febrero de 2022, menores de 18 años 

*convulsiones considera: convulsiones, convulsiones focales y convulsiones tónico/clónicas, **tromboembolismo considera: trombosis, 
tromboembolismo y embolismo 
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las secciones anteriores de este informe. Se observa que convulsiones fue el AESI que presentó una 

mayor tasa, con 0,70 notificaciones por cada 100.000 dosis administradas. El segundo evento más 

frecuente corresponde a reacción anafiláctica, con una tasa de 0,27 por cada 100.000 dosis 

administradas. En tercer lugar, se encuentra Síndrome de Guillain-Barré y tromboembolismo, con 

una tasa de 0,06 por cada 100.000 dosis administradas. Todas las tasas expresadas como 0,00 en la 

figura 10, son AESI que no se presentaron en las notificaciones recibidas para esta vacuna. 

 
Figura 10. Tasa de notificación de manifestaciones clínicas de especial interés, reportadas para la vacuna SARS -CoV-2 
Sinovac periodo 01 marzo de 2021 a 26 febrero de 2022, menores de 18 años 

*convulsiones considera: convulsiones, convulsiones focales y convulsiones tónico/clónicas. **tromboembolismo considera: trombosis, 
Tromboembolismo y embolismo. ***miocarditis considera: miocarditis y miopericarditis 
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Comparación de ESAVI presentados por la vacuna SARS-CoV-2 Sinovac, según 

número de dosis 

ESAVI no serios según número de dosis vacuna SARS-CoV-2 Sinovac 

La comparación de las manifestaciones no serias más frecuentemente notificadas según el número 

de dosis administradas de la vacuna SARS-CoV-2 Sinovac, se presentan en la tabla 9. Se observa que 

la manifestación más frecuente corresponde a reacciones en la zona de inyección, tanto para la 

primera como para la segunda dosis, con tasas de 4,56 y 1,70 por cada 100.000 dosis administradas, 

respectivamente. En relación a la primera dosis, la segunda manifestación más frecuente 

corresponde a prurito, con una tasa de 2,94 por cada 100.000 dosis administradas y, en tercer lugar, 

se observó urticaria, con una tasa de 2,05 por cada 100.000 dosis administradas. Por otro lado, si se 

observan las manifestaciones producidas de forma posterior a la administración de la segunda dosis, 

la segunda manifestación más frecuente corresponde a cefalea, con una tasa de 0,96 por cada 

100.000 dosis administradas y, en tercer lugar, se encuentra vómitos, con una tasa de 0,87 por cada 

100.000 dosis administradas. Al comparar ambas dosis se evidencia que, en general, se presentan 

menores tasas de ESAVI no serios con la 2° dosis. Es importante mencionar que para el 1° refuerzo 

solo se recibieron 2 notificaciones en los que se reportó, eritema, prurito, y vejiga neurógena. 

Sumado a lo anterior, las dosis administradas para esta vacuna corresponden a 207, por lo que el 

valor de la tasa no resulta representativo para realizar una comparación entre dosis de la misma 

vacuna. 

Tabla 9. Comparación de las tasas de notificación de los ESAVI No serios más frecuentes, de acuerdo al número de dosis 
para la vacuna SARS-Cov-2 Sinovac, periodo 01 marzo de 2021 a 26 febrero de 2022, menores de 18 años 

Manifestaciones Tasa de notificación de ESAVI No serio cada 100.000 dosis 
administradas para la vacuna SARS-CoV-2 Sinovac 

1° dosis 2° dosis 1°refuerzo 
Zona de inyección, 
reacción* 

4,56 1,70 0,00 

Prurito 2,94 0,79 0,00 
Urticaria 2,05 0,61 0,00 
Cefalea 1,93 0,96 0,00 
Vómitos 1,90 0,87 0,00 
Náuseas 1,39 0,48 0,00 
Fiebre 1,39 0,61 0,00 
Sincope 1,28 0,39 0,00 
Erupción cutánea 0,97 0,26 0,00 
Malestar general 0,93 0,48 0,00 

*zona de inyección reacción considera: zona de inyección, dolor; zona de inyección, eritema; zona de inyección, hinchazón.  
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ESAVI serios según número de dosis vacuna SARS-CoV-2 Sinovac. 

La comparación de las manifestaciones serias más frecuentemente notificadas según el número de 

dosis administradas de la vacuna SARS-CoV-2 Sinovac se presentan en la tabla 10. La manifestación 

más frecuente que se presentó posteriormente a la primera dosis, fue convulsiones, con una tasa 

de 0,43 por cada 100.000 dosis administradas. En segundo lugar, se encuentra reacción anafiláctica, 

con una tasa de 0,39 por 100.000 dosis administradas. La tercera, corresponde a trombocitopenia y 

epilepsia, con una tasa de 0,08 por cada 100.000 dosis administradas. En relación a la segunda dosis, 

en primer lugar, se encuentran reacción anafiláctica y Síndrome de Guillain-Barré, con tasas de 0,13 

por cada 100.000 dosis administradas. En segundo lugar, se encuentra convulsiones, con una tasa 

de 0,09 por cada 100.000 dosis administradas. Es importante mencionar que para el 1° refuerzo no 

se recibieron notificaciones de ESAVI clasificadas como serias. 

Tabla 10. Comparación de las tasas de notificación de los ESAVI Serios más frecuentes, de acuerdo al número de dosis del 
esquema primario para la vacuna SARS-Cov-2 Sinovac, periodo 01 marzo de 2021 a 26 febrero de 2022,  menores de 18 
años 

Manifestaciones Tasa de notificación de ESAVI serio cada 100.000 dosis 
administradas para la vacuna SARS-CoV-2 Sinovac 

1ra dosis 2da dosis 1° refuerzo 
Convulsiones* 0,43 0,09 0,00 
Reacción anafiláctica 0,39 0,13 0,00 
Trombocitopenia 0,08 0,00 0,00 
Epilepsia 0,08 0,00 0,00 
Encefalomielitis 0,04 0,00 0,00 
Encefalitis 0,04 0,00 0,00 
Tromboembolismo** 0,04 0,00 0,00 
Accidente 
cerebrovascular 

0,04 0,00 0,00 

Síndrome de respuesta 
inflamatoria 
multisistémica 

0,04 0,00 0,00 

Síndrome de Guillain-
Barré 

0,04 0,13 0,00 

*convulsiones considera: convulsiones, convulsiones focales y convulsiones tónico/clónicas. **tromboembolismo considera: trombosis, 
tromboembolismo y embolismo 



1032 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

27 
 

 

Consideraciones de este informe 
 Este es un informe acumulativo, que se actualiza en función de los nuevos reportes recibidos, 

abarcando, de esta forma, el periodo comprendido desde el inicio de la campaña de vacunación 

en adolescentes (01 de marzo 2020) hasta el 26 de febrero 2022. 

 Las dosis administradas incluyen el periodo del 24 de diciembre de 2020 al 26 de febrero de 

2022 en personas entre 03-17 años. 

 La información presentada en este informe se basa en las notificaciones que fueron reportadas 

al SDFV de manera espontánea, y no sobre el número total de personas que experimentan un 

evento adverso en el país, ya que se asume que no se informan todos los eventos ocurridos en 

la población, dado los sesgos propios del sistema de vigilancia pasiva. 
 Los eventos notificados como errores programáticos debido a la administración de estas 

vacunas en población pediátrica antes de ser autorizado su uso en ese grupo etario, no fueron 

considerados en el presente informe. En el periodo de tiempo que abarca este informe, se 

reportaron 15 notificaciones de este tipo, todas calificadas como NO serias, que representan el 

1,73% de las notificaciones recibidas para menores de 18 años.  
 Los Eventos Adversos de Interés Especial o Adverse Event of Special Interest (AESI), 

corresponden a un evento médicamente significativo, definido e identificado recientemente, 

que tiene el potencial de tener una asociación causal con una vacuna, pero que aún no se 

confirma. Este tipo de evento debe ser monitorizado cuidadosamente y confirmado por 

estudios específicos adicionales. Ejemplo de AESI: Síndrome de Trombosis con 

Trombocitopenia, Síndrome de Guillain Barré, Miocarditis/Pericarditis, Anafilaxias, entre otros 
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Conclusiones 
▪ Durante el periodo estudiado (01 de marzo 2021 hasta el 26 de febrero 2022), fueron 

administradas 6.946.593 dosis de vacunas SARS-CoV-2 a menores de 18 años y se reportaron 

868 ESAVI, correspondientes al 0,01% de las dosis administradas, vale decir, se presentó una 

tasa de 12,50 notificaciones de ESAVI por 100.000 dosis administradas. 

▪ Las manifestaciones clínicas No serias más frecuentemente reportadas para estas vacunas se 

encuentran descritas entre los eventos adversos que ya habían sido observados en los ensayos 

clínicos realizados. 

▪ Los ESAVI clasificados como No serios corresponden al 87,67% del total de eventos reportados, 

vale decir, una tasa de 10,96 notificaciones de ESAVI no serios por 100.000 dosis administradas 

de vacunas SARS-CoV-2. 

▪ Los ESAVI clasificados como serios corresponden al 12,33% del total de eventos reportados, vale 

decir, una tasa de notificaciones de 1,54 ESAVI serios por 100.000 de dosis administradas. 

▪ En resumen: 

Número de ESAVI totales % de ESAVI en la 

población vacunada 

Tasa de notificación x 100.000 

habitantes 

868 0,01 % 12,50 

 

ESAVI clasificados como No 

serios 

% de ESAVI en la 

población vacunada 

Tasa de notificación x 100.000 

habitantes 

761 0,01 % 10,96 

 

ESAVI clasificados como 

serios 

% de ESAVI en la 

población vacunada 

Tasa de notificación x 100.000 

habitantes 

107 0,002 % 1,54 

▪ En la actual campaña de vacunación contra COVID-19 se han administrado un total de 4.874.599 

dosis de la vacuna inactivada SARS-CoV-2 Sinovac, lo que representa un 70,17% del total de las 

dosis administradas en el país; no obstante, presenta una menor tasa de notificación de ESAVI 

en comparación a la vacuna SARS-CoV-2 Pfizer-BioNTech. 
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6.5. CoronaVac protected children as young as 3 during Shanghai 
omicron outbreak, Chinese study shows

A Chinese study conducted in March 
2022, during the outbreak of the SARS-
CoV-2 omicron variant in Shanghai, 
showed once again that CoronaVac 
is safe and protects children 
against Covid-19. Among infected 
children who showed symptoms, 
more than 70% had not yet been 
vaccinated, which reinforces the 
importance of immunization to 
prevent more serious outcomes. 
The article was published on the 
MedRxiv preprint platform and led 
by infectious disease specialists at 
Fudan University Children’s Hospital 
in Shanghai.

A total of 376 children and 
adolescents aged up to 17 years (5 
years on average) participated in 
the research, who were treated at 
the Chinese university hospital. Of 
this group, 250 had not yet been 
vaccinated, 110 had taken two 
doses of CoronaVac and 16 had 
received only one dose.

The analysis showed that, of the 
257 symptomatic cases, 75% 
were unvaccinated children. 
Symptomatic infection was more 
frequent in the group aged less 
than 3 years (90/104), followed 
by the group aged 3 to 5 years 
(65/94) – only 5.3% of children in 
this age group had completed 
immunization. Among children aged 
6 to 17 years, 59% were vaccinated, 
which provided greater protection 
for this public.

The experts’ conclusion is that the 
high vaccine coverage against 
Covid-19, even during the omicron 
outbreak, reduced the risk of a 
serious infection in the pediatric 
public. “The mass COVID-19 
vaccination rollout among children 
3-17 years started between Mid-
Aug 2021 and December 2021 
in Shanghai and the estimated 
coverage rate of 2-dose COVID-19 
vaccination among children 3-17 
years has exceeded 70% by of the 
end of March in 2022.”

They add that non-pharmacological 
interventions such as mask use 
indoors and hand hygiene, combined 
with vaccination strategies, are 
critical for preventing infection and 
severe disease and for mitigating 
SARS-CoV-2 transmission in the 
pediatric population.

The research results reaffirm the 
efficacy of using CoronaVac in 
children from 3 years of age, which 
had already been proven by a large 
study conducted in Chile. The work 
done with 500,000 children who 
took CoronaVac during the omicron 
outbreak showed that the Butantan 
and Sinovac vaccine is 69% 
effective against hospitalization in 
the Intensive Care Unit (ICU) and 
64.6% against hospitalization due 
to Covid-19.

Published on: 05/02/2022
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Abstract

Objectives: To understand the epidemiological and clinical characteristics of pediatric SARS-CoV-2 

infection during the early stage of Omicron variant outbreak in Shanghai.

Methods: This study included local COVID-19 cases <18 years in Shanghai referred to the exclusively 

designated hospital by the end of March 2022 since emergence of Omicron epidemic. Clinical data, 

epidemiological exposure and COVID-19 vaccination status were collected. Relative risks (RR) were 

calculated to assess the effect of vaccination on symptomatic infection and febrile disease.

Results: A total of 376 pediatric cases of COVID-19 (median age:6.0±4.2 years) were referred to the 

designated hospital during the period of March 7-31, including 257 (68.4%) symptomatic cases and 119 

(31.6%) asymptomatic cases. Of the 307 (81.6%) children;3 years eligible for COVID-19 vaccination, 

110 (40.4%) received 2-dose vaccines and 16 (4.0%) received 1-dose vaccine. The median interval 

between 2-dose vaccination and infection was 3.5 (IQR: 3, 4.5) months (16 days-7 months). Two-dose 

COVID-19 vaccination reduced the risks of symptomatic infection and febrile disease by 35% (RR 0.65, 

95% CI:0.53-0.79) and 33% (RR 0.64, 95% CI: 0.51-0.81). Two hundred and sixteen (83.4%) 

symptomatic cases had fever (mean duration: 1.7±1.0.8 days), 104 (40.2%) had cough, 16.4% had 

transient leukopenia; 307 (81.6%) had an epidemiological exposure in household (69.1%), school (21.8%) 

and residential area (8.8%). 

Conclusion: The surge of pediatric COVID-19 cases and multiple transmission model reflect wide 

dissemination of Omicron variant in the community. Asymptomatic infection is common among 
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Omicron-infected children. COVID-19 vaccination can offer protection against symptomatic infection 

and febrile disease.
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Introduction

The COVID-19 pandemic has caused devastation to the world’s population, resulting in more than 

6 million deaths as of April 20, 2022. SARS-CoV-2 infection in most pediatric cases is mild as compared 

to adults and the direct effect on child health is limited [1]. However, the indirect impacts on child medical 

care, education and mental health are considerable owing to lockdown, disruption of essential health 

service delivery, prolonged school closure and isolation [2,3]. The continuous genetic evolution of 

SARS-CoV-2 virus results in the emergence of multiple new variants of concern (VOC), which are 

associated with enhanced transmissibility or increased virulence and immune escape [4]. The Omicron 

variant, which was detected in November 2021 and almost replaced Delta variant by the end of January 

2022, has led to the fifth global wave of COVID-19 epidemic [5]. The significant rise of pediatric 

infection was reported in the United States with children aged <18 years, representing 17.0%-19.0% of 

all cases during the Omicron period since late December 2021 [6,7]. 

Pediatric COVID-19 cases only accounted for a small proportion of infection in the early stages of 

the COVID-19 pandemic when many countries implemented non-pharmaceutical interventions and strict 

containment measures [8-12]. However, the incidence rate of COVID-19 in children showed a rising 

trend in the epidemic countries following suspension of lockdown and school reopening [12,13]. After 

the large-scale epidemic in early 2020, China entered a normalization stage of prevention and control, 

and massive COVID-19 vaccination campaign was launched nationwide in 2021. Inactivated SARS-

CoV-2 vaccine BBIBP-CorV (by Sinopharm) and CoronaVac (by Sinovac) were approved for emergency 

use in children 3-17 years on June 2021 and COVID-19 vaccination program was initiated in pediatric 

population since late July 2021 across China. From May 2020, local pediatric COVID-19 infection linked 

to sporadic and cluster transmission were occasionally reported in China until the community outbreak 
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of Omicron variant appeared in Hong Kong Special Administrative Region since January 6, 2022 and 

subsequently in Shanghai since early March 2020 [14]. Omicron variant spread rapidly in Shanghai by 

the end of March and led to a surge of pediatric COVID-19 cases citywide. Here, we describe 

epidemiological and clinical characteristic of Omicron variant infections in Shanghainese children during 

the early stage of the outbreak.

Subject and Method

Subject  

In this study, we included local COVID-19 cases <18 years of age who were notified in Shanghai 

and admitted to the exclusively designated hospital in Shanghai by the end of March 2022. Prior to 28 

March, all pediatric COVID-19 cases notified in Shanghai were referred to the designated hospital for 

concentrating management and isolation. Since 28 March when a large number of cases were confirmed 

by massive screening test, most of asymptomatic and mild pediatric cases aged 5-17 years were almost 

sent to Fangcang shelter hospitals. All confirmed cases irrespective of symptoms are required for in-

hospital isolation and are discharged if the cycle threshold (Ct) value for the viral nucleic acid is great 

than 35 on PCR test for the two consecutive respiratory samples taken 24-hour apart [15]. 

Case definition and classification

All COVID19 cases were laboratory-confirmed by the Shanghai CDC reference laboratory using 

real-time RT-PCR commercial kit. The Ct value <40 was defined as a positive nucleic acid amplification 

test. COVID-19 cases were classified as asymptomatic and symptomatic cases. Symptomatic cases were 

classified as mild, moderate and severe cases. An asymptomatic case is defined as a person with a positive 

nucleic acid test but without any clinical symptom of COVID-19. A confirmed symptomatic case is 
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defined as a person presenting clinical signs and symptoms of COVID-19. COVID-19 disease severity 

classification is based on the WHO guidance [16]. Pneumonia was diagnosed based on clinical signs 

(fever and/or cough accompanying with one of the following signs: moist rales on auscultation, difficulty 

breathing/dyspnoea, fast breathing, chest indrawing), radiological findings compatible with pneumonia. 

Data collection

Data were collected via a face-to-face interview with parents or teenagers and electronic medical 

chart, including: demographic information, epidemiological exposure setting, COVID-19 vaccination 

status on dose and date, clinical symptoms, laboratory findings and chest imaging if examined, treatment 

and outcome. Informed consent from parents was not required by the ethics committee because all data 

were de-identified and not involved in personal privacy.   

Statistical analysis

Data was entered into Excel version 2016 (Microsoft, Redmond, Washington) for analysis and the 

statistical analysis was preformed using SPSS (IBM Statistic 23.0). Categorical variables are described 

as absolute numbers and percentage. Continuous variables with normal distribution are expressed as 

mean ± standard deviation. Median (25% to 75% interquartile range (IQR) are used when the frequency 

distributions were skewed. Differences between groups are compared using Mann-Whitney U-test and 

Student’s t-test as appropriate. A difference with P <0.05 is considered to be statistically significant. 

Relative risks (RR) were calculated using proportion of symptomatic infection and febrile cases by 

vaccination status, with the referent group being ≥2-dose vaccinees. 

Results

Demographic characteristics

The first local pediatric case was notified on March 2022 and increased remarkably from 14 March 

onwards (as shown in Figure 1). As of 31 March, a total of 376 pediatric cases of COVID-19 were 
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referred to the exclusively designated hospital. The ratio of male-to-female was 1.1 (206/170). The 376 

cases were aged 11 days-17 years with the median age of 5.0 years (IQR: 2, 9) and the mean age of 

6.0±4.2 years: 28 (7.4%) cases in age group <1 year, 76 (20.2%) cases in age group 1-2 years, 94 (25.0%) 

cases in age group 3-5 years, 134 (35.6%) cases in age group 6-11 years, and 44 (11.7%) cases in age 

group ≥12 years.

Epidemiological exposure

Three hundred and seven (81.6%) cases had a clear history of exposure, of whom, 213 (69.1%) 

had a close contact with confirmed adult cases in household, 67 (21.8%) had a clear contact with 

confirmed child cases in school, and 27 (8.8%) had an epidemiological linkage to residential area 

where cluster cases of COVID-19 were reported. As shown in Figure 2, the first child case acquired 

infection in family, soon after, child cases linked to possible community transmission were found, who 

had no clear exposure. 

Vaccination status

A total of 126 had received at least one dose of an inactivated COVID-19 vaccine, accounting for 

33.5% of the total 376 pediatric cases and 46.3% of the 272 pediatric cases aged ≥3 years eligible for 

COVID-19 vaccination in China. Of the 272 vaccine-eligible children, 146 (53.6%) were unvaccinated, 

110 (40.4%) had received 2 doses and 16 (4.0%) had received 1 dose. Among the 94 preschool children 

aged 3-5 years, the proportions of 1 dose and 2 doses of COVID-19 vaccination were 3.2% (3/94) and 

5.3% (5/94), respectively. Among the 178 school children aged 6-17 years, the proportions of 1 dose and 

2 doses of COVID-19 vaccination were 7.3% (13/174) and 59.0% (105/174), respectively. Overall, the 

interval between vaccination and breakthrough infection ranged from 16 days to 7 months (median: 3.5 

(IQR: 3, 4.5) months).
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As shown in table 1, 2-dose COVID-19 vaccination reduced the risk of symptomatic infection and 

febrile disease by 35% (0.65, 95% CI: 0.53-0.79) and by 36% (RR 0.64, 95% CI: 0.51-0.81) in children 

0-17 years, by 29% (RR 0.71, 95% CI: 0.57-0.88) and 29% (RR 0.71, 95% CI: 0.55-0.92) in children 3-

17 years eligible for COVID-19 vaccine. However, one-dose vaccination could not significantly decrease 

the relative risks of symptomatic infection and febrile disease.

Clinical manifestation and course

Of the 376 cases, 257 (68.4%) presented symptoms and 119 (31.6%) had no symptoms before and 

duration hospitalization. Of the 257 symptomatic cases, 216 (83.4%) experienced fever (axillary 

temperature >37.5°C) with a mean fever spike of 38.9± 0.6°C (range: 37.6-41°C) and a mean fever 

duration of 1.7±1.0.8 days (range: 0.5-4 days), 104 (40.2%) presented cough, 28 (10.8%) self-reported 

sore throat, 13 (5.0%) self-reported stuffy nose, 6 (2.3%) had runny nose, 11 (4.2%) had nausea or 

vomiting or diarrhea, 2 (0.8%) self-reported transient loss of taste and smell. No severe case was 

diagnosed. Twenty five cases had chest CT performed due to fever >38.5°C lasting for 3 days or cough 

worsening after admission or routine examination prior to the referral. The chest images showed patchy 

infiltrates or ground-glass opacity in 4 cases and one of them was right lung lobar pneumonia caused by 

Mycoplasma pneumoniae. Six (1.6%) cases had comorbidity including brain tumor, febrile seizure, 

psychomotor retardation, hemophilia, Henoch-Schonlein purpura, and cardiac arrhythmia in each. 

As shown in table 2, 22.8% (57/250) of unvaccinated cases were asymptomatic while 50.0% 

(55/110) of 2-dose vaccinated cases were asymptomatic (P=0.000); 65.2% (163/250) of unvaccinated 

cases were febrile while 41.8%% (46/110) of 2-dose vaccinated cases were febrile (P=0.000).  

Symptomatic infection was significantly frequently seen in the age group <3 years than in the age group 

3-5 years (P=0.003) and 6-17 years (P=0.000). Fever was significantly frequently seen in the age group 
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3-5 years than in the age group <3 years (P=0.000) and 6-17 years (P=0.005).  

Of the 225 case who had complete peripheral blood cell count tested, 37 (16.4%) had white blood 

cell (WBC) count <4×109/L, 173 (76.9%) had WBC count 4-9×109/L, 13 (5.8%) had WBC count 10-

14×109/L and 2 (7.1%) had WBC count ≥15×109/L. The WBC count ranged from 1.9×109/L to 

15.5×109/L. No thrombopenia was observed. Of the 187 cases who had peripheral blood C-reactive 

protein (CRP) tested, 178 (95.2%) had CRP <8 mg/L, 8 (4.3%) had CRP >8 mg/L (range: 8.8-35.8 mg/L) 

and 1 (0.5%) had CRP 56 mg/L who had co-infection with mycoplasma pneumoniae and developed 

typical lobar pneumonia in right lung. Of the 196 cases who had serum biochemical markers and 8 (4.1%) 

showed slightly elevated liver enzyme. 

For symptomatic cases, Ibuprofen and or Chinese traditional medicines were prescribed depending 

on the personalized condition and medication compliance. Only one case who had a clear diagnosis of 

mycoplasma pneumonia was prescribed antibiotics. All cases were discharged when the Ct value of the 

nucleic acid of SARS-CoV-2 virus reached >35. The average duration of Ct value of the nucleic acid of 

SARS-CoV-2 virus >35 since admission was 11.7±3.7days (range: 3-25 days; symptomatic verse 

asymptomatic: 11.7±3.6 verse 11.7±3.9, P=0.064). 

Discussion

This study first presents the epidemiological and clinical profiles of Omicron variant infection in 

localized children during the early phase of outbreak in Shanghai. As of 31 March 2022, all pediatric 

COVID-19 cases were mild (68.4%) or asymptomatic (31.6%). However, a few of severe pediatric cases 

were reported during the period of COVID-19 outbreak in Wuhan in early 2020 [17]. Moreover, the 

proportion of asymptomatic cases was 2-time more than that seen in the Wuhan outbreak. We reason that 
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high coverage of COVID-19 vaccination among Shanghainese children is very likely to lower the risk of 

severe Omicron infection-associated disease. The mass COVID-19 vaccination roll-out among children 

3-17 years started between Mid-Aug 2021 and December 2021 in Shanghai and the estimated coverage 

rate of 2-dose COVID-19 vaccination among children 3-17 years has exceeded 70% by of the end of 

March in 2022. In this case cohort 46.3% of children eligible for COVID-19 vaccination prior to 16 days 

to 7 months (median: 3.5months). Observational studies from some countries with the high levels of 

population immunity generated by natural infection or vaccine have shown receipt of two doses of 

COVID-19 vaccines and a booster dose can offer protection against symptomatic and severe Omicron 

infection in a short-term period of vaccination [4,18-22]. 

Current evidences consistently show a reduction in neutralizing antibody against Omicron in serum 

of convalescent or vaccinated individuals, resulting in Omicron’s immune escape potential against 

vaccine- and infection-induced immunity [4,23]. However, two recent study based on real-world 

observation among children showed the modest effectiveness for COVID-19 vaccine against Omicron 

infection [25,26]. Based on our findings, receipt of 2-dose inactivated COVID-19 vaccine within 17 days 

to 7 months after fully primary vaccination potentially reduced the risk of symptomatic Omicron 

infection by 31% and febrile disease by 59% in children. We did not estimate vaccine protection against 

severe infection because no severe COVID-19 cases were diagnosed. There is also evidence of waning 

of vaccine effectiveness over time of the primary series against infection and symptomatic disease for 

the studied vaccines. However, the vaccine effectiveness against Omicron infection and disease can be 

restored and increase to > 40% to 80% within a short follow-up time after a third booster dose in studies 

from five countries (United Kingdom, Denmark, Canada, South Africa, USA) [4]. Ten cases of 

reinfection with Omicron variant were identified within 23 to 87 days of a previous Delta infection was 
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reported in the USA and most were pediatric cases [26]. Thus, eligible children and adolescents should 

remain up to date with recommended COVID-19 vaccination in response to Omicron outbreak. So far, a 

third booster dose of COVID-19 vaccine has been recommended for use in adults but not in children in 

China. In light of the field findings, a booster dose should also be recommended for eligible children 3-

17 years. 

We observed that school children aged 6-11 years comprised the most cases, followed by home-care 

children <2 years and preschool children 3-5 year. The distribution of age groups in the early stage of 

outbreak reflects the cluster transmission of COVID-19 centered in elementary school, kindergarten, and 

household. Of note, age group 12-17 years accounted for the smallest proportion of pediatric cases, 

among which, the high coverage rate of COVID-19 vaccination was as high as 95%. Based on the 

epidemiological investigation, more than 80% children had a clear history of exposure, mostly occurring 

in family (69.1%) and school (21.8%), occasionally in residential area (8.8%). The remaining 18.4% of 

children had no clear contact with confirmed cases, reflecting small-scale community transmission had 

already appeared prior to the large-scale outbreak since April. During the 2020 outbreak of COVID-19, 

80%-90% of confirmed child cases were family cluster cases and community transmission was unusual 

in China [17,27]. Rapid increases in pediatric COVID-19 cases and epidemiological unrelated cases also 

suggest the occurrence of high community transmission of Omicron variant in Shanghai since the early 

epidemic wave. 

We observed most of localized pediatric cases (83.4%) of symptomatic Omicron infection 

presenting fever. However, fever is less commonly seen in pediatric COVID-19 cases reported in China 

(58%) and the USA (56%) during the first wave of pandemic in 2020 [10, 17]. Fever could be helpful for 

early recognition and diagnosis of COVID-19 because parents always worry about the febrile child and 
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visit hospital for seeking medical care. The febrile course of Omicron infection is brief with a mean fever 

duration of 1.7±1.0.8 days, significantly shorter than fever duration seen influenza (4 days) [28]. The 

febrile duration is helpful to differentiate COVID-19 from influenza in children when the epidemics of 

COVID-19 and influenza overlap. 

The potential role in transmission for most asymptomatic and mild child cases should not be 

neglected. A study showed that symptomatic and asymptomatic children can carry high quantities of live 

SARS-CoV-2, creating a potential reservoir for transmission [29]. Vaccinees with mild or asymptomatic 

Omicron infection shed infectious virus 6-9 days after onset or diagnosis, even after symptom resolution 

[30]. In fact, asymptomatic infection in children was underestimated in the early stage of outbreak 

because massive screening of COVID-19 cases had not been carried out before 28 March. After citywide 

large-scale screening, notifiable asymptomatic cases accounted for 90% more or less in April. 

Asymptomatic infection was much more common in vaccinated children than in unvaccinated children 

(50% vs 22.8%). Vaccination can offer protection against symptomatic infection and febrile disease, on 

the other hand, the role of asymptomatic children play in viral transmission is of attention during outbreak. 

High prevalence of asymptomatic infection is likely a major factor in the widespread of the Omicron 

variant among population. 

In summary, COVID-19 is mild and subtle in Shanghainese children with the high level of vaccine-

induced immunity during the early stage of Omicron outbreak. COVID-19 vaccination can offer partial 

protection against symptomatic COVID-19. Ongoing Omicron epidemic will increase the risk of 

exposure among children with underlying medical conditions, who are usually unvaccinated, therefore, 

severe COVID-19 infection is anticipated to be encountered in children. Non-pharmaceutical 

interventions in combination with vaccination strategies are critical to prevent infection and severe 
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disease and to mitigate the impact of COVID-19 in pediatric population. 
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Table 1. Clinical characteristics of SARS-CoV-2 infection according to COVID-19 vaccination 
status 

Abbreviation: ref = referent group. 

Vaccination status by age 

group (years)

Symptomatic 

case, n (%)

Relative risk 

(95% CI)

Febrile cases

 n (%)

Relative risk 

(95% CI)

0-17 (n=376)

unvaccinated (n=250) 193 (77.2%) ref 163 (65.2%) ref

1 dose (n=16) 9 (56.3%) 0.73 (0.47-1.13) 7 (43.8%) 0.67 (0.38-1.18)

2 doses (n=110) 55 (50.0%) 0.65 (0.53-0.79) 46 (41.8%) 0.64 (0.51-0.81)

3-17 (n=272)

unvaccinated (n=146) 103 (70.5%) ref 86 (58.9%) ref

1 dose (n=16) 9 (56.3%) 0.80 (0.51-1.24) 7 (43.8%) 0.74 (0.42-1.32)

2 doses (n=110) 55 (50.0%) 0.71(0.57-0.88) 46 (41.8%) 0.71 (0.55-0.92)
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Table 2. Clinical characteristics of SARS-CoV-2 virus infection by age group

Clinical 
characteristics

Total
(n=376)

Age group (years)

P value

Vaccination status

P value<3 

(n=104)

3-5

(n=94)

6-17 

(n=178)

Unvaccinated

(n=250)

2-dose vaccination

(n=110)

Asymptomatic 
cases, n (%)

119 
(31.6%)

14 

(13.5%)

29 

(30.9%)

76 

(42.7%)
0 57 (22.8%) 55 (50.0%) 0

Symptomatic 
cases, n (%)

257 
(68.4%)

90 

(86.5%)

65 

(69.1%)

102 

(57.3%)
0 193 (77.2%) 55 (50.0%) 0

Febrile cases, 
n (%)

216 
(57.4%)

44 

(42.3%)

59 

(62.8%)

80 

(44.9%)
0.006 163 (65.2%) 46 (41.8%) 0

Fever spike 
(°C), 
mean±SD

38.9±0.6 39.0±0.7 39.0±0.6 38.8±0.6 0.064 38.9±0.6 38.8±0.7 0.27

Fever duration
(days), 

mean±SD

1.7±0.8
1.7±0.9 1.6±0.6 1.8±0.8 0.45 1.6±0.8 1.9±0.9 0.19
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Figure 1. Daily COVID-19 cases referred to the designated hospital for children aged <18 years 
from March 1 to March 31, 2022
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Figure 2. Model of epidemiological exposure over time among pediatric COVID-19 cases 
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6.6. CoronaVac is 69% effective against hospital admission  
for Covid-19 of children aged 3 to 5 years, says Chilean  
study carried out during the omicron outbreak

The work done with 500,000 children 
who took CoronaVac during the 
omicron outbreak in Chile showed 
that the Butantan and Sinovac 
vaccine is 69% effective against 
admission in the Intensive Care Unit 
(ICU), 64.6% against hospitalization 
due to Covid-19 and 38.2%  
against infection.

The study was published on the 
Research Square preprint platform 
and still needs peer review.

Evidence against  
omicron

The study group included 516,250 
children aged three to five years 
affiliated with the National Health 
Fund (FONASA), Chile’s public 
health system. Of these, 490,694 
received CoronaVac and the others 
in the control group did not receive 
the vaccine. Children who tested 
positive for Covid-19 were excluded 
from the study.

The children took two doses of 
CoronaVac, 28 days apart, between 
Dec. 6, 2021 and Feb. 26, 2022, 
during the country’s Covid-19 
immunization campaign. According 
to the research, “our estimates 
provide evidence of vaccination 
effectiveness in children aged 3 to 5 
years during the omicron outbreak 
in Chile.”

The researchers recall recent 
preliminary estimates of the 
efficacy of vaccinating two doses 
of CoronaVac in children aged six to 

16 years, at a time when delta was 
the predominant circulating variant 
of SARS-CoV-2.

In the previous study, the estimated 
efficacy of CoronaVac was 74.5% 
for preventing Covid-19, 91% for 
preventing hospitalization, and 
93.8% for preventing Covid-
19-related ICU admission. The 
estimates for the subgroup of 
children aged six to 11 years were 
75.8% for prevention against 
Covid-19 and 77.9% for prevention 
of hospitalization for the disease.

“While the estimates are not directly 
comparable, the lower estimated 
vaccine effectiveness could be due 
to omicron or because the cohort 
included younger children,” the 
researchers describe.

They reiterate that recent research 
suggests that vaccines may be 
less effective against omicron 
and that observational studies 
have limitations. “However, we do 
not have data to assess whether 
vaccinated and unvaccinated 
children or their caregivers differ in 
some unobservable characteristics, 
such as compliance with Covid-19 
protocols. Another limitation in our 
study relates to genomic surveillance 
capabilities. The Ministry of Health’s 
strategy has focused on detecting 
variants of concern through traveler 
and community surveillance but 
uses non-probabilistic sampling,” 
the study described.

Published on: 03/15/2022
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Abstract
The outbreak of the B.1.1.529 lineage of SARS-CoV-2 (omicron) has caused an unprecedented number of
Covid-19 cases, including pediatric hospital admissions. Policymakers urgently need evidence of vaccine
effectiveness in children to balance the costs and bene�ts of vaccination campaigns, but the evidence is
sparse or non-existing. Leveraging a population-based cohort of 490,694 children aged 3–5 years, we
estimated the effectiveness of administering a two-dose schedule, 28 days apart, of CoronaVac using
inverse probability-weighted survival regression models to estimate hazard ratios of complete
immunization over non-vaccination, accounting for time-varying vaccination exposure and relevant
confounders. The study was conducted between December 6, 2021, and February 26, 2022, during the
omicron outbreak in Chile. The estimated vaccine effectiveness was 38.2% (95%CI, 36.5–39.9) against
Covid-19, 64.6% (95%CI, 49.6–75.2) against hospitalization, and 69.0% (95%CI, 18.6–88.2) to prevent
intensive care unit admission. The effectiveness was modest; however, protection against severe disease
remained high.

Main Text
The emergence and spread of the B.1.1.529 lineage of SARS-CoV-2, the cause of coronavirus disease
2019 (Covid-19), has caused an unprecedented number of infections worldwide in a short period.1,2

Emerging evidence suggests that omicron causes less severe disease than previous variants of concern
(VOC), probably due to lower virulence, infection-acquired immunity, and higher vaccination coverage.3–6

However, its high transmissibility and ability to partially evade the immune response induced has been
associated with a substantial increase in severe Covid-19 cases globally.2 The absolute number of
pediatric hospital admissions has also surpassed previous waves,4,7,8 straining healthcare systems even
further. The increase may be related to higher transmissibility of omicron, less use of facemasks in
children, and, especially concerning, lower vaccination rates among children.

Policymakers urgently need evidence of the effectiveness of Covid-19 vaccines in preventing severe
clinical presentations of Covid-19 in children to balance the costs and bene�ts of mass vaccination
campaigns. While the risk of severe Covid-19 in healthy children is substantially lower than among adults,
vaccinating children may reduce community transmission, avoid potentially life-threatening presentations
such as multisystemic in�ammatory syndrome (MIS-C), and prevent long-term consequences of SARS-
CoV-2 infection.9 Although numerous countries are vaccinating children, few have authorized Covid-19
vaccines for children under �ve, and some have restricted vaccines for children older than 12 years.10

Evidence of the e�cacy or effectiveness of Covid-19 vaccines in children is limited, primarily related to
mRNA vaccines, and only one study was conducted during the omicron outbreak.11–14 To the best of our
knowledge, there is no evidence of vaccine effectiveness against Covid-19 in children under �ve years.
Furthermore, recent research suggests that several Covid-19 vaccine platforms provide limited protection
against infection and symptomatic disease caused by the omicron variant but were more effective
against severe disease.15–17 These studies have examined vaccine protection against omicron in adult
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populations but are consistent with preliminary, unpublished results from a study in children 5 to 12
years.13

Leveraging a population-based cohort of children aged 3 to 5 years, we estimated the effectiveness of the
complete primary immunization schedule (two doses, 28 days apart) of an inactivated SARS-CoV-2
vaccine, CoronaVac, to prevent laboratory-con�rmed Covid-19, hospitalization, and admission to an
intensive care unit (ICU). We estimated vaccine effectiveness using inverse probability-weighted survival
regression models to estimate hazard ratios of complete immunization (starting 14 days after the second
dose) over the unvaccinated status, accounting for time-varying vaccination exposure and available
clinical, demographic, and socioeconomic confounders at baseline.

Our study cohort included 516,250 children aged 3 to 5 years a�liated to the Fondo Nacional de Salud
(FONASA), the public national healthcare system. 490,694 children had received two doses of CoronaVac,
28 days apart between December 6, 2021, and February 26, 2022, or did not receive any Covid-19
vaccination. We excluded children who had probable or con�rmed Covid-19 according to reverse-
transcription polymerase-chain-reaction assay for SARS-CoV-2 or antigen test before December 6, 2021
(Supplementary Figure S1). The cohort characteristics are described in Supplementary Tables S1 and S2.
Vaccination rollout was organized through a public schedule; children needed to show up at their nearest
vaccination site with their national ID card (Supplementary Figure S2). The study period enclosed the
omicron outbreak in Chile (Supplementary Tables S3 and S4, Fig.S3)

The estimated adjusted vaccine effectiveness for CoronaVac in children aged 3 to 5 years during the
omicron outbreak was 38.2% (95% CI, 36.5–39.9) for the prevention of Covid-19, 64.6% (95% CI, 49.6–
75.2) for the prevention of hospitalization, and 69.0% (95% CI, 18.6–88.2) for the prevention of Covid-19-
related ICU admission (Table 1). We did not estimate vaccine effectiveness against fatal outcomes
because only two deaths were observed in the unvaccinated group on February 26, 2022.
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Table 1
Effectiveness of the CoronaVac Covid-19 vaccine in preventing Covid-19 outcomes among children 3–5
years of age in the study cohort according to immunization status, December 6, 2021, through February

26, 2022*
Immunization
status

  Cases   Vaccine effectiveness (95% CI)

  Person-
days

No. Incidence rate   Weighted,
standard

Weighted,
strati�ed

      1000 person-
days

  adjustment † analysis †

Covid-19  

Unvaccinated 29,404,535 7,555 0.2569   – –

CoronaVac (3–
5 year.)

18,499,492 4,562 0.2466   37.9 38.2

(≥ 14 days after 2
dose)

        (36.1 ; 39.6) (36.5 ; 39.9)

Hospitalization  

Unvaccinated 29,579,595 62 0.0021   – –

CoronaVac (3–
5 year.)

18,990,209 23 0.0012   65.2 64.6

(≥ 14 days after 2
dose)

        (50.4 ; 75.6) (49.6 ; 75.2)

Admission to ICU  

Unvaccinated 29,580,825 9 0.0003   – –

CoronaVac (3–
5 year.)

18,993,888 3 0.0002   68.8 69.0

(≥ 14 days after 2
dose)

        (18.0 ; 88.1) (18.6 ; 88.2)

* Covid-19 denotes coronavirus disease 2019, CI denotes con�dence intervals, yr. denotes years. We
classi�ed participants' status into two categories during the study period: unvaccinated and fully
immunized (≥ 14 days after receiving the second dose with CoronaVac). The days between the �rst
dose vaccine administration and the full immunization were excluded from the at-risk person-time.
We provide the results for the standard and strati�ed versions of the Cox hazards model using inverse
probability of treatment weighting.

† The analyses were adjusted for age, sex, region of residence, health insurance category (a proxy of
household income), nationality, and whether the patient had underlying conditions that have been
associated with severe Covid-19 in children, coded as described in Table S1. The standard and
strati�ed versions of the extended Cox proportional-hazards model were �t to test the robustness of
the estimates to model assumptions.
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Our estimates provide evidence of vaccination effectiveness in children aged 3 to 5 years during the
omicron outbreak in Chile. These results are substantially lower than recent preliminary estimates of the
effectiveness of two-dose vaccination of CoronaVac in children 6 to 16 years, in a period when B.1.617.2
(Delta) was the predominant circulating SARS-CoV-2 variant.14 In that study, the estimated effectiveness
in children 6 to 16 years was 74.5% (95% CI, 73.8–75.2) for the prevention of Covid-19, 91.0% (95% CI,
87.8–93.4) for the prevention of hospitalization, and 93.8% (95% CI, 87.8–93.4) for the prevention of
Covid-19-related ICU admission. The estimates for the subgroup of children aged 6–11 were 75.8% (95%
CI, 74.7–76.8) for the prevention of Covid-19 and 77.9% (95% CI, 61.5–87.3) for the prevention of
hospitalization.14 While the estimates are not directly comparable, the lower estimated vaccine
effectiveness could be due to omicron or because the cohort included younger children.

Recent research suggests that vaccines may be less effective against omicron. Consistent with our
results, an unpublished study in New York,13 found that the vaccine effectiveness of BNT162b2 for the
prevention of Covid-19 and hospitalization decreased from 66–51% and from 85–73% for children aged
12–17 years, respectively. The drop was more considerable among children 5 to 11 years; protection
against Covid-19 fell from 68–12%, and protection against hospitalization fell from 100–48%.13 Results
among adults tell the same story. Early data from South Africa reported that BNT162b2 protection
against Covid-19 related hospitalization decreased from 93–70% among adults.15 Among adults in the
United Kingdom, two doses of ChAdOx1 nCoV-19 provided no detectable protection against the omicron
variant after 20 weeks, and two doses of BNT162b2 were only 8.8% effective against omicron after 25
weeks.16 The study suggests a BNT162b2 or mRNA-1273 booster substantially increased protection
against omicron.16 Similarly, a study that evaluated serum neutralization against omicron or D614G
variant among adult participants with the mRNA-1273 vaccine primary series observed neutralization
titers 35 times lower for omicron.17

Children’s age could also potentially affect vaccine effectiveness estimates for severe disease, as
suggested by older children in recent unpublished studies in New York13 and Chile.14 Furthermore, clinical
trials for Moderna’s mRNA-1273 and P�zer-BioNTech’s BNT162b2 in children six months to under �ve
years old are being conducted. Preliminary results for two 3 µg dose schedule, 21 days apart, of the
BNT162b2 in children 2 to < 5 years old found disappointing results, although the immune response of
children between six months and two years was comparable to that of young adults.18 Data from the
mRNA-1273 vaccine in children have not yet been released.

Observational studies have limitations. Selection bias could affect vaccine effectiveness estimates if the
vaccinated and unvaccinated groups are systematically different. We partially addressed this issue by
adjusting our estimates with observable confounders that may affect vaccination and the risk of Covid-
19. However, we do not have data to assess whether vaccinated and unvaccinated children or their
caregivers differ in some unobservable characteristics, such as compliance with Covid-19 protocols.
Another limitation in our study relates to genomic surveillance capabilities. The Ministry of Health’s
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strategy has focused on detecting variants of concern through traveler and community surveillance but
uses non-probabilistic sampling (Supplementary Fig.S3, Tables S3 and S4).

To our advantage, data were collected during the omicron outbreak, with the highest transmission rates
since the beginning of the pandemic. Vaccination rollout was quick and had high uptake (Supplementary
Figure S2). Our estimated vaccine effectiveness re�ects a “real-life” situation by including the challenges
public health o�cials face in the �eld, such as a more diverse set of participants (e.g., with underlying
conditions), schedule compliance, logistics, and cold chains. These estimates may be essential for
decision making as a complement to controlled clinical trials.

Our results show that the effectiveness of CoronaVac in children 3 to 5 years against Covid-19 during the
omicron was modest, although protection against severe disease remained high.

Online Methods

Outcomes
The Ministry of Health in Chile requires that all suspected Covid-19 cases are noti�ed to health authorities
through an online platform. Suspected Covid-19 cases require laboratory testing with reverse-
transcription polymerase-chain-reaction assay or antigen tests. We estimated the vaccine effectiveness
of CoronaVac for children aged 3 to 5 years using three primary outcomes: laboratory-con�rmed Covid-
19, hospitalization, and admission to the ICU associated with SARS-CoV-2 infection. We considered the
time to the onset of symptoms from the beginning of the follow-up, December 6, 2021, as the endpoint of
each outcome. We used the onset of symptoms as a proxy for the time of infection. We classi�ed
participants status into two categories along the study period: unvaccinated and fully immunized (≥ 14
days after receipt of the second dose with CoronaVac). The period between the �rst dose administration
and 13 days after the second dose was excluded from the at-risk person-time in our analyses.

Model description
To estimate hazard ratios, we used extensions of the Cox hazards model that allowed us to account for
the time-varying vaccination status of participants.19,20 We adjusted for differences in observed
individual characteristics by inverse probability of treatment weighting as in marginal structural
models,21 estimating the weights non-parametrically.22 Vaccine effectiveness was estimated as hazard
ratio between the treated and non-treated status. We reported hazard ratios estimates adjusted for age,
sex, region of residence, nationality, health insurance category (a proxy of household income), and
underlying conditions (Supplementary Tables S1 and S2) under the standard and strati�ed versions of
the Cox hazards model.

Let Ti be the time-to-event of interest, from December 6, 2021, for the i-th individual in the cohort,
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i = 1, …, n . Let xi, i = 1, …, n, be a p-dimensional vector of individual-speci�c characteristics, such as
age and sex, and zi(t) be the time-dependent treatment indicator. The model assumes that the time-to-
events are independent and with probability distribution given by

with γ ∈ Rp being a vector of regression coe�cients, βk ∈ R being the regression coe�cient measuring
the effectiveness of the kth vaccine, and λ0 being the baseline hazard function

were P0 is the baseline probability distribution. A Cox model with time-dependent covariates compares
the risk of the event of interest between immunized and non-immunized participants at each event time
but re-evaluates which risk group each person belonged to, based on whether they had been immunized
by that time.

We also �tted a strati�ed version of the model,23 where the time-to-event distribution is given by

with βk ∈ R being the regression coe�cient measuring the effectiveness of the kth vaccine, and λx,0 is

the predictor-speci�c baseline hazard function. We �tted a strati�ed version of the extended Cox
proportional hazards model to test the robustness of our estimates to model assumptions. Under the
strati�ed Cox model, each combination of predictors has a speci�c hazard function that can evolve
independently.
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We estimated the vaccine effectiveness as 100% ∙ 1 − exp βk . We show the adjusted vaccine

effectiveness results, including covariates as controls (age, gender, region, nationality, health insurance
category, and comorbidities). We show the results for the standard and strati�ed versions of the Cox
hazards model using inverse probability of treatment weighting. Inference was based on a partial
likelihood approach.24 Please recall that the effectiveness estimate for the Covid-19 vaccines in the Cox
model with time-dependent vaccination status compares the risk of an event for children who received
the vaccine and those who were unvaccinated at each event time. The risk group is determined by
whether the child had received or not the vaccine shot in a speci�c calendar time, and the comparison of
the risk of an event is made at the same calendar time. Each term in the partial likelihood of the
effectiveness regression coe�cient corresponds to the conditional probability of an individual to express
the outcome of interest from the risk set at a given calendar time.

Under the standard Cox model, all individuals at risk are included in the risk set, and their contribution is
weighted based on their covariates (as shown in Supplementary Table S1). Under the strati�ed version of
the Cox model, each stratum has a different risk set determined by the covariates.

We conducted the analysis with the survival package25 of R, version 4.0.5.26

Declarations
The research protocol was approved by the Comité Ético Cientí�co Clínica Alemana Universidad del
Desarrollo. The study was considered exempt from informed consent, no human health risks were
identi�ed. Research analysts belong to the Chilean Ministry of Health; our use of data follows Chilean law
19.628 on personal data protection
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6.7. CoronaVac shows more than 90% effectiveness against Covid-19 
in children, large Chilean study indicates

Last Tuesday (15), a study conducted 
in Chile showed that the effectiveness 
of CoronaVac in children and 
adolescents aged six to 16 years 
reached more than 90% against 
hospitalizations and admissions 
related to Covid-19, reinforcing the 
importance of immunizing this group. 
This is the first effectiveness study of 
CoronaVac performed in children, 
that is, it evaluates the efficacy of 
the immunizing agent with real-
world data. It was conducted by 
the Chilean Ministry of Health, the 
Pontifical Catholic University of Chile 
and Harvard University in the United 
States, among other institutions, and 
was published on The Lancet’s SSRN 
preprint platform.

“Vaccine effectiveness estimates 
are essential, as they reflect real-
world challenges of vaccination 
rollout, such as logistics, cold chains, 
vaccination schedules, and include 
more diverse populations than 
participants in a controlled trial,” the 
authors point out.

The scientists included two million 
children and adolescents aged six to 
16 years in the research, divided into 
two groups: immunized with two doses 

of CoronaVac and not vaccinated. In 
the total cohort group, 12,735 Covid-
19 infections, 207 hospitalizations and 
30 ICU admissions associated with 
the coronavirus were observed.

Results

In children and adolescents aged 
between six and 16 years who took 
the vaccine, the effectiveness 
of CoronaVac was 74.5% to 
prevent infection, 91% against 
hospitalizations and 93.8% to 
avoid Intensive Care Unit (ICU) 
admissions. The effectiveness of the 
immunizing agent against death 
was not estimated, as no deaths 
were reported in this age group 
during the study period. 

In a subgroup of children aged six 
to 11 years, the effectiveness was of 
75.8% against the disease and 77.9% 
to prevent hospitalizations. No 
vaccinated children were admitted 
to the ICU, but six children who did 
not take the immunizing agent 
required hospitalization. The lower 
numbers in relation to the 6-16 
group can be explained by the few 
hospitalizations in this population 
during the study period.
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In the analyses, the researchers 
considered socioeconomic and 
demographic factors and included 
individuals with comorbidities such 
as chronic kidney disease, diabetes, 
cancer, cardiovascular disease, HIV, 
epilepsy, hemophilia, asthma, cystic 
fibrosis, juvenile idiopathic arthritis, 
and lupus. 

“Our results are consistent compared 
to the CoronaVac effectiveness 
study in Chilean individuals over 16 
years of age, previously published 
in 2021, which attested to 95% 
efficacy in preventing infections, 
87.5% against hospitalizations, and 
90.3% for ICU admissions in adults,” 
the scientists state.

Vaccination saves 
children’s lives and 
stops coronavirus 
transmission

Chilean researchers draw attention 
to the many benefits of immunizing 
children, such as preventing severe 
cases and death in this population 
and avoiding other complications 
of Covid-19, such as Multisystem 
Inflammatory Syndrome in Children 
(MIS-C), a severe inflammatory 

response of the body that can lead 
to death. 

“Vaccination may reduce 
transmission to other children 
and adults and, by mitigating 
community transmission, may 
help reduce the need for non-
pharmaceutical interventions such 
as lockdowns, school exclusions and 
closures, and quarantines. These 
interventions have already affected 
children’s educational attainment, 
mental health, school services, and 
have increased inequalities,” they 
point out.

Published on: 02/15/2022
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Abstract

Background. Policymakers urgently need evidence to adequately balance the costs and benefits of mass 

vaccination against Covid-19 across all age groups, including children and adolescents.

Methods. We used a large prospective national cohort of about two million children and adolescents 6 to 

16 years to estimate the effectiveness of an inactivated SARS-CoV-2 vaccine (CoronaVac) in preventing 

Covid-19 cases, hospitalizations, and admission to intensive care unit (ICU). We compared the risk of 

individuals treated with a complete primary immunization schedule (two doses, 28 days apart) with the 

risk of unvaccinated individuals during the follow-up period. The study was conducted in Chile from June 

27, 2021, to January 12, 2022. We used inverse probability-weighted survival regression models to 

estimate hazard ratios of complete immunization over the unvaccinated status, accounting for time-

varying vaccination exposure and adjusting for relevant demographic, socioeconomic, and clinical 

confounders.

Findings. The estimated adjusted vaccine effectiveness for the inactivated SARS-CoV-2 vaccine in 

children aged 6 to 16 years was 74·5% (95% CI, 73·8–75·2), 91·0% (95% CI, 87·8–93·4), 93·8% (95% 

CI, 87·8–93·4) for the prevention of Covid-19, hospitalization, and ICU admission, respectively. For the 

subgroup of children 6-11 years, the vaccine effectiveness was 75·8% (95% CI, 74·7–76·8) for the 

prevention of Covid-19 and 77·9% (95% CI, 61·5–87·3) for the prevention of hospitalization.

Interpretation. Our results suggest that a complete primary immunization schedule with the inactivated 

SARS-CoV-2 vaccine provides an effective protection against severe Covid-19 disease for children 6-16 

years.

Funding. Agencia Nacional de Investigación y Desarrollo (ANID) Millennium Science Initiative 

Program and Fondo de Financiamiento de Centros de Investigación en Áreas Prioritarias (FONDAP).

Keywords: SARS-CoV-2, Covid-19, vaccine effectiveness, inactivated SARS-CoV-2 vaccine, mRNA 

vaccine, pediatric cohort

Word count. Text: 3302, Abstract: 243, Tables and Figures: 4, References: 37
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Research in context

Evidence before this study

We identified research articles through searches in PubMed and medRxiv, without language restrictions, 

using the terms (“SARS-CoV-2” OR “Covid-19” OR “2019-nCoV” OR “coronavirus”) AND (“vaccine” 

OR “vaccination”) AND (“infant” OR “newborn” OR “child” OR “adolescent”). We searched for studies 

published between December 1, 2020, and December 31, 2021. We also identified relevant research 

through the United States National Library of Medicine’s website ClinicalTrials.gov. We identified at 

least seven ongoing phase three clinical trials for children 5-11 years; however, evidence about the 

efficacy and safety of Covid-19 in pediatric populations is limited, and most studies relate to mRNA 

vaccines. One study reported preliminary safety and efficacy results from Pfizer-BioNTech’s mRNA 

vaccine BNT162b2’s phase 1 and phase 2-3 randomized trial in children 5-11 years, estimating a vaccine 

efficacy against Covid-19 of 90·7% (95% CI 67·7 to 98·3%) in the United States and Europe. Two 

articles by the same authors estimated the vaccine effectiveness of BNT162b2 against severe Covid-19 in 

adolescents 12-18 years in pediatric hospitals in the United States. The first article reported interim 

findings from 19 hospitals and estimated a vaccine effectiveness against hospitalization of 93% (95% CI 

83% to 97%). The second article, including 445 case patients and 777 controls in 31 hospitals, estimated a 

vaccine effectiveness of 94% (95%CI 90 to 96) against hospitalization and 98% (95%CI 93 to 99) against 

ICU admission. These studies did not adjust for comorbidities or socioeconomic status. Another study 

reported preliminary safety findings on vaccine safety collected through passive surveillance during the 

administration of eight million doses of BNT162b2 in children 5-11 in the United States. Last, two 

studies assessed the safety and immunogenicity of inactivated SARS-CoV-2 vaccines, Sinovac’s 

CoronaVac and Sinopharm’s BBIBP-CorV, in phase 1-2 clinical trials in children and adolescents aged 3-

17 years in China. We found no studies examining the efficacy or effectiveness of an inactivated SARS-

CoV-2 vaccine in pediatric populations, even though these vaccines account for about half the Covid-19 

vaccines doses delivered globally, primarily in low and middle-income countries.
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Added value of this study

Our study estimates the effectiveness of the CoronaVac vaccine in preventing Covid-19 cases, 

hospitalizations, and admission to the intensive care unit (ICU), for children and adolescents aged 6-16. 

Our estimates are based on a large administrative prospective national cohort of about 2 million children 

and adolescents to assess the effectiveness of administering a two-dose schedule, adjusting for known 

demographic, socioeconomic, and clinical confounders of the association between Covid-19 vaccines and 

outcomes. Vaccine effectiveness estimates are essential, as they reflect real-world challenges of 

vaccination rollout, such as logistics, cold chains, vaccination schedules, and include more diverse 

populations than participants in a controlled trial.

Implications of all the available evidence

Our vaccine effectiveness estimates for CoronaVac suggest that a complete primary immunization 

schedule (two doses, 28 days apart) effectively protects against severe Covid-19 disease for children and 

adolescents 6-16 years, a finding consistent with the results from phase 2 clinical trials of the vaccine.
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Background

The global pandemic of coronavirus disease 2019 (Covid-19), caused by severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2), has imposed an enormous burden of disease globally. As of 

January 12, 2022, more than 315 million cases and about 5·5 million deaths have been reported 

worldwide.1 Several effective Covid-19 vaccines have been developed and approved since the beginning 

of the pandemic, and mass vaccination campaigns are now occurring in most countries.2

Children and adolescents can develop Covid-19, including severe illness and death. Nevertheless, the risk 

of severe Covid-19 in healthy children and adolescents under 18 is substantially lower than in adults and 

typically does not result in medical intervention.3-6 The most common Covid-19 clinical features in this 

group include fever, upper respiratory symptoms, and gastrointestinal symptoms, such as diarrhea and 

vomiting.7,8 A potentially life-threatening clinical presentation of Covid-19 is the multisystemic 

inflammatory syndrome (MIS-C). MIS-C’s clinical presentation is similar to other hyperinflammatory 

diseases of children, such as Kawasaki disease, presenting most often with fever and elevated 

inflammatory markers.9,10 MIS-C can affect multiple organ systems, including gastrointestinal, 

mucocutaneous, cardiovascular, and respiratory,10,11 affecting recovery.12,13 While MIS-C associated 

mortality is relatively low (~2%), most patients are admitted to the intensive care unit (ICU); about 40% 

require inotropic support, and about 15% require mechanical ventilation.14 Another clinical presentation 

of concern is long Covid, i.e., persisting symptoms following SARS-CoV-2 infection,15,16 although data 

on children and adolescents are still limited. A systematic review suggests that, compared to high-income 

countries, low and middle-income countries may have a higher burden of pediatric Covid-19 mortality.17 

As seen in adults, comorbidities are associated with a more severe clinical presentation of Covid-19.18,19 

There are at least seven ongoing clinical trials for Covid-19 vaccines in children 5 to 11 years of age in 

phase 3.20 Nevertheless, evidence is scarce on the efficacy and safety of Covid-19 vaccines in pediatric 

populations,21-24 and most available evidence relates to mRNA vaccines. Two studies assessed the safety 
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and immunogenicity of inactivated SARS-CoV-2 vaccines, Sinovac’s CoronaVac and Sinopharm’s 

BBIBP-CorV, in phase 1-2 clinical trials in children and adolescents aged 3-17 years in China.23,24 Only 

one study of real-life vaccine effectiveness in adolescents 12-18 years for Pfizer–BioNTech’s BNT162b2 

mRNA Covid-19 vaccine is available.25,26 We found no articles examining the efficacy or effectiveness of 

an inactivated SARS-CoV-2 vaccine in pediatric populations, although these vaccines account for about 

half the Covid-19 vaccines doses delivered globally.27 Vaccine effectiveness estimates are essential, as 

they reflect real-world challenges of vaccination rollout, such as logistics, cold chains, vaccination 

schedules, and include more diverse populations than participants in a controlled trial. Policymakers 

urgently need evidence to adequately balance the costs and benefits of mass vaccination across all age 

groups.28 

Several regulatory agencies have granted emergency authorization to vaccinate children, including the US 

Food and Drug Administration and the European Medicines Agency, and numerous countries have begun 

vaccinating children.2 On June 27, 2021, Chile began vaccinating children and adolescents, following an 

age-based publicly available schedule. Based on emergency use approvals by the Public Health Institute 

of Chile, children aged 6-11 received a two-dose schedule of CoronaVac, and children 12-16 years 

received two doses of CoronaVac or BNT162b2. Doses were administered 28 days apart for both 

vaccines. As described elsewhere, a national immunization registry keeps track of the vaccination 

schedules.29 

Using a large administrative observational dataset of about two million children and adolescents, we 

estimated the effectiveness of the CoronaVac vaccine in preventing Covid-19 cases, hospitalizations, and 

admission to the intensive care unit (ICU), for individuals aged 6-16. We also provide vaccine 

effectiveness estimates among children 6-11 years. We estimated the effectiveness of administering a 

two-dose schedule, adjusting for relevant demographic, socioeconomic, and pediatric clinical confounders 

of the association between Covid-19 vaccines and the outcomes. We expect these results to inform 

policymakers, public health officials, and funders considering Covid-19 vaccination for children. 
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Methods

Study population and design

Our study is based on a prospective pediatric observational cohort at the national level in Chile. The 

cohort includes children and adolescents 6 to 16 years of age, followed between June 27, 2021, and 

January 12, 2022. The anonymity of all participants was preserved during all stages of the study. We 

included all children and adolescents 6 to 16 years of age affiliated with the national public health 

insurance program (FONASA, Fondo Nacional de Salud). About 80% of the Chilean population are 

affiliated with FONASA. Children or adolescents with probable or confirmed SARS-CoV-2 infection by 

reverse-transcription polymerase-chain-reaction (RT-PCR) or antigen test before June 27, 2021, were 

excluded from the study. We also excluded children who received any Covid-19 vaccine before June 27, 

2021. For children that received a vaccine booster (third dose) during the study period, the follow-up was 

stopped at the date of the booster administration. 

The Public Health Institute of Chile, the regulatory authority responsible for pharmacovigilance in Chile, 

approved the BNT162b2 Covid-19 vaccine for adolescents 12-16 years of age on May 31, 2021. The use 

of CoronaVac for children aged six years and older was authorized on September 6, 2021. By program 

indication, children aged 6-11 received CoronaVac, and children 12-16 received CoronaVac or 

BNT162b2. Both vaccines were administered in two doses, 28 days apart. We did not focus on the 

effectiveness of the BNT162b2 vaccine, because those results have been provided elsewhere.25,26 

Nevertheless, we provide estimates of the effectiveness of the BNT162b2 in the Supplementary material 

as a robustness check to our methods. We focused on the effectiveness of the CoronaVac vaccine in 

children as those results are not available and CoronaVac is among the most used vaccine globally.27 

We classified participants into two groups: fully immunized, defined as those with a complete vaccination 

schedule starting 14 days after receiving the second dose, and unvaccinated individuals. The national 
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vaccination campaign in Chile is described in more detail in the Supplementary material and previous 

publications.29,30 

The study team was entirely responsible for the study design, data collection, and analysis. The authors 

vouch for the accuracy and completeness of the data. The first, second, third, and last authors wrote the 

first draft of the manuscript. 

Outcomes and covariates

We estimated the vaccine effectiveness of CoronaVac for children aged 6-16 using three primary 

outcomes: laboratory-confirmed Covid-19, hospitalization, and admission to the ICU associated with 

SARS-CoV-2 infection. We also provide estimates of the vaccine effectiveness of CoronaVac for the 

prevention of Covid-19 and hospitalization in the subgroup of children aged 6-11. We did not estimate 

vaccine effectiveness against fatal outcomes because no deaths have been observed in the cohort as of 

January 12, 2022. The time to the onset of symptoms from the beginning of the follow-up, June 27, 2021, 

was considered as the endpoint of each outcome. In Chile, all suspected Covid-19 cases are notified to 

health authorities using an online platform and confirmed by laboratory testing, by reverse polymerase 

chain reaction (RT-PCR), and antigen test for SARS-CoV-2.

We considered relevant demographic, socioeconomic, and clinical confounders of the association 

between Covid-19 vaccines and the outcomes of interest. The covariates included age, sex, region of 

residence, health insurance category (a proxy of household income), nationality, and whether the 

individual had underlying conditions that has been associated with severe Covid-19 illness in children. 

These conditions included end-stage chronic kidney disease, diabetes mellitus types 1 and 2, cancer, 

congenital heart disease, human immunodeficiency virus (HIV) infection, epilepsy, hemophilia, asthma, 

cystic fibrosis, juvenile idiopathic arthritis, and systemic lupus erythematosus.
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Statistical analysis 

We determined vaccine effectiveness by estimating the hazard ratio between the treated (complete 

vaccination schedule) and non-treated unvaccinated status, using the observed time-to-onset of symptoms, 

from June 27, 2021, through January 12, 2022. We estimated hazard ratios based on an extended version 

of the Cox hazards model to allow for the time-varying vaccination status of children in the cohort.29,31 

We adjusted for differences in observed individual characteristics by inverse probability of treatment 

weighting as in marginal structural models,32 estimating the weights non-parametrically based on 

observed characteristics.33 We present the hazard ratio estimates using the standard and stratified versions 

of the Cox hazards model (please see the supplementary material for more details), adjusting by 

individual’s age, sex, region of residence, nationality, health insurance category, and underlying health 

conditions, to show that our results do not hinge on model specification. Vaccine effectiveness was 

defined as one minus the corresponding hazard ratio. The comparison of the risk of an event for fully 

vaccinated and unvaccinated children is made at the same calendar time. Each term in the partial 

likelihood of the effectiveness regression coefficient corresponds to the conditional probability of an 

individual to express the outcome of interest from the risk set at a given calendar time. The inference was 

based on a partial likelihood approach. Statistical analyses were conducted using the survival package of 

R version 4.0.5. 

Role of the funding source

The funders of this study had no role in the study design, in the collection, analysis, and interpretation of 

data, in the writing of this manuscript or in the decision to submit the paper for publication. 

Findings

Study population 

Figure 1 shows the flow diagram of the study cohort. The cohort included 2,086,108 children and 

adolescents between six and 16 years of age affiliated to FONASA. Of these, 1,976,344 were included in 
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the study as they did not have a Covid-19 history or had been vaccinated against Covid-19 before June 

27, 2021. The descriptive statistics for the study cohort are presented in Table 1. Additional descriptive 

statistics, including the region of residence and underlying conditions, are provided in tables S1 and S2 

(Supplementary material). All variables showed statistically significant differences in the incidence of 

Covid-19 and for vaccination status.

Vaccine effectiveness

The total follow-up period included approximately 120 million person-days in the CoronaVac group 

(children 6-16 years) and 230 million person-days in the unvaccinated group (Table 2). The overall cohort 

had 12,735 events of Covid-19 disease, 207 hospitalizations, and 30 ICU admissions associated with 

SARS-CoV-2 confirmed infection. 

The estimated adjusted vaccine effectiveness for CoronaVac in children aged 6 to 16 years, with a 

complete primary immunization was 74·5% (95% CI, 73·8–75·2) for the prevention of Covid-19, 91·0% 

(95% CI, 87·8–93·4) for the prevention of hospitalization, and 93·8% (95% CI, 87·8–93·4) for the 

prevention of Covid-19-related ICU admission (Table 2). For the subgroup of children 6-11 years, the 

estimated adjusted vaccine effectiveness for CoronaVac with a complete primary immunization was 

75·8% (95% CI, 74·7–76·8) for the prevention of Covid-19 and 77·9% (95% CI, 61·5–87·3) for the 

prevention of hospitalization. There were only six children 6-11 years admitted to the ICU in the 

unvaccinated group and none among those who received CoronaVac (Table 3). This results in an 

estimated 100% vaccine effectiveness for the prevention of Covid-19-related ICU admission, but more 

data would most likely result in a lower estimate.

Last, the estimated adjusted vaccine effectiveness for BNT162b2 in adolescents aged 12 to 16 years, with 

a complete primary immunization, was 84·4% (95% CI, 83·7–85·0) for the prevention of Covid-19, 

93·5% (95% CI, 90·4–95·6) for the prevention of hospitalization, and 98·0% (95% CI, 89·9–99·6) for the 

prevention of ICU admission (Table S3, Supplementary material).
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Discussion

This study provides estimates of the effectiveness of an inactivated SARS-CoV-2 vaccine (CoronaVac) in 

children and adolescents 6-16 years of age in a countrywide mass vaccination campaign to prevent 

laboratory-confirmed Covid-19, hospitalization and Covid-19-related ICU admission. For children and 

adolescents with a complete primary immunization with CoronaVac, the adjusted vaccine effectiveness 

was 74·5%, 91·0%, and 93·8% for Covid-19, hospitalization, and ICU admission. The subgroup of 

children 6-11 years had an adjusted vaccine effectiveness of 75·8% for the prevention of Covid-19 and 

77·9% for the prevention of hospitalization.

While there are no publicly available estimates of CoronaVac’s effectiveness in children and adolescents, 

our results are consistent with estimates of the effectiveness of the CoronaVac vaccine in preventing 

Covid-19 in an adult cohort 16 years and older in Chile in early 2021.29 The study found and adjusted 

vaccine effectiveness of 65·9% (95% CI, 65·2-66·6) for the prevention of Covid-19, 87·5% (95% CI, 

86·7 to 88·2) for the prevention of hospitalization, and 90·3% (95% CI, 89·1 to 91·4) for the prevention 

of ICU admission in adults. For children 6-11 years with a complete primary immunization with 

CoronaVac, the adjusted vaccine effectiveness was 75·8% for preventing Covid-19 and 77·9% for 

hospitalization. The low baseline risk for presenting severe disease among unvaccinated children and few 

hospitalization events during the study period may explain the lower effectiveness estimated for this 

group. Similar to previous vaccine effectiveness estimates for adults,29 our estimates for children and 

adolescents 6-16 years also show higher protection against severe disease than against Covid-19. Last, 

Han et al. reported the safety and immunogenicity of CoronaVac in healthy children and adolescents aged 

three to 17 years in June 2021. Seroconversion was 100% (98-100) for the 3 gr dose. Those authors 

reported no serious events related to the vaccine,23 consistent with adverse events associated with 

CoronaVac in Chile (Supplementary material). 
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As a robustness check to support our approach and analysis, we estimated an adjusted vaccine 

effectiveness for adolescents with a complete primary immunization using BNT162b2 of 84·4%, 93·5%, 

and 98·0% for Covid-19, hospitalization, and Covid-19 related ICU admission associated with SARS-

CoV-2 infection. Our BNT162b2 vaccine effectiveness estimates for adolescents are consistent to the 

results of a multicenter case-control study of fully immunized adolescents 12 to 18 years old in June 

through October 2021 in the United States.25,26 The study reported vaccine effectiveness of 94% (95%CI 

90 to 96) to prevent Covid-19 related hospitalizations and 98% (95%CI 93 to 99) against ICU admission. 

The study estimated vaccine effectiveness in a period when B.1.617.2 (Delta) was the dominant 

circulating SARS-CoV-2 variant. Delta was also the predominant variant during the study period in Chile 

(Supplementary material). Furthermore, a recent study reported a vaccine efficacy against Covid-19 of 

90·7% (95% CI 67·7-98·3) for BNT162BT in 5-to-11-year-old children.22 Our vaccine effectiveness 

estimate for protection against Covid-19 in 12-to-16-year-old children was a slightly lower, 84·4% (95% 

CI 83·7–85·0), but within their estimated confidence intervals. 

There is an ongoing scientific debate about the convenience of vaccinating children against Covid-19.28,34 

The cost-benefit analysis is not straightforward, particularly when considering global Covid-19 

vaccination targets and inequities in vaccine access.34 Vaccinating children and adolescents against 

SARS-CoV-2 has several potential benefits.28 First, it prevents Covid-19 cases, particularly severe illness 

and potential deaths among children with underlying health conditions. Second, it may prevent long-term 

consequences of SARS-CoV-2 infection, including MIS-C and long Covid. Third, vaccination may 

reduce transmission to other children and adults and, by mitigating community transmission, may help 

reduce the need for non-pharmaceutical interventions such as lockdowns, school exclusions and closures, 

and quarantines. These interventions have already affected children’s educational attainment, mental 

health, school services, and have increased inequalities.34-36 There is increasing evidence that vaccinating 

children and adolescents may significantly reduce the disease burden of Covid-19. Longer follow-up will 

allow responding whether vaccines can help prevent long-term complications, such as MIS-C and 
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persistent symptoms following severe SARS-CoV-2 infection, such as headaches, fatigue, and sleep 

disturbances.16 We hope our estimates will help inform this ongoing debate and support urgent decision-

making globally in responding to Covid-19.

The main strengths of this study include the use of a large cohort of about two million children, aged six 

to 16 years, combining administrative and healthcare data that represents about 80% of the Chilean 

population. This large sample size allowed us to non-parametrically estimate the inverse probability of 

treatment weights and fit a stratified extended Cox proportional hazards model for the different outcomes 

of interest (each combination of predictors has a specific hazard function), adding robustness to our 

statistical approach. Our real-world estimates examine one of the most widely used Covid-19 vaccines 

globally and are an essential complement to efficacy estimates from randomized controlled trials.37 

The main limitations in our study include potential selection and misclassification biases, as in all 

observational studies. We adjusted for known and observable demographic, socioeconomic, and clinical 

confounders that could affect vaccine effectiveness estimates. We cannot completely rule out the 

existence of a potentially systematic unobservable difference between the treated and unvaccinated 

children. Misclassification bias is unlikely, as Chile has a centralized electronic immunization and 

laboratory registry and testing for SARS-CoV-2 infection is free and widely available. A second 

limitation is that Chile lacks representative genomic surveillance data to estimate the true prevalence of 

variants of concern (Alfa, Beta, Gamma, Delta, and Omicron) that may affect vaccine effectiveness 

estimates. Genomic surveillance reports by the Ministry of Health (Supplementary material) suggest that 

the predominant variant during the study period was Delta, although Omicron became important during 

the final weeks of the study. We lack data to estimate vaccine effectiveness against specific variants of 

concern. 

Overall, our vaccine effectiveness estimates suggest that a complete primary immunization schedule (two 

doses, 28 days apart) provides an effective protection against severe Covid-19 disease for children 6-16 

years.
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Table 1. Characteristics of the study cohort of children and adolescents affiliated to FONASA, overall, with laboratory-confirmed Covid-19, and the 
proportion receiving one or more doses of Covid-19 vaccines, June 27, 2021 through January 12, 2022*

Vaccinated

COVID-19 Unvaccinated One dose Two doses Three doses

Characteristic No. Col.% No. Row% No. Row% No. Row% No. Row% No. Row%

Total 1,976,344 100 14,282 0·7 274,042 13·9 138,041 7·0 1,430,124 72·4 134,137 6·8

Sex
Female 967,074 49·0 7,291 0·75 128,067 13·0 64,903 6·7 703,542 72·7 70,562 7·3
Male 1,009,270 51·0 6,991 0·69 145,975 14·0 73,138 7·2 726,582 72·0 63,575 6·3

Age group
6 185,179 9·4 992 0·5 43,852 24·0 20,757 11·0 120,569 65·1 1 0·0
7 183,622 9·3 1,025 0·6 36,650 20·0 17,694 9·6 129,277 70·4 1 0·0
8 181,165 9·2 1,138 0·6 32,877 18·0 16,139 8·9 132,148 72·9 1 0·0
9 185,022 9·4 1,256 0·7 30,802 17·0 16,143 8·7 138,077 74·6 0 0·0

10 188,996 9·6 1,428 0·7 28,676 15·0 15,856 8·4 144,464 76·4 0 0·0
11 187,941 9·5 1,514 0·8 23,912 13·0 13,488 7·2 150,260 79·9 281 0·1
12 185,790 9·4 1,489 0·8 19,591 11·0 10,229 5·5 150,447 81·0 5,523 3·0
13 179,140 9·1 1,519 0·8 16,299 9·1 8,752 4·9 147,117 82·0 6,972 3·9
14 173,105 8·8 1,385 0·8 15,146 8·7 7,288 4·2 125,450 72·5 25,221 14·6
15 168,202 8·5 1,266 0·7 13,752 8·2 6,226 3·7 104,537 62·1 43,687 26·0
16 158,182 8·0 1,270 0·8 12,485 7·9 5,469 3·5 87,778 55·5 52,450 33·2

Comorbidities†
None 1,726,075 87·0 12,146 0·7 244,342 14·0 121,003 7·0 1,244,602 72·1 116,128 6·7
≥ 1 250,269 13·0 2,136 0·8 29,700 12·0 17,038 6·8 185,522 74·1 18,009 7·2

Nationality
Chilean 1,917,024 97·0 14,044 0·7 260,369 14·0 134,454 7·0 1,391,052 72·6 131,149 6·8
Non-Chilean 59,320 3·0 238 0·4 13,673 23·0 3,587 6·0 39,072 65·9 2,988 5·0
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Notes. *Covid-19 denotes coronavirus disease 2019. The study cohort included children and adolescents 6-16 years of age affiliated with the Fondo Nacional de Salud 
(FONASA), the national public health insurance program which collects, manages, and distributes funds for the public healthcare system in Chile. We excluded children or 
adolescents with probable or confirmed SARS-CoV-2 infection before June 27, 2021, or if they had received any Covid-19 vaccine before June 27, 2021. The model also 
included health insurance category (a proxy of family income), and location (16 regions). We found statistically significant differences (p<0·001) between Covid-19 patients 
and the vaccinated and unvaccinated groups by sex, age group, comorbidities, nationality, region of residence, and category of health insurance. Additional details are shown in 
Table S1. Covid-19 vaccines include CoronaVac and BNT162b2 (Table 2 and Table S3, respectively). 

†Coexisting conditions included chronic kidney disease, diabetes mellitus types 1 and 2, cancer, congenital heart disease, HIV, epilepsy, hemophilia, asthma, cystic 
fibrosis, juvenile idiopathic arthritis, and systemic lupus erythematosus. 
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Table 2. Effectiveness of the CoronaVac vaccine in preventing Covid-19 outcomes among children 6-16 years of age 

in the study cohort according to immunization status, June 27, 2021, through January 12, 2022*

Immunization status Cases Vaccine effectiveness (95% CI)

Person-days No. Incidence rate Weighted, standard Weighted, stratified 

1000 person-days adjustment † analysis‡

Covid-19

Unvaccinated 229,123,227 8,648 0·0377 – –

CoronaVac (6-16 yr.) 118,833,107 2,998 0·0252 74·8 74·5

(≥14 days after 2 dose) (74·1–75·5) (73·8–75·2)

Hospitalization

Unvaccinated 229,684,717 181 0·0008 – –

CoronaVac (6-16 yr.) 119,666,696 16 0·0001 91·3 91·0

(≥14 days after 2 dose) (88·1–93·6) (87·8–93·4)

Admission to ICU

Unvaccinated 229,696,288 28 0·0001 – –

CoronaVac (6-16 yr.) 119,679,580 1 0·00001 93·8 93·8

(≥14 days after 2 dose) (85·7–97·3) (85·7–97·3)

*Participants were classified into two groups: those who were unvaccinated and those who were fully immunized (≥14 days after 
receipt of the second dose) with CoronaVac. The 13 days between vaccine administration and full immunization were excluded 
from the at-risk person-time. We show the results for the standard and stratified versions of the Cox hazards model using inverse 
probability of treatment weighting. Covid-19 denotes coronavirus disease 2019, CI denotes confidence intervals.

† The analysis was adjusted for age, sex, 16 regions of residence, health insurance category, nationality, and whether the patient 
had underlying conditions that have been associated with severe Covid-19 in children. 

‡ A stratified version of the extended Cox proportional-hazards model was fit to test the robustness of the estimates to model 
assumptions, stratifying by age, sex, region of residence, health insurance category (a proxy of household income), nationality, 
and whether the patient had underlying conditions that have been associated with severe Covid-19, and coded as described in 
Table 1.
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Table 3. Effectiveness of the CoronaVac Covid-19 vaccine in preventing Covid-19 outcomes among children 6-11 

years of age in the study cohort according to immunization status, June 27, 2021, through January 12, 2022*

Immunization status Cases Vaccine effectiveness (95% CI)

Person-days No. Incidence rate Weighted, standard Weighted, stratified 

1000 person-days adjustment † analysis‡

Covid-19

Unvaccinated 155,092,218 5,021 0·0324 – –

CoronaVac (6-11 yr.) 78,449,194 1,502 0·0191 75·8 75·8

(≥14 days after 2 dose) (74·8–76·8) (74·7–76·8)

Hospitalization

Unvaccinated 155,434,360 61 0·0004 – –

CoronaVac (6-11 yr.) 78,940,292 8 0·0001 78·5 77·9

(≥14 days after 2 dose) (62·8–87·6) (61·5– 87·3)

*Participants were classified into two groups: those who were unvaccinated and those who were fully immunized (≥14 days after 
receipt of the second dose) with CoronaVac. The 13 days between vaccine administration and full immunization were excluded 
from the at-risk person-time. We show the results for the standard and stratified versions of the Cox hazards model using inverse 
probability of treatment weighting. Covid-19 denotes coronavirus disease 2019, CI denotes confidence intervals. There were 
only six children 6-11 years admitted to the ICU in the unvaccinated group and none among those who received CoronaVac. 
This results in an estimated 100.0% vaccine effectiveness for the prevention of Covid-19-related ICU admission, but more data 
would most likely result in a lower estimate.

† The analysis was adjusted for age, sex, 16 regions of residence, health insurance category, nationality, and whether the patient 
had underlying conditions that have been associated with severe Covid-19 in children. 

‡ A stratified version of the extended Cox proportional-hazards model was fit to test the robustness of the estimates to model 
assumptions, stratifying by age, sex, region of residence, health insurance category (a proxy of household income), nationality, 
and whether the patient had underlying conditions that have been associated with severe Covid-19, and coded as described in 
Table 1.
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Figure 1. Study participants and cohort eligibility, June 27, 2021, to January 12, 2022. Participants 

were between 6 to16 years of age, affiliated to the Fondo Nacional de Salud (FONASA), the public 

national healthcare system, and vaccinated with a complete primary immunization (2 doses 28 days apart) 

with CoronaVac (6-16 years) or BNT162b2 (12-16 years) Covid-19 vaccines between June 27, 2021, and 

January 12, 2022, or not receiving any Covid-19 vaccination. We excluded individuals who had probable 

or confirmed coronavirus disease 2019 (Covid-19) according to reverse-transcription polymerase-chain-

reaction assay for SARS-Cov-2 or antigen test before June 27, 2021.
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6.8. During the outbreak of Delta in China, around 20% of the cases 
were in children and teenagers; vaccinated with CoronaVac did not 
register critical cases

In a study published in January 
of 2022 in the PLOS Neglected 
Tropical Disease journal, chinese 
researchers from the Southern 
Medical University of Guangzhou 
(Canton) and the Center for Disease 
Control and Prevention of the 
province pointed out that one in 
five cases from the outbreak of the 
delta variant of SARS-CoV-2, that 
happened in the region between 
May and June of 2021, affected 
minors with preschool age (1 to 5 
years old) and students from 6 to 18 
years of age. Besides, from the 153 
cases of Covid-19 in the outbreak, 
around 85% happened among the 
non vaccinated.

During the period of the study, there 
were seven asymptomatic and 146 
symptomatic cases. From those, 24 
(15,7%) were considered mild, 113 
(73,9%) moderate, and nine (5,9%) 
were considered critical. There 
were no severe cases. From the 153 
cases, 116 (84,7%) happened in non 
vaccinated individuals and 21 (15,3%) 
on people with partial or complete 
vaccine scheme with CoronaVac, 
immunizer from Butantan and the 
chinese pharmaceutic Sinovac, or 
Sinopharm, chinese vaccine that is 
also made with inactivated virus. 
There were 16 excluded cases with 
undetermined vaccinal status.

“The clinical symptoms were lighter 
in the cases with partial or complete 
vaccination than in those that 

were not vaccinated. Notably, no 
critical case was observed on those 
that were partially or completely 
vaccinated, while the nine critical 
cases happened all among 
unvaccinated people”, emphasized 
the researchers in the study.

From the total number of Covid-19 
cases of the outbreak, 28 (18,3%) 
were among minors of 18 years of 
age, 72 (47,1%) among people from 
19 to 59 years of age, 19 (12,4%) in the 
population from 60 to 70 years old 
and 34 (22,2%) on elderly above 70 
years of age. Children in preschool 
age were 3,3% of the cases.

Intensification of 
vaccination after 
the outbreak

On 21st May of 2021, it was reported 
the first case of the delta variant in 
Guangzhou. As a response to the 
ressurging of Covid-19 in the province, 
the local government implemented a 
series of measures of containment and 
began the emergency vaccination of 
the whole population. By the end of 
June, when the outbreak was over, 10,7 
million from the 15,3 million habitants 
were vaccinated with CoronaVac 
or Sinopharm (being 8,7 million that 
completed the vaccinal scheme of 
two doses), extending the vaccine 
coverage to 67% of the population of 
the province.

Published on: 01/05/2022
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Abstract

Background

The first community transmission of the severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) Delta variant of concern (VOC) in Guangzhou, China occurred between May

and June 2021. Herein, we describe the epidemiological characteristics of this outbreak and

evaluate the implemented containment measures against this outbreak.

Methodology/Principal findings

Guangzhou Center for Disease Control and Prevention provided the data on SARS-CoV-2

infections reported between 21 May and 24 June 2021. We estimated the incubation period

distribution by fitting a gamma distribution to the data, while the serial interval distribution

was estimated by fitting a normal distribution. The instantaneous effective reproductive

number (Rt) was estimated to reflect the transmissibility of SARS-CoV-2. Clinical severity

was compared for cases with different vaccination statuses using an ordinal regression

model after controlling for age. Of the reported local cases, 7/153 (4.6%) were asymptom-

atic. The median incubation period was 6.02 (95% confidence interval [CI]: 5.42–6.71) days

and the means of serial intervals decreased from 5.19 (95% CI: 4.29–6.11) to 3.78 (95% CI:

2.74–4.81) days. The incubation period increased with age (P<0.001). A hierarchical pre-

vention and control strategy against COVID-19 was implemented in Guangzhou, with Rt

decreasing from 6.83 (95% credible interval [CrI]: 3.98–10.44) for the 7-day time window

ending on 27 May 2021 to below 1 for the time window ending on 8 June and thereafter. Indi-

viduals with partial or full vaccination schedules with BBIBP-CorV or CoronaVac accounted

for 15.3% of the COVID-19 cases. Clinical symptoms were milder in partially or fully vacci-

nated cases than in unvaccinated cases (odds ratio [OR] = 0.26 [95% CI: 0.07–0.94]).
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Conclusions/Significance

The hierarchical prevention and control strategy against COVID-19 in Guangzhou was

timely and effective. Authorised inactivated vaccines are likely to contribute to reducing the

probability of developing severe disease. Our findings have important implications for the

containment of COVID-19.

Author summary

On 11 May 2021, the WHO reclassified the B.1.617.2 variant as a “variant of concern”

(VOC) from being a “variant of interest”, considering its global public health significance.

On 21 May 2021, the first local case infected with the Delta variant (i.e. lineage B.1.617.2)

in Guangzhou, China, was reported. In response to the resurgence of COVID-19, the local

government implemented a series of containment measures. This provides a valuable

opportunity to understand the characteristics of the Delta variant and to evaluate the per-

formance of inactivated COVID-19 vaccines (BBIBP-CorV and CoronaVac) and other

interventions. We estimated that the median incubation period was 6.02 days and the

means of serial intervals decreased from 5.19 to 3.78 days. The incubation period

increased with age. The vaccination coverage in the COVID-19 cases was 15.3%. Clinical

symptoms were milder in cases with partial or full vaccination than in those who were

unvaccinated (odds ratio [OR] = 0.26). We found that the effective reproductive number

decreased from 6.83 for the 7-day time window ending on 27 May 2021 to below 1 for the

time window ending on 8 June and thereafter. Our findings have important implications

for the containment of COVID-19.

Introduction

Coronavirus disease 2019 (COVID-19) is a serious threat to public health. Globally, there have

been over 186 million confirmed cases and 4.0 million deaths as of 11 July 2021 [1], and many

efforts, such as non-pharmaceutical interventions (NPIs) and vaccination, have been imple-

mented to prevent and contain COVID-19. The emergence of severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) variants has accelerated the spread of COVID-19 [2]. In

2021, explosive surges of SARS-CoV-2 occurred in India. Circulation of the Delta variant (i.e.

lineage B.1.617.2), which was first identified in India, may have contributed to the devastating

second wave of COVID-19 in India [3]. On 11 May 2021, the WHO reclassified the B.1.617.2

variant as a “variant of concern” (VOC) from being a “variant of interest”, considering its

global public health significance [4]. The variant has invaded more than 110 countries, territo-

ries, and areas [1]. Meanwhile, this variant accounts for a large proportion of the newly

sequenced and genotyped SARS-CoV-2 cases in some locations, such as England (>90%) [5].

Understanding the epidemiological characteristics and clinical severity of the SARS-CoV-2

Delta variant would help inform targeted interventions for containing the spread of COVID-

19.

Population movement is a critical influential factor of COVID-19 transmission [6]. Guang-

zhou is an important transportation hub in southern China, with over 15 million permanent

residents and mass population mobility. In the first five months of 2021, around 2,000 passen-

gers were arriving in Guangzhou from abroad each day. The city is at high risk for COVID-19

PLOS NEGLECTED TROPICAL DISEASES Transmission and containment of the SARS-CoV-2 Delta variant in Guangzhou
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transmission from imported cases from abroad [7]. There were, on average, eight COVID-19

cases imported from abroad every day and no local case was reported between 1 January and

20 May 2021. On 21 May, a local case infected with the Delta variant was reported in Guang-

zhou [8]. In response to the resurgence of COVID-19, the local government implemented a

series of containment measures, including vaccination programs, case finding through mass

tests for COVID-19, case isolation, as well as other social distancing interventions. Timely

assessment of the epidemiological features of the cases of SARS-CoV-2 infection and the pre-

vention and control measures would provide better preparedness for the COVID-19 outbreak

caused by highly infectious variants [9].

Several studies have reported promising vaccine efficacy results based on data collected

from clinical trials. More real-world data are needed to elucidate vaccine effectiveness [10]. As

of 31 May, over 10 million residents (vaccination coverage: around 67%) in Guangzhou had

received COVID-19 vaccines (BBIBP-CorV or CoronaVac), among whom, more than three

million residents had been fully vaccinated [11]. This provides a valuable opportunity to evalu-

ate the performance of the authorised inactivated COVID-19 vaccines. Herein, we describe the

epidemiological characteristics of the cases infected with SARS-CoV-2 Delta VOC in Guang-

zhou and evaluate the implemented containment measures.

Methods

Ethics statement

This study was approved by the Research Ethics Committee of Guangzhou CDC (No:

GZCDC-ECHR-2020P0019). Consent to participate was waived since anonymous information

was used.

Data collection

The Guangzhou Center for Disease Control and Prevention (CDC) provided the individual

data of all SARS-CoV-2 infections reported between 21 May and 24 June 2021 in Guangzhou.

Nasal and throat swabs were collected for COVID-19 tests. Cases were confirmed to be SARS--

CoV-2 infections using real-time reverse transcription-polymerase chain reaction (rRT-PCR,

S1 File). The individual information included sex, age, occupation class (people who have

retired and the unemployed, preschool children, students, healthcare workers, others), possible

infection date, type of exposure (family, having been at the same restaurant with a confirmed

case, others), type of detection (tracing of close contacts, mass screening, hospital screening),

date of illness onset (the date of symptom onset for the symptomatic cases and the date of sam-

ple collection for the first positive test of asymptomatic cases), clinical severity (asymptomatic,

mild, moderate, severe, and critical according to the criteria proposed by the National Health

Commission of the People’s Republic of China [12], S1 Table).

Seventy-five cases who did not have information on the exact infection date and who did

not have symptoms were excluded when estimating the incubation period (i.e. the time delay

from infection to symptom onset) distribution in the main analysis. A transmission pair was

defined as two confirmed COVID-19 cases that had clear epidemiological links with each

other, i.e. one case (infectee) was infected by the other (infector). Asymptomatic infectees and

the infectees whose infectors were asymptomatic were excluded when estimating the serial

interval (i.e. the delay between symptom onset dates of successive cases in transmission pairs)

distribution. Symptom onset dates of 67 transmission pairs were used to estimate the serial

interval distribution (S1 Fig).

PLOS NEGLECTED TROPICAL DISEASES Transmission and containment of the SARS-CoV-2 Delta variant in Guangzhou
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Statistical analysis

The median and range were calculated for the continuous variable of age, and proportions

were provided for categorical variables. We estimated the incubation period distribution by fit-

ting a lognormal, gamma, andWeibull distribution to the data using the maximum likelihood

method and selected the distribution with the smallest value of Akaike Information Criteria

(AIC). The serial interval distributions were estimated by fitting normal distributions [13,14].

We estimated the distributions of serial intervals for the entire study period and for nine differ-

ent time windows (i.e. eight running time windows with a fixed length of 14 days and the last

one was from 26 May through 24 June, making sure that all of the time windows contained at

least 30 data points of serial intervals). We assessed the association between age and incubation

period using a gamma regression model with a log link (according to the selected distribution

for incubation period), while the associations between age (of infector and infectee) and serial

interval were examined in linear regression models, after controlling for the effects of calendar

time.

Previous studies have suggested that the instantaneous reproductive number is a better

choice to examine the effectiveness of control measures compared with the case reproductive

number [15]. In this study, we estimated the instantaneous effective reproductive number Rt

(the average number of secondary cases arising from a typical primary infection [16]) to reflect

the transmissibility of SARS-CoV-2 and to evaluate the performance of interventions imple-

mented during this outbreak. The Rt was estimated as:

Rt ¼
ItPt

s¼1 It�sws

where It was the number of incident cases at time t and ws was estimated with the time-varying

distributions of serial intervals [17]. When the time step of data is small, the estimates of Rt can

be highly variable and it would be difficult to interpret the results. To deal with this problem,

we estimated the Rt over a 7-day time window assuming that the Rt remains constant within

the same time window. Such estimate reflects the average transmissibility for the time window

of one week. We present the Rt for the time window ending on 27 May and thereafter, since

the estimates may be unstable at the very beginning of the outbreak with few cases [15].

We categorized the COVID-19 cases into two groups based on their vaccination status

(Group 1: unvaccinated; Group 2: partially or fully vaccinated [infection occurred�21 days

after dose 1]; 16 cases with indeterminate vaccination status [infection occurred<21 days

after dose 1 or the time interval between the infection date and the vaccination date was

unclear] were excluded). The differences in the clinical severity of the local cases by vaccina-

tion status were evaluated using an ordinal logistic regression model after controlling for the

potentially confounding effect of age.

Sensitivity analysis was conducted to check the robustness of (1) the estimate of incubation

period distribution (1a) assuming that the incubation period followed the distributions which

were not corresponding to the smallest AIC; (1b) including seven additional cases with the

information of possible exposure dates or exposure windows; (2) the association between age

and incubation period using the models with three independent variables of age, calendar

time, and one potentially influential factor (i.e. occupation, type of exposure or clinical sever-

ity) which was statistically significant in bivariate regression models (with calendar time and

one potentially influential factor as the independent variables). All analyses were conducted

using R software (version 4.1.0; R Foundation for Statistical Computing).

PLOS NEGLECTED TROPICAL DISEASES Transmission and containment of the SARS-CoV-2 Delta variant in Guangzhou
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Results

On 18 May 2021, a 75-year-old woman (Case #1) showed symptoms and sought professional

help in a hospital. Later, on 21 May, the woman was confirmed to be infected with the Delta

VOC. She was the first local case infected with this variant in Guangzhou (Fig 1). SARS-CoV-2

was transmitted from the woman to her friend Case #3 and a waitress (reported outside

Guangzhou) when they were having a meal in a restaurant. Her husband was also infected.

Case #3 brought SARS-CoV-2 to seven family members and eight friends when having a meal

in a restaurant and dancing with friends. Case #19, who infected as many as 16 residents, was

Fig 1. Number of COVID-19 cases by date of illness onset and effective reproductive number in Guangzhou, China. (A) Number of COVID-19 cases by date of
illness onset. (B) Estimated effective reproductive number by ending date of 7-day time window and cumulative number of cases by date of illness onset. The blue
line shows the point estimates of the effective reproductive number and the light blue region represent the 95% credible intervals. Points represent the daily
cumulative number of cases. # Social distancing interventions included school closure, banning of public gatherings, traffic control, prohibition of dining in
restaurants. � Mass tests for COVID-19 was done from 4 to 6 June 2021.

https://doi.org/10.1371/journal.pntd.0010048.g001
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one of Case #3’s friends (Fig 2). In this outbreak, a total of seven generations were found to be

associated with the transmission chain initiated by the first infection of the Delta variant (Fig

2). The number of cases increased gradually from the start of this outbreak and peaked on 1

June with 16 residents showing symptoms or testing positive for SARS-CoV-2 on that day.

Thereafter, the number of cases fluctuated and showed a decreasing trend (Fig 1). From 19

June through 24 June 2021, no local case has been reported in Guangzhou.

From 21 May to 24 June 2021, there were 153 local cases reported in Guangzhou (symp-

tomatic cases: 146 [95.4%]; asymptomatic infections: 7 [4.6%]). The median age of the local

cases was 48 (range: 1–94) years, and males accounted for 41.2% of these cases (Table 1). More

than half of the cases were people who had retired and the unemployed. Preschool children,

students, healthcare workers, and others represented 3.3%, 16.3%, 2.6%, and 26.8% of the local

cases, respectively. During the study period, 24 (15.7%), 113 (73.9%), 0 (0.0%), and 9 (5.9%) of

the patients had mild, moderate, severe, and critical disease severity, respectively (Table 1).

We identified 103 cases with a clear exposure history: 53 (51.5%) were observed within fam-

ily households, 36 (35.0%) took place in restaurants, and 14 (13.6%) were linked via other

exposures (Table 1). Results suggested that the gamma distribution fitted best to the incubation

period in terms of AIC (S2 Table). The mean and median incubation periods and were 6.50

(95% confidence interval [CI]: 5.86–7.20) and 6.02 (95% CI: 5.42–6.71) days, respectively. The

95th percentile of the incubation periods was 12.27 (95% CI: 10.68–13.84) days. As for the serial

interval, the mean and standard deviation were 4.24 (95% CI: 3.35–5.14) and 3.95 (95% CI:

3.23–4.61) days, respectively (Fig 3) for the entire study period. In addition, we found that the

means of serial intervals of different time windows decreased gradually from 5.19 (95% CI:

Fig 2. Transmission network of the infections of the SARS-CoV-2 Delta variant. A total of 101 and 13 cases reported in Guangzhou and other cities with
information for determining the generation are presented. Cases without a clear epidemiological link with the confirmed cases and the ones whose infector did not
have a clear exposure history were not included.

https://doi.org/10.1371/journal.pntd.0010048.g002
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4.29–6.11) to 3.78 (95% CI: 2.74–4.81) days (S3 Table). The incubation period was positively

associated with age (P<0.001, S4 Table), while the associations between age (of infector and

infectee) and serial interval were statistically non-significant (S5 and S6 Tables).

In response to the COVID-19 outbreak, the local government formulated a hierarchical

prevention and control strategy to suppress community transmission. Generally speaking,

Guangzhou was divided into three areas according to the risk level of SARS-CoV-2 transmis-

sion. The core areas were the cluster areas in which many COVID-19 cases were reported. The

warning zones were the places in which sporadic cases have been found. Other areas were low-

risk areas. The level of response to COVID-19 increased with the risk level, with the most rig-

orous interventions taking place in the areas with the highest level of transmission risk. A

series of NPIs and vaccinations were implemented during this outbreak (Fig 1 and S7 Table).

Notably, one of the most important measures was case finding through mass tests for COVID-

19 among residents in the core areas, warning zones and then the low-risk areas. By 6 June

2021, the entire population of the city had been tested for COVID-19. As of 12 June, over 36

million samples had been collected for SARS-CoV-2 tests. In the core areas and warning

zones, multiple rRT-PCR tests have been performed. Vaccination is another important mea-

sure for the containment of COVID-19. On 31 May, mass vaccination was stopped and the

focus was shifted to case finding through mass tests for COVID-19. However, vaccination was

Table 1. The characteristics of the COVID-19 cases in Guangzhou, China, reported from 21May through 24 June
2021.

Characteristics Cases (n = 153)

Male sex—no. (%) 63/153 (41.2)

Median age (range)—years 48 (1, 94)

Age group (years)—no. (%)

�18 28/153 (18.3)

19–59 72/153 (47.1)

60–70 19/153 (12.4)

�70 34/153 (22.2)

Occupation—no. (%)

People who have retired at home and the unemployed 78/153 (51.0)

Preschool children 5/153 (3.3)

Students 25/153 (16.3)

Healthcare workers 4/153 (2.6)

Others 41/153 (26.8)

Type of exposure—no. (%)

Family 53/103 (51.5)

Exposure to the same restaurant with a confirmed case 36/103 (35.0)

Others 14/103 (13.6)

Type of detection—no. (%)

Tracing of close contacts 99/153 (64.7)

Mass screening 46/153 (30.1)

Hospital screening 8/153 (5.2)

Clinical severity—no. (%)

Asymptomatic 7/153 (4.6)

Mild 24/153 (15.7)

Moderate 113/153 (73.9)

Severe 0/153 (0.0)

Critical 9/153 (5.9)

https://doi.org/10.1371/journal.pntd.0010048.t001
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restarted on 6 June for individuals who did not live in the core areas and had received one shot

21 days before 6 June. By 24 June, 10.77 million residents had been vaccinated, among whom,

8.72 million had been fully vaccinated. Other interventions included quarantine for high-risk

groups, rigorous inspection (e.g. requiring residents to show health codes, measuring body

temperature), requiring wearing masks, limiting public gatherings, etc (S7 Table). In this out-

break, 99 cases (64.7%) were in close contact with confirmed cases, while 46 (30.1%) were

detected through mass screening (Table 1). With these efforts, Rt decreased rapidly from 6.83

(95% credible interval [CrI]: 3.98–10.44) for the 7-day time window ending on 27 May 2021 to

below 1 for the time window ending on 8 June and thereafter (Fig 1).

We found that 21 cases were partially or fully vaccinated before infection (15.3%) among

the 137 cases (excluding the 16 cases with indeterminate vaccination status, Table 2). Clinical

symptoms were milder in the partially or fully vaccinated cases than the unvaccinated group

(odds ratio [OR] = 0.26 [95% CI: 0.07–0.94], Table 3). Notably, no critical cases were observed

in those who had been partially or fully vaccinated, while 9/116 of the unvaccinated cases were

critical cases (Table 2).

Results of sensitivity analysis suggested that the estimates of mean, median and 95th percen-

tile of incubation periods were similar to the ones in the main analysis (S8 Table). The associa-

tions of incubation period with occupation and type of exposure were statistically significant

in bivariate regression models (S9 Table). Age was positively associated with incubation period

in the model with an additional inclusion of occupation and the one with type of exposure

(S10 and S11 Tables).

Discussion

In this study, we provided a detailed description of the first community transmission of the

SARS-CoV-2 Delta VOC in Guangzhou, China, providing important epidemiological parame-

ters of this outbreak. We found that 4.6% of the cases during the study period were asymptom-

atic, a figure lower than the 15.6% reported in a previous systematic review [18]. The

difference in age structure and definitions of asymptomatic and symptomatic cases may

explain the variation in the proportion of asymptomatic infections. We estimated that the

mean and median incubation periods were 6.50 and 6.02 days, respectively, which were slightly

longer than the pooled estimates of the mean (6.3 days) and median incubation periods (5.4

days) of preexisting strains reported in a systematic review and meta-analysis [19]. The

Fig 3. Incubation period and serial interval distributions of the SARS-CoV-2 Delta variant in Guangzhou, China.
The blue lines represent the estimated distribution densities. Data of 78 cases and 67 transmission pairs were used to
estimate the incubation period and serial interval distributions, respectively.

https://doi.org/10.1371/journal.pntd.0010048.g003

Table 2. Clinical severity of COVID-19 cases by vaccination status.

Clinical severity Unvaccinated (n = 116) Partially or fully vaccinated (n = 21)

Asymptomatic 6 (5.2) 1 (4.8)

Mild 19 (16.4) 5 (23.8)

Moderate 82 (70.7) 15 (71.4)

Severe 0 (0.0) 0 (0.0)

Critical 9 (7.8) 0 (0.0)

Note. Numbers in brackets were proportions. 16 cases with indeterminate vaccination status (infection occurred<21

days after dose 1 or the time interval between infection date and vaccination date was unclear) were excluded.

https://doi.org/10.1371/journal.pntd.0010048.t002
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difference may be due to not only the biological discrepancy in the circulating strains, but also

the definitions of symptom onset date and possible infection date, and the approach of estima-

tion [19,20,21,22]. Consistent with a prior study in Singapore [21], we found that the incuba-

tion period was positively associated with age. The longer incubation period observed in the

old cases probably resulted from a slower immune response in the elderly [21,23]. The higher

proportion of old cases (22.2% of the local cases were aged 70 years and older) in this outbreak

may in part contribute to a longer incubation period than that for the transmission in 2020 in

30 provinces of China [24]. Older age of the subjects in the present study may also explain why

our estimate of the mean of incubation period was larger than 5.8 days which was reported in

a study of the Delta variant [25]. We found that the maximum incubation period was 15 days,

which indicated that longer quarantine periods (>14 days) would be required for extreme

cases [26].

Seven generations were found to be associated with the transmission chain initiated by the

first infection of the Delta variant in approximately 20 days, which indicated that this variant

may be transmitted rapidly. A previous study in the United Kingdom reported that the house-

hold transmission rate associated with the Delta variant was higher than that of the Alpha vari-

ant, which was found to have a 43–90% higher reproductive number than the preexisting

strains [27,28]. In England, the first confirmed case of the Delta variant was detected in late

March 2021, and this variant accounted for more than 90% of all new cases at the end of May

2021 [28,29], which also suggested its potential for high transmissibility. Our study estimated

that the mean and standard deviation of serial intervals were 4.24 and 3.95 days, respectively

for the entire study period. A substantial fraction of secondary transmission was likely to

occur prior to illness onset given the shorter serial interval compared with the incubation

period [30]. Our estimate of the mean serial interval was larger than that for the strains circu-

lating in early 2020 in China (3.66 days for the locally infected) [14] and the Delta variant cir-

culating in Daejeon, South Korea (3.26 days) [31]. In addition, we estimated that the means of

serial intervals of different time windows decreased from 5.19 to 3.78 days. Shorten estimates

of means of serial intervals over time were also reported in previous studies [17,25]. The esti-

mate of Rt is influenced by the mean and standard deviation of serial interval. A larger mean of

serial interval may lead to a higher Rt, while a larger standard deviation may result in a Rt

which is closer to 1 [17]. Therefore, estimating Rt for the Delta VOC using the estimate of pre-

existing strains may introduce bias.

In this study, we estimated the Rt based on the time-varying distributions of serial intervals

and found that Rt declined from 6.83 for the time window ending on 27 May 2021 to below 1

for the time window ending on 8 June and thereafter, which suggested that the interventions

in Guangzhou were timely and effective. It is worth noting that the estimated Rt should be

interpreted in the context of reduced transmission with great efforts, including social distanc-

ing interventions and mass vaccination programs in Guangzhou.

Table 3. Results of an ordinal logistic regression model assessing the association between vaccination status and
clinical severity.

Variables Odds ratio (95% confidence interval) t P
Age 1.11 (1.08–1.15) 5.940 <0.001

Vaccination status

Unvaccinated Reference

Partially or fully vaccinated 0.26 (0.07–0.94) -2.025 0.043

Note. Sample size was 137.

https://doi.org/10.1371/journal.pntd.0010048.t003
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In this outbreak, 94.8% of COVID-19 cases were detected among close contacts of con-

firmed cases and through mass screening of residents. This finding suggests that case finding

through mass tests for COVID-19 and case isolation are of great importance for the control of

COVID-19 when the implementation is feasible. It is recommended to implement mass

screening to detect the COVID-19 cases when some cases of unknown origin occur and it

seems that the pathogen spreads.

Vaccination is an important intervention for the prevention and control of infectious dis-

eases. Randomized-controlled trials and observational studies have revealed vaccine efficacy/

effectiveness ranging from 50–95% against symptomatic COVID-19 caused by preexisting

strains, including the Alpha variant [10,32,33]. A recent study in the United States indicated

that the adjusted effectiveness of the authorised mRNA vaccines in preventing SARS-CoV-2

infection was 91% and 81% with full vaccination and partial vaccination, respectively, when

administered in real-world conditions [34]. In Chile, the effectiveness of CoronaVac was

65.9%, 87.5%, and 90.3% for the prevention of infection, hospitalization, and ICU admission

for the individuals with fully immunized [35]. In Guangzhou, the vaccination coverage of the

whole population (67%) was approximately 2.4 times higher than the coverage of COVID-19

cases (15.3%). In this study, we found that the partially or fully vaccinated cases generally had

milder symptoms than those in the unvaccinated group after controlling for age. In addition,

Li et al. conducted a test-negative case-control study to assess the effectiveness of inactivated

vaccines among residents aged 18–59 in Guangzhou using the close contacts of confirmed

cases as controls [36]. Results suggested that the overall vaccine effectiveness for two-dose vac-

cination was 59.0% against COVID-19 and 70.2% against moderate COVID-19. These data

further implied that the authorised inactivated vaccines are probably capable of protecting

people from the Delta VOC, and vaccination can reduce the probability of the occurrence of

severe disease. In Guangzhou, the target population of vaccination was mainly residents aged

18–59 years without contraindications during the study period. Currently, the vaccination is

free for residents aged 12 years of age and older in China, as more evidence has proved that the

authorised inactivated COVID-19 vaccines are safe and effective [37–40]. Mass screening and

vaccination are labour-intensive, especially when the two measures are implemented at the

same time. In China, community health centers and hospitals organize the mass screening and

vaccination, with great support from volunteers.

We found that 37 vaccinated individuals were infected in this outbreak. Vaccine break-

through infections were also reported in other locations [41,42,43]. Nevertheless, the vaccine

breakthrough infections only occurred in a small percentage of vaccinated individuals, mean-

while, these cases merely represented a small fraction of COVID-19 cases [41]. COVID-19 vac-

cination is still an effective measure to prevent infection, severe illness, and death [42]. Given

that the infections can occur in vaccinated individuals, personal protection measures, such as

wearing masks in indoor public settings where the transmission risk of COVID-19 is high, are

still needed [42].

We found that 51.5% of the transmission pairs had a family bound. Consistently, transmis-

sion within family households was the most frequent in the first wave of COVID-19 in Guang-

zhou and Hong Kong [44,45]. SARS-CoV-2 transmission in restaurants has been reported

previously [46]. Improving ventilation and increasing the distance between tables may reduce

the infection risk [46]. Eating at restaurants was restricted in this outbreak, which has in part

mitigated the transmission of COVID-19.

Our study had some limitations. First, our analysis mainly focused on the characteristics of

the cases of SARS-CoV-2 infection reported in Guangzhou, since some important information

(e.g. symptom onset date, clinical severity, and vaccination status) of the cases reported in

other cities was not available. Second, the infection and symptom onset dates were reported by
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the patients and the infection dates were not clear for some COVID-19 cases. Also, some trans-

mission pairs were not determined. Potential bias may influence the estimates of the incuba-

tion period, serial interval, and Rt. Third, we did not account for pre-symptomatic

transmission when estimating Rt. This will be addressed in future studies. Next, we did not

evaluate a specific intervention in this study but the combination of various control measures,

since these interventions were implemented simultaneously, and it was difficult to distinguish

their effects. In addition, it would be more informative if averted number of COVID-19 cases

attributable to the interventions can be provided. Further studies will quantify the effects using

mathematical and statistical models. Last, possibly insufficient sample size can affect the statis-

tical power and the conclusion. For instance, the sample size for the inference of the effect of

vaccination status on clinical severity may be not sufficient. More solid evidence will be avail-

able with real-world data from a large sample size.

In conclusion, the hierarchical prevention and control strategy against COVID-19 in

Guangzhou was timely and effective. Case finding through mass tests for COVID-19 and case

isolation are important for the containment of SARS-CoV-2 transmission if the implementa-

tion is feasible. Receiving the authorised inactivated vaccines may reduce the probability of

developing severe disease after infection. It is recommended that eligible individuals be vacci-

nated to better protect themselves against COVID-19. Our findings have important implica-

tions for the containment of COVID-19.
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35. Jara A, Undurraga EA, González C, Paredes F, Fontecilla T, Jara G, et al. Effectiveness of an Inacti-
vated SARS-CoV-2 Vaccine in Chile. NEJM. 2021; 385(10):875–84. https://doi.org/10.1056/
NEJMoa2107715 PMID: 34233097

36. Li XN, Huang Y, WangW, Jing QL, Zhang CH, Qin PZ, et al. Effectiveness of inactivated SARS-CoV-2
vaccines against the Delta variant infection in Guangzhou: a test-negative case-control real-world
study. Emerg Microbes Infect. 2021; 10(1):1751–9. https://doi.org/10.1080/22221751.2021.1969291
PMID: 34396940

37. Mallapaty S. WHO approval of Chinese CoronaVac COVID vaccine will be crucial to curbing pandemic.
Nature. 2021; 594(7862):161–2. https://doi.org/10.1038/d41586-021-01497-8 PMID: 34089030

38. Al Kaabi N, Zhang Y, Xia S, Yang Y, Al Qahtani MM, Abdulrazzaq N, et al. Effect of 2 Inactivated SARS-
CoV-2 Vaccines on Symptomatic COVID-19 Infection in Adults: A Randomized Clinical Trial. JAMA.
2021; 326(1):35–45. https://doi.org/10.1001/jama.2021.8565 PMID: 34037666

39. Wu Z, Hu Y, Xu M, Chen Z, YangW, Jiang Z, et al. Safety, tolerability, and immunogenicity of an inacti-
vated SARS-CoV-2 vaccine (CoronaVac) in healthy adults aged 60 years and older: a randomised, dou-
ble-blind, placebo-controlled, phase 1/2 clinical trial. Lancet Infect Dis. 2021; 21(6):803–12. https://doi.
org/10.1016/S1473-3099(20)30987-7 PMID: 33548194

40. Xia S, Zhang Y, Wang Y, Wang H, Yang Y, Gao GF, et al. Safety and immunogenicity of an inactivated
SARS-CoV-2 vaccine, BBIBP-CorV: a randomised, double-blind, placebo-controlled, phase 1/2 trial.
Lancet Infect Dis. 2021; 21(1):39–51. https://doi.org/10.1016/S1473-3099(20)30831-8 PMID:
33069281

41. US CDCCOVID-19 Vaccine Breakthrough Case Investogations Team. COVID-19 Vaccine Break-
through Infections Reported to CDC—United States, January 1-April 30, 2021. MMWR. 2021; 70
(21):792–3. https://doi.org/10.15585/mmwr.mm7021e3 PMID: 34043615

42. Brown CM, Vostok J, Johnson H, Burns M, Gharpure R, Sami S, et al. Outbreak of SARS-CoV-2 Infec-
tions, Including COVID-19 Vaccine Breakthrough Infections, Associated with Large Public Gatherings
—Barnstable County, Massachusetts, July 2021. MMWR. 2021; 70(31):1059–62. https://doi.org/10.
15585/mmwr.mm7031e2 PMID: 34351882

PLOS NEGLECTED TROPICAL DISEASES Transmission and containment of the SARS-CoV-2 Delta variant in Guangzhou

PLOSNeglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010048 January 5, 2022 15 / 16



1114 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

43. Brosh-Nissimov T, Orenbuch-Harroch E, ChowersM, Elbaz M, Nesher L, Stein M, et al. BNT162b2 vac-
cine breakthrough: clinical characteristics of 152 fully vaccinated hospitalized COVID-19 patients in
Israel. Clin Microbiol Infect. 2021; https://doi.org/10.1016/j.cmi.2021.06.036 PMID: 34245907

44. Jing QL, Liu MJ, Zhang ZB, Fang LQ, Yuan J, Zhang AR, et al. Household secondary attack rate of
COVID-19 and associated determinants in Guangzhou, China: a retrospective cohort study. Lancet
Infect Dis. 2020; 20(10):1141–50. https://doi.org/10.1016/S1473-3099(20)30471-0 PMID: 32562601

45. AdamDC,Wu P, Wong JY, Lau EHY, Tsang TK, Cauchemez S, et al. Clustering and superspreading
potential of SARS-CoV-2 infections in Hong Kong. Nat Med. 2020; 26(11):1714–9. https://doi.org/10.
1038/s41591-020-1092-0 PMID: 32943787

46. Lu J, Gu J, Li K, Xu C, SuW, Lai Z, et al. COVID-19 Outbreak Associated with Air Conditioning in Res-
taurant, Guangzhou, China, 2020. Emerg Infect Dis. 2020; 26(7):1628–31. https://doi.org/10.3201/
eid2607.200764 PMID: 32240078

PLOS NEGLECTED TROPICAL DISEASES Transmission and containment of the SARS-CoV-2 Delta variant in Guangzhou

PLOSNeglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010048 January 5, 2022 16 / 16



A group of researchers from the 
Medical School of the Istanbul 
University, in Turkey, concluded 
that in young people that 
receive CoronaVac, a vaccine 
from Butantan and the chinese 
pharmaceutic Sinovac against 
Covid-19, the rate of adverse 
effects after the immunization is 
three times lower than on those 
that receive vaccines made with 
messenger RNA (mRNA). The 
result was described in a study 
published at the International 
Journal of Rheumatic Diseases, 
and based on a one-year 
monitoring of 246 teenagers with 
an average age of 15.

From the 145 participants that 
received the mRNA vaccine, 107 
(74%) experienced adverse events 
related to the immunization. From 
the 32 that received CoronaVac, 
only seven (22%) reported adverse 
reactions. The most common 
symptoms were fatigue, headache, 
myalgia, arthralgia and fever.

Three individuals reported severe 
adverse events and they required 

hospitalization and additional 
treatment. A 20 year-old girl 
developed arterial hypertension 
after the second dose, a 12 year-
old girl presented a severe skin 
rash after the first dose, and a 
male teenager of 13 years of age 
developed presyncope due to 
hypotension after the first dose. 
None of them had received the 
CoronaVac vaccine.

Those results prove, once again, 
that the vaccine from Butantan 
and Sinovac is the one that has 
the best safety profile among the 
immunizers that are currently in 
use against Covid-19, in adults, 
elderly, children or teenagers.

In the investigated group there  
were 126 patients with 
autoinflammatory diseases, 54 
patients with juvenile idiopathic 
arthritis, 30 patients with 
connective tissue disease, nine 
with vasculitis and four with acute 
rheumatic fever. The control group 
had 23 healthy teenagers. From the 
volunteers, 214 patients received 
the mRNA vaccine, 28 received 
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CoronaVac and four received both 
vaccines. Before the immunization, 
44 individuals had contracted Covid-
19 and recovered, and four of them 
presented asymptomatic infection 
and the rest of them had just mild 
symptoms. The greater part of 
volunteers used medications regularly 
before the immunization and kept 
using it after receiving the vaccine.

According to the researchers, 
“our study indicates a safety 
profile acceptable of the vaccines 
against Covid-19 in our country 
(Turkey) and encourages the 
children with rheumatic diseases  
to be vaccinated”.

During the first days of the  
pandemic, the children were 
considered to have asymptomatic 
or mild cases of Covid-19, 
in contrast with the adults. 
However, an increasing number of 
pediatric cases with multisystem 
inflammatory syndrome, caused by 
SARS-CoV-2, have been described 
with devastating consequences, 
like hospitalization in intensive 
care units or even death. Therefore, 
strategies of vaccination must be 
well established for children, like it  
is for adults.
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Abstract
Objective: Considering the concerns regarding the coronavirus disease- 2019 
(COVID- 19) vaccine safety among pediatric patients with inflammatory rheumatic dis-
eases (IRD) due to a lack of data, an urgent need for studies evaluating safety profiles 
of vaccines emerged.
Methods: Among participants vaccinated by CoronaVac inactive SARS- CoV- 2 or 
BNT162b2 messenger RNA (mRNA) COVID- 19 (Pfizer- BioNTech) vaccine, healthy 
children under 18 and patients under 21 with an at least 1- year follow- up period in our 
department for a childhood- onset rheumatic disease were included into this cross- 
sectional study.
Results: Overall, 246 subjects (141 [57.3%] females) (biologic group: 43, non- biologic 
group: 180, healthy control group: 23) were eligible for the study. The median age was 
15.34 (12.02- 20.92) years. The most common adverse events were fatigue (n = 68, 
27.6%), headache (n = 44, 17.9%), myalgia (n = 38, 15.4%), arthralgia (n = 38, 15.4%), 
and fever (n = 35, 14.2%). Only 3 subjects (2 patients with familial Mediterranean 
fever, and one healthy child) were considered to experienced serious adverse events, 
since they required hospitalization. Local reactions were seen in 20 (8.13%), and 27 
patients (12.1%) had disease flares within 1 month after the vaccines. Although it was 
significantly higher in those who received the BNT162b2 mRNA vaccine (P < .001), 
there was no significant relationship between adverse event frequency and age, gen-
der, the existing diseases, ongoing treatment regimens and pre- vaccination COVID- 19 
histories.
Conclusion: Although immunogenicity studies for efficacy of the vaccines and long- 
term follow- up studies for adverse events monitoring are required, our study indi-
cates an acceptable safety profile of COVID- 19 vaccines and encourages children 
with IRD to be vaccinated.

K E Y W O R D S
COVID- 19, pediatrics, rheumatology, SARS- CoV- 2, vaccines
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1  |  INTRODUC TION

For almost 2 years, our planet has been suffering from coronavi-
rus disease- 2019 (COVID- 19) caused by a novel coronavirus named 
severe acute respiratory syndrome- Coronavirus- 2 (SARS- CoV- 2). 
Although scientists worldwide are mainly focused on the pandemic, 
there is still no available therapeutic option that may provide suf-
ficient cure, and COVID- 19 remains a significant global health 
concern. Thus, preventive strategies such as face masks, social dis-
tancing, personal hygiene, and vaccination come into prominence. 
Recently, several studies have shown newly developed vaccines to 
be effective and safe tools for the fight against COVID- 19.1,2

In the early days of the pandemic, children were considered to 
have an asymptomatic or a mild COVID- 19 disease course in con-
trast to adults.3 However, a growing number of pediatric cases with 
multi- system inflammatory syndrome in children (MIS- C) caused by 
SARS- CoV- 2 have been described with devastating consequences 
such as intensive care unit admission or even death.4,5 Therefore, 
vaccination strategies are needed to be well- established for chil-
dren, as well as for adults.

There is a vulnerable group such as immunocompromised pa-
tients among the pediatric population that merits to be prioritized for 
the vaccination. Patients with inflammatory rheumatic diseases (IRD) 
are considered to be in this group, due to their immune- disturbed 
conditions caused by their medications and chronic inflammatory 
states. However, it is still debated whether IRD increases the risk of 
severe COVID- 19 due to conflicting findings of current studies.6- 11

Although patients with IRD and those under immunosuppressive 
treatment were mainly excluded from the clinical trials of recent vac-
cines, they were widely vaccinated.12 Since they may be at increased 
risk of worse outcomes from vaccine- preventable diseases, and due 
to limited source of vaccines in most of the developing countries, 
they were considered to be a prioritized group by authorities.13,14 
Yet there is no sufficient safety data, particularly for the vaccination 
of children with IRD.

There are 2 different kinds of COVID- 19 vaccines, CoronaVac 
inactive SARS- CoV- 2 and BNT162b2 messenger RNA (mRNA) 
COVID- 19 (Pfizer- BioNTech), which are currently available in our 
country. Considering the concerns regarding COVID- 19 vaccine 
safety among pediatric patients with IRD due to a lack of data, an ur-
gent need for studies evaluating safety profiles of vaccines emerged. 
We designed this cross- sectional study to examine the vaccine- 
related adverse events among this group of patients.

2  |  MATERIAL S AND METHODS

2.1  |  Patients and data collection

In our country, in January 2021, healthcare professionals, and in 
February 2021, patients with chronic health conditions, those older 
than 18, were started to be vaccinated by 2 doses of CoronaVac 
inactive SARS- CoV- 2 with a 1- month interval. Afterward, the third 
dose was allowed for both groups in July 2021. Citizens were able 

to choose their vaccine type, as CoronaVac inactive SARS- CoV- 2 or 
BNT162b2 mRNA COVID- 19 (Pfizer- BioNTech). Finally, the fourth 
dose was approved for both groups in August 2021. Again, individu-
als were free to prefer their vaccine type.

In mid- August 2021, CoronaVac inactive SARS- CoV- 2 and 
BNT162b2 mRNA COVID- 19 vaccines started being administered to 
children older than 12 with chronic medical conditions and healthy 
children older than 15 in our country. Then, at the beginning of 
September 2021, vaccine administration against the novel corona-
virus was launched for all children under 12, regardless of their un-
derlying disease.

We conducted a web- based survey in mid- September 2021. 
Questionnaires regarding the data of the rheumatic diseases, 
COVID- 19 vaccination status, disease flares within 1 month after the 
vaccines, and experienced adverse events (due to vaccines) of the 
participants were prepared in Google Forms and circulated through 
several social media platforms.

Healthy children under 18 and patients under 21 with an at 
least 1- year follow- up period in our department for a childhood- 
onset rheumatic disease were included in the study. While data of 
the rheumatic patients were verified by their medical records, data 
of COVID- 19 vaccination status and experienced adverse events of 
the participants were verified by phone calls and national registries. 
Subjects whose data could not be verified by phone calls, registries or 
medical records were excluded from the study due to a lack of data.

Redness, warmth, regional pain, and tenderness at the injection 
site due to COVID- 19 vaccines were considered as local reactions. 
While permanent disabilities, hospitalization or an extended hospital 
stay (if vaccinated while in the hospital), life- threatening illness, birth 
defects (congenital anomalies), and death were considered severe 
adverse events, the rest of the adverse events were considered non- 
severe adverse events, based on the recommendations of Vaccine 
Adverse Event Reporting System (VAERS) which is co- managed by 
the Centers for Disease Control and Prevention and the US Food 
and Drug Administration.15

Subjects were categorized into 3 different groups. Children with 
no underlying disease were considered the healthy control group. 
While rheumatic patients who were receiving at least one of the bi-
ologic agents such as etanercept, infliximab, adalimumab, anakinra, 
canakinumab, tocilizumab, and rituximab during their vaccination 
periods were considered the biologic group, the rest of the rheu-
matic patients were considered the non- biologic group.

The institutional ethics committee of our center approved the 
study protocol (03/09/21- 29430533- 903.99- 175245). The recom-
mendations of the Declaration of Helsinki for biomedical research 
involving human subjects were followed. At least one of the family 
members of all the participants provided informed consent.

2.2  |  Statistical analysis

The statistical analysis was performed using SPSS for Windows, 
version 21.0 (SPSS Inc). Categorical variables were expressed as 
numbers (percentages). Ages of the patients were given as median 1118 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA
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(minimum- maximum), based on their distribution which was meas-
ured by using the Kolmogorov- Smirnov test. Categorical variables 
were compared by using Chi- square test or Fisher's exact test, when 
available. Ages of the patients were compared using the Mann- 
Whitney U or Kruskal- Wallis test, when appropriate. Statistical sig-
nificance was defined as P <.05. Prism software (Prism 8, GraphPad 
Software) was used to analyze and graph data.

3  |  RESULTS

3.1  |  Study population

Following the link of our web- based survey that was shared on our 
clinic's online social media platforms, 466 participants fulfilled the 
questions. Those who stated that they were not vaccinated (n = 181) 
were not included in the study. Among those who stated they were 
vaccinated, those who could not be reached by phone (n = 19), 
whose follow- up period was <1 year (n = 8) and whose data could 
not be verified via the national registries, medical records of our de-
partment or phone calls (n = 12) were excluded.

Finally, 246 subjects (141 females) were eligible for the study. The 
median age was 15.34 (12.02- 20.92) years. Twenty- three participants 
whose parents stated in the survey that they did not have any chronic 
diseases, and whose medical records were checked and confirmed by 
phone calls that they did not have any underlying disease or long- term 
medication were considered the healthy control (HC) group.

In the study group there were 126 patients with autoinflam-
matory diseases (AID) (familial Mediterranean fever [FMF], 123; 
cryopyrin- associated periodic syndrome [CAPS], 2; Blau syndrome 
[BS]), 54 patients with juvenile idiopathic arthritis (JIA) (oligoarticu-
lar JIA [oJIA], 43; juvenile spondylarthritis [jSPA], 8; polyarticular JIA 
[pJIA]), 30 patients with connective tissue disease (CTD) (systemic 
lupus erythematosus [SLE], 16; dermatomyositis [DM], 10; sclero-
derma, 3; Sjögren’s syndrome, 1), 9 patients with vasculitis (Behçet’s 
disease [BD], 2; deficiency of adenosine deaminase 2 [DADA2], 
2; Takayasu arteritis [TA], 2; granulomatous polyangiitis [GPA], 1; 
Henoch- Schönlein purpura [HSP], 2; Kawasaki disease [KD]) and 4 
patients with acute rheumatic fever (ARF) (Table 1).

During their vaccination periods, 128 patients were receiving 
colchicine (FMF, 123; CAPS, 2; BD, 2; DADA2, 1); 49 conventional 
disease- modifying antirheumatic drugs (cDMARDs) (methotrexate 
[MTX], 22 [JIA, 12; DM, 7; scleroderma, 2; SLE, 1]; hydroxychloro-
quine [HCQ], 21 [SLE, 16; DM, 3; Sjögren, 1; scleroderma, 1]; leflun-
omide, 10 [JIA; 9; SLE, 1]; mycophenolate mofetil [MMF]; 6 [SLE, 3; 
scleroderma, 2; DM, 1]; cyclosporine; 3 [DM; 3]; cyclophosphamide, 
1 [SLE; 1]), 43 biologic disease- modifying antirheumatic drugs (bD-
MARDs) (etanercept, 16 [JIA, 12; DM, 2; DADA2, 2]; adalimumab, 
10 [JIA, 10]; canakinumab, 8 [FMF, 7; CAPS, 1]; tocilizumab, 6 [JIA; 
2; TA, 2; scleroderma, 2]; anakinra, 2 [FMF, 1; CAPS, 1]; rituximab, 
1 [SLE, 1]); 21 systemic steroids (JIA, 10; SLE, 6; DM, 2; DADA2, 1; 
BD, 1; scleroderma, 1); and 6 patients were receiving acetyl- salicylic 
acid (SLE, 5; DADA2, 1) (Table 1). Four patients with ARF were under 

penicillin prophylaxis. Twenty- two patients with IRD excluding the 
ARF were in remission, and they were not receiving any treatment 
except non- steroidal anti- inflammatory drugs.

Before their vaccinations, 44 subjects recovered from COVID- 19 
(FMF, 18; JIA, 9; HC, 7; SLE, 5; ARF, 3; DM, 1; GPA, 1) (Table 1). While 
4 of the recovered ones (HC, 2; JIA, 1; SLE, 1) had asymptomatic 
infection, the rest had mild COVID- 19 symptoms. None of them had 
a severe clinical course.

While 214 subjects received BNT162b2 mRNA vaccine (FMF, 
106; JIA, 49; HC, 19; SLE, 14; DM, 10; ARF, 4; CAPS, 2; scleroderma, 
2; KD, 1; HSP, 1; BD, 1; DADA2, 1; Sjögren, 1; TA, 1; GPA, 1; BS, 1), 
28 received inactivated SARS- CoV- 2 vaccine (FMF, 16; JIA, 5; HC, 3; 
SLE, 2; DADA2, 1; scleroderma, 1), and 4 received both (FMF, 1; BD, 
1; TA, 1; HC, 1) (Table 1).

Out of 246 subjects, 145 received a single dose of BNT162b2 
mRNA vaccine, 19 received a single dose of inactivated SARS- CoV- 2 
vaccine, 69 received double doses of BNT162b2 mRNA vaccine, 8 
received double doses of inactivated SARS- CoV- 2 vaccine, 3 re-
ceived double doses of inactivated SARS- CoV- 2 vaccine plus a single 
dose of BNT162b2 mRNA vaccine, 1 received double doses of inac-
tivated SARS- CoV- 2 vaccine plus double doses of BNT162b2 mRNA 
vaccine, and 1 received 3 doses of inactivated SARS- CoV- 2 vaccine.

3.2  |  Adverse events

COVID- 19 vaccine- related adverse events reported by the partic-
ipants and their families were as follows: fatigue (n = 68, 27.6%), 
headache (n = 44, 17.9%), myalgia (n = 38, 15.4%), arthralgia (n = 38, 
15.4%), fever (n = 35, 14.2%), nausea- vomiting (n = 19, 7.7%), diar-
rhea (n = 16, 6.5%), anorexia (n = 16, 6.5%), chest pain (n = 14, 5.7%), 
abdominal pain (n = 11, 4.5%), rhinorrhea (n = 8, 3.3%), arthritis 
(n = 8, 3.3%), cough (n = 8, 3.3%), dyspnea (n = 6, 2.4%), throat ache 
(n = 5, 2%), rash (n = 3, 1.2%), anosmia (n = 2, 0.8%), hypertension 
(n = 1, 0.4%), and hypotension (n = 1, 0.4%) (Figure 1).

Three subjects were considered to have severe adverse events, 
since they required hospitalization and additional treatment: 
20.2 years- aged female patient with FMF who developed hyperten-
sion (2 weeks remained) after the second dose of BNT162b2 mRNA 
vaccine; 12.1 years- aged female with no underlying disease who 
experienced severe rash after the first dose of BNT162b2 mRNA 
vaccine; and 13.7 years- aged male patient with FMF who developed 
pre- syncope due to hypotension after the first dose of BNT162b2 
mRNA vaccine.

All the adverse events but hypertension recovered in THE first 
4 days. There was no adverse event after the administration of the 
second dose of CoronaVac inactive SARS- CoV- 2 vaccine. Adverse 
event frequencies according to days and vaccine doses are given in 
Figure 2. Local reactions after the vaccines were seen in 20 subjects 
(JIA, 8; FMF, 7; HC, 3; DM, 1; BS, 1). Local reaction frequencies ac-
cording to vaccine doses are also given in Figure 2.

Twenty- seven patients experienced disease flare within 1 month 
after the vaccination (after the first dose of BNT162b2 mRNA 
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vaccine, 17; after the second dose of BNT162b2 mRNA vaccine, 7; 
after the first dose of CoronaVac inactive SARS- CoV- 2 vaccine, 3) 
(FMF, 15; JIA, 10; SLE, 2). Among those who experienced disease 
flare, all patients with FMF presented with typical attacks (fever, ab-
dominal pain, chest pain, and/or arthralgia), and all JIA patients de-
veloped new- onset arthritis. In addition to increased inflammatory 
markers, 1 of 2 patients with SLE had cutaneous involvement, and 
bicytopenia was seen in the other.

3.3  |  Comparison of the participant groups

There were no significant differences between the HC group, bio-
logical group and non- biological group in terms of age, gender, vac-
cine types, and frequencies of pre- vaccination COVID- 19 histories, 
local reactions and adverse events. Moreover, the frequency of dis-
ease flares within 1 month after vaccines was not different between 
the biological group and the non- biological group. Detailed data Are 
given in Table 2.

3.4  |  Assessment of the risk factors for vaccine- 
related adverse events

There was no significant relationship between adverse event fre-
quency and age, gender, the existing diseases, ongoing treatments 
(except acetylsalicylic acid [ASA]) and pre- vaccination COVID- 19 
histories. While the adverse event frequency was significantly lower 
in those who were receiving ASA during their vaccination period 
(P = .037), it was significantly higher in those who received the 
BNT162b2 mRNA vaccine (P < .001). Detailed data were given in 
Table 3.

4  |  DISCUSSION

Out of 246 participants, 107 (43.5%) experienced COVID- 19 
vaccine- related adverse events in this study. Adverse events were 
seen after vaccine administration in 100 of 218 mRNA vaccines and 
7 of 32 inactive vaccines. Since they required hospitalization, 2 pa-
tients with FMF under colchicine treatment and a healthy child were 
considered to have severe adverse events, and the remaining 104 
were non- severe. All 3 occurred due to mRNA vaccines, and none 
of those with severe adverse events were under bDMARDs or cD-
MARDs treatment.

There was no significant differences between HC, non- biologic, 
and biologic groups with regard to the frequencies of vaccine- related 
adverse events and local reactions. However, the non- biologic group 
in the study was highly heterogeneous because it included patients 
in remission and patients receiving therapies that potentially alter 
the vaccine responses due to their B cell depletion effects, such as 
CYC or MMF.16- 18 Thus, sub- analyses were not possible in this study 
due to low number of patients.
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While adverse events were significantly more common among 
the subjects who received the mRNA vaccine than those who re-
ceived the inactive vaccine, there was no significant impact of age, 
gender, the existing diseases, ongoing treatments including DMARDs, 
and pre- vaccination COVID- 19 histories on the adverse event fre-
quency. The most common adverse events were fatigue, headache, 
myalgia, arthralgia, and fever, respectively. Local reactions were 
seen in 20 (8.13%) participants. Consistent with our findings, fatigue, 
headache, and muscle or joint pain were the most common vaccine- 
related systemic symptoms in the studies that enrolled adult patients 
with IRD.19,20 Similarly, to the original phase 3 trial of the BNT162b2 
COVID- 19 mRNA vaccine, local pain in the injection site, fatigue and 
headache were the most common adverse events in a study that in-
volved healthy adults and adult patients with SLE and rheumatoid ar-
thritis. While reactogenicity was more frequent in the patient group, 
adverse events were not more severe than in the control group.21

Out of 27 (11%) patients who had disease flare within a 1- month 
period after the vaccines, those with JIA and MCTD required treat-
ment modification, unlike 15 patients with FMF. Moreover, disease 
flare frequency was not different between biologic and non- biologic 
groups. Among the studies conducted in adult patients with IRD, 
while disease flare rate was 13.4% in the COVID- 19 Global Alliance 
of Rheumatology Vaccine Study, it was reported as 5% in a study 
supported by the European League Against Rheumatism COVID- 19 

Vaccine Registry.19,22 For accurate data regarding the disease 
flares, studies involving disease activity scores in all age groups are 
required.

Frequencies of local and systemic reactions caused by BNT162b2 
COVID- 19 mRNA vaccines were noted as 74% and 19%, respec-
tively, in a recent study that involved 21 adolescents with JIA aged 
16- 21 years under anti- tumor necrosis factor (anti- TNF) treatment. 
Disease flares or serious adverse events were seen in none of the 
subjects. Although this study had a limited count of patients, it pro-
vided the first data on the vaccination of adolescent with IRD.23 In 
our cohort, adverse events were seen in 10 of 26 patients under anti- 
TNF treatment and 21 of 54 patients with JIA, and similarly, none of 
them were serious.

In a phase 4 trial that evaluated immunogenicity and safety of 
the CoronaVac inactivated vaccine in adult patients with IRD, the 
most common systemic reactions were somnolence, headache, fa-
tigue, and arthralgia, and none of them were moderate or severe. 
Systemic reaction frequencies after the first and second dose of 
the vaccine were 43.3%, and 33.4%, respectively.24 Apart from 
local reactions, adverse events such as diarrhea, myalgia, arthritis, 
anosmia, anorexia, abdominal pain, rash, chest pain, and headache 
were seen in 7 of 32 CoronaVac inactivated vaccine administrations 
in our study. None of them remained for more than 2 days, and 
none of them were seen after the second dose. Consistent with the 

F I G U R E  1  SARS- CoV- 2 vaccination- related adverse events among our participants
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F I G U R E  2  Adverse event frequencies according to days and vaccine types

TA B L E  2  Comparison between the characteristics of healthy children, biologic group, and non- biologic group

Healthy control group
(n = 23)

Non- biologic group
(n = 180)

Biologic group
(n = 43) P

Age, y (median, min- max) 15.67 (12.04- 19.94) 15.14 (12.02- 20.72) 16.09 (12.19- 20.92) .124

Gender

Female, n (%) 10 (43.5%) 106 (58.9%) 25 (58.1%) .369

Male, n (%) 13 (56.5%) 74 (41.1%) 18 (41.9%)

Pre- vaccination COVID- 19 history

Yes, n (%) 7 (30.4%) 28 (15.6%) 9 (20.9%) .182

No, n (%) 16 (69.6%) 152 (84.4%) 34 (79.1%)

Vaccination type

mRNA, n (%) 19 (82.6%) 160 (88.9%) 35 (81.4%) .301

Inactive, n (%) 3 (13.0%) 18 (10.0%) 7 (16.3%)

Mix, n (%) 1 (4.3%) 2 (1.1%) 1 (2.3%)

Local reaction

Yes, n (%) 3 (13.0%) 14 (7.8%) 3 (7.0%) .581

No, n (%) 20 (87.0%) 166 (92.2%) 40 (93.0%)

Disease flare within 1 montha

Yes, n (%) - 21 (11.7%) 6 (14.0%) .680

No, n (%) - 159 (88.3%) 37 (86.0%)

Adverse events

None, n (%) 12 (52.2%) 101 (56.1%) 26 (60.5%) .579

Non- severe, n (%) 10 (43.5%) 77 (42.8%) 17 (39.5%)

Severe, n (%) 1 (4.3%) 2 (1.1%) 0 (0.0%)

aHealthy control group was not included into this analysis.
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TA B L E  3  Comparison of the patients with and without COVID- 19 vaccine- related adverse events according to the baseline 
characteristics

Adverse events

P
Yes
(n = 107)

No
(n = 139)

Age, y (median, min- max) 15.55 (12.02- 20.92) 15.11 (12.18- 20.72) .376

Gender

Female, n (%) 65 (60.7%) 76 (54.7%) .340

Male, n (%) 42 (39.3%) 63 (45.3%)

Disease

Healthy control, n (%) 11 (10.3%) 12 (8.6%) .323

Patients with AID, n (%) 58 (54.2%) 68 (48.9%)

FMF, n 57 66

CAPS, n 1 1

BS, n - 1

Patients with JIA, n (%) 21 (19.6%) 33 (23.7%)

oJIA, n 15 28

jSPA, n 4 4

pJIA, n 2 1

Patients with CTD, n (%) 9 (8.4%) 21 (15.1%)

SLE, n 4 12

DM, n 4 6

Scleroderma, n 1 2

Sjögren, n - 1

Patients with vasculitis, n (%) 6 (5.6%) 3 (2.2%)

BD, n 2 - 

DADA2, n 1 1

TA, n 1 1

GPA, n 1 - 

HSP, n - 1

KD, n 1 - 

Patients with ARF, n (%) 2 (1.9%) 2 (1.4%)

Presence of a rheumatic disease, n (%) 96 (89.7%) 127 (%91.4) .827

Ongoing treatments

Colchicine, n (%) 60 (56.1%) 68 (48.9%) .266

Steroid, n (%) 10 (9.3%) 11 (7.9%) .819

ASA, n (%) 0 (0.0%) 6 (4.3%) .037

bDMARDs, n (%) 17 (15.9%) 26 (18.7%) .684

Anakinra, n - 2

Canakinumab, n 4 4

Tocilizumab, n 3 3

Etanercept, n 5 11

Adalimumab, n 5 5

Rituximab, n - 1

cDMARDs, n (%)a 18 31

MTX, n 11 11

Leflunomide, n 3 7
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previously mentioned phase 4 trial, none of them were considered 
serious. Although inactive vaccines are generally safe, there are con-
cerns regarding the sufficient immunogenicity in patients with IRD, 
based on current findings.25

In order to achieve sufficient immunogenicity, although not 
contraindicated, the American College of Rheumatology (ACR) cur-
rently recommended withholding MTX, MMF and cyclophospha-
mide for 1- 2 weeks following each COVID- 19 dose in patients with 
well- controlled disease. This approach is mainly based on data from 
previous studies conducted with other vaccines, such as influenza 
and pneumococci.14 However, findings of a recent study do not sup-
port temporarily cessation of MTX during vaccination in terms of 
seropositivity.26 Due to the lack of data in the first days of the mass 
vaccination schedules and the concerns of the families regarding the 
disease activities, none of our patients discontinued their medica-
tion during the vaccination process. Adverse events per vaccine ad-
ministration rates of the patients under treatment with MTX, MMF 
and cyclophosphamide were 11/22, 3/6, and 1/1, respectively. 
Although there was no safety issue in these patients because none 
of the adverse events were severe, further studies evaluating ac-
ceptable immunogenicity by measuring antibody levels are required.

Due to its B cell depletion effect, rituximab is another medical 
option that was recommended to be stopped during vaccination 
in the current ACR guidelines. It was proposed that, if the disease 
activities allow, the next rituximab cycle for patients must be de-
layed to 2- 4 weeks after the final vaccine dose, to achieve accept-
able antibody levels.14 A recent study verified these suggestions by 
showing significantly impaired immunogenicity in patients receiving 
rituximab.26 However, since both T cells and B cells have a pivotal 

role in the fight against SARS- CoV- 2, it remains unclear whether vac-
cines may protect patients with an impaired humoral response.27,28 
Moreover, rituximab was shown to be significantly associated with 
severe COVID- 19 disease course.29

In our cohort, there was only one patient under rituximab treat-
ment during the vaccination period. He was a 16- year- old partially 
controlled SLE patient. In addition to rituximab, he was receiving 
MMF and HCQ. He had a COVID- 19 infection history with mild 
to moderate symptoms before the vaccination. Therefore, he and 
his family had enormous concerns regarding re- infection with se-
vere symptoms. He was vaccinated by double dose of CoronaVac 
inactivated vaccine based on his choice, and neither disease flares 
nor any adverse events were seen. Although he received his regular 
rituximab schedule with 1- month delay in line with current recom-
mendations, we planned to examine him in terms of immunogenicity.

Vaccine hesitancy rapidly raised due to growing number of 
cases who developed vaccine- related severe or permanent adverse 
events such as myocarditis, hypertension, acute respiratory failure, 
septic shock, sudden hearing loss, and thromboembolic events.30- 33 
Therefore, studies like ours that present a well- documented safety 
profile even in patients with IRD as a vulnerable group may amelio-
rate the concerns.

There are notable limitations in our study. First, dosages of immu-
nosuppressive treatments of our patients are not available. Second, 
we did not assess the exact duration of the patients' medications and 
their disease activities. Third, given that the survey method was used 
as the first step for gathering data, selection bias may have occurred 
due to the possible willingness of the individuals who experienced 
adverse events for filling the questionnaire. Fourth, considering the 

Adverse events

P
Yes
(n = 107)

No
(n = 139)

Cyclosporine, n 3 - 

Cyclophosphamide, n 1 - 

HCQ, n 5 16

MMF, n 3 3

COVID- 19 history before vaccination, n (%)

Yes, n (%) 19 (17.8%) 25 (%18) 1

No, n (%) 88 (82.2%) 114 (%82)

Vaccination typeb

mRNA, n 100 118 <.001

Inactive, n 7 25

Abbreviations: AIDs, autoinflammatory diseases; ARF, acute rheumatic fever; ASA, acetylsalicylic acid; BD, Behçet disease; bDMARDs, biologic 
disease- modifying antirheumatic drugs; BS, Blau syndrome; CAPS, cryopyrin- associated periodic syndromes; cDMARDs, conventional disease- 
modifying antirheumatic drugs; CTD, connective tissue disease; DADA2, Deficiency of Adenosine Deaminase 2; DM, dermatomyositis; FMF, familial 
Mediterranean fever; GPA, granulomatous polyangiitis; HCQ, hydroxychloroquine; HSP, Henoch- Schönlein purpura; JIA, juvenile idiopathic arthritis; 
jSPA, juvenile spondylarthritis; KD, Kawasaki disease; MMF, mycophenolate mofetil; MTX, methotrexate; oJIA, oligoarticular juvenile idiopathic 
arthritis; pJIA, polyarticular juvenile idiopathic arthritis; SLE, systemic lupus erythematosus; TA, Takayasu arteritis.
aTotal of cDMARDs rows are not equal to cDMARDs columns due to several patients being under poly- cDMARDs treatment.
bFour patients received both vaccination types; 3 experienced adverse events after mRNA vaccination, and 1 did not experience any adverse events.

TA B L E  3  (Continued)
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difficulty of sub- analyses due to a low number of patients, although 
CYC and MMF are known to potentially alter vaccine response, they 
were included in the non- biologic group. Although we did not as-
sess the intervals between vaccination times and COVID- 19 infec-
tion histories of the subjects, we know that our Ministry of Health 
regulations do not allow infected individuals to be vaccinated within 
the first 6 months. The main strength of the study is that this is the 
first one which evaluates adolescents and young adults with a broad 
spectrum of IRD in terms of vaccine- related adverse events.

In conclusion, our study indicates an acceptable safety profile of 
COVID- 19 vaccines available in our country and encourages children 
with IRD to be vaccinated. Thus, prospective immunogenicity stud-
ies evaluating the efficacy of the vaccines and long- term follow- up 
studies for adverse events monitoring are required.
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A study of vaccination with 
CoronaVac made by scientists 
of the Adolfo Lutz Institute, from 
the Infectology Institute Emílio 
Ribas and the State Secretariat of 
Health from São Paulo concluded 
that CoronaVac is safe and 
immunogenic for children. The 
research was realized with 27 
brazilians, with age between seven 
months and five years, that received 
the vaccine from Butantan and 
the chinese pharmaceutic Sinovac 
in inadvertent way in the cities of 
Diadema and Itirapina, located in 
the state of São Paulo. Only one of 
them presented mild symptoms, 
without any other important 
adverse events registered during 
the monitoring of 30 days.

The children that took part in the 
study sought for basic units of health 

to receive the influenza vaccine but 
ended up receiving CoronaVac by 
mistake. The event was immediately 
communicated to the secretaries of 
health of each county and, about 
the adverse event, to the vigilance 
vaccinal system. The Epidemiologic 
Vigilance Center of the State 
Secretariat of Health from São 
Paulo (CVE) and the Adolfo Lutz 
Institute attended to the secretaries 
of Itirapina and Diadema.

The 27 children vaccinated with 
only one dose were monitored by 
pediatricians, who collected samples 
of blood in the first appointment (nine 
days after the vaccination) and 30 
days after the immunization. The only 
child that reported adverse effects 
was two years old and presented 
coryza in the first appointment after 
the vaccination.
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All the children were tested for 
SARS-CoV-2 S1 serology with total 
protein Ortho IgG anti-S1 and 
Cpass, a method that allows a 
quick detection of total neutralizing 
antibodies. Five of them had titers 
of total proteins IgG superior to 
1.0 (tests of reagent) between 
three and nine days after the 
vaccination. From the total, 19 had 
the blood collected 30 days after 
the application and also presented 
titers of total IgG Spike Proteins 
superior to 1.0. Four from the five 
children that presented a positive 
test in the first appointment were 
tested again one month after 
the immunization and presented 
an increase in the total IgG spike 
protein anti S1, going from an 
average of 10,4 to 20,5.

The objectives of the study were to 
describe the response of the health 
public system to a programmatic 
error and to monitor the safety, 
tolerability and seroconversion of 
the vaccine through the detection 
of the total amount of IgG 
antibodies against the Spike protein 
after the vaccination of children 
with CoronaVac.
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 |  1129O QUE A CIÊNCIA COMPROVA  | CORONAVAC      



Rev Inst Med Trop São Paulo. 2021;63:e83 Page 1 of 5

BRIEF COMMUNICATION
http://doi.org/10.1590/S1678-9946202163083

This is an open-access article distributed under the 
terms of the Creative Commons Attribution License.

1Secretaria de Estado da Saúde de 
São Paulo, Coordenadoria de Controle 
de Doenças, Centro de Vigilância 
Epidemiológica “Prof. Alexandre Vranjac”, 
Divisão de Imunização, São Paulo, São 
Paulo, Brazil

2Instituto de Infectologia Emílio Ribas, São 
Paulo, São Paulo, Brazil

3Instituto Adolfo Lutz, Centro de Imunologia, 
São Paulo, São Paulo, Brazil

4Universidade de São Paulo, Faculdade 
de Medicina, Departamento de Moléstias 
Infecciosas e Parasitárias, São Paulo, São 
Paulo, Brazil

5Universidade de São Paulo, Instituto de 
Medicina Tropical de São Paulo, São Paulo, 
São Paulo, Brazil

6Instituto Adolfo Lutz, Centro de Virologia, 
São Paulo, São Paulo, Brazil

Correspondence to: Eder Gatti Fernandes, 
Secretaria de Estado da Saúde de 
São Paulo, Coordenadoria de Controle 
de Doenças, Centro de Vigilância 
Epidemiológica “Prof. Alexandre Vranjac”, 
Divisão de Imunização, Av. Dr Arnaldo, 351, 
6º andar, Pacaembu, CEP 01246-000  
São Paulo, SP, Brazil 
Tel: +55 11 3066-8779

E-mail: edergatti@saude.sp.gov.br

Received: 13 August 2021

Accepted: 4 October 2021

Safety and immunogenicity of an inactivated SARS-CoV-2 
vaccine (CoronaVac) in inadvertently vaccinated healthy 

children

Eder Gatti Fernandes 1,2, Giselle Ibette Silva López-Lopes 3, Valeria 
Oliveira Silva 3, Rosemeire Yamashiro 3, Karen Cristina Rolim  
Madureira 2, Juliana Failde Gallo 2, José Angelo Lindoso 2,4,5, Helena  
Keico Sato 1, Núbia Virginia D’Avila Limeira de Araujo 1, Maria Ligia 
Bacciotte Ramos Nerger 1, Luis Fernando Macedo Brigido 6

ABSTRACT

Twenty-seven children aged seven months to 5 years were inadvertently vaccinated 

with a COVID-19 vaccine, the CoronaVac (Sinovac, China), an inactivated SARS-CoV-2 

vaccine, in two different cities of Sao Paulo State, Brazil. After the event, these children 

were monitored by local pediatricians and serum samples were collected at the first visit 

and 30 days after vaccination and tested for SARS-CoV-2 S1 serology with Ortho total IgG 

anti-S1 protein and Cpass, an ACE2 receptor binding domain inhibition assay. Only one child 

had a mild symptom after vaccination, with no other adverse events documented up to the 

30 days follow-up. Of 27 children tested 3-9 days after vaccination, 5 (19%) had positive 

serology suggesting a previous natural SARS-CoV-2 infection, with all 19 tested on day 30 

after vaccination and presenting with positive tests, with an increment of antibody titers in 

those initially positive. A low Cpass binding inhibition was observed in the first collection 

in 11 seronegative cases, with high titers among those anti-S1 positive. All children showed 

an important increase in antibody titers on day 30. The event allowed the documentation of 

a robust serological response to one dose of CoronaVac in this small population of young 

children, with no major adverse effects. Although it was an unfortunate accident, this 

event may contribute with future vaccine strategies in this age group. The data suggest that 

CoronaVac is safe and immunogenic for children. 

KEYWORDS: COVID-19 vaccines. Adverse events. Brazil.

INTRODUCTION

On May 22nd, 2021, 27 healthy children were inadvertently vaccinated with 
a COVID-19 vaccine CoronaVac, instead of receiving the influenza vaccine in a 
primary health care unit in Itirapina, a small city in the countryside of Sao Paulo 
State, Brazil. One day later (May the 23rd), the same error happened in Diadema, 
a city located in the metropolitan area of Sao Paulo city, where five children were 
also inadvertently vaccinated with CoronaVac. 

CoronaVac is an inactivated SARS-CoV-2 vaccine developed by Sinovac Life 
Sciences (Beijing, China), which has been used among adults aged ≥18 years in 
Brazil, since January 2021. This vaccine is produced by Sinovac in partnership with 
the local public vaccine manufacturer Butantan1. Over 40 million doses of CoronaVac 
had already been administered by the end of June 2021 all over the country2.
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The vaccination error was promptly reported to the 
health department of each municipality and, in relation to 
adverse events, to the vaccination surveillance system. The 
Epidemiological Surveillance Center of Sao Paulo State 
(CVE) and the Adolfo Lutz Institute assisted the health 
departments of Itirapina and Diadema. The objectives were 
to describe the public heath response to a programmatic 
error and to monitor the vaccine safety, tolerability and 
seroconversion by detecting the total amount of IgG 
antibodies against SARS-CoV-2 S1 spike protein after the 
vaccination of children with CoronaVac. 

MATERIALS AND METHODS

The children who had been inadvertently vaccinated 
with CoronaVac (Sinovac Life Sciences, Beijing, China) 
were monitored by pediatricians in primary health care 
units for 30 days, to receive medical assistance if any sign or 
symptom appeared. Reports of their health conditions were 
sent to the health department of each municipality. Three 
visits were scheduled for medical evaluation, right after the 
event recognition (error in the vaccine used), at 15th and 30th 
day after vaccination. To inform the families and local health 
workers caring for these children of their serological status, 
two registered assays, available at State public laboratories 
were used. Blood samples were taken on the first medical 
evaluation (3-9 days after the event) and on the 30th day 
after the vaccination event. The presence of antibodies for 
SARS-CoV-2 were detected using (i) a chemiluminescent 
microparticle assay (VITROS® Anti-SARS-CoV2, Ortho 
Clinical Diagnostics, United Kingdom) which detects the 
domain of the S1 (spike) antigen, considering sororeactive 
for SARS-CoV-2 antibodies samples with titers >1.0 and; 
(ii) the evaluation of antibodies able to interfere with the 
RBD-ACE2 interaction (RBI), measured by cPass (SARS-
CoV-2 Neutralization Antibody Detection kit, GenScript, 
USA), both test performed following the manufacturer’s 
instructions. The test was considered positive for the 
presence of neutralizing antibodies for SARS-CoV-2 when 
an inhibition titer ≥ 20% is obtained, and samples are 
assigned as presenting with low inhibition when percentages 
from 5% to 20% inhibition are detected. 

All clinical information and laboratory tests results were 
registered in each case, reporting the clinical manifestations 
of adverse events to the health departments and to the 
programmatic error surveillance system. 

The approach to these children occurred only after the 
detection of the error in the type of vaccine used, when their 
parents were contacted and informed about the vaccination 
error. All children were evaluated by local health workers 
and upon demand of parents and local health authorities, 

blood samples were collected to perform the serological 
assays. Those that agreed to participate in the serological 
evaluation were oriented to return after 30 days after 
vaccination for retesting. The present investigation was 
the official response to a public health crisis, thus it did not 
require the approval of an ethical council. 

RESULTS

Table 1 shows the characteristics of CoronaVac 
vaccinated children. From the total of 27 children, 52% 
were male, with ages ranging from 7 months to 5 years. 
Only one 2-years-old child presented a symptom (running 
nose) during the first visit, nine days after vaccination. No 
other symptoms were reported among the infants in the 30 
days following the vaccination.

All children (n=27) were tested at the first visit for 
S1 antibodies and 5 (18.5%) had total S1 spike protein 
IgG titer higher than 1.0 (reagent tests) 3-9 days after 
vaccination. Nineteen had blood collected 30 days after 
vaccination and all of them had total S1 spike protein 
IgG titers higher than 1.0 (reagent tests). Four of the five 
children who presented reagent tests at the first visit were 
retested on the 30th day after vaccination, all showing an 
increased total IgG anti S1 spike protein, going from a 
mean of 10.4 to a mean value of 20.5. About half (47%, 
9/19) tested for the receptor binding domain inhibition 
(RBI) showed results above 20%, but most had a low 
binding inhibition ( 5-20%), with only three cases, all S1 
seropositive, with high titers (over 90% inhibition). On 
the 30th day, 12/13 tested children had titers above 30%, 
with a median titer of 45% (IQR 36-65). Titers of S1 have 
also increased from the initial collection up to the 30th day, 
from 0.1 (IQR 0-0.3) to 7.9 (5.5-11.2). 

DISCUSSION 

No COVID-19 vaccines are authorized in Brazil, so far, 
for use in children under the age of 12 years. However, a 
phase 2 study has already assessed the safety, tolerability 
and immunogenicity of CoronaVac in the population aged 
3 to 17 years3. 

We presented a response to a programmatic error 
situation. Despite the vaccination error, all monitored 
children did not show adverse events following the 
immunization. The analyses from phase 1–3 trials have 
shown that CoronaVac was safe in adults aged 18 years and 
older4. A Phase 1-2 study evaluated children and adolescents 
aged 3 to 17 years vaccinated with CoronaVac and showed 
that 27% of the vaccinated participants reported at least one 
adverse event within 28 days of vaccination3. All adverse 
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events were non-severe, and the most common reactions 
were pain at the injection site and fever3.

All tested children showed an increase in total S1 spike 
protein IgG antibodies 30 days following the vaccination. 
Although some children already had antibodies at the time 
of the initial blood collection, presumably due to previous 
asymptomatic, unrecognized infection by SARS-CoV-2.   
When these previously positive children were tested 30 days 
after the vaccination, they showed an increment in IgG 
binding antibody units at the second blood sampling. As no 
infection during the observation period was documented, 
and if they had occurred, they would unlikely affect all 
children, one can assume that the immunological response 
was generated by the vaccine. The receptor binding 

inhibition, a functional assay to evaluate the ability of serum 
samples to interfere with the binding of the viral receptor 
binding domain of the S1 protein with the cellular receptor 
ACE-2, showed some inhibition (from 5 to 20%) in 11 
children that did not had total anti S1 IgG antibodies5. The 
titers were however low and may represent either unspecific 
reactivity or a previous exposure to other coronaviruses. 
The limited information of the test in particular in this age 
group, does not allow us to come to any conclusion, but all 
retested children on the 30th day after vaccination showed 
important increments in RBI titers, with only one case below 
30% inhibition as can be seen in Table 1. These two assays 
have been evaluated in comparison with other diagnostic 
tests and have shown an adequate performance6. Although 

Table 1 - Demographic and serological results from children inadvertently vaccinated with CoronaVAc (one dose), Sao Paulo State, 
Brazil, 2021.

Sex Age (months) DV 1 DV 2 S1 Ab 1 S1 Ab 2 RBI 1 RBI 2

Female 22 4 NA 0.01 NA 5.00 NA

Female 28 4 30 0.00 6.49 19.61 30.95

Female 42 4 30 3.11 19.00 39.90 NA

Female 69 4 NA 0.01 NA NA NA

Female 44 4 30 0.00 7.53 -6.89 45.22

Female 30 4 NA 11.30 NA NA NA

Female 3 6 30 0.01 7.73 9.07 62.34

Female 60 7 NA 0.01 NA NA NA

Female 7 3 33 0.00 10.10 21.83 64.87

Female 37 3 33 0.00 3.03 3.60 33.04

Female 60 3 33 0.00 7.94 8.73 51.00

Female 54 9 NA 0.02 NA NA NA

Male 52 4 NA 0.01 NA -0.69 NA

Male 31 4 NA 0.00 NA NA NA

Male 23 4 30 0.00 3.77 NA 22.05

Male 22 4 NA 0.03 NA NA NA

Male 60 4 30 5.17 20.50 91.50 96.8

Male 31 4 30 0.00 3.00 27.12 35.84

Male 46 4 30 0,.00 10.20 -10.54 38.68

Male 10 4 30 0.00 8.90 22.99 68.12

Male 13 4 30 0.00 11.20 22.50 68.96

Male 49 4 30 0.01 4.19 13.21 35.79

Male 35 4 30 0.03 5.48 23.48 38.06

Male 32 4 41 0.01 9.73 NA NA

Male 18 3 33 19.00 24.10 97.07 NA

Male 54 5 34 0.17 6.95 19.48 57.98

Male 23 9 30 13.30 18.60 97.36 NA

DV 1 = days after the 1st dose of vaccine and first blood sampling ; DV 2 = days after the 1st dose of vaccine and 2nd blood sampling; 
S1 Ab 1= antibody titers against the SPIKE domain S1 at the time of the 1st blood sampling ; S1 Ab 2 = antibody tites against the 
SPIKE domain S1 at the time of the 2nd blood sampling ; RBI 1 = percentage of receptor binding inhibition at the time of the 1st blood 
sampling ; RBI 2 = percentage of receptor binding inhibition at the time of the 2st blood sampling ; NA = not available.
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limited to a serological response to S1 antigens, either 
total IgG to the viral S1 protein binding inhibition to the 
major SARS-CoV-2 receptor, the data suggest an anti-spike 
response after one dose of the vaccine. In other words, one 
dose of CoronaVac was immunogenic in children3.

Wrong vaccine administration is the most reported 
vaccination error7,8. CoronaVac and influenza vaccines used 
in the Brazilian public health system come from the same 
local producer (Butantan) and they have the multiple dose 
presentation, which could favor the confusion. However, 
the label and the color of the bottle cap are different. The 
current high number of different vaccines available in the 
Brazilian immunization schedule demands well trained 
health professionals. Vaccination errors may harm patients 
and cause a negative impact on the population’s confidence 
on vaccination, which in turn will negatively impact the 
vaccination coverage8.

This study has some limitations. Firstly, it is a response 
to an unexpected event, justifying the small sample size that 
does not allow us to rule out the occurrence of rare adverse 
events or even to definitely conclude on the duration of 
the seroconversion observed after the first dose. Secondly, 
children did not receive the second dose and were not 
evaluated after the end of the proposed immunization. 
Thirdly, the cellular immunity was not evaluated. Finally, 
the monitoring period (30 days) was short to determine 
long-term immunogenicity and also for a complete 
evaluation of safety. 

Children infected with SARS-CoV-2 mainly have 
mild disease or are asymptomatic, when compared with 
adults. However, a small number of children, especially 
those with health comorbidities, might be at risk of severe 
COVID-199,10. Furthermore, the SARS-CoV-2 infection 
can lead to a serious, although rare complication called 
the multisystem inflammatory syndrome in children11. 
Finally, children can be transmitters of SARS-CoV-2 in 
communities12. A vaccine against SARS-CoV-2 for children 
and adolescents will contribute decisively to the control 
of the COVID-19 pandemic. Our investigation suggests 
that CoronaVac is well tolerated and safe and can induced 
humoral responses in children, but proper safety and 
effectiveness studies must be performed before expanding 
the vaccination to young children. 
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Chinese researchers made a 
systematic revision about controlled 
and randomic studies, case studies 
and case series studies with the 
objective of estimating the safety, 
immunogenicity and efficacy of 
the vaccination on children and 
teenagers against Covid-19. The 
research was published in the 
journal Vaccines and conducted by 
scientists of the Medical University 
of Chongqing, the Lanzhou 
University and the National Center 
of Medical Research on Health and 
Infant Diseases of China.

The researchers investigated studies 
published until July 23, 2021, in the 
platforms PubMed, Web of Science, 
in the database regarding Covid-19 
of the World Health Organization 
(WHO) and in the China National 
Knowledge Infrastructure (CNKI).

The revision included eight 
published studies, involving a total 
of 2.852 children, and 28 clinical 
studies that are still ongoing. One of 
the main researches analyzed was 
the randomic clinical trial of phase 
1 and 2 of the use of CoronaVac 
among children from three to 17 
years of age, that was made in 
China. The rest of the papers regard 
mRNA vaccines.

According to the revision, the clinical 
trial of CoronaVac demonstrated 
that the vaccine has a good safety 
profile and is immunogenic for 
children and teenagers. Regarding 
safety, the majority of the adverse 
events were mild or moderate, such 
as pain in the area of the injection, 
fatigue, headache and chest pain. 
About the immunogenicity, on both 
phases 1 and 2, the seroconversion 
of neutralizing antibodies after the 
second dose was 100%.

“Our study found high levels of 
immunogenicity and vaccinal 
efficacy in children and teenagers. 
It is a clear indication that the 
vaccines are effective, and the 
random controlled studies did 
not report problems with safety”, 
concluded the researchers.

The vaccine is the most efficient way 
to prevent and control infections by 
Covid-19, besides stimulating the 
immunological system to produce 
antibodies. Promoting vaccination 
to children and teenagers is crucial to 
stop the propagation of coronavirus, 
since that group represents a quarter 
of the mundial population.

Published on: 09/29/2021

6.11. Systematic revision of scientific studies proves the safety and 
efficacy of CoronaVac for children and teenagers
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Abstract: Aim: To identify the safety, immunogenicity, and protective efficacy of COVID-19 vaccines
in children and adolescents. Methods: We conducted a systematic review of published studies
and ongoing clinical studies related to the safety, immunogenicity, and efficacy of COVID-19 vac-
cine in children or adolescents (aged < 18 years). Databases including PubMed, Web of Science,
WHO COVID-19 database, and China National Knowledge Infrastructure (CNKI) were searched on
23 July 2021. International Clinical Trials Registry Platform (ICTRP) was also searched to identify
ongoing studies. Results: Eight published studies with a total of 2852 children and adolescents
and 28 ongoing clinical studies were included. Of the eight published studies, two were RCTs, two
case series, and four case reports. The investigated COVID-19 vaccines had good safety profiles
in children and adolescents. Injection site pain, fatigue, headache, and chest pain were the most
common adverse events. A limited number of cases of myocarditis and pericarditis were reported.
The RCTs showed that the immune response to BNT162b2 in adolescents aged 12–15 years was
non-inferior to that in young people aged 16–25 years, while with 3 µg CoronaVac injection the
immune response was stronger than with 1.5 µg. The efficacy of BNT162b2 was 100% (95% CI: 75.3 to
100), based on one RCT. Of the 28 ongoing clinical studies, twenty-three were interventional studies.
The interventional studies were being conducted in fifteen countries, among them, China (10, 43.5%)
and United States(9, 39.1%) had the highest number of ongoing trials. BNT162b2 was the most
commonly studied vaccine in the ongoing trials. Conclusion: Two COVID-19 vaccines have potential
protective effects in children and adolescents, but awareness is needed to monitor possible adverse
effects after injection. Clinical studies of the COVID-19 vaccination in children and adolescents with
longer follow-up time, larger sample size, and a greater variety of vaccines are still urgently needed.

Vaccines 2021, 9, 1102. https://doi.org/10.3390/vaccines9101102 https://www.mdpi.com/journal/vaccines
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1. Background

One and a half year have passed since the beginning of the coronavirus disease 2019
(COVID-19) pandemic. Yet the epidemic is still not under control. With over 200 mil-
lion confirmed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections
and over 4 million COVID-19 related deaths, COVID-19 has brought great suffering and
devastation to people worldwide.

Vaccines, as an effective way to prevent and control disease infections, stimulate the
human immune system to produce antibodies, thus increasing immunity to the disease
and generating protection for the immunized individual [1]. Vaccination aims to curb the
spread of the disease and helps to potentially achieve herd immunity. As of 18 September
2021, twenty-two COVID-19 vaccines worldwide have been approved [1]. However, we
have little knowledge of the efficacy and safety of COVID-19 vaccines in children and
adolescents. Given that children and adolescents account for approximately one quarter
of the world’s population [2], promoting vaccination of children and adolescents is also
crucial to end the spread of COVID-19.

The development of COVID-19 vaccine has been in full swing since the COVID-19
outbreak. Studies have shown that the current COVID-19 vaccines are effective and safe
in adults [3–6]. Several international organizations and countries have also developed
guidelines for different aspects of COVID-19 vaccination, including vaccination of special
populations, management of adverse reactions, and cautions for vaccination [7–9]. How-
ever, the efficacy of protection and adverse effects of COVID-19 vaccines in children and
adolescents remains unclear despite a large number of clinical trials being conducted. Fur-
thermore, children and adolescents have less severe COVID-19 symptoms than adults [10],
and they likely play a limited role in spreading the infection to others. Therefore, more
high-quality clinical studies are still needed to determine whether COVID-19 vaccination
should be recommended for children at the moment [11]. In addition, children are a pop-
ulation group with special needs and features, and the attitude of parents or guardians
toward the COVID-19 vaccine is also an essential factor affecting children’s vaccination.
To explore and promote COVID-19 vaccination in children and adolescents, The National
Clinical Research Center for Child Health and Disorders (Chongqing, China) initiated an
international guideline for the management of COVID-19 in children and adolescents [12]
that also contains the question of whether and how children and adolescents should be
vaccinated against COVID-19. To answer this question, we conducted a systematic review
to estimate the safety, immunogenicity, and protective efficacy of the COVID-19 vaccine in
children and adolescents, covering both completed and ongoing studies and trials.

2. Methods

We conducted this systematic review in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) (see Supplementary Table S1 for PRISMA
checklist) [13] and the Cochrane Handbook for Systematic Reviews of Interventions [14]. We have
registered this systematic review at OSF REGISTRIES (DOI:10.17605/OSF.IO/JC32H, accessed
on 3 August 2021).

2.1. Inclusion and Exclusion Criteria

We included published studies and ongoing clinical studies related to the safety, im-
munogenicity, and efficacy of COVID-19 vaccine in children or adolescents (aged < 18 years).
The study design was limited to primary studies, including randomized clinical trials
(RCTs), non-randomized trials, and observational studies. We also included ongoing
studies registered at the International Clinical Trials Registry Platform (ICTRP).
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We excluded articles from which we could not extract data specifically on children
or adolescents or if we could not access the full text, conference proceedings, and study
protocols. For ongoing studies, we only included registration records if the aim of the
study was to determine the safety, immunogenicity, or efficacy of COVID-19 vaccine in
children and adolescents.

2.2. Search Strategy

We systematically searched Medline (via PubMed), Web of Science, World Health
Organization (WHO) COVID-19 database, and China National Knowledge Infrastructure
(CNKI), from their inception to 23 July 2021 to identify studies that met our eligibility
criteria. The search strategy combined terms from three themes: (1) COVID-19, (2) vaccine,
and (3) children and adolescents (see detailed search strategy in Supplementary Table S2).
All search strategies were developed and retrieved independently by two investigators
(ML and XL) and then cross-checked. We first developed a search strategy for Medline,
and after reaching agreement adapted this strategy for other databases. In addition to the
literature databases, we searched ICTRP to identify ongoing studies. We also searched
Google Scholar and reference lists of identified articles to avoid missing potentially relevant
literature.

2.3. Literature Screening

The screening process included three phases. First, one investigator removed du-
plicates from the retrieved records. Following this, four investigators (ML, XL, RL, and
QS) screened all identified records independently by reading titles and abstracts. If the
information in the title and abstract was insufficient, the full text was obtained for review.
Disagreements were solved by consensus with the senior researcher (YC). We used Endnote
20.0.1 software in the entire screening process.

2.4. Data Extraction

The following data were extracted from the completed studies: (1) basic informa-
tion: publication date, country, study design, name of the vaccine; (2) information of
the participants: age, sample size, sex distribution; and (3) outcome information: safety,
immunogenicity, and efficacy of COVID-19. For the ongoing clinical studies, we extracted
the registration date, country, recruitment status, participants’ age, target sample size, inter-
vention, and primary outcome. All data were independently extracted by two investigators
(ML and XL) using a predesigned extraction sheet.

2.5. Risk of Bias Assessment

Two investigators (ML and XL) assessed the methodological quality of the original
studies to ensure the reliability of the findings. We used the Risk of Bias tool recommended
by Cochrane Collaboration [15] to assess randomized trials. The tool consists of six domains
of bias (selection bias, performance bias, detection bias, attrition bias, reporting bias, and
other bias). For case-control and cohort studies we used the Newcastle-Ottawa Scale
(NOS) [16].; for case series and case reports the checklist proposed by Murad et al. [17];
and for cross-sectional studies the checklist of the Joanna Briggs Institute (JBI) [18].

2.6. Data Analysis

We descriptively presented the main findings on safety, immunogenicity, and efficacy
of COVID-19 vaccine in children or adolescents. Microsoft Excel 16.51 (2019) was used for
data processing and analysis. We considered to conduct a quantitative meta-analysis if
at least two studies were included and the heterogeneity between the studies in terms of
outcomes, population characteristics, and type of vaccine was low (I2 ≤ 50%). For ongoing
clinical studies, we also presented the numbers of trials by country and type of vaccine.
Adobe Illustrator was used to visually present the number of ongoing clinical trials of
COVID-19 vaccine in children or adolescents worldwide.
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3. Results
3.1. Literature Search

Our initial search revealed 3092 records, of which 931 were excluded as duplicates.
After screening the titles and, if necessary, full texts, eight published studies [19–26] with
2852 children or adolescents and 28 ongoing clinical studies targeting to recruit a total
of 122,442 participants were included. The study selection process is shown in detail in
Figure 1.
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3.2. Characteristics of the Included Clinical Studies

Among the eight published studies included, two were RCTs [19,20], two were case
series [21,22], and four were case reports [23–26]. Five studies were conducted in the United
States, and one in China, France, and Israel each. The studies were restricted to adolescents
with the exception of one RCT that included children aged between 3 and 17 years. In one
study the participants received CoronaVac COVID-19 vaccine developed by Sinovac Life
Sciences, and in the other seven the participants received BNT162b2 mRNA COVID-19
vaccine developed by Pfizer-BioNTech. The characteristics of the included studies are
summarized in Table 1.

Table 1. Basic characteristics of included clinical studies (n = 8).

Name of
Vaccine Participants Sample

Size
Follow-Up
Duration

Study
Design Country Funding Reference

CoronaVac
Healthy children
and adolescents
aged 3–17 years

552 4.1 months RCT
Phase 1–2 China

Public/nonprofit
(Chinese National Key

Research and
Development Program

and Beijing Science
and Technology

Program)

Han et al.,
2021 [19]

BNT162b2

Adolescents aged
12–15 years with

no previous
COVID-19

diagnosis or
SARS-CoV-2

infection

2264 4.7 months RCT
Phase 3 USA Private (BioNTech and

Pfizer)
Frenck et al.,

2021 [20]

BNT162b2

Adolescents and
young adults aged
16 years with solid
tumor older than

9 NR * Case series France NR * Riviere et al.,
2021 [21]

BNT162b2 Adolescents aged
16–18 years 7 NR * Case series Israel None Snapiri et al.,

2021 [22]

BNT162b2 An adolescent
aged 17 years 1 2 weeks Case report USA NR *

Minocha
et al., 2021

[23]

BNT162b2
A previously

healthy adolescent
aged 16 years

1 2 weeks Case report USA NR * McLean et al.,
2021 [24]

BNT162b2
Healthy

adolescents
14–18 years

5 unclear Case report USA None
Marshall

et al., 2021
[25]

BNT162b2
Children and

adolescents aged
12–17 years

13 3 months Case report USA NR * Schauer et al.,
2021 [26]

* NR: not reported.

3.3. Quality of Included Studies

The overall methodological quality of the two included RCTs was high and the risk of
bias low (Table 2). In the rest of the studies (case series and case reports), we did not assess
two of the eight items of the Murad et al. [17] checklist, “Was there a challenge/rechallenge
phenomenon” and “Was there a dose-response effect?”, because they were not applicable.
One study complied with five of the remaining six items, three with four items, one with
three items, and one with two items. The method of case selection was unclear in all
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included case series and case reports. Only two case reports or case series reported the
item “were other alternative causes that may explain the observation ruled out?”, and in
three studies the follow-up time was not long enough for outcomes to occur.

Table 2. Quality assessment of included studies.

Risk of Bias in the Included Rcts Assessed by the Risk of Bias Tool

Selection bias Performance
bias Detection bias Attrition bias Reporting bias Other bias

StudyRandom
sequence

generation

Allocation
conceal-

ment

Blinding of
participants

and personnel

Blinding of
outcome

assessment

Incomplete
outcome

data
Selective reporting

Anything
else,

ideally pre-
specified

low low low low low low low Han et al., 2021
[19]

low low low low unclear low low Frenck et al.,
2021 [20]

Methdological quality in the case series and case reports assessed by Murad et al. checklist

Selection Ascertainment Causality Reporting

Study

Does the
patient(s)

represent(s)
the whole

experience of
the

investigator
(centre) or is
the selection

method
unclear to
the extent
that other

patients with
similar

presentation
may not

have been
reported?

Was the
exposure

adequately
ascer-

tained?

Was the
outcome

adequately
ascertained?

Were other
alternative
causes that

may explain
the

observation
ruled out?

Was there a
chal-

lenge/rechallenge
phe-

nomenon?

Was there a
dose-

response
effect?

Was
follow-up

long
enough for
outcomes
to occur?

Is the
case(s)

described
with

sufficient
details to

allow
other in-

vestigators
to replicate

the
research or

to allow
practition-
ers make

inferences
related to
their own
practice?

0 1 1 0 N/A N/A 0 0 Revon-Riviere
et al., 2021 [21]

0 1 1 0 N/A N/A 0 1 Snapiri et al.,
2021 [22]

0 1 1 0 N/A N/A 1 1 Minocha et al.,
2021 [23]

0 1 1 0 N/A N/A 1 1 McLean et al.,
2021 [24]

0 1 1 1 N/A N/A 0 1 Marshall et al.,
2021 [25]

0 1 1 1 N/A N/A 1 1 Schauer et al.,
2021 [26]

0 = no; 1 = yes; N/A: Not applicable.

3.4. Safety of COVID-19 Vaccines

The most common adverse event in the two RCTs was injection site pain [20,21]. Be-
sides that, fever, headache, and fatigue were also frequently reported. Most adverse events
were not severe. No deaths were reported. A case series [22] that included 13 patients with
solid tumor also showed that mild-to-moderate injection site pain was the most frequent
adverse event (6 patients).

Besides, a few diagnosed myocarditis and/or pericarditis cases related to COVID-19
vaccine were reported in some studies. All cases occurred following the second dose of
BNT162b mRNA COVID-19 vaccination. We summarized the basic information of 27 cases
from included studies (Table 3). The median age was 16 years (range, 12–17 years). Most
patients were male (26, 96.3%). Median time of onset was 3 days after receiving the vaccine
(range, 1–4 days). All patients had chest pain.
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Table 3. Basic information of diagnosed myocarditis and/or pericarditis cases (n = 27).

Vaccination Age Sex Symptoms Diagnosis
Time of Onset

(Days Since
Vaccination)

Length of
Hospitalization

(Days)
Study

BNT162b2,
second dose 17 M Chest pain Perimyocarditis 3 4 Snapiri et al.,

2021 [22]

BNT162b2,
second dose 16 M Chest pain Perimyocarditis 1 6 Snapiri et al.,

2021 [22]

BNT162b2,
second dose 16 M Chest pain, cough Perimyocarditis 2 6 Snapiri et al.,

2021 [22]

BNT162b2,
second dose 16 M Chest pain, nausea Perimyocarditis 3 4 Snapiri et al.,

2021 [22]

BNT162b2,
second dose 17 M Chest pain, headache Perimyocarditis 1 5 Snapiri et al.,

2021 [22]

BNT162b2,
second dose 16 M Chest pain, dyspnea,

diarrhea, fever Perimyocarditis 2 5 Snapiri et al.,
2021 [22]

BNT162b2,
second dose 17 M Chest pain, dyspnea Perimyocarditis 3 3 Snapiri et al.,

2021 [22]

BNT162b2,
second dose 17 M Chest pain, fever, body

aches, Myocarditis 1 6 Minocha et al.,
2021 [23]

BNT162b2,
second dose 16 M Chest pain Myopericarditis 2.5 6 McLean et al.,

2021 [24]

BNT162b2,
second dose 16 M

Chest pain, bilateral arm
pain, fever, fatigue, nausea,

vomiting, anorexia,
headache

Myocarditis 2 6 Marshall et al.,
2021 [25]

BNT162b2,
second dose 17 M

Chest pain, bilateral arm
pain, numbness,

paresthesia
Myopericarditis 2 2 Marshall et al.,

2021 [25]

BNT162b2,
second dose 17 M

Chest pain, bilateral arm
pain, abdominal pain, fever,
nausea, vomiting, anorexia,

SOB, palpitations

Myocarditis 4 5 Marshall et al.,
2021 [25]

BNT162b2,
second dose 16 M Chest pain, SOB Myocarditis 3 3 Marshall et al.,

2021 [25]

BNT162b2,
second dose 14 M Chest pain, fever, SOB Myopericarditis 2 4 Marshall et al.,

2021 [25]

BNT162b2,
second dose 16 M Chest pain, fever, chills,

myalgias, headache, SOB Myopericarditis 2 1 Schauer et al.,
2021 [26]

BNT162b2,
second dose 16 M Chest pain, fever, myalgias Myopericarditis 2 1 Schauer et al.,

2021 [26]

BNT162b2,
second dose 16 M Chest pain, myalgias,

headache Myopericarditis 3 3 Schauer et al.,
2021 [26]

BNT162b2,
second dose 17 M Chest pain, fever, malaise Myopericarditis 3 1 Schauer et al.,

2021 [26]

BNT162b2,
second dose 15 M Chest pain, myalgias, SOB Myopericarditis 2 2 Schauer et al.,

2021 [26]

BNT162b2,
second dose 15 F Chest pain, vomiting Myopericarditis 3 1 Schauer et al.,

2021 [26]

BNT162b2,
second dose 15 M Chest pain, fevers, SOB Myopericarditis 3 3 Schauer et al.,

2021 [26]

BNT162b2,
second dose 15 M Chest pain, chills Myopericarditis 3 3 Schauer et al.,

2021 [26]

BNT162b2,
second dose 12 M Chest pain Myopericarditis 3 2 Schauer et al.,

2021 [26]

BNT162b2,
second dose 14 M Chest pain, fever, headache Myopericarditis 3 3 Schauer et al.,

2021 [26]

BNT162b2,
second dose 14 M Chest pain, malaise, SOB Myopericarditis 4 2 Schauer et al.,

2021 [26]

BNT162b2,
second dose 16 M Chest pain, SOB Myopericarditis 2 2 Schauer et al.,

2021 [26]

BNT162b2,
second dose 15 M Chest pain Myopericarditis 3 2 Schauer et al.,

2021 [26]

M: male; F: female; SOB: shortness of breath.
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3.5. Immunogenicity of the COVID-19 Vaccines

The two included RCTs indicated that the investigated COVID-19 vaccines, CoronaVac
and BNT162b2, were immunogenic in children and adolescents. Frenck et al. [20] reported
that the immune response to BNT162b2 in 12–15 year old adolescents was noninferior to
that in young adults aged 16–25 (geometric mean ratio (GMR) = 1.75, 95% CI: 1.47~2.10),
indicating even a better response in 12–15 years group than in young adults. Han et al. [19]
found that in Phase 1, the seroconversion of neutralizing antibody after the second dose
was 100% both in 1.5 µg group and 3.0 µg group with geometric mean titer (GMT) of
55.0 (95% CI 38.9–77.9) and 117.4 (87.8–157.0), respectively (p = 0.0012). In Phase 2, the
seroconversion rates were 96·8% (95% CI: 93.1–98.8) and 100% (95% CI: 98.0–100.0) in the
1.5 µg group and the 3.0 µg group, respectively (p = 0.030).

3.6. Efficacy of the COVID-19 Vaccines

The RCTs on BNY162b2 [20] showed that the efficacy of the vaccine in children and
adolescents was 100% (95% CI: 75.3~100). The other RCT on CoronaVac did not assess
vaccine efficacy.

3.7. Ongoing Clinical Studies

We identified 28 ongoing clinical studies with a total target sample size of 122,442 (see
Supplementary Table S3 for ongoing clinical trials on COVID-19 vaccination in children
and adolescents). Twenty-three were interventional studies (including one Phase 1 trial; six
Phase1/2 trials; six Phase 2 trials; four Phase 2/3 trials; three Phase 3 trials; one Phase 4 trial;
and one where the phase was not clear) and five were observational studies. The minimum
age of eligible participants was 6 months. Twenty-seven studies reported the name of
vaccine they planned to use and there were a total of 15 different vaccine candidates of the
following five major types: mRNA (13 studies), inactivated (7 studies), protein subunit
(four studies), non-replicating viral vector (four studies), and replicating viral vector (one
studies).

The interventional clinical trials were being conducted in 15 countries, the highest
numbers of planned trials being in China (10 trials, 43.5%) and the United States (9 trials,
39.1%). BNT162b2 was the most common vaccine (6 trials, 26.1%). Figure 2 shows the
countries with ongoing clinical trials and vaccines used in trials.

Vaccines 2021, 9, x 9 of 14 
 

 

 
Figure 2. Ongoing interventional COVID-19 vaccine trials in children and adolescents worldwide. Color in the figure 
indicates the number of ongoing vaccine trials in each country. 

4. Discussion 
4.1. Principal Findings 

Our review identified eight completed studies and 28 ongoing clinical studies of 
COVID-19 vaccines in children and adolescents. The investigated COVID-19 vaccines had 
good safety profiles, most adverse effects were mild or moderate, such as injection site 
pain, fatigue, headache, and chest pain. Some studies reported a few cases of myocarditis 
and pericarditis. The immune response to the BNT162b2 vaccine in adolescents aged 12–
15 years was non-inferior to that in young people aged 16–25 years, and CoronaVac injec-
tion had a stronger immune response with a 3.0 μg than 1.5 μg dose. According to the one 
RCT on BNT162b2, no cases of COVID-19 in adolescents aged 12–15 years were detected. 
Clinical trials on children and adolescents are being conducted all over the world with a 
large number of different vaccines. 

Children and adolescents, as a special population, present many influencing factors 
to consider when administering vaccines. Vaccine efficacy and safety are the most im-
portant considerations for children and their parents [27]. It is therefore important to 
demonstrate that vaccines are safe and protective before they are administered to children 
and adolescents. During an average influenza season, approximately 9.8% of children 
aged 0–14 year present with influenza [28]. After vaccination against influenza A (H1N1), 
90.3% of children and adolescents aged 10–17 years developed protective antibodies, and 
no serious adverse reactions were seen [29,30]. Similarly, when the COVID-19 outbreak 
emerged, researchers actively promoted the development of vaccines with the expectation 
that vaccination could protect healthy population. Our study showed that two vaccines 
have shown to be effective and safe in pediatric populations. However, the evidence for 
both vaccines was based on single RCTs, and these two studies both had limitations such 
as the small sample size and lack of long-term data on safety and immunogenicity data. 
In particular, the risk of myocarditis and pericarditis should be closely monitored. Most 
cases of myocarditis and pericarditis associated with the COVID-19 vaccine were mild, 

Figure 2. Ongoing interventional COVID-19 vaccine trials in children and adolescents worldwide. Color in the figure
indicates the number of ongoing vaccine trials in each country.



1144 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article
Vaccines 2021, 9, 1102 9 of 13

4. Discussion
4.1. Principal Findings

Our review identified eight completed studies and 28 ongoing clinical studies of
COVID-19 vaccines in children and adolescents. The investigated COVID-19 vaccines had
good safety profiles, most adverse effects were mild or moderate, such as injection site
pain, fatigue, headache, and chest pain. Some studies reported a few cases of myocarditis
and pericarditis. The immune response to the BNT162b2 vaccine in adolescents aged
12–15 years was non-inferior to that in young people aged 16–25 years, and CoronaVac
injection had a stronger immune response with a 3.0 µg than 1.5 µg dose. According to
the one RCT on BNT162b2, no cases of COVID-19 in adolescents aged 12–15 years were
detected. Clinical trials on children and adolescents are being conducted all over the world
with a large number of different vaccines.

Children and adolescents, as a special population, present many influencing factors
to consider when administering vaccines. Vaccine efficacy and safety are the most im-
portant considerations for children and their parents [27]. It is therefore important to
demonstrate that vaccines are safe and protective before they are administered to children
and adolescents. During an average influenza season, approximately 9.8% of children
aged 0–14 year present with influenza [28]. After vaccination against influenza A (H1N1),
90.3% of children and adolescents aged 10–17 years developed protective antibodies, and
no serious adverse reactions were seen [29,30]. Similarly, when the COVID-19 outbreak
emerged, researchers actively promoted the development of vaccines with the expectation
that vaccination could protect healthy population. Our study showed that two vaccines
have shown to be effective and safe in pediatric populations. However, the evidence for
both vaccines was based on single RCTs, and these two studies both had limitations such
as the small sample size and lack of long-term data on safety and immunogenicity data.
In particular, the risk of myocarditis and pericarditis should be closely monitored. Most
cases of myocarditis and pericarditis associated with the COVID-19 vaccine were mild,
and mostly affected children were male. Schauer et al. [26] estimated an incidence of
myopericarditis of 0.008% in adolescents 16–17 years of age and 0.01% in those aged 12
through 15 years following the second dose.

Another important factor to consider for vaccination of children and adolescents is the
risk of multisystemic inflammatory syndrome in children (MIS-C). In April 2020, children
infected with SARS-CoV-2 presenting symptoms similar to incomplete Kawasaki disease
(KD) or toxic shock syndrome were documented in the UK [31]. Since then, children
with similar symptoms have been reported in other parts of the world as well [32–34].
This condition was subsequently named as MIS-C. The overall mortality of MIS-C is
approximately 1–2% [35]. The decision to vaccinate should be made by weighing the risk
of exposure, reinfection, and severe disease following infection against the uncertain safety
of vaccination in such individuals. Whereas no directly relevant studies have confirmed
the association of MIS-C with COVID-19 vaccination, a systematic review published in
2017 [36] identified 27 observational studies and case reports of KD. These showed that
diphtheria-tetanus-pertussis (DTP)-containing vaccines, Haemophilus influenzae type b
(Hib) conjugate vaccine, influenza vaccine, hepatitis B vaccine, 4-component meningococcal
serogroup B (4CMenB) vaccine, measles-mumps-rubella (MMR)/MMR-varicella vaccines,
pneumococcal conjugate vaccine (PCV), rotavirus vaccine (RV), yellow fever vaccine,
and Japanese encephalitis vaccine did not increase the risk of KD. Thus, children and
adolescents at high risk of severe COVID-19 or those with specific comorbidities should
be considered to be prioritized in vaccination. More research is needed to clarify to what
extent COVID-19 vaccines can mitigate the risks and bring benefits.

To date, 22 COVID-19 vaccines have been approved throughout the world, more than
1/3 of which are inactivated, and 138 vaccines are under development and exploitation.
More than 300 clinical trials of COVID-19 vaccines have been registered or published [37,38].
Studies have shown that most COVID-19 vaccines are safe and effective in adults aged
≥ 18 years. Overall, in phase 2 and 3 RCTs, mRNA- and adenoviral vector-based COVID-19
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vaccines had 94.6% (95% CI 0.936–0.954) and 80.2% (95% CI 0.56–0.93) efficacy, respec-
tively [3–5], with good acceptability [6] and safety [39]. Only two RCTs on children and
adolescents have been published in peer-reviewed journals so far, both of which found
that the respective vaccines, BNT162b2 and CoronaVac, are safe and effective. Institutions
including WHO, Centers for Disease Control and Prevention (CDC), the Food and Drug
Administration (FDA), the Canadian Pediatric Society have already authorized emergency
use of BNT162b2 in children and adolescents aged 12 years and above [40–43]. European
Medicines Agency (EMA) has also approved the Spikevax (previously COVID-19 Vaccine
Moderna) vaccine for adolescents aged 12 to 17 years, based on the evidence from an
ongoing study [44]. Although these guidelines gave recommendations on vaccinating
children or adolescents from the perspective of Western countries, we still need to wait
for more evidence from more countries and regions to better understand how COVID-19
vaccines work in different populations. With the more than twenty ongoing clinical trials,
their findings may continue to offer clues of better protecting younger generations from
COVID-19.

Public health authorities in countries that have approved COVID-19 vaccine in chil-
dren and adolescents should also consider multiple aspects in their decision-making.
European Centre for Disease Prevention and Control issued a set of eight interim consider-
ations from the view of the overall potential public health impact of COVID-19 vaccination
of adolescents [45]. Opel et al. suggested nine criteria to consider when evaluating anti-
gens for inclusion in mandatory school immunization programs, which were categorized
into vaccine-related, disease-related, and implementation-related [11]. We currently know
however too little about the performance of COVID-19 vaccines or the epidemiology of
SARS-CoV-2 in children to make any definitive judgment about whether COVID-19 vaccine
should be mandatory in children, especially those under 12. Authorities should closely
monitor and continually assess the benefits and potential risks of vaccination in children
and adolescents. In addition, the acceptability of the COVID-19 vaccine among both the
children themselves as well as their parents and guardians is a major influencing factor
on the likelihood of children getting vaccinated. Studies have shown that approximately
80% of parents were reluctant to enroll their children in clinical studies of the COVID-19
vaccine [46] and approximately half of Chinese parents showed hesitancy on taking the
COVID-19 vaccine for their children [47]. Therefore, it is necessary to educate parents and
children about the vaccine to increase vaccination rates while ensuring the efficacy and
safety of vaccines [48]. Furthermore, factors such as national policy, religion, culture, and
other routine immunization procedures need to be taken into account in the administration
of COVID-19 vaccine to children.

4.2. Potential Impact for Future Research and Practice

Our study included only two RCTs on COVID-19 vaccination in children and adoles-
cents, one investigating CoronaVac developed by Sinovac and one BNT162b2 developed by
Pfizer/BioNTech. For the vast majority of vaccines clinical studies are either ongoing but
not completed, or not yet planned. For future research, we recommend paying attention to
the following three aspects. First, more clinical studies on the protective efficacy and safety
of COVID-19 vaccine in children and adolescents need to be conducted. Second, systematic
reviews of factors affecting COVID-19 vaccination in children and adolescents, willingness
to be vaccinated, and methods to promote vaccination, are needed. This includes also
updating this systematic review when more studies, in particular RCTS, on COVID-19 in
children and adolescents become available. Third, evidence-based guidelines for COVID-19
vaccination in children and adolescents are needed to promote and standardize vaccination
in children and adolescents. Policymakers should develop policies for COVID-19 vacci-
nation in children and adolescents based on the best current evidence in the future, and
parents and guardians should be guided by policies that actively encourage and support
their children to be vaccinated against COVID-19.
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4.3. Strengths and Limitations

This paper is, to the best of our knowledge, the first systematic review on the safety,
immunogenicity, and protective efficacy of COVID-19 vaccination in children and adoles-
cents. We systematically searched key databases and websites to conduct a comprehensive
evaluation and analysis of published studies and registry data records. However, this
paper also has some limitations. First, we did not conduct a meta-analysis in this study,
because of the heterogeneity in participant characteristics, outcomes, and study designs.
Second, this study only included articles published in English. However, as the amount of
evidence published so far is known to be limited, it is reasonable to expect that the studies
we included covered most of the knowledge up to now. Finally, some studies that included
children and adolescents did not report the age and outcome among these age groups
separately. Given the limited time, we excluded these studies instead of contacting authors
to request access to original data.

5. Conclusions

Our review found high rates of immunogenicity and vaccine efficacy in children and
adolescents. This is a clear indicators that the vaccines are effective, and the RCTs also
did not find any major issues with safety. Nevertheless, awareness is needed to monitor
the possible adverse effects. Although most adverse events observed in the trials were
mild, we identified a limited number of cases of myocarditis and pericarditis among the
vaccinated children and adolescents, from several different studies. This shows also that
particularly in the current situation where RCTs are still limited, it is important to include
all existing evidence, also from individual case reports, in systematic reviews. Real-world
data can also reveal findings that may not be observed in the well-controlled RCT settings.
It is crucial that more clinical studies with sufficiently long follow-up time, large sample
size, and using different types of vaccine are conducted in the future. Evidence-based
guidelines are urgently needed to inform policymakers, children and adolescents, and their
parents and guardians about the benefits and risks of vaccination against COVID-19.
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The effectiveness of CoronaVac 
among adolescents has been 
proven since September 2021, when 
Chilean researchers published 
the article “Effectiveness of an 
Inactivated SARS-CoV-2 Vaccine in 
Chile” in The New England Journal 
of Medicine, one of the most 
prestigious journals in the world. 
The study, conducted between 
February and May 2021, with 10.2 
million people, investigated the 
effectiveness of the vaccine in the 
“real world” against Covid-19 cases 
and in combating the SARS-CoV-2 
variants circulating in the country - 
gamma and alpha, mainly.

The cohort study (observational 
research that follows individuals 
over a period of time to determine 
characteristics and evolution of the 
group) included participants over 
the age of 16 who are registered 
with the National Fund of Health 
(FONASA), Chile’s national health 
program that covers about 80% 
of the population. The vaccination 
schedule applied in the country 
is two doses of CoronaVac with a 
28-day interval.

The research showed that the 
protection of the Butantan and 

Sinovac vaccine was 65.9% against 
Covid-19 infections, 87.5% against 
hospitalizations, 90.3% against 
Intensive Care Unit (ICU) admissions, 
and 86.3% against deaths.

A total of 708,676 young people 
aged 16 to 19 years, equivalent to 
7% of the total cohort volunteers, 
participated in the study. Of these, 
8,192 (1.2%) received one dose 
of CoronaVac and 30,033 (4.2%) 
received two doses. The remaining 
670,451 consisted of a control group 
or people who had had Covid-
19 (14,871). It is worth noting that 
in Chile, as in Brazil, vaccination 
was initiated by the elderly, who  
are considered more vulnerable  
to Covid-19.

The Andean country has the highest 
rates of testing for Covid-19 in Latin 
America and a standardized public 
information system for statistics 
vital to the study. At the time, the 
Chilean Ministry of Health had 
already used 13.98 million doses of 
CoronaVac since the vaccination 
campaign began in February.

Published on: 09/02/2021

6.12. Study of more than ten million Chileans over the age 
of 16 shows that CoronaVac effectiveness is over 86%
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The mortality of children from 
Covid-19 is much higher in poor 
countries than in rich countries, i.e., 
precisely in those nations that have 
not yet included this public in their 
vaccination programs. The inequality 
in vaccine distribution and medical 
care explains the problem and opens 
the discussion of when and how to 
include this population in the Covid-19 
vaccination, wrote researchers Beate 
Kampmann and Uduak Okomo, from 
the London School of Hygiene & 
Tropical Medicine, in an article in the 
scientific journal The Lancet.

The researchers raise the thesis 
based on the results of a meta-
analysis (a statistical method that 
analyzes data from two or more 
studies) that concluded that 91,5% 
of global child and adolescent 
deaths from Covid-19 were 
reported in low and middle income 

countries, while 83.5 percent of the 
infected pediatric population was 
from these countries.

The robust study, which reviewed 
more than 16,000 scientific papers 
and 225 national reports from 216 
countries, pointed out that the 
death rate was significantly higher 
in low and middle income countries 
than in rich countries: 2.77 versus 
1.32 per million children. The data 
compiled by researchers at the 
University of Toronto was published 
in the scientific journal PLOS One.
“This great inequality prevents 
low and middle income countries 
from not only avoiding deaths and 
serious illness, but also deploying 
vaccines as tools to interrupt SARS-
CoV-2 transmission. Including 
children and adolescents will 
not be a priority in these poorer 
countries for a long time because 

6.13. Child mortality from Covid-19 is much higher in poor countries, 
where vaccination of the very young is not planned
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of the severe shortcomings in 
vaccine distribution,” they describe 
in the article. Given the data, the 
researchers point out that the 
protection of children against 
Covid-19 will depend more on 
national factors and public policies, 
which may or may not include 
access to vaccines for this group.

“The impacts of Covid-19 vaccination 
in children and adolescents on 
transmission dynamics will vary 
nationally, taking into account 
epidemiological circumstances, 
the emergence of new SARS-CoV-2 
variants, and contact mitigation 
strategies in different places and 
roles,” they add.

Such inequality blurs the results of 
studies with inactivated virus vaccines, 
such as CoronaVac, and messenger 
RNA vaccines, which have been 

shown to be safe and immunogenic 
for children and adolescents, in the 
researchers’ opinion.

“There is no reason to believe that 
vaccines should not be equally 
protective against Covid-19 in 
children and adolescents as in adults. 
More than 30 international trials 
recruit children and adolescents 
from six months old to assess 
safety, immunogenicity, dosing, and 
distribution,” they explain.
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Given the success of COVID-19 vaccines in preventing 
death and severe disease in adults1 and their impact 
on community transmission,2 use in children and 
young people (CYP) inevitably requires consideration. 
Although severe COVID-19 is rare in CYP,3 they are 
affected by SARS-CoV-2 infection and the impacts of 
the COVID-19 pandemic, including education, mental 
health, and general wellbeing.4

As of late July, 2021, no COVID-19 vaccine is 
recommended for children younger than 12 years and 
safety and efficacy data from phase 3 clinical trials are 
so far limited: 1131 CYP aged 12–15 years received 
the Pfizer–BioNTech mRNA vaccine5 and safety data 
are available from phase 1 and 2 trials of Sinovac’s 
inactivated CoronaVac vaccine in 438 children aged 
3–17 years.6 Safety data have been reassuring, with 
published data confirming excellent immunogenicity.5 
There is no reason to believe the vaccines should not 
be equally protective against COVID-19 in CYP as they 
are in adults. More than 30 international trials are now 
recruiting CYP as young as 6 months to assess safety, 
immunogenicity, dosing, and scheduling questions.7 
Safety data from the Pfizer–BioNTech mRNA vaccine 
trial proved sufficient for regulatory authorities in the 
EU, Israel, and North America to issue approval for use 
of this vaccine in CYP aged 12–15 years. Safety data 
from the real-life roll-out of COVID-19 vaccines are 
continuously collected through surveillance systems 
in high-income countries (HICs)8,9 and are generally 
reassuring, although a rare vaccine-associated signal 
of transient inflammation of the heart muscle in 
some young adults has raised concerns.10 On balance, 
the US Centers for Disease Control and Prevention 
concluded that benefits outweigh the risks.11

Countries are also still calculating what indirect 
benefits for reduced SARS-CoV-2 transmission in 
schools and the wider community could be achieved 
by vaccinating CYP. With children now recognised as 
part of the chains of community transmission,4 the 
discussion about a CYP vaccine programme was perhaps 
inescapable. Yet the impacts of COVID-19 vaccination 
in CYP on transmission dynamics will vary nationally, 
since epidemiological circumstances, novel SARS-CoV-2 
variants, and contact mitigation strategies will have 
different roles in different places.

Most countries have yet to decide whether to include 
CYP in COVID-19 vaccination programmes. Canada, 
Israel, some European countries, and the USA have 
introduced the vaccine for all young people older than 
12 years. By contrast, countries such as Germany and 
the UK are focusing on groups most at risk of severe 
COVID-19, but are not universally rolling out COVID-19 
vaccination to CYP older than 12 years.12 

Unsurprisingly, low-income and middle-income 
countries (LMICs) have not yet introduced COVID-19 
vaccines for CYP. WHO guidance from July 14, 2021, 
states: “Children and adolescents tend to have milder 
disease compared to adults, so unless they are part 
of a group at higher risk of severe COVID-19, it is less 
urgent to vaccinate them than older people, those with 
chronic health conditions and health workers…WHO’s 
Strategic Advisory Group of Experts (SAGE) has 
concluded that the Pfizer–BioNTech vaccine is suitable 
for use by people aged 12 years and above. Children 
aged between 12 and 15 who are at high risk may be 
offered this vaccine alongside other priority groups 
for vaccination. Vaccine trials for children are ongoing 
and WHO will update its recommendations when 
the evidence or epidemiological situation warrants a 
change in policy.”13

Further data from LMICs will aid risk assessments 
of SARS-CoV-2 in CYP, both for personal health and 
transmission roles. A recent meta-analysis indicated 
that the outcome of children admitted to hospital with 
acute COVID-19 is worse in LMICs than in HICs (case 
fatality rates 0·29% [95% CI 0·28–0·31%] vs 0·03% 
[0·03–0·03%]).14  Vaccinating CYP in LMICs may ultimately 
have more benefit to their health status compared with 
CYP in HICs. 

All vaccines should be given to those who need 
them most, particularly in the context of a pandemic 
with limited vaccine supply. Of the more than 4 billion 
doses of COVID-19 vaccines administered globally 
in the past 8 months, less than 2% have been given 
in Africa;15 on a continent that cannot vaccinate its 
most vulnerable populations (eg, older people and 
those with chronic conditions) and highly exposed 
health-care workers, introducing vaccines for CYP 
remains a luxury. This gross inequity prevents LMICs 
from not only preventing death and serious illness, 

COVID-19 vaccines for children in LMICs: another equity issue
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but also from deploying vaccines as tools to interrupt 
SARS-CoV-2 transmission. The inclusion of CYP will 
not be a priority in LMICs for a long time because of 
the serious shortfalls of vaccines.

What of the WHO motto that “No one is safe till 
everyone is safe”? HICs have unlimited stocks of 
COVID-19 vaccines.16 If a key reason for the use of 
the COVID-19 vaccines in CYP in HICs is reducing 
SARS-CoV-2 transmission, surely CYP in LMICs should 
also be vaccinated? We are far from the vision of the 
African Union (AU) to vaccinate two-thirds of its 
members’ population. In addition to COVAX, the AU has 
now partnered with additional vaccine suppliers through 
the AU’s African Vaccine Acquisition Trust, including 
UNICEF.17 However, even vaccinating 66% of individuals 
is unlikely to be sufficient to interrupt transmission 
chains. 

In addition to supply issues and logistics that prevent 
the use of COVID-19 vaccines in CYP in LMICs, the 
success of any plans to roll out the vaccines must 
also ride on the back of acceptance and confidence. 
Parents in LMICs need reassurance they are doing the 
right thing for their children, just as has been found in 
HICs.18

During deliberations on the potential benefits of 
COVID-19 vaccines for CYP, it is important to recognise 
that this pandemic has already deprived more than 
8 million children, primarily in LMICs, from life-saving, 
routine childhood vaccines.19 Immunisation services 
are preoccupied with the implementation of COVID-19 
vaccine programmes for adults. At present, greater 
benefit for children’s health globally will be derived by 
delivering the health interventions we already know will 
save their lives, such as vaccines against measles and 
other vaccine-preventable diseases, than by focusing 
on delivering COVID-19 vaccines to part of a population 
that does not currently represent a strategic priority in 
the response to this pandemic. Although maybe not 
equitable, we believe this approach is more important 
for the health of CYP at this point in time.
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6.14. CoronaVac is safe and generates a strong immune response in 
children and teenagers, confirms study

CoronaVac, a vaccine against 
Covid-19 developed by the chinese 
biopharmaceutic Sinovac Biotech 
and produced in Brazil by Butantan, 
is safe for the population from three 
to 17 years of age and may induce 
a strong production of antibodies in 
the pediatric group. The conclusions 
were obtained in the clinical trials of 
phase 1 and 2 conducted by Sinovac 
with the application of CoronaVac 
on children and teenagers. The 
results were published in the 
scientific periodic journal The 
Lancet Infectious Diseases.

This is the first study in the world 
to evaluate the use of a vaccine 
against Covid-19 in a population 
from three years of age. “Children 
and teenagers with Covid-19 
usually have mild infections or 
are asymptomatic in comparison 
to adults. Besides that, a small 
number can still be at risk of a 
severe disease and this population 
can still transmit the virus to other 
people. Therefore, it’s vital to test 
the safety and efficacy of the 
vaccine against Covid-19 in the 
younger groups”, said the general 
manager of Sinovac, Gao Qiang, in 
a communication published in the 
website of the pharmaceutic.

The randomized, controlled and 
double blinded study evaluated 
550 children (71 in phase 1 and 479 
in phase 2) between three and 17 
years old to measure the safety, the 
tolerability and the immunogenicity 

of the application of two doses of 
CoronaVac with a gap of 28 days.

A group received the vaccine 
while the other received placebo 
with aluminum hydroxide, a non-
harmful adjuvant that is present 
in the formula of the immunizer. 
The analyses revealed that the 
vaccine was capable of generating 
antibodies in 96% of the volunteers 
28 days after the second dose. In 
phase 1, none of the participants 
had neutralizing antibodies against 
the SARS-CoV-2 and, 28 days after 
the vaccination, 100% of them 
presented antibodies.

In phase 2, some of the volunteers 
received two applications with a minor 
dosage (1,5 µg) and others received 
a higher dosage (3 µg). While in the 
first group 95% of the participants 
presented antibodies, this number was 
100% in the second group. That is the 
reason why the researchers decided 
to keep using only the higher dosage 
during the clinical trial of phase 3, 
which is still ongoing.

The adverse events were from mild 
to moderate and the most common 
reactions reported were local pain 
and fever, that disappeared after 24 
hours. 27% of the participants reported 
collateral effects. There was only one 
severe adverse event, not associated 
with the vaccine - a child had 
pneumonia after receiving placebo.

Published on: 06/28/2021
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Safety, tolerability, and immunogenicity of an inactivated 
SARS-CoV-2 vaccine (CoronaVac) in healthy children and 
adolescents: a double-blind, randomised, controlled, 
phase 1/2 clinical trial
Bihua Han*, Yufei Song*, Changgui Li*, Wanqi Yang, Qingxia Ma, Zhiwei Jiang, Minjie Li, Xiaojuan Lian, Wenbin Jiao, Lei Wang, Qun Shu, Zhiwei Wu, 
Yuliang Zhao, Qi Li, Qiang Gao

Summary
Background A vaccine against SARS-CoV-2 for children and adolescents will play an important role in curbing the 
COVID-19 pandemic. Here we aimed to assess the safety, tolerability, and immunogenicity of a candidate COVID-19 
vaccine, CoronaVac, containing inactivated SARS-CoV-2, in children and adolescents aged 3–17 years.

Methods We did a double-blind, randomised, controlled, phase 1/2 clinical trial of CoronaVac in healthy children and 
adolescents aged 3–17 years old at Hebei Provincial Center for Disease Control and Prevention in Zanhuang (Hebei, 
China). Individuals with SARS-CoV-2 exposure or infection history were excluded. Vaccine (in 0·5 mL aluminum 
hydroxide adjuvant) or aluminum hydroxide only (alum only, control) was given by intramuscular injection in two doses 
(day 0 and day 28). We did a phase 1 trial in 72 participants with an age de-escalation in three groups and dose-escalation 
in two blocks (1·5 μg or 3·0 μg per injection). Within each block, participants were randomly assigned (3:1) by means of 
block randomisation to receive CoronaVac or alum only. In phase 2, participants were randomly assigned (2:2:1) by 
means of block randomisation to receive either CoronaVac at 1·5 μg or 3·0 μg per dose, or alum only. All participants, 
investigators, and laboratory staff were masked to group allocation. The primary safety endpoint was adverse reactions 
within 28 days after each injection in all participants who received at least one dose. The primary immunogenicity 
endpoint assessed in the per-protocol population was seroconversion rate of neutralising antibody to live SARS-CoV-2 at 
28 days after the second injection. This study is ongoing and is registered with ClinicalTrials.gov, NCT04551547.

Findings Between Oct 31, 2020, and Dec 2, 2020, 72 participants were enrolled in phase 1, and between Dec 12, 2020, and 
Dec 30, 2020, 480 participants were enrolled in phase 2. 550 participants received at least one dose of vaccine or alum 
only (n=71 for phase 1 and n=479 for phase 2; safety population). In the combined safety profile of phase 1 and phase 2, 
any adverse reactions within 28 days after injection occurred in 56 (26%) of 219 participants in the 1·5 μg group, 
63 (29%) of 217 in the 3·0 μg group, and 27 (24%) of 114 in the alum-only group, without significant difference (p=0·55). 
Most adverse reactions were mild and moderate in severity. Injection site pain was the most frequently reported event 
(73 [13%] of 550 participants), occurring in 36 (16%) of 219 participants in the 1·5 μg group, 35 (16%) of 217 in the 3·0 μg 
group, and two (2%) in the alum-only group. As of June 12, 2021, only one serious adverse event of pneumonia has been 
reported in the alum-only group, which was considered unrelated to vaccination. In phase 1, seroconversion of 
neutralising antibody after the second dose was observed in 27 of 27 participants (100·0% [95% CI 87·2–100·0]) in the 
1·5 μg group and 26 of 26 participants (100·0% [86·8-100·0]) in the 3·0 μg group, with the geometric mean titres 
of 55·0 (95% CI 38·9–77·9) and 117·4 (87·8–157·0). In phase 2, seroconversion was seen in 180 of 186 participants 
(96·8% [93·1–98·8]) in the 1·5 μg group and 180 of 180 participants (100·0% [98·0–100·0]) in the 3·0 μg group, with the 
geometric mean titres of 86·4 (73·9–101·0) and 142·2 (124·7–162·1). There were no detectable antibody responses in 
the alum-only groups.

Interpretation CoronaVac was well tolerated and safe and induced humoral responses in children and adolescents aged 
3–17 years. Neutralising antibody titres induced by the 3·0 μg dose were higher than those of the 1·5 μg dose. The 
results support the use of 3·0 μg dose with a two-immunisation schedule for further studies in children and adolescents.

Funding The Chinese National Key Research and Development Program and the Beijing Science and Technology 
Program.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
The ongoing COVID-19 pandemic, caused by SARS-CoV-2, 
has led to more than 174·5 million infections and more 

than 3·8 million deaths worldwide as of June 11, 2021.1 
Children and adolescents infected with SARS-CoV-2 are 
mainly mild or asymptomatic compared with adults, but a 
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relatively small number of children and adolescents might 
be at risk for severe COVID-19, especially those with 
underlying health comorbidities.2–5 Studies have also 
found that the SARS-CoV-2 infection can lead to a serious 
complication called multisystem inflammatory syndrome 
in children, which includes myocardial dysfunction, 
shock, and res piratory failure requiring intensive care.3,6,7 
Furthermore, children and adolescents can be important 
transmitters of SARS-CoV-2 in communities.8,9 Therefore, 
testing the effectiveness of COVID-19 vaccines in this 
population is important. As of June 11, 2021, a total of 
287 candidate vaccines are in clinical or preclinical 
development.10 The results from phase 3 trials of multiple 
vaccines across three platforms, including mRNA, viral 
vector, and inactivated virus, have confirmed that the 
vaccines are effective in preventing SARS-CoV-2 infection 
in adults,11,12 and more than ten vaccines have been rolled 
out in many countries for general population use. No 
COVID-19 vaccines are authorised for use among children 
under the age of 12 years, but vaccine companies have 
been started to assess the safety and efficacy of various 
vaccine platforms among the popu lation aged 6 months to 
17 years.13,14 The mRNA vaccine developed by Pfizer has 
shown 100% efficacy and robust antibody responses in 
adolescents aged 12–15 years.15

Purified inactivated viruses have traditionally been 
used for vaccine development. CoronaVac is an 
inactivated SARS-CoV-2 vaccine developed by Sinovac 
Life Sciences (Beijing, China), which provided partial or 

complete protection in macaques following SARS-CoV-2 
challenge, without observable antibody-dependent 
enhancement of infection.16 The analyses from phase 1–3 
trials have shown that CoronaVac was effective, immuno-
genic, and safe in adults aged 18 years and older.12,17–19 
Furthermore, another 11 inactivated COVID-19 candidate 
vaccines are in clinical evaluation, and several studies 
have also shown that the inactivated vaccines can induce 
neutralising antibody responses and have good safety 
profiles.20–24

The phase 1/2 trial of CoronaVac in children and 
adolescents was launched in October, 2020 to assess the 
safety, tolerability, and immunogenicity. Here we report 
the results of CoronaVac among healthy participants 
aged 3–17 years old.

Method
Study design and participants
We have done two phase 1/2 clinical trials of CoronaVac in 
participants aged 18–59 years and aged 60 years and 
older.17,18 The preliminary immunogenicity and safety 
results supported the expansion of the trial to children 
and adolescents. We subsequently did a single-centre, 
randomised, double-blind, controlled, phase 1/2 trial to 
evaluate the safety, tolerability, and immunogenicity of 
CoronaVac in children and adolescents aged 3–17 years. 
On the basis of the results of previous trials and 
considering the low weight of this population, two different 
doses—1·5 μg and 3·0 μg—were adopted in this study. 

Research in context

Evidence before this study
We searched PubMed on Apr 29, 2021, for published research 
articles, with no language or date restrictions, using the search 
terms of “SARS-CoV-2”, “COVID-19”, “vaccine”, and “clinical trial”. 
We identified several clinical trials of COVID-19 vaccines across 
different platforms, including mRNA, viral vector, protein subunit, 
and inactivated virus. The results from phase 1–3 studies have 
confirmed that different vaccines were safe, effective, and induced 
humoral antibody responses in adults. As of April 19, 2020, more 
than ten COVID-19 candidate vaccines have been rolled out in 
many countries for general population use. Although vaccine 
companies have started to assess the safety and efficacy of 
COVID-19 vaccines in populations of 6 months to 17 years of age, 
there are currently no authorised vaccines for use among children 
and adolescents under the age of 16. We previously assessed 
CoronaVac, an inactivated vaccine developed by Sinovac Life 
Sciences, in adults aged 18–59 years and those aged 60 years and 
older, and showed that it was safe and well tolerated. 
Seroconversion rates ranged from 92% to 100% after two doses of 
CoronaVac (3·0 μg and 6·0 μg) with two immunisation schedules 
(on days 0 and 14, or on days 0 and 28) in adults aged 
18–59 years. Seroconversion rates were higher than 98% after 
two doses of CoronaVac (3 μg and 6 μg) with the 0–28 days 
schedule in patients aged 60 years and older.

Added value of this study
This is, we believe, the first report of an inactivated SARS-CoV-2 
vaccine, CoronaVac, tested in children and adolescents aged 
3–17 years. CoronaVac was found to be well tolerated and safe 
in this population. The seroconversion rates of neutralising 
antibody with both doses (1·5 μg and 3·0 μg) were over 96% 
after two-dose vaccination and the neutralising antibody titres 
induced by the 3·0 μg dose were higher than those induced by 
the 1.5 μg dose. Taken together, the 3·0 μg dose of CoronaVac 
induced higher immune responses compared with 1·5 μg dose.

Implications of all the available evidence
While a small number of children and adolescents with 
SARS-CoV-2 infection might be at risk for severe COVID-19 and 
complicated illnesses, they usually have mild or asymptomatic 
symptoms compared with adults. Nevertheless, children and 
adolescents can be important transmitters of SARS-CoV-2 in 
communities. Therefore, testing the effectiveness of COVID-19 
vaccines in this population is important. CoronaVac was well 
tolerated and immunogenic in healthy children and adolescents 
aged 3–17 years in this trial, which supports the use of 
CoronaVac for further studies in this population.
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This trial was run at Hebei Provincial Center for Disease 
Control and Prevention in Zanhuang (Hebei, China).

The phase 1 trial was an age de-escalation and 
dose-escalation study of 72 participants. Participants in 
each age group (3–5 years, 6–11 years, and 12–17 years) 
were recruited in order from the low-dose stage (block 1) 
to the high-dose stage (block 2). In block 1, participants 
were randomly assigned to receive either 1·5 μg vaccine 
or aluminum hydroxide adjuvant only (alum only, 
control) and participants in block 2 were randomly 
assigned to receive either 3·0 μg vaccine or alum only. In 
phase 1, 7 days of follow-up for safety were required 
before entering the next stage. The phase 2 trial was 
initiated only after all the participants in phase 1 had 
finished and passed a 7-days safety observation period 
after the first dose, as confirmed by the data monitoring 
committee. The required safety criteria were: no-life 
threatening vaccine-related adverse events (adverse 
reactions), no more than 15% of vaccinated participants 
reporting severe adverse reactions, and no other safety 
concerns in the opinion of the data monitoring 
committee. A total of 480 participants were recruited 
in phase 2, including 120 aged 3–5 years, 180 aged 
6–11 years, and 180 aged 12–17 years.

Eligible participants were healthy children and 
adolescents aged 3–17 years. The key exclusion criteria 
included high-risk epidemiology history within 14 days 
before enrolment (eg, travel or residence history in 
communities with case reports, or contact history with 
someone infected with SARS-CoV-2), history of severe 
acute respiratory syndrome or SARS-CoV-2 infection (as 
reported by participants), axillary temperature of more 
than 37·0°, and history of allergy to any vaccine 
component. A complete list of exclusion criteria is listed 
in the protocol, which is available online.

Parents provided written informed consents, and 
participants 8–17 years of age also provided written 
assents before enrolment. The clinical trial protocol 
and informed consent form were approved by the Ethics 
Committee of Hebei CDC (IRB2020-005). The study 
was done in accordance with the requirements of 
Good Clinical Practice of China and the International 
Conference on Harmonisation.

Randomisation and masking
In phase 1, participants of block 1 and block 2 were 
randomly assigned (3:1) to either vaccine or alum 
only, and in phase 2, participants were randomly 
assigned (2:2:1) to either 1·5 μg, 3·0 μg of vaccine, or 
alum only. The randomisation codes for the phase 1 and 
phase 2 were generated by the randomisation statistician 
by means of block randomisation using SAS software 
(version 9.4). The randomisation code was assigned to 
each participant in sequence in the order of enrolment, 
and then the participants received the study vaccine 
labelled with the same code. The vaccine and alum 
only were completely identical in appearance, and all 

participants, investigators, and laboratory staff were 
masked to group allocation.

Procedures
CoronaVac is an inactivated vaccine candidate against 
SARS-CoV-2 infection. To prepare the vaccine, 
SARS-CoV-2 (CN02 strain) was propagated in African 
green monkey kidney cells (WHO Vero 10-87 Cells). At 
the end of the incubation period, the virus was harvested, 
inactivated with β-propiolactone, concentrated, purified, 
and finally adsorbed onto aluminum hydroxide. The 
aluminium hydroxide complex was then diluted in 
sodium chloride, phosphate-buffered saline, and water, 
before being sterilised and filtered for injection. The 
control was aluminum hydroxide adjuvant (alum only) 
with no virus. Both the vaccine and alum only were 
prepared in the Good Manufacturing Practice-accredited 
facility of Sinovac Life Science that was periodically 
inspected by the National Medical Products Adminis-
tration committee for compliance. The production 
process of the vaccine in this trial was a highly auto-
mated bioreactor (ReadyToProcess WAVE 25, GE, Umea, 
Sweden), which was consistent with the production 
process of vaccine used in the phase 2 trial of adults aged 
18–59 years and in the phase 1/2 trial of older adults 
aged at least 60 years.17,18 Vaccine doses of 1·5 μg, or 
3·0 μg in 0·5 mL of aluminium hydroxide diluent per 
dose and alum only in ready-to-use syringes were 
administered intramuscularly to participants on day 0 
and day 28.

Participants were observed in the study site for at 
least 30 min after vaccination. For the first 7 days after 
each dose, parents or guardians of participants were 
required to record any injection-site adverse events 
(eg, pain, swelling, erythema), or systemic adverse 
events (eg, allergic reaction, cough, fever) on the diary 
cards. From day 8 to day 28 after each dose, safety 
data were collected by spontaneous report from the 
participants combined with the regular visit (which 
occurred on day 3, day 8 and day 28 after each dose in 
phase 1, and on day 8 and day 28 in phase 2). Solicited 
adverse events were recorded for 7 days after each 
dose and unsolicited adverse events for 28 days. The 
serious adverse events are recorded throughout the 
study and follow-up will continue until 12 months after 
the second dose. The reported adverse events were 
graded according to the China National Medical 
Products Administration guidelines.25 The causal 
relationship between adverse events and vaccination 
was established by the investigators.

In the phase 1 trial, blood and urine samples were 
taken on day 3 after each dose and tested to investigate 
any abnormal changes of the haematology, biochemistry, 
and urine routine indexes. Blood samples were collected 
on day 0, 28, and 56 from participants in phase 1, and on 
day 0 and 56 in phase 2 to evaluate the neutralising 
antibody titres. The neutralising antibody titres to 

For more on exclusion criteria 
see http://www.hebeicdc.cn/
kygz/25011.jhtml
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live SARS-CoV-2 (virus strain: SARS-CoV-2/human/
CHN/CN1/2020, genebank number MT407649.1) was 
quantified by means of the microcytopathogenic effect 
assay.26 Serum samples were inactivated at 56° for 30 min 
and serially diluted with cell culture medium in two-fold 
steps. The diluted serum samples were incubated with 
equal volume (50 μL) of the live SARS-CoV-2 virus 
suspension, with a 50% cell culture infective dose 
of 100 for 2 h at 37·0°. Vero cells (1·0–2·0 × 10⁵ cells 
per mL) were then added to the serum–virus suspensions 
in microplates in duplicate and incubated at 36·5° for 
5 days. Cytopathic effects were recorded under 
microscopes and the neutralising antibody titre was 
calculated by the dilution number of 50% protective 
condition. Detection was done by the National Institute 

for Food and Drug Control. Further information on the 
method has been provided in the appendix (p 1).

Outcomes
The primary safety endpoint was any vaccine-related 
adverse events (adverse reactions) within 28 days after the 
administration of each dose of the study vaccine or alum 
only. Secondary safety endpoints were serious adverse 
events and any abnormal changes in laboratory measure-
ments at day 3 after each dose. Laboratory index tests were 
prespecified only in the phase 1 trial. The primary 
immunogenic endpoint was the seroconversion rate of 
neutralising antibodies to live SARS-CoV-2 at day 28 after 
the second dose. Secondary immunogenic endpoints were 
geometric mean titre (GMT) of neutralising antibodies to 

Figure 1: Trial profile
*One participant in the 1·5 μg group was excluded from the per-protocol analysis because he received tetanus immunoglobulin at day 14 after the second dose. †One participant in the 3 μg group was 
excluded from the per-protocol analysis because blood collection after vaccination was outside of the specified time window, and four did not have a blood sample taken 28 days after the second dose. 
‡One participant in the alum only group was excluded from the per-protocol analysis because he did not have a blood sample taken 28 days after the second dose.
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live SARS-CoV-2, as well as seropositive rates and 
geometric mean increase. Sero conversion was defined as a 
change from seronegative at baseline to seropositive or a 
four-fold titre increase if the participant was seropositive at 
baseline. The positive cutoff of the titre for neutralising 
antibodies to live SARS-CoV-2 was 1/8.

Statistical analysis
We assessed the safety endpoints in the safety population, 
which included all participants who had received at 
least one dose of vaccine or alum only. We assessed 
the immunogenicity endpoints in the per-protocol 
population, which included all participants who had 
randomly received two doses of vaccine or alum only, 
had antibody results available, and did not violate the 
trial protocol.

We did not determine the sample sizes on the basis 
of a statistical power calculation, but followed the 
requirements of the China National Medical Products 
Administration and Chinese Technical Guidelines for 
Clinical Trials of Vaccines—ie, recruitment of at least 
20–30 participants in phase 1 and 300 participants in 
phase 2 trial.

We used the Pearson χ² test or Fisher’s exact test for 
the analysis of categorical outcomes. We calculated 
the 95% CIs for all categorical outcomes using the 
Clopper-Pearson method. We calculated GMTs and 
corresponding 95% CIs on the basis of the standard 
normal distribution of the log-transformation antibody 
titre. We used the ANOVA method to compare the 
log-transformed anti body titres. When the comparison 
among all groups showed significant difference, we 
then did pairwise comparisons. Hypothesis testing 
was two-sided and we considered a p value of less 
than 0·05 to be significant.

An independent data monitoring committee con-
sisting of one independent statistician, one clinician, 
and one epidemiologist was established before com-
mencement of the study. Safety data were assessed and 
reviewed by the committee to ensure further proceeding 
of the study. We used SAS (version 9.4) for all analyses. 
This trial is registered with ClinicalTrials.gov, 
NCT04551547.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. Employees of Sinovac Life Sciences 
and Sinovac Biotech, listed as the authors, contributed 
to the study design, data interpretation, clinical trial 
monitoring, writing or revising the manuscript.

Results
Between Oct 31, 2020, and Dec 2, 2020, 110 individuals 
were screened and 72 were enrolled in phase 1. Between 
Dec 12 and Dec 30, 2020, 515 individuals were screened 
and 480 were enrolled in phase 2. 550 (>99%) of 

Phase 1 Phase 2

1·5 μg group 
(n=27)

3 μg group 
(n=26)

Aluminium 
hydroxide only 
group (n=18)

1·5 μg group 
(n=192)

3·0 μg group 
(n=191)

Aluminium 
hydroxide only 
group (n=96)

Age, years 8·4 (4·2) 8·2 (4·0) 8·3 (4·0) 9·3 (3·9) 9·2 (3·8) 9·1 (4·0)

3–5 9 (33%) 9 (35%) 6 (33%) 48 (25%) 47 (25%) 24 (25%)

6–11 9 (33%) 9 (35%) 6 (33%) 72 (38%) 72 (38%) 36 (38%)

12–17 9 (33%) 8 (31%) 6 (33%) 72 (38%) 72 (38%) 36 (38%)

Sex

Male 10 (37%) 12 (46%) 8 (44%) 105 (55%) 108 (57%) 54 (56%)

Female 17 (63%) 14 (54%) 10 (56%) 87 (45%) 83 (43%) 42 (44%)

Han ethnicity 27 (100%) 26 (100%) 18 (100%) 192 (100%) 191 (100%) 96 (100%)

Height, m 1·3 (0·2) 1·3 (0·3) 1·3 (0·3) 1·4 (0·2) 1·4 (0·2) 1·4 (0·2)

Weight, kg 34·3 (15·7) 35·0 (14·9) 34·9 (17·7) 40·4 (19·0) 37·9 (16·9) 39·2 (18·9)

Data are mean (SD) or n (%).

Table 1: Baseline characteristics

1·5 μg group 
(n=219)

3·0 μg group 
(n=217)

Aluminium 
hydroxide only 
group (n=114)

Total 
(n=550)

p value*

Solicited adverse reactions within 0–7 days

Any 51 (23%) 59 (27%) 22 (19%) 132 (24%) 0·28

Grade 1 39 (18%) 51 (24%) 15 (13%) 105 (19%) 0·065

Grade 2 16 (7%) 19 (9%) 9 (8%) 44 (8%) 0·82

Grade 3 2 (1%) 0 0 2 (<1%) 0·36

Injection site adverse reactions

Pain 36 (16%) 35 (16%) 2 (2%) 73 (13%) <0·0001

Grade 1 34 (16%) 35 (16%) 2 (2%) 71 (13%) <0·0001

Grade 2 2 (1%) 0 0 2 (<1%) 0·36

Swelling 3 (1%) 6 (3%) 1 (1%) 10 (2%) 0·50

Grade 1 0 4 (2%) 0 4 (1%) 0·053

Grade 2 3 (1%) 3 (1%) 1 (1%) 7 (1%) 1·0

Induration 0 2 (1%) 0 2 (<1%) 0·20

Grade 1 0 2 (1%) 0 2 (<1%) 0·20

Erythema 0 1 (<1%) 0 1 (<1%) 0·60

Grade 1 0 1 (<1%) 0 1 (<1%) 0·60

Pruritus 3 (1%) 2 (1%) 0 5 (1 %) 0·64

Grade 1 3 (1%) 2 (1%) 0 5 (1%) 0·64

Systematic adverse reactions

Fever 9 (4%) 11 (5%) 5 (4%) 25 (5%) 0·93

Grade 1 3 (1%) 2 (1%) 2 (2%) 7 (1%) 0·89

Grade 2 4 (2%) 10 (5%) 3 (3%) 17 (3%) 0·22

Grade 3 2 (1%) 0 0 2 (<1%) 0·36

Cough 5 (2%) 8 (4%) 5 (4%) 18 (3%) 0·47

Grade 1 1 (<1%) 4 (2%) 3 (3%) 8 (1%) 0·19

Grade 2 4 (2%) 4 (2%) 2 (2%) 10 (2%) 1·0

Headache 6 (3%) 4 (2%) 3 (3%) 13 (2%) 0·82

Grade 1 3 (1%) 3 (1%) 1 (1%) 7 (1%) 1·0

Grade 2 4 (2%) 1 (<1%) 2 (2%) 7 (1%) 0·39

Anorexia 3 (1%) 4 (2%) 2 (2%) 9 (2%) 0·92

Grade 1 1 (<1%) 3 (1%) 2 (2%) 6 (1%) 0·52

Grade 2 3 (1%) 1 (<1%) 0 4 (1%) 0·54

(Table 2 continues on next page)
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552 enrolled participants received the first dose of vaccine 
or alum only (71 in phase 1 and 479 in phase 2) and were 
included in the safety population (figure 1). 69 (96%) 
participants in phase 1 received the second dose and all 
were eligible for the immunogenic evaluation at day 28 
after the second dose (per-protocol population; figure 1). In 
phase 2, 467 (97%) participants received the second dose 
and 460 (96%) were included in the per-protocol population 
(figure 1). Seven participants were excluded because 
one received tetanus immunoglobulin at day 14 after the 
second dose, five did not have a blood sample taken at 
28 days after the second dose, and one took a blood sample 
outside of the specified time window. The demographic 
characteristics of the participants were similar in terms of 
sex, mean age, height, weight, and ethnicity among 
groups. The mean age of study participants was 8·3 years 
(SD 4·0) in phase 1, including 24 (34%) of 71 participants 
aged 3–5 years, 24 (34%) aged 6–11 years, and 23 (32%) 
aged 12–17 years. The mean age of study participants was 
9·2 years (3·9) in phase 2, including 119 (25%) of 
479 participants aged 3–5 years, 180 (38%) aged 6–11 years, 
and 180 (38%) aged 12–17 years (table 1).

The safety data of the phase 1 and phase 2 trial were 
combined for analysis because the same batches of the 
vaccine and alum only and the same safety observation 
method were used. 146 (27%) of 550 participants reported 
at least one adverse reaction within 28 days of either 
vaccination, and the proportions of participants with 
any adverse reactions were similar across groups. Most 
adverse reactions were mild (grade 1) and moderate 
(grade 2) in severity. Only two (<1%) of 550 had grade 3 
adverse reactions. Most adverse reactions occurred 
within 7 days after vaccination and participants recovered 
within 48 h. The most common reactions were injection 
site pain (73 [13%] participants) and fever (25 [5%]). 
Except for a higher prevalence of injection site pain in 
two vaccine groups than that in alum-only group, there 

1·5 μg group 
(n=219)

3·0 μg group 
(n=217)

Aluminium 
hydroxide only 
group (n=114)

Total 
(n=550)

p value*

(Continued from previous page)

Diarrhoea 2 (1%) 2 (1%) 4 (4%) 8 (1%) 0·16

Grade 1 2 (1%) 2 (1%) 4 (4%) 8 (1%) 0·16

Nausea 3 (1%) 2 (1%) 2 (2%) 7 (1%) 0·89

Grade 1 3 (1%) 2 (1%) 2 (2%) 7 (1%) 0·89

Mucocutaneous 
eruption

2 (1%) 2 (1%) 1 (1%) 5 (1%) 1·0

Grade 1 1 (<1%) 1 (<1%) 0 2 (<1%) 1·0

Grade 2 1 (<1%) 1 (<1%) 1 (1%) 3 (1%) 1·0

Vomiting 3 (1%) 1 (<1%) 1 (1%) 5 (1%) 0·85

Grade 1 3 (1%) 1 (<1%) 1 (1%) 5 (1%) 0·85

Muscle pain 4 (2%) 0 0 4 (1%) 0·078

Grade 1 2 (1%) 0 0 2 (<1%) 0·36

Grade 2 2 (1%) 0 0 2 (<1%) 0·36

Fatigue 1 (<1%) 1 (<1%) 1 (1%) 3 (1%) 1·0

Grade 1 1 (<1%) 1 (<1%) 1 (1%) 3 (1%) 1·0

Grade 2 1 (<1%) 0 0 1 (<1%) 1·0

Hypersensitivity 0 0 1 (1%) 1 (<1%) 0·21

Grade 1 0 0 1 (1%) 1 (<1%) 0·21

Unsolicited adverse reactions within 0–28 days

Any 11 (5%) 15 (7%) 9 (8%) 35 (6%) 0·52

Grade 1 2 (1%) 3 (1%) 3 (3%) 8 (1%) 0·43

Grade 2 10 (5%) 12 (6%) 7 (6%) 29 (5%) 0·75

Overall adverse reactions within 0–28 days

Any 56 (26%) 63 (29%) 27 (24%) 146 (27%) 0·55

Grade 1 40 (18%) 52 (24%) 18 (16%) 110 (20%) 0·16

Grade 2 22 (10%) 24 (11%) 15 (13%) 61 (11%) 0·67

Grade 3 2 (1%) 0 0 2 (<1%) 0·36

Data are n (%), representing the total number of participants who had adverse reactions (ie, adverse events related to 
vaccination). Results are broken down by dose and age group in the appendix (pp 2–10). *For differences across all 
groups.

Table 2: Adverse reactions reported within 28 days after the first and the second dose of vaccine or alum 
only in phase 1 and phase 2

1·5 μg group 3·0 μg group Aluminium hydroxide only 
group

p value

Rate % (95%) CI Rate % (95%) CI Rate % (95%) CI Three 
groups

1·5-μg vs 
3·0-μg group

Phase 1

Total 27/27 100·0% (87·2–100·0) 26/26 100·0% (86·8–100·0) 0/16 0·0% (0·0–20·6) <0·0001 1·0

3–5 years 9/9 100·0% (66·4–100·0) 9/9 100·0% (66·4–100·0) 0/5 0·0% (0·0–52·2) <0·0001 1·0

6–11 years 9/9 100·0% (66·4–100·0) 9/9 100·0% (66·4–100·0) 0/6 0·0% (0·0–45·9) <0·0001 1·0

12–17 years 9/9 100·0% (66·4–100·0) 8/8 100·0% (63·1–100·0) 0/5 0·0% (0·0–52·2) <0·0001 1·0

Phase 2

Total 180/186 96·8% (93·1–98·8) 180/180 100·0% (98·0–100·0) 0/94 0·0% (0·0–3·9) <0·0001 0·030

3–5 years 46/46 100·0% (92·3–100·0) 45/45 100·0% (92·1–100·0) 0/24 0·0% (0·0–14·2) <0·0001 1·0

6–11 years 68/69 98·6% (92·2–100·0) 68/68 100·0% (94·7–100·0) 0/35 0·0% (0·0–10·0) <0·0001 1·0

12–17 years 66/71 93·0% (84·3–97·7) 67/67 100·0% (94·6–100·0) 0/35 0·0% (0·0–10·0) <0·0001 0·059

Data are n/N (% [95% CI]).

Table 3: Seroconversion rates of neutralising antibody responses to live SARS-CoV-2 28 days after the second dose
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were no significant differences in the prevalence of other 
solicited or unsolicited reactions among the three groups 
(table 2). In an exploratory analysis by age, the prevalence 
of adverse reactions was highest in participants aged 
12–17 years (72 [35%] of 203 participants) followed by 
3–5 years (37 [26%] of 143 participants) and 6–11 years 
(37 [18%] of 204 participants; appendix pp 8–10). As of 
June 12, 2021, only one participant in the alum-
only group has reported one serious adverse event 
(pneumonia; appendix p 15), which was considered to be 
unrelated to vaccination. Additionally, only two (3%) of 
71 participants at day 3 after the first dose and two (3%) of 
69 participants after the second dose in phase 1 had a 
significant increase of laboratory indicator (appendix p 11).

In phase 1, none of the participants had any detectable 
neutralising antibody response against live SARS-CoV-2 
at baseline (appendix p 12). The seroconversion rates 
at day 28 after the second dose were 27 (100%) of 
27 participants in the 1·5 μg group (GMT 55·0 [95% CI 
38·9–77·9]) and 26 (100%) of 26 in the 3·0 μg group 
(117·4 [87·8–157·0]). The GMT of the 3·0 μg group 
was significantly higher than that of the 1·5 μg 
group (p=0·0012; table 3, figure 2, appendix p 12). 
Testing for neutralising antibodies in all alum-only 
recipients was negative after vaccination (appendix p 12). 
In an exploratory analysis by age, seroconversion rates 
at day 28 after the second dose of 1·5 μg or 3·0 μg 
vaccine were all 100% in participants aged 3–5 years, 
6–11 years, and 12–17 years, with the GMTs ranging 
from 45·9 to 212·6 (figure 2, appendix p 14).

In phase 2, none of the participants had any detectable 
neutralising antibody response at baseline (appendix p 13). 
After the second dose of vaccination, the sero con version 
rates were 180 (95% CI 96·8% [93·1–98·8]) of 186 parti-
cipants in the 1·5 μg group (GMT 86·4 [73·9–101·0]) and 
180 (100·0% [98·0–100·0]) of 180 participants in the 3·0 μg 
group (142·2 [124·7–162·1]). The seroconversion rate and 
GMT of the 3·0 μg group were higher than those of the 
1·5 μg group (p=0·030 and p<0·0001; table 3, figure 2, 
appendix p 13). Neutralising antibodies in all alum-only 
recipients were negative after vaccination (appendix p 13). 
In an exploratory analysis by age, the seroconversion rates at 
day 28 after the second dose were higher than 93% in the 
1·5 μg and 3·0 μg groups for participants aged 3–5 years, 
6–11 years, and 12–17 years, with the GMTs ranging from 
78·3 to 146·0 (figure 2, appendix p 14).

Discussion
To our knowledge, this is the first report of immuno-
genicity and safety of COVID-19 candidate vaccine 
among children as low as 3 years old. We found that two 

Figure 2: Antibody titres of neutralising antibodies to live SARS-CoV-2 
induced after two doses of CoronaVac or aluminium hydroxide diluent 

only in phase 1 and phase 2 trials
GMT=geometric mean titre.The error bars indicate the 95% CI of the GMT and 

the spots indicate the individual antibody titres, with the number above the 
spots showing the GMT estimate. Only p values between 1·5 μg and 

3·0 μg groups after the second vaccination are shown in the figure. All p values 
for all data are in the appendix (pp 12–13)
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doses of the CoronaVac were safe and well tolerated at 
doses of 1·5 μg and 3·0 μg among children and 
adolescents aged 3–17 years old. The prevalence of 
adverse reactions in different dose groups was similar, 
indicating that there was no dose-related concern on 
safety. Most reactions were mild to moderate in severity 
and transient. Injection-site pain was the most reported 
symptom. The results were similar to our study of adults 
and elderly.17,18 Furthermore, the higher grade 1 injection 
site pain reported by adolescents aged 12–17 years was 
the main reason for the higher prevalence of adverse 
reactions in this population compared with children aged 
3–5 years and 6–11 years. None of the serious adverse 
events reported during the trial was related to vaccination.

CoronaVac was immunogenic in children and ado-
lescents aged 3–17 years. The seroconversion rates of 
neutralising antibody in children and adolescents with 
both doses were over 96% after the two-dose vaccination. 
The GMTs of 142·2 in the 3·0 μg groups were higher 
than that of 86·4 in the 1·5 μg group in phase 2; however, 
even the GMT of 86·4 induced better immunogenicity 
compared with adults aged 18–59 years (44·1) and those 
aged 60 years and older (42·2) who received a 3·0 μg 
dose of vaccine with the same immunisation schedule.17,18 
Age plays an important role in antibody response to 
vaccine.27 Decreasing responses to vaccination with 
increasing age have been shown in other vaccines, such 
as hepatitis B vaccine, seasonal influenza, pneumococcal 
disease, tetanus, pertussis, and diphtheria.27,28 The 
results implied that a lower dose of vaccine could induce 
higher immune response in children and adolescents.

In an exploratory analysis stratified by age, we did not 
observe significant differences in neutralising antibody 
responses between age groups (3–5 years, 6–11 years, 
and 12–17 years) after the second vaccination 
(appendix p 14). GMTs in phase 1 decreased with age in 
recipients of the same vaccine, whereas they were 
similar in phase 2. Small sample size might account for 
the change trends of GMT in phase 1. In each age group, 
there were significant differences in GMTs between the 
1·5 μg and 3·0 μg groups after the second dose, except in 
the group aged 12–17 years old in phase 1. Taken together, 
the 3·0 μg dose of CoronaVac induced higher immune 
responses in all age groups compared with the 1·5 μg 
dose.

Evidence from various studies supports the important 
role of T-cell responses to SARS-CoV-2 infection,29 and 
such responses have been found with use of different 
vaccine platforms, including mRNA, viral vectors, and 
recombinant proteins.30 In this study, T cell responses 
were not assessed, which was a limitation of the study 
design. However, a study in Chile found a significant 
induction of a T-cell response characterised by the 
secretion of interferon-gamma following vaccination of 
CoronaVac in a population aged 18 years and older,19, 
which was different from the lower response observed in 
our phase 1 trial among adults aged 18–59 years.17 

Another inactivated SARS-CoV-2 vaccine, BBV152, has 
also been reported to induced a Th1-biased response.21,24 
Future studies are needed to assess the responses of 
type 1 and type 2 T-helper cells by inactivated vaccines.

This study has some further limitations. First, the 
sample size of this study is relatively small per age group 
and all study populations were of Han ethnicity. Further 
studies will be done in different regions and multiethnic 
populations to collect more data to provide scientific 
evidence for immune strategy. Second, at the time of the 
report, long-term immunogenicity and safety could not 
be available, although the participants will be followed 
up for at least 1 year. Finally, the calculated p values 
cannot support any powerful statistical conclusions in 
this study, which are only for reference and should be 
interpreted with caution.

In conclusion, CoronaVac was well tolerated and 
safe, and induced humoral responses in children and 
adolescents aged 3–17 years. Among the two doses 
evaluated, the neutralising antibody titres induced by a 
3·0 μg dose were higher than those of the 1·5 μg dose. 
The results support the use of 3·0 μg dose with a 
two-immunisation schedule for further studies in 
children and adolescents.
Contributors
QL, QG, YZ, BH, and YS designed the trial and study protocol. BH, WY, 
and ML contributed to the literature search. All authors had access to 
data, and YS and QL verified the data. BH and WY wrote the first draft 
manuscript. QG, QL, YS, ML, XL, and YZ contributed to the data 
interpretation and revision of the manuscript. ZJ and QS contributed to 
data analysis. LW monitored the trial. QM and WJ were responsible for 
the site work including the recruitment, follow-up, and data collection, 
and ZW was the site coordinator. CL were responsible for the laboratory 
analysis. All the authors had full access to all the data in the study and 
had final responsibility for the decision to submit for publication.

Declaration of interests
QG and XL are employees of Sinovac Life Sciences. YS, WY, and LW are 
employees of Sinovac Biotech. All other authors declare no competing 
interests.

Data sharing
The individual participant-level data that underlie the results reported 
in this Article will be shared after de-identification (text, tables, figures, 
and appendices). This clinical trial is ongoing, and all the individual 
participant data will not be available until the immune persistence 
evaluation is completed. The data will be available immediately after 
publication and finalisation of the completed clinical study report for 
at least 6 months. Supporting clinical documents including the study 
protocol and statistical analysis plan and the informed consent form 
will be available immediately following publication of this Article for at 
least 1 year. Information on how to access the supporting clinical 
documents is available online. Researchers who provide a scientifically 
sound proposal will be allowed to access to the de-identified individual 
participant data. Proposals should be sent to the corresponding author. 
These proposals will be reviewed and approved by the sponsor, 
investigators, and collaborators on the basis of scientific merit. 
To gain access, data requestors will need to sign a data access 
agreement.

Acknowledgments
This study was funded by the National Key Research and Development 
Program and Beijing Science and Technology Program.

References
1 WHO. WHO coronavirus disease (COVID-19) dashboard. 2021. 

https://covid19whoint/ (accessed June 12, 2021).



 |  1173O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

Articles

www.thelancet.com/infection   Vol 21   December 2021 1653

2 Zimmermann P, Curtis N. Coronavirus infections in children 
including COVID-19: An overview of the epidemiology, clinical 
features, diagnosis, treatment and prevention options in children. 
Pediatr Infect Dis J 2020; 39: 355–68.

3 European Centre for Disease Prevention and Control. Paediatric 
inflammatory multisystem syndrome and SARS-CoV-2 infection in 
children. May 15, 2020. https://www.ecdc.europa.eu/sites/default/
files/documents/covid-19-risk-assessment-paediatric-inflammatory-
multisystem-syndrome-15-May-2020.pdf (accessed March 25, 2021).

4 Maltezou HC, Magaziotou I, Dedoukou X, et al. Children and 
adolescents with SARS-CoV-2 Infection: epidemiology, clinical 
course and viral loads. Pediatr Infect Dis J 2020; 39: e388–92.

5 Snape MD, Viner RM. COVID-19 in children and young people. 
Science 2020; 370: 286–88.

6 Kamidani S, Rostad CA, Anderson EJ. COVID-19 vaccine 
development: a pediatric perspective. Curr Opin Pediatr 2021; 
33: 144–51.

7 Ebina-Shibuya R, Namkoong H, Shibuya Y, Horita N. Multisystem 
inflammatory syndrome in children (MIS-C) with COVID-19: 
insights from simultaneous familial Kawasaki disease cases. 
Int J Infect Dis 2020; 97: 371–73.

8 Kao CM, Orenstein WA, Anderson EJ. The importance of 
advancing SARS-CoV-2 vaccines in children. Clin Infect Dis 2020; 
ciaa712.

9 Yang HS, Costa V, Racine-Brzostek SE, et al. Association of age with 
SARS-CoV-2 antibody response. JAMA Netw Open 2021; 4: e214302.

10 WHO. Draft landscape of COVID-19 candidate vaccines. 2021. 
https://wwwwhoint/publications/m/item/draft-landscape-of-covid-
19-candidate-vaccines (accessed June 12, 2021).

11 Creech CB, Walker SC, Samuels RJ. SARS-CoV-2 vaccines. JAMA 
2021; 325: 1318–20.

12 Palacios R, Batista AP, Albuquerque CSN, et al. Efficacy and safety 
of a COVID-19 inactivated vaccine in healthcare professionals in 
Brazil: the PROFISCOV study. SSRN 2021; published online 
April 14, 2021. https://papers.ssrn.com/sol3/papers.cfm?abstract_
id=3822780 (preprint).

13 Miller NS. COVID-19 vaccines in children: research to guide your 
news coverage. 2021. https://journalistsresourceorg/health/covid-
19-vaccine-in-children/ (accessed April 27, 2021).

14 National Institutes of Health. Safety and immunogenicity study of 
inactivated vaccine for prevention of COVID-19. 2020. https://
clinicaltrialsgov/ct2/show/NCT04551547?cond=NCT04551547&draw
=2&rank=1 (accessed April 27, 2021).

15 Pfizer. Pfizer-Biontech announce positive topline results of pivotal 
COVID-19 vaccine study in adolescents. March 31, 2021. 
https://www.pfizer.com/news/press-release/press-release-detail/
pfizer-biontech-announce-positive-topline-results-pivotal (accessed 
April 27, 2021).

16 Gao Q, Bao L, Mao H, et al. Development of an inactivated vaccine 
candidate for SARS-CoV-2. Science 2020; 369: 77–81.

17 Zhang Y, Zeng G, Pan H, et al. Safety, tolerability, and 
immunogenicity of an inactivated SARS-CoV-2 vaccine in healthy 
adults aged 18–59 years: a randomised, double-blind, placebo-
controlled, phase 1/2 clinical trial. Lancet Infect Dis 2021; 21: 181–92.

18 Wu Z, Hu Y, Xu M, et al. Safety, tolerability, and immunogenicity of 
an inactivated SARS-CoV-2 vaccine (CoronaVac) in healthy adults 
aged 60 years and older: a randomised, double-blind, placebo-
controlled, phase 1/2 clinical trial. Lancet Infect Dis 2021; 
21: 803–12.

19 Bueno SM, Abarca K, González PA, et al. Interim report: safety 
and immunogenicity of an inactivated vaccine against 
SARS-CoV-2 in healthy Chilean adults in a phase 3 clinical trial. 
medRxiv 2021; published online April 1. https://doi.
org/10.1101/2021.03.31.21254494 (preprint).

20 Che Y, Liu X, Pu Y, et al. Randomized, double-blinded and 
placebo-controlled phase II trial of an inactivated SARS-CoV-2 
vaccine in healthy adults. Clin Infect Dis 2020; ciaa1703. https://doi.
org/10.1093/cid/ciaa1703.

21 Ella R, Vadrevu KM, Jogdand H, et al. Safety and immunogenicity 
of an inactivated SARS-CoV-2 vaccine, BBV152: a double-blind, 
randomised, phase 1 trial. Lancet Infect Dis 2021; 21: 637–46.

22 Xia S, Duan K, Zhang Y, et al. Effect of an inactivated vaccine 
against SARS-CoV-2 on safety and immunogenicity outcomes: 
interim analysis of 2 randomized clinical trials. JAMA 2020; 
324: 951–60.

23 Xia S, Zhang Y, Wang Y, et al. Safety and immunogenicity of an 
inactivated SARS-CoV-2 vaccine, BBIBP-CorV: a randomised, 
double-blind, placebo-controlled, phase 1/2 trial. Lancet Infect Dis 
2021; 21: 39–51.

24 Ella R, Reddy S, Jogdand H, et al. Safety and immunogenicity of an 
inactivated SARS-CoV-2 vaccine, BBV152: interim results from a 
double-blind, randomised, multicentre, phase 2 trial, and 3-month 
follow-up of a double-blind, randomised phase 1 trial. 
Lancet Infect Dis 2021; published online March 8. 
https://doi.org/10.1016/S1473-3099(21)00070-0.

25 Chine National Medical Products Administration. Guidelines for 
grading standards of adverse events in clinical trials of preventive 
vaccines. https://www.nmpa.gov.cn/xxgk/ggtg/
qtggtg/20191231111901460html (accessed March 29, 2020).

26 Li YP, Liang ZL, Gao Q, et al. Safety and immunogenicity of a 
novel human enterovirus 71 (EV71) vaccine: a randomized, 
placebo-controlled, double-blind, phase I clinical trial. Vaccine 2012; 
30: 3295–303.

27 Kang G, Chen H, Ma F, et al. Comparison of the effect of increased 
hepatitis B vaccine dosage on immunogenicity in healthy children 
and adults. Hum Vaccin Immunother 2016; 12: 2312–16.

28 Van Der Meeren O, Crasta P, Cheuvart B, De Ridder M. 
Characterization of an age-response relationship to GSK’s 
recombinant hepatitis B vaccine in healthy adults: an integrated 
analysis. Hum Vaccin Immunother 2015; 11: 1726–29.

29 Sauer K, Harris T. An effective COVID-19 vaccine needs to engage 
T cells. Front Immunol 2020; 11: 581807.

30 Rha MS, Kim AR, Shin EC. SARS-CoV-2-Specific T cell responses 
in patients with COVID-19 and unexposed individuals. 
Immune Netw 2021; 21: e2.



7.1. CoronaVac booster protects by 98% against severe cases 
and death from Covid-19, says Hong Kong study

A study carried out in Hong Kong 
during the SARS-CoV-2 omicron 
outbreak in the first quarter of 2022 
showed that the administration of 
three doses of CoronaVac provided 
98% protection against severe 
cases and death from Covid-19, 
mainly among the elderly. The paper 
was peer-reviewed and published 
in The Lancet Infectious Diseases 
and conducted by researchers at 
the University of Hong Kong School 
of Public Health and School of 
Medicine. The results were previously 
published in preprint format.

Until December 2021, Hong Kong 
excelled in controlling the pandemic 
due to the restrictive social isolation 
imposed by the government. But at 
the beginning of January 2022, the 
outbreak of omicron sublineage 
BA.2 exploded in the city, resulting in 
741,000 cases of Covid-19 and 8,875 
severe cases or deaths.

As of mid-April 2022, 61% of the 
population aged between 40 and 
59 had had three doses of the 
vaccine. This percentage was 39% in 

the range between 70 and 79 years 
and 15% among the elderly aged 80 
years and over.

The administration of two doses of 
CoronaVac showed an efficacy of 
91.7% in preventing severe cases of 
Covid-19 in adults aged 20 to 59 
years. Among the elderly aged 60 to 
69 years, the efficacy of two doses 
reached 79.3%, and 74.3% among 
those aged 70 to 79 years.

In the case of the booster dose, 
the results were even better. “We 
estimate that three doses offered 
very high protection against serious 
illness (97.9%) and death (98.6%) in all 
age groups,” the study authors state.

Specifically among the elderly, 
three doses of CoronaVac showed 
an efficiency in preventing severe 
cases and death of 97.4%, 95.4% 
and 97.3%, in the groups aged 60 
to 69 years, 70 to 79 years, and 80 
years or older, respectively.

Published on: 07/15/2022

7. Booster dose 
multiplies antibodies
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Vaccine effectiveness of one, two, and three doses of 
BNT162b2 and CoronaVac against COVID-19 in Hong Kong: 
a population-based observational study
Martina E McMenamin, Joshua Nealon, Yun Lin, Jessica Y Wong, Justin K Cheung, Eric H Y Lau, Peng Wu, Gabriel M Leung, Benjamin J Cowling

Summary
Background Hong Kong maintained low circulation of SARS-CoV-2 until a major community epidemic of the omicron 
(B.1.1.529) sublineage BA.2 began in January, 2022. Both mRNA (BNT162b2 [Fosun Pharma-BioNTech]) and inactivated 
CoronaVac (Sinovac, Beijing, China) vaccines are widely available; however, vaccination coverage has been low, 
particularly in older adults aged 70 years or older. We aimed to assess vaccine effectiveness in this predominantly 
infection-naive population.

Methods In this observational study, we used individual-level case data on mild or moderate, severe or fatal, and fatal 
disease in patients hospitalised with COVID-19 along with census information and coverage data of BNT162b2 and 
CoronaVac. We used a negative binomial model, adjusting for age, sex, and calendar day to estimate vaccine 
effectiveness of one, two, and three doses of both BNT162b2 and CoronaVac vaccines, and relative effectiveness by 
number of doses and vaccine type.

Findings Between Dec 31, 2020, and March 16, 2022, 13·2 million vaccine doses were administered in Hong Kong’s 
7·4-million population. We analysed data from confirmed cases with mild or moderate (n=5566), severe or fatal 
(n=8875), and fatal (n=6866) COVID-19. Two doses of either vaccine protected against severe disease and death within 
28 days of a positive test, with higher effectiveness among adults aged 60 years or older with BNT162b2 (vaccine 
effectiveness 89·3% [95% CI 86·6–91·6]) compared with CoronaVac (69·9% [64·4–74·6]). Three doses of either 
vaccine offered very high levels of protection against severe or fatal outcomes (97·9% [97·3–98·4]).

Interpretation Third doses of either BNT162b2 or CoronaVac provide substantial additional protection against severe 
COVID-19 and should be prioritised, particularly in older adults older than 60 years and others in  high-risk 
populations who received CoronaVac primary schedules. Longer follow-up is needed to assess duration of protection 
across different vaccine platforms and schedules.

Funding COVID-19 Vaccines Evaluation Program, Chinese Center for Disease Control and Prevention.

Copyright © 2022 Published by Elsevier Ltd. All rights reserved.

Introduction
Hong Kong (population 7·4 million) has pursued a 
COVID-19 elimination strategy since January, 2020, 
involving stringent physical distancing measures, border 
entry restrictions, isolation of cases, quarantine of close 
contacts, and the use of personal protective measures.1 
Consequently, the disease had been largely controlled 
until December, 2021, with four previous epidemic waves 
resulting in 12 631 cases (<2 per 1000) and 213 deaths 
(<3 per 100 000). Since February, 2021, both inactivated 
(CoronaVac [Sinovac, Beijing, China]) and mRNA 
(BNT162b2 [Fosun Pharma-BioNTech]) vaccines have 
been widely available with residents older than 5 years  
offered the choice of either. However, by January, 2022, 
two-dose vaccine coverage had only reached 46% in 
adults aged 70–79 years of age and 18% in those aged 
80 years and older.

A major community epidemic of the SARS-CoV-2 
omicron (B.1.1.529) variant sublineage BA.2 began in 
early January, 2022, resulting in 741 708 laboratory 

confirmed cases, 441 945 cases positive by rapid antigen 
tests, and 8856 deaths until April 15, 2022.2 Vaccination 
coverage has since increased but remains low in older 
people, with two-dose coverage at 62% in those aged 
80 years and older by June 27, 2022. Third vaccine doses 
were recommended first for priority groups and then for 
members of the general public older than 18 years on 
Jan 1, 2022, to be given 6 months after the second dose.3 
As of April 18, 2022, third dose uptake has been highest 
in those aged 40–59 years (61%) and lower in older adults 
(39% in those aged 70–79 years and 15% in those aged 
≥80 years). Efforts to increase uptake are underway, 
including reducing the duration between first and second 
doses for care-home residents; extending vaccination 
clinic operating hours; and deploying vaccine outreach 
teams to care homes, housing estates, and residents with 
reduced mobility.4

International data have shown that vaccination with 
BNT162b2 reduces the frequency of severe outcomes 
and, to a lesser extent, infection for variants circulating 

Lancet Infect Dis 2022; 
22: 1435–43

Published Online 
July 15, 2022 
https://doi.org/10.1016/
S1473-3099(22)00345-0

This online publication has 
been corrected. The corrected 
version first appeared at 
thelancet.com/infection on 
July 28, 2022

WHO Collaborating Centre for 
Infectious Disease 
Epidemiology and Control, 
School of Public Health, Li Ka 
Shing Faculty of Medicine, 
The University of Hong Kong, 
Hong Kong Special 
Administrative Region, China 
(M E McMenamin PhD, 
J Nealon PhD, Y Lin MPH, 
J Y Wong PhD, J K Cheung BSc, 
E H Y Lau PhD, P Wu PhD, 
Prof G M Leung MD, 
Prof B J Cowling PhD); 
Laboratory of Data Discovery 
for Health, Hong Kong Science 
and Technology Park, Hong 
Kong Special Administrative 
Region, China (E H Y Lau, P Wu, 
Prof G M Leung, Prof B J Cowling)

Correspondence to: 
Dr Joshua Nealon, 
WHO Collaborating Centre for 
Infectious Disease Epidemiology 
and Control, School of Public 
Health, Li Ka Shing Faculty of 
Medicine, The University of Hong 
Kong, Hong Kong Special 
Administrative Region, China 
jnealon@hku.hk

or

Prof Benjamin J Cowling, 
WHO Collaborating Centre for 
Infectious Disease Epidemiology 
and Control, School of Public 
Health, Li Ka Shing Faculty of 
Medicine, The University of Hong 
Kong, Hong Kong Special 
Administrative Region, China 
bcowling@hku.hk

 |  1175O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article



Articles

1436 www.thelancet.com/infection   Vol 22   October 2022

before omicron.5–8 Waning protection has been observed 
in multiple contexts, in particular against infection,9–11 
and studies have provided early indications of reduced 
effectiveness of BNT162b2 against omicron.12,13 Evidence 
on vaccine performance against the more transmissible 
omicron sublineage BA.2 remains scarce, as are data on 
the performance of the inactivated CoronaVac vaccine 
against previously circulating variants. Some obser-
vational evidence suggests strong and durable protection 
against severe disease and death from both vaccines, 
with transient protection against milder symptomatic 
disease.14–17 With a largely infection-naive population and 
two COVID-19 vaccines in widespread use, Hong Kong 
represents a unique environment for monitoring vaccine 
effectiveness against omicron lineage BA.2. We aimed to 
estimate vaccine effectiveness of one, two, and 
three doses of BNT162b2 and CoronaVac, their relative 
effectiveness, and the additional protection offered by 

third doses against mild and moderate infections, severe 
disease, and death.

Methods
Study design and population
In this observational study, we assessed vaccine 
effectiveness of the BNT162b2 and CoronaVac vaccines 
using an ecological study design, previously used in 
Israel.18 The study population was Hong Kong residents 
aged 20 years and older. The population vaccinated with 
zero, one, two or three doses of either vaccine at risk at 
a given time was derived using vaccination programme 
and census data. Information on all laboratory-
confirmed SARS-CoV-2 infections was obtained from 
individual-level surveillance data provided by the Hong 
Kong Centre for Health Protection and linked to clinical 
outcome data provided by the Hospital Authority of 
Hong Kong.

Research in context

Evidence before this study
A systematic review by Higdon and colleagues identified 
22 efficacy studies for 15 COVID-19 vaccine candidates and 
107 observational studies describing performance of 
eight COVID-19 vaccines. Their review included 86 studies of the 
vaccine effectiveness of BNT162b2 (Fosun Pharma-BioNTech) 
and six studies of CoronaVac (Sinovac, Beijing, China) 
effectiveness. Four BNT162b2 studies and none of the 
CoronaVac studies were done in areas with circulation of the 
omicron (B.1.1.529) variant. We searched medRxiv, PubMed, 
and SSRN using the following search terms: “((vaccine 
effectiveness) AND (omicron) AND (BA.2)) AND ((BNT162b2) 
OR (Comirnaty) OR (Coronavac))”, restricting the search from 
Nov 24, 2021, to March 16, 2022, to coincide with when the 
omicron variant was reported to WHO and the cutoff for 
inclusion in our study. We found no published articles and 
32 preprints, five of which estimated vaccine effectiveness using 
clinical outcome data. Of these, only two studies estimated 
mRNA vaccine effectiveness against the BA.2 sublineage (both 
in Qatar). The authors reported vaccine effectiveness estimates 
of BNT162b2 against COVID-19 hospitalisation and death in the 
range of 70–80% any time after the second dose, and greater 
than 90% after the third dose. No estimates of the CoronaVac 
vaccine against BA.2 have been reported to date. Because of 
previously low SARS-CoV-2 circulation, no previous estimates of 
COVID-19 vaccine effectiveness in Hong Kong have been 
published. Given that both CoronaVac and BNT162b2 are widely 
in use, the BA.2 sublineage is in circulation, and population 
immunity is almost entirely vaccine-derived, Hong Kong 
represents a unique environment for monitoring vaccine 
effectiveness, and vaccine performance might be expected to 
vary from that of other settings.

Added value of this study
To our knowledge, we present the first assessment of the 
vaccine effectiveness of mRNA and inactivated vaccines, 

and relative effectiveness of three versus two doses, against the 
omicron BA.2 sublineage, in an immunologically-naive 
population. Recipients of at least two doses of BNT162b2 
vaccine had at least 85% vaccine effectiveness and three doses 
of either BNT162b2 or CoronaVac had greater than 95% vaccine 
effectiveness against severe or fatal outcomes, irrespective of 
age. Greater protection was observed among those who 
received two doses of BNT162b2 compared with two doses of 
CoronaVac across all age groups. Third vaccine doses were 
associated with a relative effectiveness versus two doses of 
68–97% against severe and fatal outcomes, with the caveat 
that third doses were recently administered (within a median of 
44–61 days), and the vaccine effectiveness might wane. These 
findings are the first estimates of vaccine effectiveness from 
Hong Kong and will therefore provide important contributions 
to vaccination policy in areas where two-dose and three-dose 
vaccine coverage in older adults remains low.

Implications of all the available evidence
Our results show the importance and urgency of achieving high 
vaccination coverage in a population that has acquired minimal 
protection from natural infection, particularly in those most at 
risk, with a preference for BNT162b2 in a two-dose schedule. 
Older adults (>60 years) and those in high-risk groups who 
have received two doses of an inactivated vaccine are strongly 
recommended to receive a third dose to obtain high levels of 
protection. A third dose of either an inactivated or mRNA 
vaccine provides high protection from severe and fatal 
COVID-19, and innovative public health policies to improve 
coverage in older adults should be urgently followed to 
minimise avoidable COVID-19 morbidity and mortality. 
Additional, longer-term research is needed to understand the 
duration of protection associated with different vaccines, 
including heterologous schedules.
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This project received approval from the Institutional 
Review Board of the University of Hong Kong 
(UW 20-341). Informed consent was not required.

Procedures
Extensive PCR testing for SARS-CoV-2 is done in public 
hospitals, community test centres, and private 
laboratories in Hong Kong. Testing is free-of-charge or 
low cost and required for those with COVID-19-like 
symptoms or following contact tracing based on exposure 
history or residential location. Regular screening is also 
required for those in certain professions, in particular 
those working with older adults or vulnerable people. 
Positive rapid test results have been recognised as 
confirmed infections since Feb 25, 2022. Data on all 
confirmed cases between Dec 31, 2021, and 
March 16, 2022, were extracted and cases that were 
classified as imported—ie, detected in on-arrival 
quarantine—were excluded because of their non-
representative histories of SARS-CoV-2 exposure and 
vaccination. Individuals with missing age or sex 
information were excluded, as well as vaccinated 
individuals with missing information on vaccine type or 
date of any vaccine dose. Sequencing of a subset of cases 
each day indicated that less than 1% of cases and deaths 
during the fifth wave occurred with the variant B.1.617.2 
(delta), with the remaining infections attributed to 
omicron sublineage BA.2 (Poon L, University of Hong 
Kong, personal communication).19

Until mid-February, 2022, all patients with SARS-CoV-2 
infections were admitted to hospitals regardless of 
symptoms. After this point hospitalisation was reserved 
for patients with more severe disease, and patients with 
milder disease were required to isolate at Government 
quarantine facilities or at home. Electronic medical 
records from patients attending hospitals managed by the 
Hospital Authority of Hong Kong are stored in the 
centralised clinical data analysis and reporting system, 
including information on demographics, laboratory 
results, and clinical data.20 We extracted records of all 
hospitalisations with confirmed COVID-19 between 
Dec 31, 2021, and March 16, 2022, from data provided on 
April 14, 2022, to capture all deaths within 28 days of 
laboratory confirmation, including those with mild or 
moderate disease before Feb 16, 2022, and severe disease 
or death at any time. Records were regularly updated and 
the worst condition during hospitalisation was 
documented as either mild (non-fatal, non-serious, and 
non-critical), serious (oxygen supplement of 33 litres per 
min), or critical (admitted to an intensive care unit [ICU], 
intubated, requiring extracorporeal membrane oxy-
genation [ECMO], or in shock). Deaths within 28 days of a 
positive SARS-CoV-2 test were considered COVID-19 
fatalities. We defined severe disease as any serious or 
critical condition and combined this definition with 
COVID-19 fatality to form the severe or fatal outcome 
(appendix p 1). This categorisation aimed to minimise 

misclassification bias arising from coding anomalies 
whereby oxygen supplementation or other clinical 
information requiring manual data entry might have 
been omitted from patient records, and to include 
individuals who died from COVID-19-related causes 
before meeting the criteria for serious or critical episodes 
due to health-care capacity becoming overwhelmed.

Data on the estimated population size at the end of 2021 
by age (years) were obtained from the Census and 
Statistics Department of the Hong Kong Government. 
Data on the number of people vaccinated with BNT162b2 
or CoronaVac vaccines each day since Feb 22, 2021, are 
available in a vaccination database provided by the 
Department for Health. We extracted data on all 
vaccinations that had occurred up to March 16, 2022, by 
age, sex, and the type and date of receipt of each vaccine 
dose on April 12, 2022 (appendix pp 2–3). Individuals with 
laboratory-confirmed SARS-CoV-2 infection who received 
vaccines other than BNT162b2 or CoronaVac, a mixed 
primary series (one dose of BNT162b2 and one dose of 
CoronaVac), or a third dose that was different from the 
primary series were excluded from the analysis. 
Individuals with known previous SARS-CoV-2 infection 
were also excluded.

Statistical analysis
We estimated incidence rate ratios (IRRs) according to 
the number of vaccine doses received (none, one, two, or 
three) for each of the mild or moderate, severe or fatal, 
and fatal COVID-19 outcomes. Data were stratified by age 
group (20–29 years, 30–39 years, 40–49 years, 50–59 years, 
60–69 years, 70–79 years, ≥80 years), sex, vaccine type, 
and calendar day throughout the study period. Vaccination 
status was categorised according to the date of vaccination 
plus a 14-day lag for all doses, to allow for the delay in 
immune response to vaccination. Daily numbers of people 
in each vaccination category were inferred from the uptake 
data assuming that individuals received the same vaccine 
for first and second dose (aligned with Hong Kong 
guidelines), and using aggregate data by age on vaccine 
switching for the third dose. The population at risk in each 
stratum was matched to the report date of cases, and 
individuals with previous SARS-CoV-2 infection within 
each group were removed from the population at risk at 
each timepoint. This process was repeated for each 
outcome of interest. IRRs were estimated in adults 
younger than 60 years and in those aged 60–69 years, 
70–79 years, and 80 years or older for all outcomes, using 
negative binomial regression models for the daily counts 
of cases, adjusting for age group, sex, and calendar day 
and including the logarithm of person-time as an offset 
term in the model to account for differing numbers at 
risk within each strata. Each stratified daily case count 
was considered as a single observation, resulting in a total 
of 7448 observations across all age groups. Vaccine effec-
tiveness was defined as (1–IRR) × 100%. We performed 
sensitivity analyses calculating incidence per calendar See Online for appendix

For the Department of Health 
Dashboard see https://www.
covidvaccine.gov.hk/en/
dashboard

 |  1177O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article



Articles

1438 www.thelancet.com/infection   Vol 22   October 2022

week and assuming a 7-day lag instead of 14 days for 
immune response to vaccination. All analyses were done 
with R (version 4.1.1).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Between Dec 31, 2021, and March 16, 2022, 
962 557 people had confirmed SARS-CoV-2 infection. Of 
these, 5566 (0·6%) people were recorded as having mild 
or moderate disease between Dec 31, 2021, and 
Feb 15, 2022, and were included in the analysis, after 
excluding an additional 37 790 (3·9%) mild cases 
occurring between Feb 16 and March 16, 2022, due to 
changes in admission criteria. 40 (<0·1%) cases were 
listed as mild but with fatal outcomes; these individuals 
were included in the severe or fatal outcomes group. 

During the entire study period severe or fatal disease 
occurred in 8875 (0·9%) people and 6866 (0·7%) deaths 
occurred in 462 638 762 person-days (figure 1; appendix 
p 4). 30 rein fected cases were exclu ded, along with 
two indi viduals with unknown age and nine individuals 
with differing numbers of doses administered according 
to different datasets and who we therefore considered of 
unknown vaccination status.

Up to March 16, 2022, 13·2 million vaccine doses had 
been administered. Severe disease or death occurred a 
median of 167 days (IQR 76–209) days after the second 
vaccination in those vaccinated with two doses of 
BNT162b2, and 125 days (47–166) among those who 
received two doses of CoronaVac (table 1). Those with 
severe and fatal outcomes after a third dose tested 
positive a median of 44 days (28–56) after vaccination 
with BNT162b2 and 61 days (33–101) after vaccination 
with CoronaVac (table 1). Severe disease and death 
occurred predominantly in the unvaccinated population 
(figure 2).

We found some protection against mild or moderate 
disease from two doses of either CoronaVac or 
BNT162b2 in adults aged 20–59 years (table 2). Both 
vaccines were estimated to have high effectiveness 
against severe disease in adults aged 20–59 years, in 
whom vaccine effectiveness was estimated to be 96·3% 
(95% CI 94·9–97·3) for two doses of BNT162b2 and 
91·7% (88·7–94·0) for two doses of CoronaVac (table 2). 
The difference in vaccine effectiveness was greater for 
older adults, with higher effectiveness among adults 
aged 60 years or older who received  two doses of 
BNT162b2 (89·3% [86·6–91·6]) compared with those 
who received  two doses of CoronaVac (69·9% 
[64·4–74·6]). When disaggregated further by age, we 
estimated that vaccine effectiveness was 91·1% 
(86·9–94·0) for two doses of BNT162b2 and 79·3% 
(71·8–85·0) for two doses of CoronaVac in those aged 
60–69 years, reducing to 86·9% (80·5–91·3%) for 
two doses of BNT162b2 and 58·2% (45·1–68·2) for two 
doses of CoronaVac among those aged 80 years or older 
(table 2). Findings were similar for death; in adults aged 
80 years or older two doses of BNT162b2 offered a 
higher level of protection against fatal disease (90·3% 
[84·9–93·9%]) compared with two doses of CoronaVac 
(63·0% [50·3–72·5]).

We compared the two-dose schedules of both 
vaccines and found differences between BNT162b2 and 
CoronaVac for mild disease in younger adults (relative 
vaccine effectiveness of BNT162b2 vs CoronaVac 11·5% 
[95% CI 0·4–21·3]), but we could not generate robust 
relative vaccine effectiveness estimates for mild disease 
in older age groups. Compared with CoronaVac, two doses 
of BNT162b2 offered better protection against severe or 
fatal disease in adults younger than 60 years (relative 
vaccine effectiveness 52·3% [95% CI 29·8–67·8%]) and 
in those aged 60 years or older (59·8% [51·1–67·1]). 
Findings were similar for death in those aged 20–59 years 

Figure 1: Daily incidence of cases and deaths by vaccination status
(A) All confirmed COVID-19 cases. (B) Mild or moderate cases in the early part of the fifth wave before 
Feb 15, 2022. (C) Severe or fatal cases. (D) Deaths throughout the fifth wave in Hong Kong. Severe disease was 
defined as having ever been listed as serious or critical during hospitalisation for COVID-19 or having a fatal 
outcome within 28 days of positive test. Vaccination status was categorised according to the number of doses 
received plus a 14-day lag for all doses, to allow for the immune response to vaccination. Mild cases were only 
included up until Feb 15, 2022, to account for change in admission criteria.

2022 2022

0

60 000

40 000

80 000

20 000

Da
ily

 in
cid

en
ce

0

600

400

800

200

A All confirmed cases B Mild or moderate cases

Jan 15 Feb 1 Feb 15 March 1  March 15
0

600

400

500

300

800

200

100

Da
ily

 in
cid

en
ce

Jan 15 Feb 1 Feb 15 March 1  March 15
0

600

400

800

200

500

300

100

C Severe or fatal cases D Fatal cases

Number of doses
 No doses
 One dose
 Two doses
 Three doses

1178 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article



Articles

www.thelancet.com/infection   Vol 22   October 2022 1439

(relative vaccine effectiveness 49·8% [15·5–70·5]) and in 
those aged 60 years or older (62·5% [52·9–70·3]).

We estimated that three recent doses of any vaccine 
(median time between third dose and onset 44 days for 
BNT162b2 and 61 days for CoronaVac; table 1) offered 
very high protection against severe disease (97·9% 
[95% CI 97·3–98·4]) and death (98·6% [98·0–99·0]), 
which was sustained within all age groups (appendix 
p 5). Vaccine effectiveness estimates were similar for 
both vaccines against severe and fatal outcomes (table 2). 
We estimated three doses of BNT162b2 to have a vaccine 
effectiveness of 73·5% (66·6–79·2) against mild or 
moderate disease in adults aged 20–59 years, whereas for 
three doses of CoronaVac we estimated the vaccine 

effectiveness to be 51·0% (39·6–60·4) against the same 
outcome (table 2). Vaccine effectiveness estimates that 
were calculated and adjusted for each week of the study 
period, rather than calendar day; or which considered a 
7 day rather than 14 day duration between vaccination 
and immune response, yielded qualitatively similar 
vaccine effectiveness results but often with less precision, 
particularly for one-dose schedules (appendix pp 6–7).

We estimated the relative effect of three doses versus 
two doses of each vaccine type (table 3). For mild or 
moderate disease we found an additional benefit of a 
third dose of BNT162b2 in adults aged 20–59 years 
(relative vaccine effectiveness 59·8% [95% CI 
49·7–68·1]) and in adults aged 60 years or older (71·6% 
[55·6–82·8%]) who had previously received two doses 
of BNT162b2 (table 3). A third dose of CoronaVac also 
increased protection in adults aged 20–59 years (35·7% 
[22·1–47·3]) and in adults aged 60 years or older (46·9% 

Figure 2: Vaccine status, age group, and vaccine type
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Vaccine type
 BNT162b2  CoronaVac  Unvaccinated

Mild or 
moderate 
disease 
(n=5566)*

Severe or fatal 
disease 
(n=8875)

Fatal disease 
(n=6866)

Age, years

20–49 3198 (57·5%) 170 (1·9%) 81 (1·2%)

50–69 1620 (29·1%) 1214 (13·7%) 764 (11·1%)

≥70 748 (13·4%) 7491 (84·4%) 6021 (87·7%)

Sex

Male 2383 (42·8%) 5322 (60·0%) 4152 (60·5%)

Female 3183 (57·2%) 3553 (40·0%) 2714 (39·5%)

Vaccination status†

No doses 1402 (25·2%) 6413 (72·3%) 5204 (75·8%)

One dose

BNT162b2 157 (2·8%) 126 (1·4%) 81 (1·2%)

CoronaVac 227 (4·1%) 1143 (12·9%) 794 (11·6%)

Two doses

BNT162b2 2169 (39·0%) 242 (2·7%) 149 (2·2%)

CoronaVac 1274 (22·9%) 870 (9·8%) 596 (8·7%)

Three doses

BNT162b2 125 (2·2%) 28 (0·3%) 16 (0·2%)

CoronaVac 212 (3·8%) 53 (0·6%) 26 (0·4%)

Median number of days between last vaccine dose and positive SARS-
CoV-2 test result‡

One dose

BNT162b2 27 (21–35) 21 (18–31) 21 (17–29)

CoronaVac 29 (21–35) 22 (17–31) 22 (17–32)

Two doses

BNT162b2 181 (150–216) 167 (76–209) 172 (92–217)

CoronaVac 179 (146–209) 125 (47–166) 122 (47–164)

Three doses

BNT162b2 31 (20–48) 44 (28–56) 50 (43–70)

CoronaVac 39 (25–66) 61 (33–101) 65 (32–106)

Data are n (%) or median (IQR). Includes confirmed COVID-19 cases in Hong Kong 
classified as having mild or moderate disease between Dec 31, 2021, and 
Feb 15, 2022; and severe or fatal disease or fatal disease between Dec 31, 2021 and 
16 March 2022. *Number of mild or moderate cases occurring before 
Feb 16, 2022, due to changes in admission criteria. †Number of doses plus 14-day 
lag. ‡Median time since vaccination among those for whom 14 days had passed 
since latest dose.

Table 1: Participant characteristics
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[29·6–60·6]) who had received two doses of CoronaVac 
(table 3). For severe or fatal disease we found an 
additional benefit of a third dose in adults of all ages for 
both vaccine types, with a relative vaccine effectiveness 
of 64·9% (29·3–84·4) for three versus two doses of 
BNT162b2, and 87·9% (79·5–93·3%) for three versus 
two doses of CoronaVac among those aged 80 years or 
older (table 3). Additional protection against death was 
offered by a third dose in all ages for both vaccines 
(table 3).

Discussion
We used detailed population-level data on the vaccination 
programme in Hong Kong and individual-level COVID-19 
case data to estimate vaccine effectiveness of one, two, 
and three doses of BNT162b2 and CoronaVac vaccines in 

a largely infection-naive population during the fifth wave 
of COVID-19 in Hong Kong. Two or three doses of 
BNT162b2 or three doses of CoronaVac provided a very 
high level of protection against severe disease and death 
in all ages. We found a reduction in vaccine effectiveness 
among two-dose CoronaVac recipients, in particular for 
those aged 80 years or older. Some protection against 
mild or moderate disease was restored with third doses 
for both vaccines, but we were only able to estimate 
vaccine effectiveness for a shorter period since admi n-
istration of third vaccine doses, and it is unclear how long 
this protection will last.

A case fatality rate of over 9% was observed in the older 
than 75 years throughout the study period. Although the 
precise relationship between immune response and 
clinical outcome is uncertain, the Hong Kong population 
had little pre-existing naturally or vaccine-derived 
humoral immunity to the omicron sublineage BA.2 
before the beginning of the fifth wave.21 Previous SARS-
COV-2 infection has been shown to reduce fatality due to 
delta or omicron by approximately half (hazard ratio 0·47 
[95% CI 0·32–0·68]) in vaccinated individuals and 
approximately five times (0·18 [0·06–0·57]) in 
unvaccinated individuals.22 Therefore, the high death 
rates observed in Hong Kong might be at least partly 
attributed to the older population remaining largely 
unvaccinated and infection-naive, combined with health-
system congestion. Furthermore, because available data 
only identified those who died within 28 days of testing 
positive, deaths from other causes in which COVID-19 
disease was incidental or contributory could also have 
been included within these estimates. In the 
hospitalisation data used in our study, we found few 
serious or critical but non-fatal cases. We expect that this 
finding was a consequence of hospital overload and 
triage, whereby perhaps only the most serious cases were 

One dose Two doses Three doses

BNT162b2 CoronaVac BNT162b2 CoronaVac BNT162b2 CoronaVac

Mild or moderate disease

20–59 years 39·9% (24·8–52·3) 32·7% (14·4–47·6) 35·1% (26·6–42·5) 25·1% (14·7–34·3) 73·5% (66·6–79·2) 51·0% (39·6–60·4)

≥60 years None* None* None* None* 70·2% (53·3–82·0) 32·4% (8·3–51·0)

Severe or fatal disease

20–59 years 95·4% (90·7–98·1) 74·8% (63·7–82·8) 96·3% (94·9–97·3) 91·7% (88·7–94·0) 98·6% (97·5–99·3) 98·8% (97·5–99·5)

60–69 years 70·0% (51·8–82·0) 54·2% (36·4–67·3) 91·1% (86·9–94·0) 79·3% (71·8–85·0) 98·9% (97·3–99·6) 97·4% (95·2–98·7)

70–79 years 72·2% (56·7–82·6) 29·2% (7·4–46·1) 89·8% (85·1–93·1) 74·3% (66·5–80·3) 99·0% (97·4–99·7) 95·4% (92·2–97·4)

≥80 years 75·0% (61·1–84·2) 39·0% (20·9–53·0) 86·9% (80·5–91·3) 58·2% (45·1–68·2) 97·1% (93·8–98·7) 97·3% (94·9–98·7)

Death

20–59 years 96·7% (90·9–99·2) 78·2% (64·9–86·9) 96·8% (95·1–98·0) 93·3% (89·9–95·6) 99·2% (97·9–99·7) 99·4% (98·1–99·9)

60–69 years 77·6% (59·9–88·4) 65·6% (49·8–76·8) 92·7% (88·6–95·4) 84·3% (77·8–89·0) 99·0% (97·2–99·8) 99·0% (97·3–99·8)

70–79 years 80·5% (66·3–89·2) 45·3% (25·1–60·3) 92·3% (88·0–95·2) 76·7% (68·5–82·8) 99·4% (97·9–99·9) 97·0% (94·2–98·6)

≥80 years 78·7% (65·5–87·0) 44·8% (26·9–58·4) 90·3% (84·9–93·9) 63·0% (50·3–72·5) 97·5% (94·2–99·0) 97·9% (95·7–99·1)

Data are effectiveness (95% CI). *No evidence of protection based on a negative or very small positive point estimate and wide CIs.

Table 2: Vaccine effectiveness by dose and vaccine type in all ages and within age categories against COVID-19

BNT162b2 CoronaVac

Mild or moderate disease

20–59 years 59·8% (49·7–68·1) 35·7% (22·1–47·3)

≥60 years 71·6% (55·6–82·8) 46·9% (29·6–60·6)

Severe or fatal disease

20–59 years 60·1% (24·2–81·0) 85·2% (67·2–94·4)

60–69 years 84·5% (62·8–94·8) 85·6% (72·7–93·1)

70–79 years 88·3% (69·5–96·6) 76·9% (63·9–86·0)

≥80 years 64·9% (29·3–84·4) 87·9% (79·5–93·3)

Mortality

20–59 years 71·2% (25·5–91·6) 91·0% (61·0–97·9)

60–69 years 84·2% (54·1–96·3) 92·5% (79·3–98·2)

70–79 years 90·0% (66·5–98·4) 82·6% (68·6–91·5)

≥80 years 61·8% (16·4–84·9) 88·6% (79·1–94·4)

Data are effectiveness (95% CI).

Table 3: Relative vaccine effectiveness of three doses versus two doses of 
BNT162b2 and CoronaVac against COVID-19
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admitted to ICU or EMCO facilities, but considering the 
magnitude of health-system disruption we cannot 
exclude information bias. We therefore applied a broad 
definition of severe case to account for these variations.

Almost all sequenced SARS-CoV-2 isolates during 
Hong Kong’s fifth wave were of the omicron sublineage 
BA.2.19,23,24 Our overall findings are largely consistent 
with existing vaccine effectiveness evidence against this 
sublineage. A study25 in Qatar estimated that third-dose 
vaccine effectiveness for BNT162b2 against BA.2 was 
43·7% (95% CI 36·5–50·0) in the first month and begins 
to decline again in the following weeks, with substantially 
improved protection against severe out comes (6-week 
vaccine effectiveness 90·9% [78·6–96·1]). Similarly, a 
study of vaccine effectiveness in the USA26 estimated 
vaccine effectiveness of two doses of any mRNA vaccine 
against severe omicron disease, defined as COVID-19 
requiring invasive mechanical ventilation or in-hospital 
death, to be 79% (66–87), a median of 256 days after the 
second dose, and three-dose vaccine effectiveness to be 
94% (88–97), a median of 60 days after the third dose.

Despite the overall consistency between our results and 
those presented in other studies, vaccine effectiveness 
could have been overestimated in our study. Reasons for 
vaccine hesitancy in Hong Kong have varied throughout 
the pandemic; however, hesitancy has typically been 
most prominent among adults older than 60 years, and 
associated with underlying health conditions.27 Healthy 
vaccinee bias, by which vaccine recipients are healthier 
than their unvaccinated peers, might inflate the estimates 
in this setting. We could not formally assess this 
hypothesis with available data but our estimates are 
similar to those of other studies using alternative designs 
and we anticipate the magnitude of overestimation is 
unlikely to be substantial.12,25 To address potential 
differences between vaccinated and unvaccinated 
cohorts, we also estimated a relative vaccine effectiveness 
of three versus two doses of each vaccine type; because 
individuals within these cohorts all chose to be 
vaccinated, they are more likely similar to each other in 
terms of baseline characteristics than their unvaccinated 
peers.28 We found that a third dose of either vaccine 
provided additional protection, reiterating the public 
health value of a third dose for minimising the risk of 
severe disease and death but also for reducing health-
system congestion and public concern.

Our finding that three doses of CoronaVac are needed 
for older adults to achieve high levels of protection is 
consistent with WHO recommendations for this group.29 
However, the estimates presented are likely to be affected 
by time since vaccination, in that typically more time has 
passed since administration of second than third doses, 
which have only been widely available in Hong Kong 
since the beginning of Jan, 2022. Data from Malaysia15 
comparing the duration of protection of the BNT162b2 
and CoronaVac vaccines show more rapid waning of 
protection following CoronaVac after two doses, in 

particular for mild and moderate outcomes. Furthermore, 
two-dose immunogenicity data from Hong Kong indicate 
lower humoral and cellular responses following 
CoronaVac than with BNT162b2 vaccination but whether 
inactivated vaccines given in three-dose schedules will 
provide similar protection to the mRNA vaccines in the 
long term is unclear. However, evidence from our 
analyses that three doses of inactivated vaccine provide a 
high level of protection against severe COVID-19 disease, 
at least in the short term, is reassuring.30

Our study has several limitations. First, we used census 
data to construct the source population, but any 
differential population movement by vaccine status could 
affect the validity of our estimates. Furthermore, we 
estimated vaccine effectiveness in real-time and there 
might have been some delay in recording events, or 
missed unreported infections, which could underestimate 
case numbers and overestimate the denominator 
population-at-risk. Second, there are some differences in 
testing requirements by vaccine status, particularly for 
those required to regularly test because of occupation. 
However, we expect that estimates of vaccine effectiveness 
against severe outcomes will be only marginally 
susceptible to biases related to testing requirements. 
Third, we assumed that the second vaccine type matched 
the first, as per local guidelines, however a small number 
of people may have received mixed schedules. Fourth, 
our severe COVID-19 outcome included oxygen 
supplementation or therapy, which are coded using the 
9th edition of the International Classification of Diseases, 
requiring medical staff to manually enter these 
procedures into electronic medical records with the 
potential for imperfect data entry and capture and under-
ascertainment of these procedures. Finally, in Hong 
Kong there was a clear preference for the BNT162b2 
vaccine in younger age groups and for CoronaVac in 
older adults. We have addressed this confounding in 
estimates presented by stratifying by age and adjusting 
estimates by 10-year age categories, sex, and calendar day. 
However, some residual confounding by age is possible 
in the vaccine platform-specific estimates and other 
factors might confound the relationship between vaccine 
status, type, and risk of infection that cannot be accounted 
for in this design.

Our findings indicate that two-dose schedules of both 
BNT162b2 and CoronaVac vaccines offer strong 
protection against severe disease and death; however, we 
found higher levels of protection among those who 
received two doses of BNT162b2 compared with those 
who received two doses of CoronaVac, particularly in 
older age groups. Three doses of either vaccine offered 
very high levels of protection for older adults against 
severe outcomes, with no differences observed across 
vaccine types. Our results show the importance of 
vaccination in an adult population that has acquired 
minimal protection from natural infection. Increasing 
uptake of third vaccine doses will be important, 
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particularly in older adults who have received two doses 
of CoronaVac. Further investigation of the durability of 
protection provided by both vaccines is warranted and 
planned.
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7.2. Chinese study indicates that CoronaVac booster 
dose multiplies neutralizing antibodies by 78 times

Research carried out in Beijing, 
China, showed that the CoronaVac 
booster dose increased the level of 
neutralizing antibodies by almost 
80 times, specifically raising the 
IgG antibodies of the IgG1 and 
IgG3 subclasses – something that 
had not yet been observed. The 
study was published in the journal 
Immunology and conducted by 
researchers from the Beijing Centers 
for Disease Control and Prevention 
and the Capital Medical University.

The study included 174 adults ages 
18 to 59 who received two doses of 
CoronaVac. Of these, 158 received the 
third dose after one year of primary 
immunization and were followed up 
for 15 months. After 10 days of the 
booster, seroconversion reached 
100% and remained so in the following 
months. Neutralizing antibodies 
increased 78-fold, reaching a peak of 
290.6 after three weeks.

The researchers also evaluated, for 
the first time, antibody subclasses, 
which may serve as important 
determinants of vaccine efficacy. 

Neutralizing antibodies are mainly 
composed of IgG, IgA and IgM, 
among which IgG is the most 
abundant and multifunctional. IgG 
has 4 distinct subclasses: IgG1, IgG2, 
IgG3 and IgG4. 

After the booster dose, levels for 
IgG1 multiplied 21-fold, increasing 
from 21.7 to 458.4. The levels for 
IgG3 had an 8-fold increase from 
29.5 to 241.8. The proportion of IgG1 
and IgG3 was correlated with the 
high level of antibodies capable of 
neutralizing the virus.

According to the researchers, 
it has already been shown that 
the humoral immune response of 
individuals recovered from Covid-19 
consists mainly of IgG1-producing 
memory B cells. “It remains to be 
investigated whether immunization 
with inactivated vaccines [such as 
CoronaVac] is directly related to the 
presence of memory B cells.”

Published on: 06/25/2022
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Abstract

Neutralizing antibody is an important indicator of vaccine efficacy, of which IgG

is the main component. IgG can be divided into four subclasses. Up to now, stud-

ies analysing the humoral response to SARS-CoV-2 vaccination have mostly

focused on measuring total IgG, and the contribution of specific IgG subclasses

remains elusive. The aim of this study is to investigate the kinetics of neutralizing

antibodies and IgG subclasses, and to explore their relationships in people vacci-

nated with inactivated COVID-19 vaccine. We conducted a prospective cohort

study in 174 healthy adults aged 18–59 years old who were administrated 2 doses

of CoronaVac 14 days apart and a booster dose 1 year after the primary immuni-

zation, and followed up for 15 months. Blood samples were collected at various

time points after primary and booster immunization. We used live SARS-CoV-2

virus neutralizing assay to determine neutralizing ability against the wild-type

strain and 4 variants (Beta, Gamma, Delta and Omicron) and ELISA to quantify

SARS-CoV-2 RBD-specific IgG subclasses. The results showed that the 2-dose pri-

mary immunization only achieved low neutralizing ability, while a booster shot

can significantly enhance neutralizing ability against the wild-type strain, Beta,

Gamma, Delta and Omicron variants. IgG1 and IgG3 were the most abundant

serum antibodies, and IgG2 and IgG4 were hardly detected at any time. The ratio

of IgG1/IgG3 was positively associated with the neutralization ability. The under-

lying mechanism requires further exploration.
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INTRODUCTION

Since 2019, the COVID-19 pandemic has been responsi-
ble for more than 6.18 million deaths [1]. As of April 5th,
2022, 35 COVID-19 vaccines have been approved for use
worldwide with more than 11.25 billion administered
doses [2, 3]. Among these vaccines, inactivated vaccines
have been approved for use in more than 60 countries,
and are the main vaccine type used in China. Compared
with other vaccines, COVID-19 inactivated vaccines pro-
duced with traditional technology contain inactivated
whole-virion SARS-CoV-2, therefore they maintain the
structure of epitopes on surface antigens, and are easier
to store and transport [4]. Evidence from real-world stud-
ies of inactivated vaccines in Chile [5], Brazil [6] and
China [7] shows that a 2-dose vaccination schedule can
effectively prevent the infection of COVID-19, and can
offer greater protection against severe clinical outcomes.

Although vaccinations have markedly flattened
COVID-19 epidemic curves, active cases continue to
surge as multiple variants of the SARS-CoV-2 continue to
emerge and spread worldwide. Currently 5 variants of
concern (VOCs) have been defined by the WHO, includ-
ing Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta
(B.1.617.2) and Omicron (B.1.1.529) [8]. All these VOCs
have specific mutations within the spike regions [9],
which may lead to escape from immunity induced by the
prior infections or vaccinations, thereby potentially caus-
ing a large number of breakthrough infections [10, 11].
Although how new mutations can potentially affect the
epidemic curves of the pandemic in the future is cur-
rently uncertain, the WHO still places high hopes on vac-
cination drive throughout world [3].

Since previous vaccination programs have faced the
threat of circulating VOCs, booster immunization has
become a standard practice to protect against variants,
and has been started in more than 100 countries [3]. A
preliminary evaluation has demonstrated that the addi-
tional dose could significantly reduce the number of new
infections and symptomatic cases, and after the booster
shot with CoronaVac the neutralization ability against
the wild-type strain increased by more than 30 times
[12–14]. However, the kinetics of neutralizing antibodies
after primary and booster immunization are still unclear.

Neutralizing antibodies are mainly consisted of IgG,
IgA and IgM, among which IgG is the most abundant
and multifunctional component of neutralizing anti-
bodies [15–17]. IgG consists of 4 distinct subclasses,
defined by the structure of their constant regions, includ-
ing IgG1, IgG2, IgG3 and IgG4. The IgG subclasses
induced by vaccination can serve as important determi-
nants of vaccine efficacy [18, 19]. However, up to now,
studies analysing the humoral response to SARS-CoV-2

vaccination have mostly focused on measuring total IgG
in the serum. Therefore, the contribution of specific IgG
subclasses remains elusive.

The aim of the present study was to comprehensively
describe the kinetics of neutralizing antibodies against
the wild-type SARS-CoV-2 and 4 variants (Beta, Gamma,
Delta and Omicron), to investigate the kinetics of IgG
subclasses specific to the wild-type SARS-CoV-2 RBD,
and to explore the correlation between IgG subclasses
and neutralizing ability in a large-scale, long-term pro-
spective cohort study of 174 healthy adults vaccinated
with inactivated COVID-19 vaccines following primary
and boost immunization.

MATERIALS AND METHODS

Study design, participants and serum
collection method

Healthy, non-pregnant adults aged 18 to 59 years old
were recruited. The main exclusion criteria included a
history of SARS-CoV, SARS-CoV-2 or Middle East respi-
ratory syndrome infection, a recent history (within
14 days before enrolment) of travel or exposure to
infected individuals, axillary temperature > 37.0�C and
reported allergy to any vaccine components. A complete
list of exclusion criteria was included in the study proto-
col and approved by the Ethics Committee of Beijing
Centre for Disease Prevention and Control (2020-28).
Written informed consents were obtained from all partic-
ipants both before enrolment and before the administra-
tion of the booster shot. All participants were tested for
SARS-CoV-2 nucleic acid biweekly according to the study
protocol.

The participants were administered two doses of Cor-
onaVac (Sinovac Life Sciences, Beijing, China) which is
an inactivated vaccine against COVID-19, at day 0 and
day 14. A booster dose was given 12 months after the
completion of the primary immunization. Blood samples
were collected from the participants before vaccination
and at 1, 3, 6 and 12 months after the second dose. The
participants who received booster shots were randomly
assigned to five groups, and their serum samples were
collected on the 3rd, 7th, 10th, 14th and 21st days, respec-
tively. The study design and sample collection schedule
were summarized in Figure 1.

SARS-CoV-2 neutralization assay

Titres of neutralizing antibodies against live SARS-CoV-2
virus (wild-type strain: SARS-CoV-2/human/CHN/

2 CHEN ET AL.

1186 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article



CN1/2020, Beta: EPI_ISL_2536954, Gamma:
EPI_ISL_1060876, Delta: EPI_ISL_1911197, Omicron
provided by Sinovac Life Sciences, Beijing, China) were
quantified using the micro cytopathogenic effect assay.
Briefly, the serum samples were incubated at 56�C for
30 min and serially diluted with the cell culture medium.
The diluted samples were incubated in duplicate with
50 μl of SARS-CoV-2 virus suspension at 37.0�C for 2 h.
Vero cells (1.0–2.0 � 105 cells/mL) were thereafter added
to the suspension and incubated at 36.5�C for 5 days. The
cytopathic effects were recorded and the neutralizing
antibody titres were then calculated by the dilution

number of 50% protective condition. Seroconversion
threshold of the neutralizing antibodies was defined as a
titre of 8 [20].

Anti-SARS-CoV-2 receptor binding domain
(RBD) IgG subclasses assay

The anti-SARS-CoV-2 RBD-specific IgG subclasses sero-
logic assay kit (ACROBiosystems) was used to measure
the levels of IgG1, IgG2, IgG3 and IgG4 by an indirect
enzyme linked immunosorbent assay (ELISA). The

Recruited

Collect blood samples

Vaccination for 2 doses

at baseline

N=174

N=174

N=174

N=174

Blood Samples 1 month
after vaccination (S2)

N=35

Blood Sampling 3 days Blood Sampling 7 days
after booster shot

N=30
after booster shot

Blood Sampling 10 days

N=32
after booster shot

after booster shot (S7)

Blood Sampling 14 days

N=29
after booster shot

Blood Sampling 21 days

N=32
after booster shot

N=172

N=2

Blood Samples 3 months

blood sample

booster shot

Did not collect

Did not receive the

Received a booster shot

N=8
blood sample
Did not collect

N=8
blood sample
Did not collect

after vaccination (S3)
N=166

N=16

blood sample

Blood Samples 3 months

Did not collect

N=3

N=158

Blood Samples 6 months
after vaccination (S4)

1 year after vaccination

N=155

N=166

Blood Samples 12 months
after vaccination (S5)

F I GURE 1 Study design and the sample collection
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microplate was pre-coated with the RBD of the spike pro-
tein. The sensitivity (lower detection limit) of SARS-
CoV-2 RBD specific IgG1, IgG2, IgG3 and IgG4 monoclo-
nal antibody was 10 ng/mL, 20 ng/mL, 0.2 ng/mL and
0.8 ng/mL, respectively. We used SARS-CoV-2 negative
serum to validate its specificity. The specificity of IgG1,
IgG2, IgG3 and IgG4 was 94.8%, 97.7%, 93.1% and 100%,
respectively. The initial dilution of the sample was set to
1:20, since the dilution ratio of 1:20 can eliminate the
background signal to the greatest extent while maintain-
ing relatively high sensitivity. The cut-off value was 0.1,
as calculated by 2.1 times the standard deviation of the
OD values of a large number of SARS-CoV-2 negative
serum. If the OD value/cut-off value (S/CO) was ≥1, then
the test result was considered positive, whereas S/CO < 1
was negative. The corresponding level of IgG subclasses
was calculated as S/CO � dilution folds. If saturated OD
signals were observed, the samples were serially diluted
until a negative test result was reached. The maximum
dilution multiple of the positive test results was selected,
and the corresponding OD value of the maximum dilu-
tion/cut-off � dilution multiple was the antibody level
corresponding to the sample.

Statistical analysis

IgG subclass levels were presented as S/CO � dilution
folds with 95% confidence intervals (CIs). The neutraliz-
ing antibody titres were presented as dilution folds. The
geometric mean titres (GMTs) and 95% CIs were calcu-
lated with log values of the titres followed by subse-
quent antilog-transformation. Bonferroni’s multiple
comparison test was used to compare the titres of neu-
tralizing antibodies against different strains. Mann–
Whitney U test was used to compare the neutralizing
antibody titres at different time points. Two-sided
p-values < 0.05 were considered statistically significant.
Statistical analyses were conducted with GraphPad
Prism 8.0.1.

RESULTS

Demographic characteristics

A total of 174 participants were enrolled in this study.
None of the participants was tested positive for SARS-
CoV-2 nucleic acid until the end of the follow-up. The
oldest participant was 59 years old, and the youngest was
22 years old. The mean age of the cohort was 39.7 years
old. 43.7% of the participants were male and 56.3% were
female.

Immunogenicity and antibody persistence
after 2-dose primary immunization

Regarding the wild-type strain, the GMT (geometric
mean titre) of the neutralizing antibodies reached the
peak of 7.1 at 1 month after the primary immunization,
with a seroconversion rate of 50.6% (Figure 2a and
Table S1). At 3 months, the GMT decreased to 4.5, and
the seropositivity rate decreased to 21.5%. Interestingly,
at 6 months, the GMT increased to 5.5, and the seroposi-
tivity rate increased to 37.3%. At 12 months, the GMT
decreased again to 4.6, and the seropositivity rate
decreased to 25.9%.

The neutralization capacity against the variants was
lower than that of the wild-type. At 1 month, the GMT
was 2.2, 2.7, 2.4 and 2.0 for Beta, Gamma, Delta and
Omicron variants, respectively. The seroconversion
rate was 2.9%, 2.9%, 4.6% and 0.0% for Beta, Gamma,
Delta and Omicron variants, respectively (Figure 2b–e
and Table S1). The GMT and seropositivity rate against
all the analysed variants did not change significantly
until 12 months. After the 2-dose primary immuniza-
tion, the GMT against the wild-type and all the variants
strain did not reach the positive threshold of 1:8 at
any time.

Immunogenicity and antibody persistence
after the booster shot

A booster shot was administered to 158 healthy partici-
pants who completed the 2-dose primary immunization.
Regarding the wild-type strain, on the 3rd day after the
booster shot, the GMT (3.7) and seroconversion rate
(22.9%) of the neutralizing antibodies were comparable to
that of 12 months after the primary immunization. The
GMT increased significantly thereafter. On the 7th day,
the GMT increased to 37.3, and the seroconversion rate
was 90% (27/30). The GMT continued to increase on the
10th day (158.2), 14th day (228.2), and reached a peak of
290.6 on the 21st day, thereafter decreased to 143.6 at
3 months (Figure 3a and Table S1). The seroconversion
rate reached 100% at the 10th day and remained 100%
thereafter.

The four variants showed similar trends with much
lower GMTs (p < 0.0001). The peak GMTs of the four
variants were reached on the 21st day, 52.5, 78.4, 46.0
and 24.0, respectively. At 3 months after the booster shot,
the GMTs decreased significantly to 20.4, 37.5, 22.9 and
6.6; the seropositivity rates decreased to 80.6%, 92.9%,
83.9% and 42.6% for Beta, Gamma, Delta and Omicron
variants, respectively (Figure 3b–e and Table S1). We
used Bonferroni’s multiple comparison test to compare
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the neutralizing titres of the variants. Among the four
variants, the GMT of the Gamma variant was the highest
(p < 0.0001), and the GMT of the Omicron variant was

the lowest (p < 0.0001). There were no significant differ-
ences observed in GMTs between Beta and Delta variants
(p > 0.9999) (Figure 3f).

F I GURE 3 Neutralizing antibodies against the wild-type strain and variants of SARS-CoV-2 after the booster shot. (a–e) show the

results of the different neutralization assays against SARS-CoV-2 wild-type strains (a), Beta variant (b), Gamma variant (c), Delta variant (d),

and Omicron variant (e), while (f) shows the results at 3 months for the 5 strains. Each dot represents the neutralizing antibody titre of an

individual. The numbers above the bars are GMTs, and the error bars indicate the 95% CIs of GMT. The dotted horizontal line represents the

seropositivity threshold of 1:8. The titres lower than the limit of detection (1:4) are presented as half the limit of detection (1:2). Bonferroni’s
multiple comparison test was used to compare the titres of neutralizing antibodies against different strains in (f). ***p < 0.001,

****p < 0.0001, ns: not statistically significant. No multiple comparison adjustment has been done
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SARS-CoV-2 RBD-specific IgG subclasses
after 2-dose primary immunization and
booster shot

ELISA analysis revealed that IgG1 and IgG3 were the
most abundant subclasses (Figure 4). At 1 month after
the 2-dose primary immunization, the mean levels of
IgG1 and IgG3 were 110.3 and 139.4, respectively. At
3 months, both IgG1 and IgG3 levels decreased rapidly.
After that, the level of IgG1 reached the plateau phase,
and the level of IgG3 gradually decreased. At
12 months, the mean levels of IgG1 and IgG3 decreased
to 21.7 and 29.5, respectively. On the 3rd day after the
booster shot, the mean levels of IgG1 and IgG3 were
comparable to that of 12 months after the primary
immunization. Subsequently, IgG1 and IgG3 levels
increased rapidly, especially that of IgG1. The mean
levels of IgG1 and IgG3 reached a peak on the 21st
days after the booster shot (458.4 and 241.8, respec-
tively) and decreased at 3 months (361.3 and 162.2,
respectively).

Relationship between IgG1, IgG3 subclasses
and neutralizing antibodies

There was no correlation observed between the titres of
the neutralizing antibodies and level of IgG1 or IgG3
individually (Table S2). We divided the participants into
groups based on their neutralizing titres, that is, ≤8, 8–
16, 16–32, 32–64, etc. The titres of the neutralizing anti-
bodies showed a positive correlation with IgG1/IgG3
ratio in general. After the primary immunization,
although the correlation was not linear, the correlation
coefficients reached 0.8216 (p = 0.1784), 0.794
(p = 0.206), 0.824 (p = 0.176) and 0.7293 (p = 0.2707) at
1, 3, 6 and 12 months, respectively (Figure 5). After the
booster shot, the titres of the neutralizing antibodies
exhibited a strong linear relationship with the IgG/IgG3
ratio. At 1 month, the correlation coefficient was 0.776
(p = 0.0236) (Figure 6). At 3 months, the correlation coef-
ficient was 0.9782 (p = 0.0001) (Figure 7a). As for the
Beta, Gamma, Delta and Omicron variants, the correla-
tion coefficients were 0.3296 (p = 0.4703), 0.6825
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(p = 0.0911), 0.3069 (p = 0.5031) and �0.0110
(p = 0.9842) at 3 months after the booster shot, respec-
tively (Figure 7b–d).

DISCUSSION

In the present study, we showed the kinetics of neutraliz-
ing antibodies against the wild-type strain and variants
after 2-dose primary immunization and a booster shot of
inactivated vaccine. After the primary immunization, the
GMT of neutralizing antibodies exhibited a moderate
increase and reached the peak at 1 month. However, the
GMT against the wild-type strain did not reach the
threshold of 8 since most of the individuals had low titres
of antibodies. The peak seroconversion rate was only
50.6% at 1 month. GMTs of the neutralizing antibodies
against the variants were even lower. Therefore, regard-
ing immunogenicity, the 2-dose primary immunization
only achieved low neutralizing ability. After the booster
shot, the GMT rapidly increased, and the seroconversion
rate reached 100% within 10 days, for the wild-type
strain, Beta, Gamma and Delta variants. At 3 months
after the booster shot, the GMT against the wild-type
strain was about 20.2 times the GMT at 1 month after the
primary immunization (Table S3). This pattern of rapid
immune response and persistence of antibodies was con-
sistent with the characteristics of immune memory. This
finding can largely dispel the concerns that inactivated
vaccines cannot induce significant cell-mediated immune
response, and that they can only result in weak immuno-
genicity with deficiency of long-time immune memory.
Furthermore, efficacy of inactivated vaccine against the
variants has been demonstrated indirectly due to
increased immunogenicity after the booster shot.

This study showed that IgG1 and IgG3 were the most
abundant IgG subclasses at all time points. This

observation was consistent with Fraley et al.’s finding for
mRNA vaccines [21] and Suthar et al.’s finding in
patients naturally infected with SARS-CoV-2 [22]. More
specifically, in this study IgG1 and IgG3 levels were simi-
lar after primary immunization, whereas IgG1 level was
much higher than IgG3 level after the booster shot. It has
been reported that the humoral immune response in
individuals recovered from the natural infections of
COVID-19 was primarily dominated by IgG1-producing
memory B cells whereas the amount of IgG3-producing
memory B cells was relatively low [23, 24]. Whether the
humoral immune response after the booster immuniza-
tion with SARS-CoV-2 inactivated vaccines might be
directly related to the presence of memory B cells
requires further verification.

Interestingly, the GMT and seropositivity rate of the
neutralizing antibodies at 6 months after the primary
immunization were higher than that at 3 months. Several
previous studies have indicated that IgG subclass switch-
ing may substantially impact the titre of the neutralizing
antibodies [25, 26]. It has been found that in infections
with rubella and measles viruses, the affinity of IgG1 was
higher than that of IgG3, and the affinity maturation
time of IgG1 was later than that of IgG3 [27, 28]. We
examined whether the relative amounts of IgG1 and
IgG3 was correlated with the GMT of the neutralizing
antibodies at different time points, and we noticed that a
higher percentage of individuals with IgG1 > IgG3 is
correlated with a higher GMT of the neutralizing
antibody (Pearson correlation coefficient = 0.7718,
p-value = 0.0089, Figure S3). More specifically, at
1 month after primary immunization, the percentage of
individuals with IgG1/IgG3 > 2 is 39.7%, and the GMT of
the neutralizing antibodies was relatively high. At
3 months, the percentage of individuals with IgG1/
IgG3 > 2 decreased to 8.7%, and the GMT of the neutral-
izing antibodies decreased as well. At 6 months, the
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percentage of individuals with IgG1/IgG3 > 2 increased
to 12.0%, and the GMTs of the neutralizing antibodies
also increased (Table S3, Table S4, and Figure S1). There-
fore, we speculate that IgG1 affinity maturation might
have occurred between 3 to 6 months after the primary
immunization with SARS-CoV-2 inactivated vaccines.

A positive correlation was observed between the ratio
of IgG1/IgG3 and GMT of the neutralizing antibodies
after we grouped the participants by their neutralizing
titre. Individually, when the IgG1/IgG3 ratio was less
than 5, the GMT of the neutralizing antibodies increased

concomitantly with the IgG1/IgG3 ratio. When the IgG1/
IgG3 ratio was 5 or higher, the GMT reached a plateau
phase (Figure S2).

The neutralization assay was conducted in vitro to
evaluate the potential inhibitory effect of antibodies
against the virus. The inhibitory effect primarily depends
on the selective binding of the Fab segment to the viral
epitope, while the function of the Fc segment remains
elusive. Three different types of Fc receptors (FcγRI,
FcγRII and FcγRIII) can interact with IgG. In humans,
the FcγRI is expressed on the surface of monocytes,
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macrophages and dendritic cells, and can effectively bind
to the monomeric IgG1 and IgG3 with high affinity [29].
Yates et al. have shown that the spike-specific IgG sub-
classes may contribute to COVID-19 disease severity
through regulating potent Fc-mediated effector functions
[30]. In addition, the different subclasses of vaccine-
elicited antibodies may differentially recruit and activate
innate immune effector cells expressing various IgG
receptors on their surface, thereby significantly affecting
the vaccine efficacy [31].

The present study has many strengths. First, we con-
structed a prospective cohort which covered a large sam-
ple size, a long follow-up time, and multiple time points.
Second, the correlation between IgG1/IgG3 ratio and the
GMT of the neutralizing antibodies is a novel discovery.

However, due to limited detection reagents, we were
only able to investigate the RBD-specific IgG subclasses
for the wild-type strain. Therefore, we cannot confidently
draw the practical conclusions regarding the Beta,
Gamma, Delta and Omicron variants. Further studies
will examine IgG subclasses specific to variant strains.

In conclusion, the findings of this study have indi-
cated that the 2-dose primary immunization of COVID-
19 inactivated vaccine only achieved low neutralization
ability. After administration of the booster shot, the neu-
tralization ability against the wild-type strain and all vari-
ants significantly improved. IgG subclass switching
affected neutralizing ability in people receiving COVID-
19 inactivated vaccines. The ratio of IgG1/IgG3 was posi-
tively correlated with the titre of neutralizing antibody.
The underlying mechanism is not yet clear, and requires
further research.
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What science proves



7.3. Third dose of CoronaVac maintains high antibody production 
for six months, study says

A study carried out in China again 
showed that the third dose of 
CoronaVac is highly effective in 
recovering immunity, inducing 
rapid production of antibodies with 
prolonged duration. After six months 
of the booster dose, neutralizing 
antibody positivity was still over 
80%. The work was published in the 
Journal of Infection and conducted 
by researchers at the Xiamen 
University School of Medicine. 

In this prospective cohort study, 41 
participants received three doses of 
CoronaVac and had blood samples 
collected over 180 days after the 
third dose. Titers of neutralizing 
antibodies, total anti-RBD antibodies 
and IgG anti-Spike antibodies were 
determined to assess the immune 
response and its duration. 

Nine months after the second dose, 
the production rate of neutralizing 
antibodies was at 2.44%. It is worth 
noting that this is a condition 
common to all Covid-19 vaccines, 
and is related to the dynamics of 
SARS-CoV-2. With the third dose, 
seroconversion reached 100% within 

two weeks, remaining constant 
for another two months, and then 
slowly starting to decline, dropping 
to 80.49% within six months.

For total anti-RBD antibodies, the 
seroconversion rate was 39.02% 
after nine months of the second 
dose, peaking at 100% one week 
after the third dose and remaining 
that way for six months. The anti-
Spike IgG antibody response after 
the booster dose was similar.

“Neutralizing antibody levels 
are highly predictive of immune 
protection. The importance of these 
observations is that neutralizing 
antibodies in vaccinates may persist, 
albeit with a relatively low rate of 
decay, and may act as the first line 
of defense against future omicron 
infections or future variants,” the 
research authors state.

Published on: 06/09/2022
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Letter to the Editor 

Is the fourth COVID-19 vaccine dose urgently needed? 
Revelation from a prospective cohort study 

Dear editor, 

Vaccines have proven to be safe, effective, and able to reduce 
the spread of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection and its variants, as well as abrogate the 
serious clinical consequences of coronavirus disease 2019 (COVID- 
19). 1 , 2 In this Journal, the report by Liu and co-workers evalu- 
ated the persistence of immunogenicity of seven COVID-19 vaccine, 
not including CoronaVac vaccine, at three months after third dose 
boosters, showing that the decay rates of humoral response vary 
among vaccines. 3 We undertook a study to evaluated the dynamic 
response and duration of anti-SARS-CoV-2 antibodies after a third 
dose of inactivated CoronaVac vaccine within 180 days and specif- 
ically assessed the decay of antibodies. 

A prospective cohort study design was employed as we pre- 
viously reported. 4 41 participants received the three-dose Coron- 
aVac vaccine ( Fig. 1 A) and provided blood donation at 8 serial time 
points within 180 days after the third dose. This study was ap- 
proved by the Institutional Ethics Committee of Zhongshan Hos- 
pital of Xiamen University, School of Medicine, Xiamen University. 
All participants provided written informed consent. The neutral- 
izing antibody, anti-RBD total antibody, anti-Spike IgG titers were 
serially determined to evaluate the immune response and duration. 
Mixed effects exponential and power law models were used to an- 
alyze antibody waning. 

The seropositive rate of neutralizing antibody was 2.44% after 
the second dose (248 days). After the third dose, the seropositive 
rate reached 100% at two weeks, maintained for approximately 2 
months and began to slowly decrease, dropping to 80.49% at 180 
days ( Fig. 1 B). On the other hand, the level of antibody concentra- 
tion rapidly increased from a base value of 5.03 IU/mL and peaked 
at 707.20 IU/mL at two weeks and then also began to slowly de- 
cline, remaining at 175.29 IU/mL at 180 days ( Fig. 1 C). 

For the anti-RBD total antibody, the seropositive rate was 
39.02% after the second dose, peaked at 10 0.0 0% one week after 
the third dose and was maintained within 180 days ( Fig. 1 B). The 
level of anti-RBD total antibody rapidly increased from a base value 
of 5.13 AU/mL to 177.27 AU/mL at one week after the third dose, 
peaked at 534.35 AU/mL within the three weeks, and then began 
to decline, dropping to 198.54 AU/mL at 180 days ( Fig. 1 D). The re- 
sponse for anti-Spike IgG after vaccination was similar to that for 
the anti-RBD total antibody ( Fig. 1 E). 

To measure anti-SARS-CoV-2 antibody waning after vaccination, 
two mixed effects models were fitted. First, the neutralizing anti- 
body, anti-RBD total antibody, and anti-Spike IgG levels declined 
over time, with half-lives of 81.14 days, 105.66 days, and 104.76 
days within 180 days after the third dose, respectively, as esti- 

mated by an exponential decay model, which increased 2–4 fold 
compared with those after the second dose 5 and were longer than 
those within 3 months after the third dose in our previous study. 4 

The power law model estimated half-lives for the neutralizing an- 
tibody of 293.88 days, anti-RBD total antibody of 468.98 days, and 
anti-Spike IgG of 467.28 days, which were longer than those esti- 
mated by the exponential decay model ( Fig. 2 A-C), indicating that 
the concentration of these antibodies may be starting to stabilize. 
Different antibodies were classified into two subgroups (younger 
participants ( ≤33 years) and older participants ( > 33 years)) based 
on age. The results of two mixed effects models showed that 
younger participants had a higher likelihood of antibody persis- 
tence than older participants ( Fig. 2 D-F). 

The findings of this study showed that 41 participants who re- 
ceived the third dose of the CoronaVac inactivated vaccine exhib- 
ited relatively good responses and durations of neutralizing anti- 
body, anti-RBD total antibody and anti-Spike IgG and prolonged 
decay time, which were higher than expected. 

Neutralizing antibody levels are highly predictive of immune 
protection. 6 , 7 Our results showed that the seropositive rate for 
neutralizing antibody was 80.49% at 180 days after the third dose 
vaccination, which was higher than that after the second dose that 
we had previously studied at this point in time. 5 The neutralizing 
antibody level declined over time which increased approximately 
2-fold compared with that after the second dose 5 and was also 
longer than that within 3 months of the third dose in our previ- 
ous study. 4 Our real-world data supported that the recall responses 
to boost doses in individuals with preexisting immunity primar- 
ily increased antibody levels and substantially altered antibody de- 
cay rates. More specifically, the importance of these observations 
is that neutralizing antibodies in vaccinees may persist, albeit with 
a relatively low rate of decay, and may act as the first line of de- 
fense against future encounters with the omicron variant or future 
variants evolved from omicron. 

Although vaccination is key to preventing infections, vaccine 
responses are often found to be lower in elderly adults. Our re- 
sults suggest that younger participants had a higher likelihood 
of neutralizing antibody persistence than older participants. The 
markedly reduced vaccine success in older adults has been at- 
tributed to adaptive immunosenescence. 8 

Limitations of this study include short follow-up time, small 
sample of persons, no detection of cellular responses and evalu- 
ated only homologous inactivated vaccinations and so on. 

In conclusion, our results showed that the third vaccine dose 
dramatically increased antibody levels and prolonged the decay 
time, which were higher than we expected. Therefore, antibod- 
ies decay slowly in terms of immunity persistence such that there 
is no need to rush to deploy a fourth vaccination strategy, or a 
booster dose could be given to vulnerable groups first. 

https://doi.org/10.1016/j.jinf.2022.06.003 
0163-4453/© 2022 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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Fig. 1. Anti-SARS-CoV-2 antibody response after the third dose vaccination. A. Schedule of vaccination procedures. B. The seropositive rate changes of antibodies. C-E. The 
levels of neutralizing antibody (C), anti-RBD total antibody (D) and anti-Spike IgG (E) were measured at 8 serial time points. The antibody-positive judgement threshold is 
marked with a dotted line. 

Fig. 2. The exponential and power law model of decay half-lives. A–C: A. Neutralizing antibody; B. Anti-RBD total antibody; C. Anti-Spike IgG. Antibody decay curves and 
half-lives estimated by an exponential decay model are shown in blue, and the decay curves and half-lives at day 120 estimated by a power law model are shown in red. 
D-F: D. Neutralizing antibody; E. Anti-RBD total antibody; F. Anti-Spike IgG. Antibody decay curves and half-lives estimated for younger participants ( ≤33 years) are shown 
in red, and older participants ( > 33 years) are shown in blue. Dotted lines represent exponential models, and solid lines represent power law model. 
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7.4. CoronaVac booster dose increases IgG antibodies against 
omicron by 325 times, study shows

A study carried out in Jiangsu 
Province, China, showed that the 
booster dose of CoronaVac induces 
a potent immune response against 
the delta and omicron variants of 
the SARS-CoV-2 virus, increasing the 
level of specific antibodies produced 
by 300 to 500 times against these 
strains. The work was published 
in the journal Emerging Microbes 
& Infections and conducted by 
researchers at the Nanjing University 
School of Medicine.

The researchers selected 100 
healthcare workers from the Nanjing 
University Hospital who received 
two doses of CoronaVac in February 
2021. After nine months, when 
protection against the SARS-CoV-2 
virus naturally reduces, regardless 
of the vaccine administered, a 
third dose of CoronaVac was 
administered to 77 of the subjects. 
Serum samples were collected at 
three different times: before the 
third dose, two weeks later and two 
months later. 

The CoronaVac booster dose 
activated immunological memory 

in all subjects. Before the third 
dose, the mean titer of anti-RBD 
IgG antibodies (receptor-binding 
domain) was 3,278 for the original 
Wuhan virus, 197 for the delta variant 
and 44 for omicron. After boosting, 
the titer increased 17-fold (to 
56,760) against the original strain, 
577-fold (113,773) against delta, and 
325-fold (14,336) against omicron. 
Two months later, titers remained 
high, at 82,666, 56,861 and 9,277, 
respectively. 

“Our study highlighted that a booster 
dose of CoronaVac can provide a 
significantly larger boost for the 
neutralizing antibody responses 
and cellular responses that cross-
recognize Delta and Omicron 
variants, compared to the two doses 
of vaccine. Moreover, the potency, 
breadth, and duration of adaptive 
responses improved concomitantly” 
the authors point out. 

Published on: 05/24/2022
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Abstract  

The waning humoral immunity and emerging contagious severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) variants resulted in the necessity of the booster vaccination of 

coronavirus disease 2019 (COVID-19). The inactivated vaccine, CoronaVac, is the most widely 

supplied COVID-19 vaccine globally. Whether the CoronaVac booster elicited adaptive responses 

that cross-recognize SARS-CoV-2 variants of concern (VoCs) among 77 healthy subjects 

receiving the third dose of CoronaVac was explored. After the boost, remarkable elevated spike-

specific IgG and IgA responses, as well as boosted neutralization activities were observed, despite 

3.0-fold and 5.9-fold reduced neutralization activities against Delta and Omicron strains compared 

to that of the ancestral strain. Furthermore, the booster dose induced potent B cells and memory B 

cells that cross-bound receptor binding domain (RBD) proteins derived from VoCs, while Delta 

and Omicron RBD-specific memory B cell recognitions were reduced by 2.7-fold and 4.2-fold 

compared to that of ancestral strain, respectively. Consistently, spike-specific circulating follicular 

helper T cells (cTfh) significantly increased and remained stable after the boost, with a 

predominant expansion towards cTfh17 subpopulations. Moreover, SARS-CoV-2-specific CD4+

and CD8+ T cells peaked and sustained after the booster. Notably, CD4+ and CD8+ T cell 

recognition of VoC spike was largely preserved compared to the ancestral strain. Individuals 

without generating Delta or Omicron neutralization activities had comparable levels of CD4+ and 

CD8+ T cells responses as those with detectable neutralizing activities. Our study demonstrated 

that the CoronaVac booster induced broad and potent adaptive immune responses that could be 

effective in controlling SARS-CoV-2 Delta and Omicron variants.  

Introduction 
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The high degree of waning humoral immunity and emerging contagious SARS-CoV-2 variants 

resulted in the occurrence of breakthrough infection [1] and the necessity of the booster vaccination 

of coronavirus disease 2019 (COVID-19). A recent real-world study in Israel suggested that the 

immunity against SARS-CoV-2 across all age groups was decreased a few months later after the 

second dose of immunization [2]. Meanwhile, SARS-CoV-2 Delta and Omicron variants have 

rapidly achieved widespread community transmission, accounting for most infections globally 

[3,4]. Particularly, Omicron harbors 30-40 mutations in spike protein including some substitutions 

which were previously confirmed to increase viral transmission and resist to neutralizing 

antibodies [5]. Due to the reduced efficacy of initial rollout of mass vaccination campaigns, the 

necessity of a third booster dose is constantly concerned [6].

There is still an ongoing debate that whether there is a need for booster vaccines owning to a lack 

of experiment evidence [7]. There is no consensus on the necessity of a third dose booster of 

COVID-19 vaccines in the whole population [8]. Nevertheless, WHO has recommended a third 

dose of inactive virus vaccine or a heterologous booster for people aged over 60 years who already 

have received the two-dose scheme [9], because of the pronounced decrease of neutralizing 

antibody (NAb) titers [10,11] and reduced effectiveness in older population [12]. A booster dose 

of the BNT162b2 vaccine could significantly lower the rates of confirmed COVID-19 and severe 

illness across age groups [13]. The third-dose vaccine developed by Pfizer-BioNTech [14],

Oxford-AstraZeneca [15] and Sinovac [10] induced surging levels of infection-blocking 

‘neutralizing’ antibodies. Among them, CoronaVac, a whole-virion inactivated vaccine produced 

by Sinovac, is the most widely offered COVID-19 vaccine globally [16]. Currently, a third booster 

dose of CoronaVac has been implemented among high-risk populations in China and other 
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countries. However, there is little research on the protective immune responses elicited by the 

CoronaVac boosters against variants of concern since the vaccine is being applied in countries 

deficient in research capacity and resources [10]. Meanwhile, the impact of the variant-associated 

mutations has been established for most variants regarding antibody reactivity [17-19], while much 

is less available for vaccine-induced T cell and B cell responses. Additionally, whether a third dose 

could effectively boost the waned humoral and cellular immunity remains unclear. Therefore, it is 

urgent to evaluate the cross-reactivity of SARS-CoV-2 humoral and cellular responses against the 

emerging variants elicited by CoronaVac booster, so as to provide essential data for the public 

health response to the COVID-19 pandemic.  

We have reported the dynamic antibody, B cell and T cell responses following immunization of 

CoronaVac in a prospective cohort of 100 SARS-CoV-2 naïve healthcare professionals [20, 21]. 

It was revealed that 2-dose immunization effectively elicited spike-specific B cells, as well as 

SARS-CoV-2-specific CD4+T cell and CD8+ T cell responses. After 9 months, the third dose of 

CoronaVac booster was administered to 77 out of 100 healthcare professionals. In this study, their 

circulating antibody response, serum neutralization capacity, cellular responses including B cells, 

circulating T follicular helper cells (cTfh), as well as CD4+ and CD8+ T cell responses were closely 

monitored. The results demonstrated a necessity of a booster dose of CoronaVac, which can induce 

broad and potent adaptive immune responses effective in controlling SARS-CoV-2 Delta and 

Omicron variants. 

Materials and Methods 

Study cohort and sample collection 
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Previously, we conducted in a prospective, observational study (NCT04729374) in Nanjing Drum 

Tower Hospital, Jiangsu, China. All participants were tested negative for SARS-CoV-2 infection 

at screening and provided written informed consent. The clinical trial protocol was approved by 

hospital ethics committee (2021-034-01). After 9 months after two-dose, the third dose of 

CoronaVac was administered to 77 healthcare professionals during the period from Nov 8th to Nov 

14th, 2021. Serum samples for detailed immunological assessments were taken at three different 

time points, including before the third dose (T0), day 14 post the third dose (T1), and day 56 post 

the third dose (T2) (Figure 1). The antibody titer and serum neutralization activity from this cohort 

were also compared to that of a breakthrough infection cohort, consisting of 10 subjects with Delta 

breakthrough infection after the two-dose vaccine from CoronaVac. Sera from the breakthrough 

cohort were obtained between day 13-18 post disease onset. 

Peripheral blood sample processing 

Blood samples were collected via phlebotomy in acid citrate dextrose serum separator tubes, or 

ethylenediaminetetraacetic acid (EDTA) anticoagulated tubes. Peripheral blood mononuclear cells 

(PBMCs) were isolated from blood collected in EDTA tubes by lymphocyte separation medium 

density gradients (Stemcell Technologies, Vancouver, Canada) and resuspended in PRMI 1640 

medium supplemented with 10% fetal calf serum (FCS), 1% penicillin/streptomycin and 1.5% 

HEPES buffer (Thermo Fisher Scientific, MA, USA) for stimulation assays or stored at - 135°C 

until used.  

Proteins and peptides 
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Pools of 15-mer peptides overlapping by 11 amino acid and together spanning the entire sequence 

of SARS-CoV-2 spike glycoprotein (S) from ancestral, Alpha (B.1.1.7) and Delta (B.1.617.2) 

variants, wild-type virus open reading frame 3a, ORF7 and ORF8 (ORF3a/7/8), membrane protein 

(M), and envelope small membrane (E) were synthesized (Genscript, Jiangsu, China) and used for 

ex vivo stimulation of PBMCs. 

The ectodomain of ancestral SARS-CoV-2 spike (GenBank: MN908947.3) was expressed as 

previously described [23]. The prefusion Omicron (B.1.1.529/21K) spike ectodomain (GenBank: 

OL672836.1, residues 1-1205) was cloned into vector pcDNA3.1 (Thermo Fisher Scientific, 

MA,USA) with proline substitutions at residues 983 and 984, a “GSAS” instead of “RRAR” at the 

furin cleavage site (residues 679-682), with a C-terminal T4 fibritin trimerization motif, an HRV-

3C protease cleavage site, a Twin-Strep-tag, and an 8×His-tag according to Jason S. McLellan’s 

research [24]. The protein was purified from FreeStyle 293-F cells (Thermo Fisher Scientific, MA, 

USA) using affinity chromatography followed by size exclusion chromatography, detailed as 

described previously [23].  

Measurement of SARS-CoV-2 spike and RBD-specific IgG and IgA titer 

Antigen-specific serological antibodies against SARS-CoV-2 were determined by enzyme-linked 

immunosorbent assay (ELISA) [20, 21]. Briefly, 96-well plates were coated with 500 ng/mL of 

each recombinant viral antigen overnight. The plates were incubated with serum samples in a 

dilution of 1:200, followed by incubation with either anti-human IgG conjugated with HRP 

(ab6759, Abcam, Cambridge, England) or anti-human IgA conjugated with HRP (ab97215,

Abcam, Cambridge, England). Subsequently, the plates were incubated with TMB substrate for 1 
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hour and the reaction stopped with 1M H2SO4. Optical density (OD) value at 450 nm was measured. 

The cut-off value was determined as the average of OD values plus 2 standard deviations (SD) 

from 45 archived healthy individuals from the year of 2019 as the unexposed donors. Antibody 

endpoint titer was determined by the highest dilution of serum which gives an OD value higher 

than cut off value of the healthy control group at the same dilution.  

Pseudovirus Neutralization Assay 

Pseudovirus neutralization assay was performed as previously described to evaluate the serum 

neutralization capability that highly correlated with authentic neutralization assay [20, 22]. Briefly, 

the lentivirus-based SARS-CoV-2 pseudoviruses were provided by Vazyme Biotech Co.,Ltd 

(Nanjing, China), which bear the spike protein derived from the D614G variant, the Delta variant 

(B.1.617.2), and the Omicron variant (B.1.1.529). SARS-CoV-2 pseudovirus was produced by co-

transfection of a HIV-1 NL4-3 luciferase reporter vector that contains defective Nef, Env and Vpr 

(pNL4-3.luc.RE) and a pcDNA 3.1 expression plasmid (Invitrogen, Thermo Fisher Scientific, 

MA,USA) encoding respective spike protein in 293T cells. After 48 hours, cell supernatants 

containing pseudoviruses were collected, filtered, and stored at -70˚C until use. The 50% tissue 

culture infectious dose (TCID50) of SARS-CoV-2 pseudovirus was measured by luciferase assay 

in relative light units (RLUs). To determine the neutralization activity of vaccinee serum, three-

fold serial dilution starting from 1:30 were performed for heat-inactivated serum samples in 

duplicated before adding 1x103 TCID50 pseudoviruses per well for 1 hour, together with the virus 

control and cell control wells. The mixture was added to 2 x 104 HEK293T-ACE2 cells (Cat# 

DD1401-01, Vazyme, Nanjing, China) per well and incubated for 48 hours in 5% CO2

environment at 37˚C. The luminescence was measured using Bio-lite Luciferase assay system 
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(Cat# DD1201-01, Vazyme, Nanjing, China) and detected for RLUs using Spark multimode 

microplate reader (Tecan, Männedorf, Switzerland). The titer of neutralization antibody (ID50) was 

defined as the reciprocal serum dilution at which the relative light units (RLUs) were reduced by 

50% compared to the virus control wells after background RLUs in the control groups with cells 

only was subtracted. Data for pseudovirus neutralization titers for the D614G variant after 2-dose 

CoronaVac were reported previously [20].

Antigen-Specific Measurement of Cellular analysis  

Antigen-specific measurement of cellular analysis was performed as previously described [21]. 

For RBD-specific B cell analysis, PBMC samples were incubated with 100 ng fluorescence APC 

or PE labeled RBD protein at 4°C for one hour to ensure maximal staining quality followed by 

surface staining with antibodies at 4°C for 30 min. The following antibodies for phenotypic B cell 

surface markers were used, including anti-CD19-BV421 (Clone HIB19, 1:50), anti-CD27-BV655 

(Clone MT-271, 1:50), anti-CD45-PE-cy7 (Clone HI30, 1:50), anti-CD3-Percp-cy5.5 (Clone 

OKT3, 1:50), anti-CD14-Percp-cy5.5 (Clone rmC5-3, 1:50), anti-CD16-Percp-cy5.5 (Clone 

B73.1,1:50), anti-CD56-Percp-cy5.5 (Clone B159, 1:50), anti-IgD-FITC (Clone IA6-2,1:50).

Fixable viability Dye eFluor 780 staining was used to exclude dead cells. The above antibodies 

were purchased from BD Biosciences (San Diego, USA). The frequency of circulating RBD-

specific B cells was expressed as the percentage of total B cells (CD19+CD20+CD3-CD14-CD16-

CD56-LIVE/DEAD-lymphocytes). The frequency of antigen-specific RBD-specific memory B 

cells were expressed as percentage of total memory B cells (CD19+CD20+CD27+CD3-CD14-

CD16-CD56-LIVE/DEAD-lymphocytes). Gating strategy for B cell analysis is shown in 

Supplementary figure 1.
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To measure antigen specific circulating CD4+ T cells, CD8+ T cells and cTfh cells, activation-

induced marker (AIM) assay was performed. Activation-induced marker (AIM) assay is a recently 

developed as a cytokine-independent method, capable of detecting early responding antigen-

specific CD4+T cells, CD8+ T cells, and cTfh cells [25-27]. 1 x 106 fresh PBMCs were suspended 

in Roswell Park Memorial Institute (RPMI) medium and stimulated with peptides pools at a final 

concentration of 1μg/mL overnight. A stimulation with an equimolar amount of dimethylsulfoxide 

(DMSO) was performed as negative control, and PMA/Ionomycin as positive control. Following 

stimulation, cells were stained in flow buffer (DPBS, Gibco, NY, USA) supplemented with 2% 

FCS for 20 minutes at 4°C for viability. For CD4+T cell and CD8+ T cell analysis, the following 

antibodies were included for phenotypic lymphocyte surface markers: anti-CD3-PerCP-cy5.5 

(Clone OKT3, 1:25), anti-CD4-Qdot655 (Clone RPA-T4, 1:50), anti-CD8-BV421 (Clone SK1, 

1:25), anti-OX40-FITC (Clone L106, 1:50), anti-4-1BB-PE (Clone C65-485, 1:50), anti-CD45-

PE-cy7 (Clone HI30, 1:50), anti-CD69-APC (Clone FN50, 1:25). Fixable viability Dye eFluor 780 

staining was used to exclude dead cells. Gating strategy for T cells is shown in Supplementary 

figure S2. AIM+CD4+ T cells were defined based on dual expression of 4-1BB and OX40, and 

AIM+CD8+ T cells were identified based on dual expression of 4-1BB and CD69. The fraction of 

CD4+ or CD8+ T cells responsive to 5 overlapping peptide pools covering the ancesral spike 

glycoprotein, nucleoprotein (N), membrane protein (M), envelope small membrane protein (E), 

ORF3a/7/8 were then added as a combined sum of SARS-CoV-2 specific CD4+ or CD8+ T cells. 

For Tfh cell analysis, the following antibodies were used for phenotypic lymphocyte surface 

markers: anti-CD3-PerCP-cy5.5 (Clone OKT3, 1:25), anti-CD4-Qdot655 (Clone RPA-T4, 1:50), 

anti-OX40-FITC (Clone L106, 1:50), anti-4-1BB-PE (Clone C65-485, 1:50), anti-CD45-BV421 
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(Clone HI30, 1:50), anti-CXCR5-CF594 (Clone RF8B2, 1:50), anti-CCR6-APC (Clone 11A9, 

1:50), anti-CXCR3-PE-cy7 (Clone 1C6, 1:50). Fixable viability Dye eFluor 780 staining was used 

to exclude dead cells. Spike-specific cTfh cells were gated as OX40+4-1BB+CXCR5+CD4+T cells 

and were further divided into cTfh1(CXCR3+CCR6-), cTfh2(CXCR3-CCR6-), cTfh17(CXCR3-

CCR6+) and cTfh1-17(CXCR3+CCR6+). Gating strategy for cTfh cells is shown in 

Supplementary figure S3. Antigen-specific CD4+ T cell, CD8+ T cell and cTfh cell responses 

determined by AIM assays were calculated as background (DMSO) subtracted data. The above 

antibodies were purchased from BD Biosciences (San Diego, USA). The lower limit of detection 

(LOD) for cellular analysis was calculated using the median two-fold standard deviation of all 

negative control samples from the unexposed donors. Staining samples were analyzed by a 

fluorescence-activated cell sorter (FACS) Aria™ III Cell Sorter instrument (BD Biosciences) 

using FlowJo software (version 10).  

Statistical analysis 

Binding antibody titers or neutralization titers were expressed as geometric mean titers (GMTs). 

The mean (standard deviation (SD)) or median (interquartile range (IQR)) was used to present the 

continuous variables. Categorical variables were described as the counts and percentages. 

Wilcoxon matched-pairs signed rank was used for comparison between timepoints and between

SARS-CoV-2 variants. Unpaired wilcoxon test for comparison between groups. Correlation 

between 2 continuous variables was analyzed using the spearman correlation analysis. p<0.05 was 

considered as statistically significant. * indicates p<0.05, ** indicates p<0.01, *** indicates p<

0.001, **** indicates p< 0.0001, and ns indicates no significant difference. SPSS software 

program version 22.0 (Chicago, IL, USA) was used for data analysis.  
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Results 

Cohort design 

A prospective observational study to follow vaccine-induced immune response previously 

characterized the longitudinal magnitude of antibody response, as well as CD4+ and CD8+ T cells 

in a prospective observational cohort that received two-dose of CoronaVac [20-21]. Seventy-seven 

healthy individuals from this original cohort received the third dose of CoronaVac 9 months after 

the priming two-dose vaccination (Figure 1 and Table 1). Specifically, sampling at pre-boost (T0), 

2 weeks (T1) and 8 weeks (T2) after the third immunization of CoronaVac enabled the dynamic 

immune analysis of SARS-CoV-2 specific humoral responses, B cells, CD4+ T cells, CD8+ T cells 

and cTfh cells. Paired serum and peripheral blood mononuclear cell (PBMC) samples were 

collected from all individuals, allowing detailed analyses of both serological and cellular immune 

responses to SARS-CoV-2 antigens derived from different variants. Furthermore, a control donor 

group was set for humoral responses, in which 10 subjects with Delta breakthrough infection were 

prior fully vaccinated with CoronaVac. In this way, the dynamics of re-activating pre-existing 

immunity elicited by SARS-CoV-2 inactivated vaccines were investigated.  

Boosted Antibody responses to SARS-CoV-2 Ancestral, Delta and Omicron spike antigens 

First, the pre- and post-boost IgG serum titers against the ancestral (Wuhan-1), Delta (B.1.617.2) 

and Omicron (B.1.1.529) RBD and spike proteins were measured in our vaccine cohort (Figure 

2). A booster dose of CoronaVac elicited a strong recall response in all individuals, with increased 

anti-RBD and anti-spike IgG and IgA titers compared with pre-boost titers. Baseline sera exhibited 

an anti-ancestral RBD-specific binding immunoglobulin G (IgG) geometric median titer (GMT) 
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of 3,278 (95% CI, 1,953-5,504), while GMT specific to Delta RBD was 197 (84-460) and omicron 

RBD was 44 (16-120), respectively. After the booster dose, anti-ancestral RBD-specific binding 

IgG was increased to a GMT of 56,760 (38,284-84,151); the GMTs for anti-Delta RBD IgG and 

anti-Omicron RBD IgG were 113,773 (94925,136363) and 14,336 (11025,18641), respectively. 

The IgG titers stayed stable for 2 months after the booster and the IgG GMTs specific to ancestral 

RBD, Delta RBD and Omicron RBD were 82,666 (57308, 119244), 56861 (45630, 70856) and 

9277 (5903, 14581), respectively (Figure 2A). Notably, anti-Delta RBD specific IgG titers at T1 

and T2 timepoint were 1.1-fold and 4.0-fold lower compared to that specific to ancestral RBD, 

respectively (Figure 2E). The booster recipients presented 9.2-fold and 13.8-fold decreased anti-

Omicron RBD specific IgG titer compared to those of anti-ancestral RBD protein after 2 weeks 

and 8 weeks, respectively. Meanwhile, a low level of anti-RBD IgA responses was detected. The 

anti-ancestral RBD IgA at baseline possessed a GMT of 6.7 (3.0-15.0), elevated to 1009 (562.8-

1808) after the booster, and then dropped to 376 (173.3-814.1) 2 month after the booster (Figure 

2B and 2F). Consistently, spike-specific IgG and IgA also followed a similar trend as RBD-

specific IgG and IgA responses (Figure 2C-2D and 2G-2F). The breakthrough cohort, as a crucial 

control, demonstrated a comparable level of IgG responses specific to ancestral RBD (p=0.18) and 

omicron RBD (p=0.07), but significantly higher level of IgG responses specific to Delta RBD 

(6.48-fold, p=0.02) compared to those of 3-dose recipients at T1 timepoint, respectively. Similarly, 

anti-Omicron RBD IgG titer was 7.8-fold lower than that of anti-ancestral RBD in the 

breakthrough cohort (Figure 2E). Besides, the breakthrough cohort exhibited a significantly 

higher level of IgA titer specific to ancestral RBD protein and Delta RBD protein but a comparable 

level of Omicron RBD-specific IgA responses, compared to the booster vaccine cohort at the T1 

timepoint. Our data suggested that the booster dose can not only increase the magnitude of IgG 
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and IgA responses but also broaden the antibody responses specific to spike protein derived from 

emerging viral variants. 

Improved potent and broad neutralization against emerging SARS-CoV-2 variants 

Our previous study reported that serum from 2-dose CoronaVac recipients in our cohort can

effectively neutralize D614G and Alpha variants [20]. In this study, the neutralization titers against 

D614G, Delta, and Omicron variants were analyzed for serum collected at 2 weeks post 2-dose 

and 3-dose CoronaVac immunization to determine whether a third CoronaVac dose could increase 

the potency and breadth of serum neutralization activities (Figure 3A). Most (98.7%, 76/77) 3-

dose recipients can neutralize against D614G with a GMT of 172.9 (141.8-210.9) compared to a 

GMT of 42.3 (34.1-52.5) after 2 doses. Meanwhile, the breakthrough infection cohort presented a

surging neutralizing GMT of 3581.0 (1601.0-8012.0). Additionally, 89.6% (69/77) of booster sera 

neutralized against Delta strain (GMT 64.8, 53.4-78.5) with a 5.0-fold increase compared to serum 

samples from 2-dose vaccinees. However, the breakthrough infection resulted in a GMT of 664 

(373.7-1181.0) against Delta strain. Booster recipients and breakthrough cohort demonstrated 3.0-

fold and 6.7-fold less neutralization susceptible than D614G, respectively (Figure 3B). Meanwhile, 

43 (55.8%) of subjects revealed neutralizing activities against Omicron strain after the boosting 

dose, with a 3.6-fold increased GMT from 16.1 (15.3-16.9) to 33.8 (27.7-41.5). All subjects with 

breakthrough infection possessed a neutralization capability with a GMT of 289.5 (143.5-584.1) 

for Omicron. Booster recipients and breakthrough cohort had 5.9-fold and 15.6-fold lower 

neutralization potency against the Omicron strain, respectively, compared to the ancestral strain. 

Our data suggested that a booster vaccine not only strongly enhance overall neutralizing potency 
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against SARS-CoV-2 but also strengthen the broad recognition for D614G strain, Delta and 

Omicron strains.  

Strong correlations were observed between the magnitudes of IgG or IgA responses specific to 

ancestral RBD and that of antibody responses specific to VoC RBD (Figure 3C). Consistently, 

serum neutralization titers for D614G, Delta, and Omicron strains were highly correlated with each 

other, respectively (Figure 3D). Delta neutralization titer was strongly correlated with anti-Delta 

spike IgG responses (r=0.57, p<0.0001). Omicron neutralization titer was moderately related to 

anti-Omicron spike IgG (r=0.44, p<0.001) and anti-Delta spike IgG (r=0.35, p<0.0001). Besides, 

the possible factors that might affect the neutralization activities were explored due to 

heterogeneous neutralization potency observed in our cohort. Our work [21] and other studies [28]

have demonstrated age-dependent neutralization activities for SARS-Cov-2 ancestral and 

emerging VoCs among CoronaVac or mRNA recipients. Nevertheless, 3-dose recipients under the 

age of 40 and over the age of 40 generated comparable magnitudes of neutralization activities 

(Figure 3E). Furthermore, whether pre-existing neutralization activities might affect the boosted 

humoral immunity was assessed. The serum neutralization activities on week 2 after 2 doses of 

CoronaVac in this cohort were previously reported [20]. Our cohort was further divided into two 

groups: individuals with prior low neutralization activities (serum ID50 < 50) and individuals with 

prior high neutralization activities (serum ID50 ≥ 50). Our data implied that previous low 

neutralizers still had reduced serum neutralization activities compared to that of high neutralizers, 

even after the CoronaVac booster. Nonetheless, there was no correlation between neutralization 

titer after 2 doses and neutralization titer after 3 doses (Figure 3F).
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B cell responses to SARS-CoV-2 ancestral, Delta and Omicron RBD protein 

Two-dose CoronaVac induced potent RBD-specific B cells and memory B cells [21]. Here, the 

percentages of circulating RBD-specific B cells and its memory B cell subsets in booster recipients 

were measured. At baseline, RBD-specific B cells were still detectable in 86% of individuals. 

RBD-specific B cells were significantly expanded by 2.65-fold after the booster of CoronaVac, 

from 0.025% [0.007-0.042] to 0.049% [0.025, 0.067] (p<0.005), and slightly declined by 2.26-

fold to an average frequency of 0.039% [0.010, 0.055] at T2 timepoint (Figure 4A). RBD-specific 

memory B cells (MBCs) represented a large fraction of the neutralizing MBC pool against SARS-

CoV-2, expanding substantially by 2.46-fold after the additional dose of CoronaVac (0.007% 

[0.005-0.009] versus 0.018% [0.015-0.021], p<0.005), and slightly decreased by 1.7-fold (0.012 

[0.009-0.015]) 2-month after the booster dose (Figure 4B). Additionally, the recognition breadths 

of RBD-specific B cells and their memory subsets at T2 timepoint were also analyzed. The 3-dose 

CoronaVac recipients had 0.022% (0.017, 0.026%) and 0.020% (0.0015, 0.025%) of circulating B 

cells recognizing Delta and Omicron RBD, respectively, corresponding to 2.3-fold and 2.8-fold 

reduction in the percentage of VoC RBD-specific B cells compared to that of ancestral RBD-

specific B cells (Figure 4C). A third dose also resulted in detectable RBD-specific memory B cells 

recognizing Delta (0.008% [0.006, 0.010%], by a factor of 2.7) and Omicron variant (0.007% 

[0.005, 0.009%], by a factor of 4.2), respectively, compared to ancestral RBD-specific B cells 

(Figure 4D). Therefore, RBD-specific B cell recognition was also partially affected by emerging 

VoC strains.  

SARS-CoV-2 spike specific circulating T follicular helper cell responses 
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Tfh cell responses are necessary to form and sustain germinal center (GC) reactions, critical to 

develop long-lasting, high-affinity antibody responses [29, 30]. Besides, circulating Tfh (cTfh) 

cells in the peripheral blood resemble GC Tfh cells and serve as a counterpart to GC Tfh cells to 

support antibody secretion due to a similar phenotype [31]. Here we sought to track and depict 

spike-specific cTfh responses over time. Compared to minimal level of detectable spike-specific 

cTfh cells at baseline (0.001%), they peaked in peripheral blood 14 days at 1.165% of frequency 

after CoronaVac boost and remained at a median frequency of 0.81% after 2 months of the third 

dose immunization (Figure 5A). Additionally, they were compared with cTfh responses specific 

to VoC spike by testing spike peptides corresponding to the viral sequences of the Alpha and Delta 

strains. Interestingly, a small fraction of responders exhibited a loss of cTfh cell recognition of 

Delta (7/90; 7.8%) or Omicron (12/90; 13.3%) at T1 timepoint. Slight reductions of cTfh responses 

to Alpha spike (16%) and Delta spike (9%) were observed. At T2 timepoint, cTfh cell responses 

specific to Alpha, Delta and Omicron spike remained stable at the frequencies of 0.47%, 0.70% 

and 0.53%, respectively. The frequencies of Alpha or Delta spike-specific cTfh cells were 

significantly lower than those of ancestral spike at T1 timepoint (2.5-fold and 3.3-fold, respectively) 

(Figure 5A and 5B), but not T2 timepoint (Figure 5A). The frequency of Omicron spike-specific 

cTfh cells was highly correlated with the frequency of ancestral spike-specific cTfh cells (r=0.53, 

p<0.0001), Alpha spike-specific cTfh cells (r=0.50, p<0.0001) and Delta spike-specific cTfh cells 

(r=0.51, p<0.0001) (Figure 5C).

With the purpose of extending these findings, the phenotypic characteristics of SARS-CoV-2 

spike-specific cTfh cells were investigated using CXCR3 and CCR6 chemokine receptor markers 

(Figure 5D). CXCR3 and CCR6 were adopted to identify the distinct B cell helper functions, 
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including cTfh1 (CXCR3+CCR6-), cTfh2 (CXCR3-CCR6-), cTfh1-17 (CXCR3+CCR6-), and 

cTfh17 (CXCR3-CCR6+) subsets [31-32]. cTfh2 and cTfh17 cells can induce B cell differentiation 

and antibody secretion and regulate immunoglobulin (Ig) isotype switching; cTfh1 cells are 

commonly considered not to be an effective helper for B cells. At T0 baseline, the phenotypic 

analysis of total cTfh cells from booster recipients revealed that cTfh1, cTfh2, cTfh17, and cTfh1-

17 subsets occupied 19.1% (12.81% to 25.1%), 44.8% (37.2%-53.0%), 13.8% (8.0% -17.1%), and 

22.3% (9.3%-31.6%), respectively. Interestingly, boosters exhibited the skewed distribution of 

cTfh cells toward the cTfh17 phenotype after 2 weeks (32.7%, 28.1%-37.5%) and after 8 weeks 

(44.1%, 39.2-48.6%), whereas cTfh2 subsets remained at a similar proportion. Concurrently, 

cTfh1 subsets gradually declined to 15.3% (10.1%-18.0%) at T1 and 6.9% (5.2%-8.6%) at T2 

timepoint, while cTfh1-17 subsets decreased to 11.7% (8.5-14.1%) at T1 and 9.9% (7.7-11.9%) at 

T2. Thus, the CoronaVac booster can efficiently expand cTfh17 subsets, contributing to efficient 

secretion of IgG and IgA [31].  

SARS-CoV-2 specific CD4+ and CD8+ T cell responses to different SARS-CoV-2 variants in 

booster recipients  

Beyond antibodies and memory B cells, T cells can contribute to protection upon re-exposure to 

the virus. Activation-induced marker (AIM) assay was used to measure SARS-CoV-2 CD4+ and 

CD8+ T cell responses with the overlapping peptide pools from the ancestral strain. Firstly, SARS-

CoV-2 specific CD4+ T cells were detected in 66.7% of individuals with an average frequency of 

0.198% 9 months after two vaccine doses (Figure 6A). A significant elevation to 1.54% for SARS-

CoV-2-specific CD4+ T cell responses was observed, and such positive responses were detected in 

98.8% of individuals after the booster dose. SARS-CoV-2 specific CD4+ T cell responses slightly 
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decreased to 0.72% (p<0.0001) and were detectable in 95.2% of participants at T2 timepoint. 

Similarly, spike-specific CD4+ T cell responses followed a similar trend except that they remained 

at a high level 2 months after the booster dose. Since T cell responses were less affected by VoCs 

than humoral immune responses [33,34], the cross-reactivity of CD4+ T cell responses to spike 

proteins derived different SARS-CoV-2 variants in our cohort was tested. CD4+ T cell responses 

to Alpha and Delta spike were reduced compared to that in ancestral spike at T1 timepoint, as 

demonstrated by 3.9-fold and 3.2-fold reduction (Figure 6C). Meanwhile, a smaller effect of 

Alpha, Delta and Omicron mutations on CD4+ T cell responses was observed at T2 timepoint, 

compared to that of T1 timepoint, as revealed by 1.2-fold~1.6-fold change. Similar results were 

observed for CD8+ T cell responses at similar frequencies. At baseline, SARS-CoV-2 specific to 

CD8+ T cells was detected in 61.9% of individuals with a frequency of 0.196% (Figure 6B). It

significantly elevated to 1.45% in 98.8% of individuals 2 weeks after booster at T1 timepoint, and 

gradually declined to 0.97% while remaining positive in 95.2% of subjects at T2 timepoint. The 

magnitude of the SARS-CoV-2 specific CD8+ T cell responses against ancestral strain, Alpha 

variant and Delta variant were significantly boosted from the baseline of 0.001% to 0.49%, 0.30% 

and 0.31% after the third dose, respectively, and maintained at a similar magnitude at T2 timepoint. 

The recognition of CD8+ T cells to Alpha and Delta spike was decreased by 1.7-fold and 2.1-fold, 

respectively, at T1 timepoint, and the recognition of CD8+ T cells to Alpha, Delta and Omicron 

spike was slightly decreased by 1.5-fold, 2.0-fold and 2.1-fold, respectively, at T2 timepoint 

(Figure 6D). Additionally, both Delta spike-specific CD4+ and CD8+ T cell responses were 

compared between neutralizing antibody (NAb) responders and NAb non-responders in the 

booster cohort. Regardless of NAb responses against Delta or Omicron strain, there are comparable 

levels of CD4+ and CD8+ T cell responses specific to Delta spike or Omicron spike (Figure 6E). 
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These results revealed that CD4+ and CD8+ T cell recognition of VoC spike is largely preserved 

compared to the ancestral strain. 

Discussions 

Substantial efforts have been made to speed up booster vaccination campaigns given the rapid 

spread of omicron worldwide. Our understanding of the vaccine-elicited immunological features 

associated with the main VoCs is the key to informing health policies including boosting 

vaccination schedules. This also contributed to the development of potential variant-specific or 

pan-coronavirus vaccines.  

The dynamic humoral and cellular responses in a cohort of CoronaVac booster to emerging SARS-

CoV-2 variants including ancestral, Delta and Omicron strains were analyzed in this study. 

Consistent with previous reports [34, 35], a substantial improved humoral immunity after 

CoronaVac boost or breakthrough infection was observed in our study. The third dose of 

CoronaVac significantly increased not only IgG responses but also IgA responses specific to spike 

protein. Notably, secretory IgA might play an essential role in protecting the mucosal surface 

against SARS-CoV-2 [36]. The booster of CoronaVac enhanced both the seroconversion rate of 

Delta and Omicron neutralization and the neutralizing potency, highlighting the necessity of a third 

dose of CoronaVac. In line with a previous report [37], breakthrough infection after two-dose 

vaccination of COVID-19 inactivated virus vaccine resulted in a natural booster to humoral 

immunity against SARS-CoV-2. Moreover, breakthrough infection induced significantly higher 

neutralization titer against SARS-CoV-2 variants compared to the boosting of CoronaVac, though 
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there are comparable levels of binding antibody titer specific to these VoC antigens. This might 

be caused by distinct routes of antigen exposure between vaccination and nature infection.  

There are still knowledge gaps in our understanding of VoCs regarding to the vaccine-elicited 

cellular immune activity. The role of cellular immune responses and activated T-B cells stimulated 

by the antigen might be more imperative than circulating antibodies. Circulating spike-specific B 

cells may have crucial contributions to protective immunity by making anamnestic neutralizing 

antibody responses after infection. The continued maturation of B cell responses over time would 

assist in adapting SARS-CoV-2 immunity to VoCs [38]. Reduced B cell binding of RBD protein 

from variants was observed in all cases, while the reduction was less than 5-fold for Delta spike 

and Omicron RBD protein. This demonstrated a partial retained B cell recognition of variants, 

consistent with the observations that Omicron neutralizing antibody titers rapidly increased after 

the third immunization or breakthrough infection but were generally low among individuals with 

two-dose of CoronaVac. 

The direct evaluation of key Tfh immunological events in lymphoid tissues after immunization is 

challenging in humans, making surrogate biomarkers such as cTfh cells in the blood especially 

informative [39]. In COVID-19 recovered individuals, spike-specific cTfh differentiated subjects 

were associated with potent neutralizing responses [40]. Robust Tfh cells were detected in paired 

blood and lymph node specimens from SARS-CoV-2 mRNA vaccinated individuals [41], which 

persisted at a nearly constant frequency for at least six months. Similarly, our study revealed that 

the third dose of CoronaVac induced robust and persistent spike-specific cTfh cell responses, 

which were correlated with the vaccine-induced RBD-specific B cells and serum neutralization 
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potency. We firstly verified that the expanded cTfh cell responses induced by CoronaVac booster 

exhibited a clear phonotypic bias toward a pro-inflammatory Tfh17 subset, previously reported for 

other viral glycoproteins [42]. Additionally, the magnitude of spike-specific cTfh cells remained 

unchanged and was less sensitive to mutations within VoC spikes, ranging from a 1.8-fold to 3.3-

fold decrease. Therefore, the booster dose-induced cTfh cells can rapidly expand and further 

facilitate memory B cells to evolve, providing effective humoral responses upon virus re-exposure.  

Distinct from B cell and cTfh cell recognition, our data suggested that the third dose of CoronaVac 

elicited broadly cross-reactive cellular immunity against SARS-CoV-2 variants including Delta 

and Omicron. The magnitude of Omicron cross-reactive T cells was comparable to that of Alpha

and Delta variants, though the Omicron spike has greater number of mutations. Our observation 

was also in good agreement with previous studies that the effect of variant mutations on global 

CD4+ and CD8+ T cell responses was negligible [43-45] due to highly conserved CD4+ and CD8+

T cells epitopes within the viral variants [46]. The mutations derived from Delta and Omicron 

extended a limited impact on T cell responses, suggesting that vaccination or prior infection could 

provide substantial protection from severe disease. Indeed, these well-preserved T cell immunity 

to Delta or Omicron acquired through vaccination or infection might contribute to protection from 

severe COVID-19, consistent to lower risk of hospitalization and reduced disease severity 

observed in recent Omicron wave from South Africa [47].

Currently, the correlate of protection for vaccine against SARS-CoV-2 remains elusive, though 

the humoral and cellular responses induced by vaccines are well characterized. Neutralizing 

antibodies could serve as a correlate of protection for vaccines against SARS-CoV-2, while 
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antibody testing might lead to misperception and misunderstanding of vaccine effectiveness 

among the general population. Our study revealed that those NAb non-responders also had a 

similar magnitude of T cell responses, compared to NAb responders, suggesting that those without 

neutralizing antibody responses also benefited from the vaccine owing to robust and persistent T 

cell responses acquired by immunization.  

This study has several limitations. First, this study was deficient in the data on the long-term 

follow-up of humoral and cellular responses after the third boost of CoronaVac. Follow-up studies 

should be conducted to monitor the duration and persistence of adaptive immune response. 

Additionally, we did not characterize the phenotypic memory differentiation for SARS-CoV-2 

specific CD4+ and CD8+ T cell responses, nor test SARS-CoV-2-specific T cells responses in 

breakthrough infection cohort. Thus, longitudinal T cells responses elicited by either booster 

vaccination or breakthrough infection should be compared in future studies.  

To summarize, our study highlighted that a booster dose of CoronaVac can provide give a 

significantly larger boost for the neutralizing antibody responses and cellular responses that cross-

recognize Delta and Omicron variants, compared to the two doses of vaccine. Moreover, the 

potency, breadth, and duration of adaptive responses improved concomitantly. Nevertheless, the 

data also underlined the need for continued surveillance and the potential danger posed by 

continued variants evolution that resulted in further reduction of adaptive immune responses. The 

incorporation of additional elements eliciting broader adaptive immune responses directed towards 

more conserved targets into vaccine strategies may be considered a means to increase vaccine 

effectiveness against future variants.  
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Figure legends 

Figure 1. Study design and cohort summary.  

Figure 2. Dynamic anti-RBD or anti-spike antibody responses before and after the third 

CoronaVac booster. (A-D) Enzyme-linked immunosorbent assay measurement for anti-RBD IgG 

titer (A), anti-RBD IgA titer (B), anti-spike IgG titer (C) and anti-spike IgA titer (D) at three 

different time points, including before the booster (T0), 2 weeks after the booster (T1), and 8 weeks 

after the booster (T2) for vaccine booster group. Serum from a breakthrough cohort was also 

included for analysis as control, which were obtained between day 13-18 post disease onset. Dotted 

lines indicated the lower limit of detection (LOD) for the assay. Data points on the bar graph 

represent individual titer and the line indicates geometric mean titer (GMT). GMTs and the 

seropositive ratios were noted on the top of each bar. (E-H) Fold change in anti-RBD IgG titer (E), 

anti-RBD IgA titer(F), anti-spike IgG titer (G), anti-spike IgA titer (H) specific to Delta or 

Omicron compared to that of ancestral strain for booster at T1 and T2 timepoint as well as for 

breakthrough cohort. For comparing antibody responses specific to different SARS-CoV-2

variants and at timepoints, two-tailed p values were determined using matched-pairs signed rank 

test with the Holm-Šídák multiple comparison correction. Unpaired wilcoxon test for comparison 

between vaccine booster at T1 timepoint and breakthrough infection subjects. * p <0.05, ** p 

<0.01, *** p <0.001, **** p <0.0001; ns, no significant difference.  

Figure 3. Serum neutralization activities in CoronaVac booster recipients and breakthrough 

infection cases. (A) Serum titers that achieved 50% peudovirus neutralization (ID50) in 77 

CoronaVac booster recipients and 10 Delta breakthrough infection cases with prior 2-dose of 

CoronaVac. The vaccine sera were collected on day 14 post 2-dose and 3-dose of CoronaVac, 
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respectively, while the breakthrough sera were obtained between day 13-18 post disease onset. 

The horizontal dotted lines indicate half the value of the lower limit of detection. Data points 

showed on the bar graph represent individual titer and the line indicates geometric mean titer 

(GMT). For pairwise comparison of serum samples collected after 2 doses and 3 doses, two-tailed 

p values were determined using matched-pairs signed rank test with the Holm-Šídák multiple 

comparison correction. Unpaired Wilcoxon test was used for comparison between groups. (B) Fold 

change in neutralization titer (ID50) for Delta and Omicron strain relative to that for D614G strain 

at different timepoint. The mean change fold was on the top of bar. (C) Correlation analysis of 

anti-RBD IgA or IgG responses specific to ancestral, Delta, and Omicron. (D) Correlation analysis 

of neutralization titer (ID50) against D614, Delta, and Omicron strain, correlation analysis of ID50 

against Delta strain and anti-Delta spike IgG, and correlation analysis of ID50 against Omicron 

strain and anti-Omicron spike IgG or anti-Delta spike IgG responses. (E) Neutralization titers 

against D614G, Delta and Omicron strain among booster recipients under the age of 40 versus 

over the age of 40. (F) Neutralization titers against D614G, Delta and Omicron strains among low 

neutralizers after 2-dose CoronaVac versus high neutralizers after 2-dose CoronaVac. Correlation 

analysis for neutralization titers after 2 doses versus neutralization titers after 3 doses for D614G, 

Delta and Omicron strain. Correlation analysis was performed using nonparametric Spearman rank 

correlation. * p <0.05, ** p <0.01, *** p <0.001, **** p <0.0001; ns, no significant difference.  

Figure 4. RBD-specific B cell responses and memory B cell subsets in vaccine cohort. (A)The 

frequency of RBD-specific B cells of total B cells over time in booster recipients at T0, T1 and T2 

timepoint, and the frequency of B cells specific to ancestral RBD, Delta RBD, and Omicron RBD 

at T2 timepoint. Dotted lines indicated the limit of detection (LOD) for the assay. (B) The 

frequency of RBD-specific memory B cells of total memory B cells over time in booster recipients 
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at T0, T1 and T2 timepoint. The frequency of memory B cells specific to ancestral RBD, Delta 

RBD, and Omicron RBD at T2 timepoint. (C-D) Fold change for the frequency of RBD-specific 

B cells (C) and RBD-specific memory B cells (D) recognizing Delta and Omicron strain relative 

to that of counterpart recognizing ancestral strain. Bars represent the average frequency of B cells, 

and positive rate was on the top of each bar. Wilcoxon matched-pairs signed rank with two-tailed 

p value was used for comparison between groups.  * p <0.05, ** p <0.01, *** p <0.001, **** p 

<0.0001; ns, no significant difference.  

Figure 5. Spike-specific circulating follicular helper cell (cTfh) responses in vaccine cohort. 

(A) The frequency of cTfh responding to ancestral spike, Alpha spike, Delta spike and Omicron 

spike (T2 only) of total cTfh cells over time in booster recipients. Dotted lines indicate the lower 

limit of detection (LOD) for the assay. (B) Fold change for the frequency of cTfh cells recognizing 

Alpha, Delta and Omicron strain relative to that of counterpart recognizing ancestral strain. (C) 

Correlation analyses of Omicron spike-specific cTfh cells and ancestral spike-specific cTfh cells, 

Alpha Spike-specific cTfh cells, and Omicron spike-specific cTfh cells, respectively. (D) Dynamic 

change of spike-specific cTfh subpopulations at T0, T1 and T2 timepoint, including cTfh1, cTfh2, 

cTfh17 and cTfh1-17. Bars represent the average frequency of cTfh cells, and positive rate was on 

the top of each bar. Two-tailed p values were determined using matched-pairs signed rank test 

with the Holm-Šídák multiple comparison correction between groups.  * p <0.05, ** p <0.01, *** 

p <0.001, **** p <0.0001; ns, no significant difference.  

Figure 6. SARS-CoV-2 specific CD4+ and CD8+ T cell responses in vaccine cohort. (A-B) The 

frequency of SARS-CoV-2 specific CD4+ T cell (A) and CD8+(B) T cell responses over time in 

booster recipients. The frequency of CD4+(A) and CD8+(B) T cell responses responding to 
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ancestral spike (T0-T2), Alpha spike (T0-T2), Delta spike(T0-T2), and Omicron spike (T2 only) 

over time in booster recipients. Dotted lines indicated the limit of detection (LOD) for the assay. 

(C-D) Fold change for the frequency of CD4+ T cells (C) or CD8+ T cells (D) recognizing Alpha, 

Delta and Omicron strain relative to that of counterpart recognizing ancestral strain. (E) 

Comparative analysis for the frequency of CD4+ T cells or CD8+ T cells specific to Delta strain 

among those booster recipients who do not generate neutralization antibody responses against 

Delta strain (Delta NAb non-responders) versus Delta NAb responders (left panel). Comparative 

analysis for the frequency of CD4+T cells or CD8+ T cells specific to Omicron strain among those 

booster recipients who do not generate neutralization activities against Omicron strain (Omicron 

NAb non-responders) versus Omicron NAb responders (right panel). Bars represented median 

value, whereas median value and positive rate was on the top of each bar. When comparing T cell 

responses specific to different SARS-CoV-2 variants and at timepoints, two-tailed p values were 

determined using matched-pairs signed rank test with the Holm-Šídák multiple comparison 

correction. Unpaired wilcoxon test were used for comparison between vaccine booster at T1 

timepoint and breakthrough infection subjects. * p <0.05, ** p <0.01, *** p <0.001, **** p 

<0.0001; ns, no significant difference.  

 |  1237O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article



35

Table 1. Baseline clinical characteristics of the CoronaVac booster cohort and the breakthrough 

infection cohort.  

CoronaVac
booster group

breakthrough 
infection group

(n=77) (n=10)
Sex

Male 32(41.6) 2(20%)
Female 45(58.4) 8(80%)

Age (years)
Median age (IQR) 35.0(28.3, 40.0) 45.0(44.3, 47.8)

Age group, years
18-29 26(33.8) 0(0%)
30-39 30(39.0) 0(0%)
40-49 14(18.1) 9(90%)
50-59 7(9.1) 1(10%)

Sample types serum and PBMC serum
Interval between 1st and 2nd dose of CoronaVac(days)
Median (IQR) 21(17.25,22.75) 22(17.0,38.5)

Booster or infection since the 2nd dose of CoronaVac (months)
Median (IQR) 8.43(8.03,8.52) 2.37(1.33,3.73)
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Supplemental Figure 1. Gating strategies to define SARS-CoV-2 RBD-specific B cells. Live 
cells were identified as Live/Dead- and lymphocytes were then gated based on forward- and side-
scatter. Doublets were then excluded by FSC-W vs. FSC-H and SSC-W vs. SSC-H. Total B cells 
were identified as CD3-CD14-CD16-CD56-CD19+CD20+cells. Memory B cells were identified as 
CD20+CD27+cells. RBD specific B cells were identified based on binding to corresponding RBD 
probes.  
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Supplemental Figure 2. Gating strategies to define SARS-CoV-2 specific T cells. (A) Live 
cells were identified as Live/Dead- and lymphocytes were gated based on forward- and side-
scatter. Doublets were then excluded by FSC-W vs. FSC-H and SSC-W vs. SSC-H. Total T cells 
were identified as CD45+CD3+, which were further divided into CD8+ and CD4+ subsets. (B)
Representative examples of flow cytometry plots of SARS-CoV-2-specific CD4+ and CD8+ T
cells by activation-induced marker (AIM) assay. AIM+CD4+ T cells were identified based on 
dual expression of 4-1BB and OX40, while AIM+CD8+ T cells were identified based on dual 
expression of 4-1BB and CD69, after overnight stimulation with indicated peptide pools 
including ancestral spike, Alpha Spike, Delta Spike, Omicron Spike, Membrane (M), 
Nucleocapsid (N), membrane protein (M), ORF3/7/8a peptide pools or PMA/Ionomycin as 
positive control (PC), compared to negative control stimulation (DMSO).
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Supplemental Figure 3. Gating strategies to define SARS-CoV-2 spike specific circulating 
Tfh (cTfh) cells. Live cells were identified as Live/Dead- and lymphocytes were gated based on 
forward- and side-scatter. Doublets were then excluded by FSC-W vs. FSC-H and SSC-W vs. 
SSC-H. Total T cells were identified as CD45+CD3+. After overnight stimulation with the 
indicated spike peptide pools, CD4+ T cells with the dual expression of 4-1BB and OX40 were 
considered as AIM+CD4+ T cells. Spike-specific cTfh cells were gated as CXCR5+4-
1BB+OX40+CD4+ cells and further divided into Tfh1(CXCR3+CCR6-), Tfh2(CXCR3-CCR6-),
Tfh17(CXCR3-CCR6+) and Tfh1-17(CXCR3+CCR6+).
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7.5. Study with 11 million Chileans shows efficacy of CoronaVac 
booster dose above 85% against severe cases

A study carried out by Chilean 
researchers and published on the 
SSRN preprint platform, linked to 
the scientific journal The Lancet, 
showed that the administration 
of a booster dose of CoronaVac, 
a vaccine from Butantan and the 
Chinese pharmaceutical company 
Sinovac, showed an efficacy of 
78.8% for symptomatic cases, 
86.3% for hospitalizations, 92.2% for 
admissions to Intensive Care Units 
(ICU) and 86.7% to prevent death 
related to Covid-19. 

This is the largest study ever done 
on the efficacy of the CoronaVac 
booster dose and was conducted by 
researchers from the Chilean Ministry 
of Health, the School of Medicine of 
the Pontifical Catholic University of 
Chile, the Millennium Institute and 
the Schools of Medicine and Public 
Health at Harvard University.

The survey was carried out between 
February and November 2021 and 
involved 11.2 million people (58% of 
the population of Chile), aged 16 
years and over, who had completed 

the primary vaccination schedule 
with CoronaVac and taken the 
booster dose of the same immunizing 
agent. At the time, the delta variant 
was predominant in Chile.

According to the researchers, the 
results “suggest that a homologous 
or heterologous booster dose 
for individuals with a complete 
primary vaccination schedule with 
CoronaVac provides a high level 
of protection against COVID-19, 
including severe disease and death.”

The study, published under the title 
“Effectiveness of Homologous and 
Heterologous Booster Shots for an 
Inactivated SARS-CoV-2 Vaccine: A 
Large-Scale Observational Study”, 
evaluated the efficacy of induced 
immune defenses in people who 
took three doses of CoronaVac in 
comparison with people not yet 
vaccinated. Participants with a 
previous history of Covid-19 infection 
were excluded.
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Abstract

Background. Vaccine protection against Covid-19 may be waning. Several countries have authorized or begun 

using a booster vaccine dose. Policymakers urgently need evidence of the effectiveness of additional vaccine doses 

against Covid-19 and its clinical spectrum for individuals with complete primary immunization schedules.

Methods. We used a prospective national cohort of 11·2 million persons 16 years or older to assess the effectiveness 

of CoronaVac, AZD1222, or BNT162b2 vaccine boosters in individuals who completed their primary immunization 

schedule with CoronaVac compared to unvaccinated individuals. The study was conducted in Chile from February 2 

through November 10, 2021. We used inverse probability-weighted survival regression models to estimate hazard 

ratios, accounting for time-varying vaccination status and adjusting for relevant demographic, socioeconomic, and 

clinical confounders. We estimated the change in the hazard associated with complete immunization (≥14 days after 

the booster). 

Findings. We found an adjusted vaccine effectiveness against symptomatic Covid-19 of 78·8% (95% confidence 

interval, CI, 76·8–80·6) for a three-dose schedule with CoronaVac, 96·5% (95% CI, 96·2–96·7) for BNT162b2 

booster, and 93·2% (95% CI, 92·9–93·6) for the AZD1222 booster. The adjusted vaccine effectiveness against 

hospitalization, ICU admission, and Covid-19 related deaths was 86·3%, 92·2%, and 86·7% for a three-dose 

schedule with CoronaVac, 96·1%, 96·2%, and 96·8% for the BNT162b2 booster, and 97·7%, 98·9%, and 98·1% for 

the AZD1222 booster.

Interpretation. Our results suggest that a homologous or heterologous booster shot for individuals with a complete 

primary vaccination schedule with CoronaVac provides a high level of protection against Covid-19, including severe 

disease and death. However, heterologous boosters showed higher vaccine effectiveness for all outcomes, providing 

additional support for using a mix and match approach.

Funding. Agencia Nacional de Investigación y Desarrollo (ANID) Millennium Science Initiative Program and 

Fondo de Financiamiento de Centros de Investigación en Áreas Prioritarias (FONDAP).

Keywords: SARS-CoV-2, Covid-19, vaccine effectiveness, inactivated SARS-CoV-2 vaccine, immunization 

program, boosters.
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Research in context

Evidence before this study

We searched PubMed and medRxiv for research articles, with no language restrictions, using the search terms 

(“Covid-19” OR “SARS-CoV-2” OR “2019-nCoV” OR “coronavirus”) AND (“vaccine” OR “vaccination”) AND 

(“third dose” OR “booster”). We searched for studies published between December 1, 2020, and December 10, 

2021. We identified five original clinical studies on the effectiveness of booster shots for SARS-CoV-2 vaccines. 

Four studies from Israel have examined the effectiveness of a third dose Pfizer-BioNTech’s mRNA vaccine 

BNT162b2 compared to the primary vaccination series. One study estimated a 70-84% reduction in the probability 

of testing positive for SARS-CoV-2 infection among individuals with a third dose but did not examine other clinical 

outcomes. Another study found that the rate of infection in the booster group was lower by a factor of 11.3 for 

confirmed infection and 19.5 for severe illness but did not adjust for comorbidities. The third study found a 90% 

lower Covid-19 related mortality among participants with a third vaccine dose. The fourth study estimated that the 

vaccine effectiveness of the third dose of BNT162b2 was 93%, 92%, and 81% against admission to the hospital, 

severe disease, and death. Last, a preprint study found that, compared with demographically and clinically matched 

individuals with two doses, the effectiveness of a third dose in preventing SARS-CoV-2 infection and 

hospitalization was 46% and 47% for BNT162b2 and 47% and 50% for Moderna’s mRNA-1273. All available 

evidence relates to mRNA vaccines. We found no studies examining the effectiveness of a homologous or 

heterologous booster shot for individuals with a complete primary vaccination schedule with an inactivated SARS-

CoV-2 vaccine. These estimates are essential for policymakers.

Added value of this study

Our study estimates the effectiveness of a homologous or heterologous booster shot for individuals with a complete 

primary vaccination schedule with an inactivated SARS-CoV-2 vaccine, which accounts for about half the Covid-19 

vaccine doses delivered globally. Specifically, we used a prospective national cohort of 11·2 million persons 16 

years or older to assess the effectiveness of CoronaVac, AZD1222, or BNT162b2 vaccine boosters in individuals 

who completed their primary immunization schedule with CoronaVac against symptomatic Covid-19, 

hospitalization, admission to ICU, and death, adjusting for known demographic, socioeconomic, and clinical 

confounders by inverse probability of treatment weighting. 
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Implications of all the available evidence

Covid-19 vaccines are an essential component of the pandemic response to reduce disease burden. However, 

growing evidence suggests that vaccine protection against Covid-19 may be waning over time or have lower 

effectiveness against the Delta variant (B-1-617.2). The decrease in vaccine protection is particularly worrying for 

inactivated vaccines, which offer lower protection than other vaccine technologies. In light of this emerging 

evidence, several countries have authorized or begun using a third dose. Our results suggest that a homologous or 

heterologous booster shot for individuals with a complete primary vaccination schedule with CoronaVac provides a 

high level of protection against Covid-19, including severe disease and death.
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Background 

The coronavirus disease 2019 (Covid-19) pandemic has had a major global impact, with more than 250 million 

cases and 5 million deaths reported globally as of November 10, 2021.1 Covid-19 vaccines are now an essential 

component of the pandemic response to reduce disease burden and allow a safer reopening of society and economic 

recovery. Twenty-three effective coronavirus vaccines have been approved for use since the first vaccine tested in a 

large randomized clinical trial was approved in the United Kingdom on December 2, 2020,2 and several new 

vaccines are in the final testing stage.3 The efficacy, effectiveness, and safety profiles of numerous vaccine 

platforms are well-supported by large-scale efficacy trials or observational studies.3 Many countries are currently 

running mass vaccination campaigns.4

Growing evidence suggests that vaccine protection against Covid-19 may be waning over time, and newly emerging 

variants, such as Delta and Omicron, may evade vaccine-induced immune protection for some vaccines.5,6 While the 

correlates of protection for Covid-19 vaccines are not fully understood,7,8 research has shown a time-dependent 

decline in humoral immune responses,9,10 which may parallel decreasing protection against infection and disease. 

Research suggests that this decline also occurs for Sinovac’s CoronaVac inactivated SARS-CoV-2 vaccine.11,12 

There have also been increased reports of breakthrough infections among vaccinated individuals.13-15 Recent 

research has shown that vaccine effectiveness may fade over time, particularly for symptomatic illness.6,16,17 These 

studies have examined data for Pfizer-BioNTech’s mRNA vaccine BNT162b2 and Oxford-AstraZeneca’s ChAdOx1 

nCov-19 AZD1222 vaccine recipients, and it is still unclear whether protection against more severe disease has 

decreased as well. A potential decrease in vaccine protection is particularly worrying for inactivated vaccines, which 

offer lower protection than other vaccine technologies, and account for about half the Covid-19 vaccine doses 

delivered globally thus far.18 

In light of this emerging evidence, several high-income countries, including France, Germany, Israel, the United 

States, and the United Kingdom, have authorized or begun using a third vaccine dose.19 Most have limited vaccine 

boosters to persons at higher risk, including older adults, healthcare workers, and individuals with underlying health 

conditions. Other countries that have relied on inactivated vaccines, including Cambodia, Chile, Uruguay, Thailand, 

and Turkey offer homologous or heterologous booster vaccine shots to individuals immunized with inactivated 
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vaccines SARS-CoV-2 vaccine schedules.19 Policymakers urgently need evidence of the effectiveness of vaccine 

boosters against severe disease for individuals that have completed their primary immunization schedules. Existing 

evidence for the effectiveness of boosters is limited to mRNA vaccines.20-24 

On February 2, 2021, Chile began a mass vaccination campaign based on four Covid-19 vaccines. The Ministry of 

Health organized vaccination rollout through a publicly available schedule at the national level, assigning specific 

dates to eligible groups.25 On August 11, 2021, the Ministry of Health began administering a booster dose for 

individuals fully vaccinated with the CoronaVac Covid-19 vaccine. CoronaVac has been the campaign’s backbone, 

with 59·0% (20·5 million) of all doses administered as of November 16, 2021. Pfizer-BioNTech’s BNT162b2 

represents 30·5% (10·6 million) of doses, and Oxford-AstraZeneca’s AZD1222 vaccine and CanSino Biologics’ 

Ad5-nCoV vaccine represent 8·8% (3·1M) and 1·7% of doses (0·57), respectively.25 

We use a rich administrative dataset of 11·2 million individuals to assess the effectiveness of CoronaVac, 

AZD1222, or BNT162b2 vaccine boosters (third doses) in preventing Covid-19 cases, hospitalizations, admission to 

the intensive care unit (ICU), and deaths in individuals who completed their primary immunization schedule with 

CoronaVac. We estimate vaccine effectiveness for homologous (three-dose schedule) and heterologous (mix and 

match) booster shots adjusting for relevant demographic and clinical confounders of the association between 

vaccination and Covid-19 outcomes. Our results are relevant to policymakers considering a third dose for 

populations vaccinated with CoronaVac, the most widely used Covid-19 vaccine globally,18 and provide essential 

information on homologous and heterologous vaccine booster schedules. 

Methods

Study population and design

We used data from a prospective observational national-level cohort including 11·2 million participants aged 16 or 

older affiliated with the Fondo Nacional de Salud (FONASA). FONASA is the national health insurance program 

that collects, manages, and distributes funds for the healthcare system. Eligibility criteria included being 16 years of 

age or older, affiliated with FONASA (about 80% of the Chilean population), and vaccinated with CoronaVac, 

BNT162b2, AZD1222, or Ad5-nCoV Covid-19 vaccines between February 2 and November 10, 2021, or not 
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receiving any Covid-19 vaccination. We excluded participants with a probable or confirmed SARS-CoV-2 infection 

by reverse-transcription polymerase-chain-reaction (RT-PCR) or antigen test before the beginning of the follow-up 

on February 2 (inclusive), 2021, and individuals who had received at least one dose of a Covid-19 vaccine before 

that date.

All persons aged 16 years or older are eligible to receive a Covid-19 vaccine. Estimates of the effectiveness of 

CoronaVac for February 2 through May 1, 2021, including a description of vaccination rollout, the Chilean 

healthcare system, and vaccine security profile, are available elsewhere.26 Here, we focus on the effectiveness of 

third dose homologous and heterologous booster shots for individuals who completed their primary immunization 

schedule with CoronaVac. On August 11, 2021, the Ministry of Health began administering a booster dose based on 

a publicly available national vaccination schedule (Supplementary Material). By program indication, individuals 

aged 55 years or more received one standard dose of AZD1222, and those below 55 years old received one dose of 

BNT162b2. An alternative booster of CoronaVac was available for all age groups. In our analysis, we classified the 

cohort participants into three groups: unvaccinated individuals, vaccinated with two CoronaVac doses (≥14 days 

after receipt of the second vaccine dose and before the third dose), and vaccinated with three doses (≥14 days after 

receipt of the third vaccine dose using a homologous regimen with CoronaVac, or a heterologous booster with either 

AZD1222 or BNT162b2). 

The study team was entirely responsible for the study design, data collection, and analysis. The authors vouch for 

the accuracy and completeness of the data. The first, second, and last authors wrote the first draft of the manuscript. 

Outcomes and covariates

We estimated the vaccine effectiveness of booster shots using four primary outcomes of interest: laboratory-

confirmed Covid-19 cases, hospitalization, admission to the ICU, and death. We considered the time from the 

beginning of the follow-up, on February 2, 2021, to the onset of symptoms as the endpoint for the four outcomes. 

Vaccine effectiveness estimates to Covid-19 cases include the more severe outcomes that follow it. The Ministry of 

Health requires that all suspected Covid-19 cases are notified to health authorities through an online platform and 

undergo confirmatory laboratory testing. We defined Covid-19 cases and deaths as laboratory-confirmed infections 
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(92% RT-PCR and 8% antigen test) and corresponding code U07·1 in the International Classification of Diseases 

10th revision.

Our analysis included several individual characteristics associated with the probability of vaccination, including 

booster shots and infection or severity of Covid-19 outcomes. These variables included age, sex, region of residence, 

income, nationality, and whether the patient had underlying conditions that have been associated with severe Covid-

19 illness. These underlying conditions include chronic kidney disease, diabetes, cardiovascular disease, stroke, 

chronic obstructive pulmonary disease, hematological disease, autoimmune disease, HIV, and Alzheimer's and other 

dementias.26 

Analysis strategy

We determined vaccine effectiveness by estimating the hazard ratio between the treated (three doses) and non-

treated (unvaccinated) individuals, based on the observed time-to-onset of symptoms, from February 2, 2021, until 

November 10, 2021. To estimate hazard ratios, we used an extension of the Cox hazards model that allowed 

accounting for the time-varying vaccination status of participants.26,27 We adjusted for differences in observed 

individual characteristics by inverse probability of treatment weighting as in marginal structural models,28 

estimating the weights non-parametrically based on observed characteristics.29 To account for the time-varying 

vaccination status and show that our results do not hinge on model specification, we report estimates of the hazard 

ratios adjusted for age, sex, region of residence, nationality, income, and underlying conditions under both standard 

and stratified versions of the Cox hazards model, stratifying by all variables in Table S1, Supplementary 

Material.26,27

We estimated the vaccine effectiveness as one minus the corresponding hazard ratio (expressed as a percentage). We 

show the results for the standard and stratified versions of the Cox hazards model using inverse probability of 

treatment weighting and without weighting as a robustness check. Inference was based on a partial likelihood 

approach. It is important to clarify that the comparison of the risk of an event for individuals who received a booster 

shot and those who were unvaccinated is made at the same calendar time. Each term in the partial likelihood of the 

effectiveness regression coefficient corresponds to the conditional probability of an individual to express the 
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outcome of interest from the risk set at a given calendar time. We used the survival package for R version 4.0.5 

(Supplementary Material). 

Role of the funding source

The funders of this study had no role in the study design, in the collection, analysis, and interpretation of data, in the 

writing of this manuscript or in the decision to submit the paper for publication. 

Results

Study population 

Our study cohort included 11,806,589 individuals 16 years or older and affiliated to FONASA, of whom 11,174,257 

were eligible. As of November 10, 2021, 1,071,998 participants remained unvaccinated, 678,341 were vaccinated 

with one Covid-19 vaccine dose, and 9,423,928 completed their primary immunization against Covid-19. Among 

this group, 7,016,865 (74·5%) participants received two doses of CoronaVac separated by 28 days. Of these, 

186,946 received a third dose of CoronaVac, 2,019,260 received a BNT162b2 booster dose, and 1,921,340 received 

the AZD1222 booster dose, as of November 10, 2021. Table 1 shows descriptive statistics for the study cohort. We 

found statistically significant differences (p<0·001) between Covid-19 patients and the vaccinated and unvaccinated 

groups by sex, age group, comorbidities, nationality, region of residence, and income. Figure 1 shows the flow 

diagram of our study cohort. 

Effectiveness of vaccination boosters 

The Ministry of Health has administered 4,127,546 booster shots during the study period to subjects with a complete 

primary immunization schedule using CoronaVac. The large majority (95·4%) have been heterologous booster 

shots, with 46·5% (n=1,921,340) and 48·9% (n=2,019,260) of participants receiving an AZD1222 and BNT162b2 

booster, respectively. Only 4·6% (n=186,946) of participants received a homologous booster with CoronaVac.

Based on the weighted stratified version of the Cox model (Table 2, last column), the adjusted vaccine effectiveness 

against Covid-19 was 78·8% (95% confidence interval, CI, 76·8 to 80·6) for a homologous booster with CoronaVac, 

96·5% (95% CI, 96·2 to 96·7) for BNT162b2 booster, and 93·2% (95% CI, 92·9 to 93·6) for the AZD1222 booster. 
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Additionally, the adjusted vaccine effectiveness against hospitalization was 86·3% (95% CI, 83·7 to 88·5) for a 

three-dose schedule with CoronaVac, 96·1% (95% CI, 95·3 to 96·9) for BNT162b2 booster, and 97·7 (95% CI, 97·3 

to 98·0) for the AZD1222 booster. The adjusted vaccine effectiveness against ICU admissions was 92·2% (95% CI, 

88·7 to 94·6) for a three-dose schedule with CoronaVac, 96·2% (95% CI, 94·6 to 97·3) for BNT162b2 booster, and 

98·9 (95% CI, 98·5 to 99·2) for the AZD1222 booster. Last, the adjusted vaccine effectiveness against Covid-19 

related death was 86·7% (95% CI, 80·5 to 91·0) for a three-dose schedule with CoronaVac, 96·8% (95% CI, 93·9 to 

98·3) for BNT162b2 booster, and 98·1% (95% CI, 97·3 to 98·6) for the AZD1222 booster.

Discussion

Our findings show high effectiveness for a homologous booster schedule with CoronaVac and heterologous boosters 

using AZD1222 or BNT162b2 Covid-19 vaccines. Specifically, the adjusted vaccine effectiveness for a homologous 

booster with CoronaVac was 78·8% for Covid-19, 86·3% for hospitalization, 92·2% for admission to ICU, and 

86·7% for death. The adjusted vaccine effectiveness for individuals with a heterologous BNT162b2 booster shot 

was 96·5%, 96·1%, 96·2%, and 96·8% for Covid-19, hospitalization, admission to ICU, and death. Last, 

effectiveness with an AZD1222 booster shot was 93·2%, 97·7%, 98·9%, and 98·1% for Covid-19, hospitalization, 

admission to ICU, and death. These results exceed the effectiveness of the two-dose primary immunization regimen 

of CoronaVac previously reported by our group,26 suggesting that primary immunization with inactivated vaccines 

should consider a three-dose schedule.

Four studies in Israel have examined the effectiveness of a third dose of BNT162b2 compared to the primary 

vaccination series. One study estimated a 70-84% reduction in the probability of testing positive for SARS-CoV-2 

infection among individuals with a third BNT162b2 dose but did not examine other clinical outcomes.20 Another 

study found that the rate of infection in the booster group was lower by a factor of 11.3 for confirmed infection and 

19.5 for severe illness but did not adjust for clinical confounders.21 A third study found a 90% lower Covid-19 

related mortality among participants with a third vaccine dose.22 The fourth study found that the effectiveness of the 

third dose of BNT162b2 is 93% for admission to the hospital, 92% for severe disease, and 81% against Covid-19 

related death.23 A preprint study in the United States found lower vaccine effectiveness against SARS-CoV-2 

infection and hospitalization with a third dose of BNT162b2 (46% and 47% respectively) or mRNA-1273 (47% and 
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50%). Although not directly comparable, our vaccine effectiveness estimates against hospitalization, ICU admission, 

and Covid-19 related deaths for the third dose of BNT162b2 are higher, probably because our comparison group is 

unvaccinated individuals instead of individuals with a complete primary vaccination series.

CoronaVac and Sinopharm’s BBIBP-CorV vaccines account for about half the Covid-19 vaccine doses delivered 

globally and have been administered in 110 primarily low- and middle-income countries.18 Our results suggest that a 

three-dose vaccination schedule for CoronaVac, the most commonly used Covid-19 vaccine globally,18 substantially 

increases protection against severe illness. However, protection is significantly higher for individuals who received a 

heterologous vaccine booster compared to a homologous booster with CoronaVac. Our findings may be critical for 

policymakers, particularly in low-resource settings. Our results for heterologous vaccine booster schedules using 

BNT162b2 and AZD1222 booster shots also show encouraging results for individuals with a complete primary 

immunization schedule with CoronaVac, providing additional support for using a mix and match approach. 

There is an ongoing global debate about the use of booster shots. Preliminary evidence suggests that the 

effectiveness of Covid-19 vaccines wanes over time,6,16,17  although there is no closure on how quick and whether 

protection against severe Covid-19 also decreases. While the priority should be to ensure that vulnerable individuals 

across the globe are vaccinated, particularly considering that some Covid-19 vaccines probably provide enough 

protection against severe disease for the most prevalent SARS-CoV-2 lineages,30 our results suggest that booster 

shots substantially increase vaccine effectiveness for CoronaVac. These results are consistent with evidence for 

BNT162b2 in Israel.20-23 Rolling out booster Covid-19 vaccine shots parallel to primary immunization campaigns 

may become a powerful strategy to reduce SARS-CoV-2 infections and mitigate its consequences. These results are 

aligned with WHO’s Strategic Advisory Group of Experts (SAGE) recommendation of providing a third dose to 

persons aged 60 or older,31 without neglecting the primary immunization coverage. 

The main strengths of our study include the use of a rich cohort of 11·2 million individuals, combining vaccination 

and administrative healthcare data representing about 80% of the Chilean population. Our data includes 

demographic variables, residence, income, nationality, and comorbidities, in addition to data on testing, healthcare 

use, vital statistics, and vaccination. The large sample size allowed us to non-parametrically estimate inverse 

probability of treatment weights and fit a stratified extended Cox proportional hazards model for the different 

outcomes of interest (each combination of predictors has a specific hazard function), adding robustness to our 
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statistical approach. In addition, we assessed the performance of homologous and heterologous booster shots, which 

provides valuable evidence to policymakers globally, particularly for countries that have used CoronaVac and are 

considering booster shots. The availability of a diverse matrix of highly effective booster alternatives bypasses 

potential vaccine supply shortages, helping countries implement and sustain Covid-19 vaccination efforts over time.

The study also has limitations. First, as an observational study, our results may be subject to selection and 

misclassification biases. There may be selection bias if, for example, vaccinated and unvaccinated individuals have 

systematic differences. We adjusted our estimates for known confounders that could affect vaccine effectiveness 

estimates, such as age, sex, region of residence, income, nationality, and whether the subject had underlying 

conditions associated with severe Covid-19. While our model adjusted for known confounders that could affect the 

probability of getting vaccinated, infected, or developing severe Covid-19, we cannot account for potentially 

systematic, unobservable behavioral or health differences between the study groups. For example, publicly reported 

effectiveness results for the CoronaVac vaccine in Chile during May 2021 may have resulted in fully-vaccinated 

people taking more risks for acquiring SARS-CoV-2 infection than unvaccinated individuals.26 As described in the 

Supplementary Material, the Ministry of Health organized a vaccination rollout through a publicly available 

vaccination schedule. Individuals need to show up at the nearest vaccination site with an ID; no appointments are 

required. The risk for misclassification bias on the exposure or the outcomes is low. Chile has a single, electronic, 

and centralized immunization registry, and SARS-CoV-2 testing is free and widely available. 

Second, the Ministry of Health incorporated SARS-CoV-2 genomic surveillance and reported the circulation of four 

variants of concern (Alfa, Beta, Gamma, and Delta) which may impact vaccine effectiveness (Supplementary 

Material, section S1·4). Research suggests that Covid-19 vaccines have lower effectiveness against Delta,5,6 the 

predominant circulating variant in Chile at the time the study was conducted. We lack representative data to estimate 

the true prevalence of these variants and their impact on vaccine effectiveness, which could be very relevant to 

control the pandemic. Third, individuals younger than 55 years were not eligible for AZD1222 booster doses, so 

results cannot be directly compared among the different vaccines. 

Overall, our results suggest that a homologous or heterologous booster vaccine shot for individuals with a complete 

primary vaccination schedule with CoronaVac results in a high level of protection against Covid-19, including 
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severe disease and death. However, heterologous boosters showed higher vaccine effectiveness for all outcomes, 

providing additional support for using a mix and match approach.
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Table 1. Characteristics of the study cohort of FONASA affiliates, overall, with laboratory-confirmed Covid-19, and proportion receiving one or more doses of 
Covid-19 vaccines, February 2 – November 10, 2021*

Vaccinated

COVID-19 Unvaccinated One dose Two doses Three doses

Characteristic No. Col.% No. Row% No. Row% No. Row% No. Row% No. Row%

Total 11,174,257 100·0 534,314 4·8 1,071,988 9·6 678,341 6·1 4,754,198 42·6 4,669,390 41·8

Sex

Female 5,993,736 54·0 292,040 4·9 505,607 8·4 298,962 5·0 2,432,234 40·6 2,756,933 46·0

Male 5,180,521 46·0 242,274 4·7 566,381 10·9 379,379 7·3 2,322,304 44·8 1,912,457 36·9

Age group

16-19 736,905 6·6 32,034 4·3 62,457 8·5 127,731 17·3 514,370 69·8 32,347 4·4

20-29 2,121,616 19·0 127,418 6·0 241,502 11·4 238,566 11·2 1,318,987 62·2 322,561 15·2

30-39 2,001,611 18·0 116,321 5·8 243,211 12·2 144,776 7·2 1,059,332 52·9 554,292 27·7

40-49 1,735,067 16·0 88,973 5·1 165,463 9·5 84,411 4·9 769,601 44·4 715,592 41·2

50-59 1,795,580 16·0 79,308 4·4 136,770 7·6 51,346 2·9 548,956 30·6 1,058,508 59·0

60-69 1,421,931 13·0 49,711 3·5 97·548 6·9 15,666 1·1 289,219 20·3 1,019,498 71·7

70-79 881,220 7·9 26,116 3·0 65,071 7·4 8,657 1·0 148,063 16·8 659,429 74·8

80-more 480,327 4·3 14,433 3·0 59,966 7·2 7,188 1·5 106,010 22·1 307,163 64·0

Comorbidities†

None 7,586,853 68·0 361,575 4·8 839,456 11·0 558,203 7·4 3,611,727 47·6 2,584,467 34·1

≥ 1 3,587,404 32·0 172,739 4·8 239,532 6·7 120,138 3·4 1,142,811 31·9 2,084,923 58·1

Nationality

Chilean 10,427,613 93·3 501,394 4·8 895,370 8·6 616,986 5·9 4,417,917 42·4 4,497,340 43·1

Non-Chilean 746,644 6·7 32,920 4·4 176,618 23·7 61,355 8·2 336,621 45·1 172,050 23·0

*Covid-19 denotes coronavirus disease 2019. The study cohort included eligible persons affiliated with the Fondo Nacional de Salud (FONASA), the national public health 
insurance program which collects, manages, and distributes funds for the public healthcare system in Chile. The model also included individual-level income, and location (16 
regions). We found statistically significant differences (p<0·001) between Covid-19 patients and the vaccinated and unvaccinated groups by sex, age group, comorbidities, 
nationality, region of residence, and income. Additional details in Table S1. Covid-19 vaccines include AZD1222, Ad5-nCov, BNT162b2, and CoronaVac (Table 2). 
†Coexisting conditions included chronic kidney disease, diabetes, cardiovascular disease (hypertension, myocardial infarction), stroke, chronic obstructive pulmonary 
disease, hematological disease (lymphoma, leukemia, myeloma), autoimmune disease (rheumatoid arthritis, juvenile idiopathic arthritis, systemic lupus erythematosus), 
HIV, and Alzheimer's and other dementias.  
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Table 2. Effectiveness of Covid-19 vaccine CoronaVac, BNT162b2, and AZD1222 boosters in preventing Covid-19 

outcomes among cohort participants according to immunization status, February 2–November 10, 2021*

Immunization status Cases Vaccine effectiveness (95% CI)

Person-days No. Incidence rate Unweighted, 
adjusted for  

Weighted, 
adjusted for  

Unweighted, 
stratified 

Weighted, 
stratified 

1000 person-days all covariates† all covariates† analysis‡ analysis‡

Covid-19

Unvaccinated 1,079,861,007 314,862 0·2916 – – – –

CoronaVac booster 8,795,237 323 0·0367 75·6 78·1 77·3 78·8
(≥14 days after 3 dose) (72·7–78·1) (76·1–79·9) (74·6–79·8) (76·8–80·6)

BNT162b2 booster 34,755,396 334 0·0096 95·6 96·3 95·8 96·5
(≥14 days after 3 dose) (95·1–96·1) (96·1–96·5) (95·3–96·2) (96·2–96·7)

AZD1222 booster 96,601,030 969 0·0100 92·8 93·2 93·1 93·2
(≥14 days after 3 dose) (92·4–93·3) (92·8–93·5) (92·6–93·5) (92·9–93·6)

Hospitalization

Unvaccinated 1,101,483,596 34,494 0·0313 – – –

CoronaVac booster 8,999,341 89 0·0099 83·4 84·7 87·2 86·3
(≥14 days after 3 dose) (79·5–86·6) (81·8–87·1) (84·1–89·7) (83·7–88·5)

BNT162b2 booster 35,941,136 55 0·0015 95·3 96·4 95·7 96·1
(≥14 days after 3 dose) (93·8–96·4) (95·6–97·0) (94·4–96·7) (95·3–96·9)

AZD1222 booster 98,599,509 139 0·0014 97·3 97·5 97·8 97·7
(≥14 days after 3 dose) (96·7–97·7) (97·1–97·8) (97·4–98·2) (97·3–98·0)

Admission to ICU

Unvaccinated 1,103,499,541 12,343 0·0112 – – – –

CoronaVac booster 9,046,214 21 0·0023 89·4 91·1 92·5 92·2

(≥14 days after 3 dose)
(83·6–93·1) (87·1–93·9) (88·3–95·2) (88·7–94·6)

BNT162b2 booster 36,034,118 16 0·0004 96·1 96·3 96·6 96·2
(≥14 days after 3 dose) (93·7–97·7) (94·8–97·4) (94·4–98·0) (94·6–97·3)

AZD1222 booster 98,801,374 26 0·0003 98·6 98·8 99·0 98·9
(≥14 days after 3 dose) (98·0–99·1) (98·3–99·1) (98·5–99·3) (98·5–99·2)

Confirmed death

Unvaccinated 1,103,668,150 6,367 0·0058 – – – –

CoronaVac booster 9,059,669 18 0·0020 85·8 83·7 88·9 86·7
(≥14 days after 3 dose) (77·2–91·2) (76·6–88·7) (82·1–93·2) (80·5–91·0)

BNT162b2 booster 36,060,324 6 0·0002 96·8 96·4 97·3 96·8
(≥14 days after 3 dose) (92·7–98·5) (93·2–98·0) (93·9–98·8) (93·9–98·3)

AZD1222 booster 98,845,182 22 0·0002 98·0 97·9 98·4 98.1
(≥14 days after 3 dose) (96·4–98·7) (97·0–98·5) (97·5–98·9) (97.3–98.6)

*Participants were classified into three groups: those who were unvaccinated, those who were fully immunized (≥14 days after 
receipt of the second dose), and those who were vaccinated with CoronaVac and received a booster shot. The 13 days between 
vaccine administration and partial or full immunization were excluded from the at-risk person-time. We show the results for the 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4005130

Pr
ep

rin
t n

ot 
pe

er
 re

vie
wed

1264 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article



19

standard and stratified versions of the Cox hazards model using inverse probability of treatment weighting and also without 
weighting as a robustness check. Covid-19 denotes coronavirus disease 2019, CI denotes confidence intervals.

† The analysis was adjusted for age, sex, 16 regions of residence, income, nationality, and whether the patient had underlying 
conditions that have been associated with severe Covid-19. 

‡ A stratified version of the extended Cox proportional-hazards model was fit to test the robustness of the estimates to model 
assumptions, stratifying by age, sex, region of residence, income, nationality, and whether the patient had underlying conditions 
that have been associated with severe Covid-19, and coded as described in Table 1.
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Figure 1. Study participants and cohort eligibility, February 2 to November 10, 2021. Participants were ≥16 

years of age, affiliated to the Fondo Nacional de Salud (FONASA), the public national healthcare system, and 

vaccinated with CoronaVac, BNT162b2, AZD1222, or Ad5-nCoV Covid-19 vaccines between February 2 and 

November 10, 2021, or not receiving any Covid-19 vaccination. We excluded individuals who had probable or 

confirmed coronavirus disease 2019 (Covid-19) according to reverse-transcription polymerase-chain-reaction assay 

for SARS-Cov-2 or antigen test before February 2 (inclusive), 2021.
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7.6. Booster dose of CoronaVac administered eight months 
after the second dose increases up to five times the level 
of neutralizing antibodies

A research published in The Lancet 
Infectious Diseases journal showed 
that the booster dose of CoronaVac, 
vaccine from Butantan and Sinovac, 
can increase from three to five 
times the production of neutralizing 
antibodies in adults, including 
elderlies with more than 60 years 
of age. The study was conducted 
by Chinese researchers from Fudan 
University, from Sinovac and from 
the Centers for Disease Control and 
Prevention of Nanjing and Hebei.

In the first analysis, 271 participants 
aged from 18 to 59 years immunized 
with CoronaVac received the 
booster dose eight months after 
the second dose, resulting in an 
increase from three to five times in 
the titers of neutralizing antibodies 
(NAb) against the SARS-CoV-2, 
in comparison with the titers 
of neutralizing antibodies after  
the second dose.

A second analysis was made with 
303 adults who were 60 or older 
and also received the booster dose 

eight months after the second dose. 
The results demonstrated that 
the concentration of neutralizing 
antibodies rose from 42.9 GMT (or 
Geometric Medium Titers) on day 
28 after the second dose to 158.5 
GMT on day 28 after the booster 
dose - an increase of 3.7 times.

According to the researchers, “our 
study discovered that a scheme of 
two doses of CoronaVac generated 
good immunological memory. The 
booster dose administered eight 
months after the second dose had 
a high efficacy in remembering the 
specific immune response of SARS-
CoV-2, leading to a significant 
increase in the levels of antibodies”.

Besides, the research indicates that 
a homologous booster dose (with 
the same vaccine) can provide 
a long term immunity and high  
levels of protection.

Published on: 12/08/2021
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7.7. Booster dose of CoronaVac increases over 12 times the level 
of antibodies of those that received both doses of the vaccine

Chilean, American and Chinese 
researchers verified that the 
booster dose of CoronaVac, a 
vaccine from Butantan and the 
chinese pharmaceutic Sinovac, 
increases over 12 times the level of 
antibodies on those that received 
both doses of the immunizer at least 
in the previous five months. The 
results of the study  “A booster dose 
of an inactivated vaccine increases 
neutralizing antibodies and T cell 
responses against SARS-CoV-2” 
were published in the preprint 
platform medRxiv.

“After the booster dose, the 
capacity of neutralization increased 
even more than the one reported 
two weeks after the second dose. 
We observed that, four weeks after 
the booster dose, the neutralizing 
capacity increased over 12 times 
in comparison with the response 
five months after the second dose, 
and increased more than two 
times in comparison with the levels 
registered two weeks after the 
second dose”, said the researchers 
from the Millennium Institute of 
Immunology and Immunotherapy, 
of the Pontifical Catholic University 
of Chile; Immunology Institute La 
Jolla, of the California University in 
San Diego, from United States; and 
from Sinovac.

The study had 129 volunteers that 
received the first dose of CoronaVac 

from January to March of 2021, 
and the second dose with a gap 
of 28 days. After five months, the 
participants received the booster 
dose. The neutralization capacity 
of the antibodies was evaluated on  
77 volunteers.

In adults between 18 and 59 years 
old, the neutralization capacity 
of the circulating antibodies 
reached its maximum four weeks 
after the booster dose, increasing 
over 18 times in comparison to the 
registered levels five months after 
the second dose, and over four 
times compared with the registered 
levels two weeks after the second 
dose. The seroconversion of this 
group reached 100% four weeks 
after the second dose.

In a normal scheme of immunization 
of two doses with a gap of 28 days, 
the peak in the neutralization 
capacity of the antibodies is 
reached two weeks after the 
second dose. Among individuals 
older than 60, that corresponded 
to 53,2% of the volunteers, the 
researchers observed that after the 
booster dose there was an increase 
of over nine times in the neutralizing 
capacity in comparison to the 
response observed five months 
after the second dose.

Published on: 11/17/2021
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Abstract 

Numerous vaccines have been generated to decrease the morbidity and 

mortality of COVID-19. CoronaVac® is an inactivated SARS-CoV-2 vaccine 

approved by the World Health Organization (WHO) to prevent COVID-19 that has 

safety and immunogenicity profiles described in different clinical trials. We 

previously reported an increase in levels of neutralizing antibodies two- and four-

weeks after administering two doses of CoronaVac® in a two-week interval (0-14 

day) vaccination schedule, as compared to pre-immune sera in adults in the 

Chilean population that are participating in a phase 3 clinical trial. Here we report 

the levels of antibodies directed against the Receptor Binding Domain of the 

SARS-CoV-2 spike protein comparing their neutralizing capacities and the cellular 

response at five months after the second dose and four weeks after a booster 

(third) dose in volunteers immunized with two doses of CoronaVac® in a four-week 

interval (0-28 day) vaccination schedule. We observed a decrease in the levels of 

anti-SARS-CoV-2 antibodies with neutralizing capacities five months after the 

second dose (GMU 39.0 95% confidence interval (CI)�(32.4-47.0), which 

increased up to 12 times at four weeks after the booster dose (GMU 499.4, 95% 

CI=370.6-673.0). Equivalent results were observed in adults aged 18-59 years old 

and individuals ≥60 years old. In the case of cellular response, we observed that 

activation of specific CD4+ T cell increases in time and reaches its maximum at 

four weeks after the booster dose in both groups. Our results support the notion 

that a booster dose of the SARS-CoV-2 inactivated vaccine increases the levels of 

neutralizing antibodies and the specific cellular response in adults of both groups, 

which is likely to boost the protective capacity of these vaccines against COVID-19.
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Introduction  

The ongoing pandemic caused by severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) has promoted the rapid development of safe, 

immunogenic, and effective vaccines against SARS-CoV-2 to be used by the 

general population, which have successfully reduced the transmission of the 

disease burden. CoronaVac® is an inactivated SARS-CoV-2 vaccine developed by 

Sinovac Life Sciences Co., Ltd. (Beijing, China) and is among the current vaccines 

approved by the WHO to combat COVID-19 [1,2]. Phase 1 and 2 clinical trials in 

China demonstrated that this vaccine induces cellular and humoral response upon 

immunization [3–5]. Furthermore, an ongoing phase 3 clinical trial in Chile has 

described that two- and four-weeks after the second dose of CoronaVac® there is 

an increase in the levels of IgG and neutralizing antibodies in adults aged 18-59 

years old and ≥ 60 years old [5][6]. In addition, the vaccination promotes the 

activation of the cellular immune response against SARS-CoV-2 antigens in a 0-14 

immunization schedule [5], being an effective vaccine to prevent COVID-19 [7,8]. 

In Chile, 91.5% of the target population has received the first vaccine dose, and 

88.7% were fully vaccinated in October 2021 in a 0-28 vaccination schedule [9]. 

Although neutralizing antibody titers present in the serum of vaccinated people are 

thought to be highly predictive of immune protection [10], these titers decrease in 

time [6,11,12]. Besides this, vaccine-induce antibodies have lower levels of 

neutralization against highly transmissible variants of the virus as compared to the 

original vaccine strain, potentially decreasing the effectiveness of these vaccines 

as new variants emerge [13,14]. For these reasons, the use of booster doses was 
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approved in adults in August 2021 in Chile, in high-risk populations and subjects 

with more than five months after the second dose applied in a 0-28-day vaccination 

schedule [15]. Notably, a previous study performed in adults between 18-59 years 

old demonstrates that a booster dose of CoronaVac®, applied after six months to 

individuals previously receiving two doses of this vaccine, increases the levels of 

antibodies 3-5-fold as compared to those levels observed four weeks after the 

second dose [12]. Here, we further extend these results by reporting the levels of 

neutralizing antibodies and specific T cells against SARS-CoV-2 in adults ≥18

years old who participated in phase 3 clinical trial carried out in Chile, who were 

vaccinated in a 0-28-day vaccination schedule with a booster (third) dose five 

months after the second dose. 

Materials and methods 

Patients and sample collection 

Blood samples were obtained from volunteers recruited in the clinical trial 

CoronaVac03CL (clinicaltrials.gov #NCT04651790) carried out in Chile starting 

January 2021. The Institutional Scientific Ethical Committee of Health Sciences 

reviewed and approved the study protocol at the Pontificia Universidad Católica de 

Chile (#200708006). Trial execution was approved by the Chilean Public Health 

Institute (#24204/20) and was conducted according to the current Tripartite 

Guidelines for Good Clinical Practices, the Declaration of Helsinki [16], and local 

regulations. Informed consent was obtained from all volunteers upon enrollment. 

Volunteers receive two doses of CoronaVac® (3 µg or 600SU of inactivated SARS-
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CoV-2 inactivated along with alum adjuvant) in a four-week interval (0–28-day 

immunization schedule) and then a booster dose five months after the second 

dose. A complete inclusion and exclusion criteria list has been reported. On 

November  11st 2021, one hundred and eighty-six volunteers in the immunogenicity 

branch received the booster dose, and the antibodies against RBD with 

neutralizing capacities were quantified in 77 volunteers who had completed all their 

previous visits in one of the centers of the study (Figure 1A). Blood samples were 

obtained from all the volunteers before administration of the first dose (pre-

immune), two weeks after the second dose, four weeks after the second dose, 

twenty weeks (or five months) after the 2nd dose, and four weeks after the booster 

(third) dose (Figure 1B).

Procedures 

To assess the presence of antibodies against RBD with neutralizing 

capacities, blood samples from 77 volunteers that had completed all their study 

visits, including one month after the booster dose of CoronaVac®, were measured. 

The neutralizing capacities of circulating antibodies were evaluated by a surrogate 

virus neutralization test (sVNT) (Genscript Cat#L00847-A). Samples were serially 

two-fold diluted starting at a 4-fold until reaching a 512-fold dilution. Assays were 

performed according to the instructions of the manufacturer and as reported 

previously [5]. Neutralizing antibody titers were determined as the last fold dilution 

with a cut-off over 30% of inhibition. Samples with a percentage of inhibition ≤30 at 

lowest dilution (1:4) were assigned as seronegative with a titer of 2. A sample was 

considered seropositive when its titer is higher than the pre-immune titer. The 

All rights reserved. No reuse allowed without permission. 
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for thisthis version posted November 17, 2021. ;https://doi.org/10.1101/2021.11.16.21266350doi:medRxiv preprint 



 |  1289O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

percentage of inhibition was determined as: 100 * [OD450nm value of negative 

control - OD450nm value of sample] / [OD450nm of negative control]. A standard 

curve was used to plot the neutralization response in the samples as international 

units (IU) by using the WHO International Standard for SARS-CoV-2 antibody 

(NIBSC code 20/136), which was prepared according to the manufacturer’s 

instructions [17]. Data were analyzed using a sigmoidal curve model with log 

concentration transformed, and the final concentration for each sample was the 

average of the product of the interpolated IU from the standard curve and the 

sample dilution factor required to achieve the OD450 value that falls within the 

linear range. Samples with undetermined concentration at the lowest dilution tested 

(1:4) were assigned the lower limit of quantification (16.4 IU). The Geometric Mean 

Units (GMU) or titers (GMT) were represented in the Figure 2 and Supplementary 

Figure 1, respectively, and Table 1 for comparisons among the visits. 

ELISPOT and flow cytometry assays were performed to evaluate the cellular 

immune response, stimulating PBMCs with four Mega Pools (MPs) of peptides 

derived from the proteome of SARS-CoV-2 [18]: peptides from the S protein of 

SARS-CoV-2 (MP-S), the remaining proteins of the viral particle (excluding S 

protein peptides) (MP-R), and of peptides from the whole proteome of SARS-CoV-

2 (MP-CD8-A and MP-CD8-B) [18]. Positives and negative controls were held for 

each assay. The number of Spot Forming cells (SFC) for IFN-γ and IL-4 were 

determined by ELISPOT, and the expression of Activation-Induced Markers (AIM+) 

by T cells was evaluated by flow cytometry. Assays were performed according to 

the instructions of the manufacturer and as reported previously [5]. Further details 
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booster dose, the neutralizing capacity of the antibodies increased even more than 

the one reported two weeks after the second dose. When we expressed the 

neutralizing capacity in arbitrary units of WHO (Figure 2) we observed that four 

weeks after the booster dose the neutralizing capacity increased more than 12-fold 

(GMU 499.4, 95% CI=370.6-673.0), as compared to the response at five months 

after the second dose (GMU 39.0 ± 32.4-47.0) and more than 2-fold as compared 

to the two weeks after the second dose (GMU 168.0 ± 126.8-222.5) (Figure 2A).  

In adults between 18-59 years old, the neutralizing capacity of circulating 

antibodies reach its maximum four weeks after the booster dose (GMU 918.8 ±

623.4-1354) increasing more than 18-fold as compared to five months after the 

second dose (48.9 ± 37.6-63.5) and more than 4-fold as compared with two weeks 

after the second dose (GMU 220.2 ± 150.7-321.7) (Figure 2B). Seropositivity in 

this group reach 100% four weeks after the second dose (Table 1). 53.2% of the 

total volunteer analyzed here were adults ≥60 years. As seen in Figure 2C, the 

neutralizing capacity of circulating antibodies in this population also reached its 

peak at two weeks after the second dose (GMU 134.1 ± 89.2-201.6), decreasing at 

four weeks after the second dose (GMU 104.1 ± 71.8-151.0), and reaching its 

minimum at five months after the second dose (GMU 32.4 ± 25.1-41.8). In this 

group, we also observed an increase of more than 9-fold (GMU 300.5 ± 203.5-

443.6) in the neutralizing capacity as compared to the response observed five 

months after the second dose (GMU 32.4). The seropositivity rate reached 49.4% 

in the total vaccine group and 35.7% in adults ≥60 years at five months after the 

second dose, which increased to 97.4% and 95.2%, respectively, four weeks after 
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the booster dose (Table 1). The seropositivity rate achieved at four weeks after the 

booster dose was the highest when compared with the other visits in the study in 

the total vaccinated group and in both groups analyzed. 

Here we also report cellular responses following the booster dose of 

CoronaVac®, which is the first report of T cell responses in subjects vaccinated 

with a third dose of CoronaVac® to our knowledge. We did observe a significantly 

further increase in CD4+ T cell activation in both age groups following the third 

booster dose by flow cytometry (Figure 3) but we did not see a further increase in 

IFN-γ production upon stimulation with S and R MPs by ELISPOT at that time point 

(Supp. Figure 2). In addition, CD4+ T cell activation was still significantly increased 

5 months after the 2nd dose in both age groups, suggesting that the 0-28 schedule 

can stimulate CD4+ cell responses over time. Moreover, we observed a significant 

increase in CD8+ AIM+ T cells following the third dose as compared to the time 

point 2 weeks following the second booster but not as compared to the pre-

immune, whereas we did not observe a significant increase in IFN- γ upon 

stimulation with CD8 MPs at any time point, suggesting that CoronaVac promotes 

a reduced CD8+ T cell responses, even after a third dose. Thus, although humoral 

responses decrease over time following vaccination with CoronaVac®, CD4+ T cell 

responses stay significantly increased as compared to the pre-immune and the 

booster dose increases at least their activation.

Discussion 
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Although there was an adequate neutralization titer of anti-SARS-CoV-2 

antibodies after two doses of CoronaVac® in the 0-28 schedule, with a 65.9% of 

effectiveness of preventing COVID-19 [8], the GMT waned in time, which was 

observed five months after the second dose. Due to this decrease in neutralizing 

capacity, a booster dose of CoronaVac® was evaluated in a clinical study in China, 

showing promising results in humoral immune responses [12]. The evaluation of 

the neutralization capacities reported here shows that after the booster dose, the 

neutralizing titers and seroconversion rates increase in the whole group even 

higher than two weeks after the second dose where was observed the peak in 

neutralization. As the neutralizing antibody titers correlate with protection against 

SARS-CoV-2 infection [10], these results likely imply a better outcome and 

protection against illness, as reported in previous studies performed in Israel that 

showed a decrease in the transmission and the severe disease by COVID-19 

twelve or more days after booster inoculation [21]. Another study, performed with a 

booster dose of CoronaVac®, showed that an additional dose induced a good 

neutralization against SARS-CoV-2 WT strain and against variants four weeks after 

the booster dose, generating a long-lasting humoral response that was due to an 

enhancement of the memory immune response generated by B cells [22]. 

Adults ≥60 years old produced lower levels of antibodies with neutralizing 

capacities than the whole group during this study, which was also described in 

Bueno et al. [5]. This result is in line with previous data reported for a population 

vaccinated in Chile [6], a study among hospital workers who received two doses of 

CoronaVac® [23], and with the mRNA-1273 vaccine [24]. In this sense, our results 

are equivalent to those described in a phase 1/2 of the clinical trial with 
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CoronaVac®, showing that the neutralizing antibody titers in this group decrease at 

five months after the second dose and that a booster dose is required 6-8 months 

after the first vaccination to rapidly increased and steadily the neutralizing antibody 

titers [25]. 

In the case of cellular response, other studies have shown that Pfizer 

BNT162b2 and mRNA-1273 induce durable CD4+ T cell activation and cytokine 

production up to six months following vaccination but it remains to be elucidated 

whether CD4+ AIM+ T cells and cytokine production further increase following a 

booster dose of these vaccines [26,27]. In contrast to these vaccines, CoronaVac® 

delivers not only the Spike protein but other viral antigens, which may explain why 

vaccinated individuals still display CD4+ AIM+ T cells five months after the second 

dose, without even a third dose.  

Our report shows that the booster dose with CoronaVac® in a 0-28 schedule 

induces a higher production of antibodies with neutralizing capacities, which are 

higher than the levels observed with 2- and 4-weeks after the first doses, 

generating an increased humoral response even in adults ≥60 years old. Besides 

this, our results suggest that a third dose of CoronaVac® supports CD4+ T cell 

activation, which may confer either protection or enhanced immune responses 

against the virus and prevent severe disease following SARS-CoV-2 exposure. 

Limitations 

This study presents some limitations, such as the reduced sample size for the 

assays. The assessment of total antibody response against Spike proteins and 

other SARS-CoV-2 proteins would also add additional information about the 
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humoral immune response against SARS-CoV-2 after the booster dose. Due to the 

limit of quantification of the technique, samples with undetermined concentration at 

the lowest dilution tested (1:4) were assigned the lower limit of quantification (16.4 

IU) and other neutralization assays, such as conventional neutralization test, would 

confirm our results with the surrogate neutralization test used in this study.  
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Figures 

Figure 1: Study profile, enrolled volunteers and cohort included in this study 

on October 31st, 2021. 77 of the 450 vaccinated individuals belonging to the 

immunogenicity branch of the clinical trial conducted in Chile were selected of one 

of the centers of the study (the CL1-Marcoleta) for immunogenicity assays. B. 
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Timeline of 0–28-day schedule of vaccination and booster (third) dose 

immunization. Text in red denotes timepoints at which blood draws occurred. 
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Introduction  

The ongoing pandemic caused by severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) has promoted the rapid development of safe, 

immunogenic, and effective vaccines against SARS-CoV-2 to be used by the 

general population, which have successfully reduced the transmission of the 

disease burden. CoronaVac® is an inactivated SARS-CoV-2 vaccine developed by 

Sinovac Life Sciences Co., Ltd. (Beijing, China) and is among the current vaccines 

approved by the WHO to combat COVID-19 [1,2]. Phase 1 and 2 clinical trials in 

China demonstrated that this vaccine induces cellular and humoral response upon 

immunization [3–5]. Furthermore, an ongoing phase 3 clinical trial in Chile has 

described that two- and four-weeks after the second dose of CoronaVac® there is 

an increase in the levels of IgG and neutralizing antibodies in adults aged 18-59 

years old and ≥ 60 years old [5][6]. In addition, the vaccination promotes the 

activation of the cellular immune response against SARS-CoV-2 antigens in a 0-14 

immunization schedule [5], being an effective vaccine to prevent COVID-19 [7,8]. 

In Chile, 91.5% of the target population has received the first vaccine dose, and 

88.7% were fully vaccinated in October 2021 in a 0-28 vaccination schedule [9]. 

Although neutralizing antibody titers present in the serum of vaccinated people are 

thought to be highly predictive of immune protection [10], these titers decrease in 

time [6,11,12]. Besides this, vaccine-induce antibodies have lower levels of 

neutralization against highly transmissible variants of the virus as compared to the 

original vaccine strain, potentially decreasing the effectiveness of these vaccines 

as new variants emerge [13,14]. For these reasons, the use of booster doses was 
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7.8. Booster dose of CoronaVac increases the protection against 
Covid-19 to 80%, according to Chilean Government 

The Health Ministry of Chile 
announced that the application 
of a booster dose of CoronaVac, 
a vaccine from Butantan and the 
chinese pharmaceutic Sinovac 
against Covid-19, increases 
the efficacy of the immunizer 
to 80,2%, and expands the 
protection against hospitalizations 
from 84% to 88%. The research 
analyzed the performance of the 
three vaccines available in the 
country (CoronaVac, Pfizer and 
AstraZeneca) in the prevention of 
cases and hospitalizations, based 
on the national campaign of 
vaccination against SARS-CoV-2.

The main conclusion is that the use of 
a third dose of CoronaVac brings very 
similar results to the other vaccines, 
increasing in a considerable way 
the levels of efficacy against the 
symptomatic Covid-19. Regarding 
the protection against general 
cases, the vaccine of Pfizer-BioNTech 
increased the indicator from 56% to 
90%, and AstraZeneca, from 56% 
to 93%. And against hospitalization, 
Pfizer-BioNTech resulted in an 
increase from 84% to 87% in the 
protection, and AstraZeneca, from 
84% to 96,3%.

The study included 4.785.749 
immunized people with the 
complete scheme of two doses of 
the vaccine, from whom 2.017.878 
received the booster dose beginning 
on August 11th. Of that group, 
1.505.154 received the booster dose 
of AstraZeneca, 371.592 received the 
booster dose of Pfizer and 140.132, 
of CoronaVac. All the participants 
were older than 16 and didn’t have a 
history of infection by SARS-CoV-2.

According to the infectologist and 
advisor of the Health Ministry of 
Chile, Rafael Araos, the study reveals 
that the decision of applying the 
additional dose to prevent Covid-
19 was right. “The three vaccines 
that we use as a booster dose on 
people that were vaccinated with 
CoronaVac have a super powerful 
effect”, said the doctor. “The results 
are robust and suggest that the 
effect of the booster dose, with 
any vaccine, has a high efficacy 
in preventing Covid-19 and 
hospitalizations.”

Published on: 10/07/2021
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Immunization	Campaign	against	SARS-CoV-2	

October	2021	

Early	estimates	of	the	effectiveness	
of	booster	shots	in	Chile	

Grupo	para	estudio	de	vacunas	SARS-CoV-2	MINSAL	(vCovid	MINSAL)	

2	

•  Evidence	 suggest	 that	 neutralizing	 antibodies	 against	 SARS-CoV-2	
induced	 by	 vaccines	 wane	 over	 time,	 which	 may	 decrease	 their	 effect	
against	Covid-19	and	it	consequences.	

•  The	 longitudinal	 effectiveness	 assessments	 performed	 by	 the	 Chile	
Ministry	 of	 Health	 showed	 a	 sharp	 discrease	 in	 the	 effectiveness	 to	
prevent	 Covid-19,	 specifically	 within	 the	 group	 immunized	 with	
inactivated	vaccines	early	on.	

•  International	 studies	 have	 shown	 that	 the	 combination	 of	 vaccines	 is	
safe	 and	 effectively	 increase	 levels	 of	 SARS-CoV-2	 neutralizing	
antibodies.	

BACKGROUND	
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3	

•  We	analized	a	cohort	of	people		that	are	affiliated	with	the	
National	Health	Fund	(FONASA):	
›  Aged	16	years	or	older	
›  No	history	of	SARS-CoV-2	infection	(confirmed	of	probable	

Covid-19).	
›  That	have	already	received	CoronaVac	as	a	primary	immunization.	

•  The	effectiveness	was	estimated	for	each	vaccine	booster	and	
focuses	on	preventing	Covid-19	or	Covid-19	related	hospitalization.	
Outcomes	were	compared	to	the	unvaccinated	population.	

DESIGN	AND	METHODS	

4	

•  The	 effectivenes	 was	 estimated	 14	 days	 after	 receiving	 the	
booster	shot	with	any	of	the	available	vaccines.	

•  The	 comparison	 groups	 consisted	 of	 people	 that	 received	 the	
booster	dose	or	not.	All	 the	people	contributed	(person-days)	to	
the	 non	 vaccinated	 group	 before	 starting	 their	 vaccination	
schedule.	

•  The	 results	 are	 independent	 from	 age,	 sex,	 place	 of	 residence,	
presence	of	comorbilities,	nationality	and	income	level.	

DESIGN	AND	METHODS	
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RESULTS	|	CHARACTERISTICS	OF	THE	COHORT	

•  The	total	sample	was	11.201.635	people.	

•  500.145	cases	of	Covid-19.	

•  The	distribution	of	the	covariates	significantly	
differed	between	people	immunized	or	not.	

6	

RESULTS	|	CHARACTERISTICS	OF	THE	COHORT	

Study
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RESULTS	

4.785.749	people	
immunized	with	
CoronaVac	were	included.	

2.017.878	received	one	
booster	shot.	

1.506.154	
371.592	

140.132	

AstraZeneca	 Pfizer	 Sinovac	

8	

RESULTS	

INCREASED	EFFECTIVINESS	AGAINST		
COVID-19	

14	DAYS	AFTER	THE	BOOSTER	SHOT	

56%	to	80%	 56%	to	90%	 56%	to	93%	

Booster	shot	
Pfizer-BioNTech	

Booster	shot	
AstraZeneca	

Booster	shot	
CoronaVac	

Study
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INCREASED	EFFECTIVINESS	AGAINST	
HOSPITALIZATION	

14	DAYS	AFTER	THE	BOOSTER	SHOT	

RESULTS	

84%	to	88%	 84%	to	87%	 84%	to	96%	

Booster	shot	
Pfizer-BioNTech	

Booster	shot	
AstraZeneca	

Booster	shot	
CoronaVac	

10	

•  The	three	vaccines	used	as	a	booster	notably	increased	
the	effectiveness	against	Covid-19	and	related	
hospitalizations.	

•  These	results	support	the	decission	to	initiate	a	boosting	
program	among	people	immunized	with	inactivated	
vaccines.	

CONCLUSION	

Study
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Rare adverse 
effects8.

8.1. CoronaVac presents adverse events in less than 1% of doses 
applied in adults in Brazil and is highly safe for vaccinees

CoronaVac, a vaccine developed 
by Instituto Butantan in partnership 
with the Chinese pharmaceutical 
company Sinovac, had adverse 
events in less than 1% of the doses 
applied in people over 18 years old in 
Brazil. The data from the Institute’s 
Pharmacovigilance are another 
indicator that the vaccine is highly 
safe and very non-reactogenic.

“CoronaVac has a very good 
safety profile and we saw this 
in the proportion between the 
number of people vaccinated 
and the total number of adverse 
events reported,” the scientific 
researcher and qualified person 
for Pharmacovigilance at Instituto 
Butantan, Vera Gattás, explains.

The real-life data reinforces studies 
carried out with CoronaVac, which 
indicate that the vaccine is highly 
safe for adults. 

“In numbers, this means that 
in about 130 million doses 
administered in the country, there 
were around 1,000 reported cases 
of serious adverse events and 7,000 
non-serious adverse events, both of 
which do not reach 1% of the doses 
applied,” Vera informs.

Studies with children over 3 years 
of age also showed good safety 
results. The most common reactions 
were local, such as pain, swelling 

and redness at the application site.
“We also found that the benefits 
of vaccination with CoronaVac far 
outweigh its risks of adverse events,” 
reiterates the Pharmacovigilance 
leader of Butantan.

 
Difference between 
adverse reaction 
and event

“Every adverse reaction is an 
adverse event, but not every adverse 
event is an adverse reaction, and it 
is up to Pharmacovigilance to make 
this distinction,” Vera explains.

Adverse events are any occurrences 
that occur after the use of a drug, 
serum or vaccine, which may or may 
not be related to the product used.

Adverse reactions are any symptoms 
or harmful events that occur 
after the use of the drug, serum or 
vaccine, with some possibility of 
having been caused by the use of 
any of these products.

Among the adverse events reported 
to Butantan’s Pharmacovigilance, 
most were classified as mild (grade 
1) or moderate (grade 2). These are 
expected events such as pain and 
pain at the injection site, fever and 
body pain that resolve within the 
first few days after administration.
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How is 
pharmacovigilance 
performed?

The monitoring of adverse 
event reports is the basis of 
pharmacovigilance, responsible 
for continuing the work of verifying 
the safety, efficacy and quality 
of vaccines after reaching the 
population. This monitoring 
continues to be carried out by the 
manufacturer after immunization as 
a way of preventing and detecting 
changes in the safety profile and in 
the occurrence and frequency of 
adverse events.

At Butantan, the monitoring of 
CoronaVac and other vaccines, 
medicines, antitoxins and 
antivenoms is carried out by 
the Pharmacovigilance team. 
Notifications arrive through 
Customer Service (see contacts 
below) and through the official 
communication channels of 
Instituto Butantan.

“We are always alert and ready 
to receive information that 
may indicate adverse effects of 
vaccination or other medicines 
produced at Butantan. We have 
several communication channels 
from which we accumulate data 
and make an overview that aims to 
monitor the products manufactured 
in order to provide information 

for the evaluation of the safety, 
efficacy and quality of the product”, 
she details.

According to Vera, it is not always 
clear to the population that 
Pharmacovigilance maintains 
the safety, efficacy and quality 
assurance of the vaccines. And 
that, in case of any symptoms after 
vaccination, they must be reported 
in order to keep control.

“If, after the Pharmacovigilance 
analysis, it is shown that the report 
is not necessarily related to the use 
of the vaccine, it is still important to 
report it so that the information can 
be sent for analysis by the technical 
areas,” the researcher concludes.

How to contact the 
Pharmacovigilance of 
Butantan

Customer Service (Serviço de 
Atendimento ao Consumidor):
Phone: 0800 701 2850
Email: sac@butantan.gov.br
Pharmacovigilance email: 
farmacovigilancia@butantan.gov.br
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8.2. CoronaVac is safe and has fewer serious adverse effects,  
Malaysia study shows

A study carried out in Malaysia once 
again demonstrated the high safety 
profile of CoronaVac and the low 
occurrence of adverse reactions 
after immunization. Among the 
9.3 million people who took the 
vaccine in the country, no serious 
thrombotic adverse events were 
recorded. The work was published in 
the journal Vaccine and conducted 
by researchers from the Malaysian 
National Institute of Health, 
the National Pharmaceutical 
Regulatory Agency and seven 
hospitals in the country.

By the end of August 2021, 35.2 
million doses of Covid-19 vaccine 
had been administered to more 
than 20 million people in Malaysia, 
with CoronaVac being the most 
used immunizing agent with 17 
million doses (48% of the total), 
followed by Pfizer (44%) and 
AstraZeneca (8%). About 78% of the 
9.3 million individuals vaccinated 
with CoronaVac completed both 
doses of the vaccine. 

CoronaVac was not associated 
with any serious thrombotic 
adverse effects, but was associated 
with a small increase in the risk 
of arrhythmia. In individuals 
vaccinated with a messenger RNA 
immunizing agent, there was a 
slight increase in the risk of venous 
thromboembolism, arrhythmia 
and seizure. In those who received 

the viral vector vaccine, there 
was a significant increased risk of 
thrombocytopenia and venous 
thromboembolism.

However, the researchers did 
not record risk of myocarditis, 
pericarditis, Bell’s palsy, stroke 
and myocardial infarction in the 
21 days after administration of 
any of the vaccines. The absolute 
number of adverse events was low 
for all vaccines. “More importantly, 
the overall benefits of COVID-19 
vaccines outweigh the potential 
risks and this information needs to 
be interpreted in conjunction with 
vaccine effectiveness data,” the 
authors say.

 
CoronaVac is safe in 
patients at increased 
risk for thrombosis

Research conducted by the School 
of Medicine of the University of 
São Paulo (FMUSP) with individuals 
at high risk of thrombosis, with 
an autoimmune disease called 
antiphospholipid syndrome, showed 
that CoronaVac is a safe vaccine 
for this group, not influencing the 
disease. In addition, the immunizing 
agent was highly immunogenic, 
inducing antibody production in 
more than 80% of patients.

Published on: 05/03/2022
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a b s t r a c t

Background: Rapid deployment of COVID-19 vaccines is challenging for safety surveillance, especially on
adverse events of special interest (AESIs) that were not identified during the pre-licensure studies. This
study evaluated the risk of hospitalisations for predefined diagnoses among the vaccinated population
in Malaysia.
Methods: Hospital admissions for selected diagnoses between 1 February 2021 and 30 September 2021
were linked to the national COVID-19 immunisation register. We conducted self-controlled case-series
study by identifying individuals who received COVID-19 vaccine and diagnosis of thrombocytopenia,
venous thromboembolism, myocardial infarction, myocarditis/pericarditis, arrhythmia, stroke, Bell’s
Palsy, and convulsion/seizure. The incidence of events was assessed in risk period of 21 days postvacci-
nation relative to the control period. We used conditional Poisson regression to calculate the incidence
rate ratio (IRR) and 95% confidence interval (CI) with adjustment for calendar period.
Results: There was no increase in the risk for myocarditis/pericarditis, Bell’s Palsy, stroke, and myocardial
infarction in the 21 days following either dose of BNT162b2, CoronaVac, and ChAdOx1 vaccines. A small
increased risk of venous thromboembolism (IRR 1.24; 95% CI 1.02, 1.49), arrhythmia (IRR 1.16, 95% CI
1.07, 1.26), and convulsion/seizure (IRR 1.26; 95% CI 1.07, 1.48) was observed among BNT162b2 recipi-
ents. No association between CoronaVac vaccine was found with all events except arrhythmia (IRR 1.15;
95% CI 1.01, 1.30). ChAdOx1 vaccine was associated with an increased risk of thrombocytopenia (IRR
2.67; 95% CI 1.21, 5.89) and venous thromboembolism (IRR 2.22; 95% CI 1.17, 4.21).
Conclusion: This study shows acceptable safety profiles of COVID-19 vaccines among recipients of
BNT162b2, CoronaVac, and ChAdOx1 vaccines. This information can be used together with effectiveness
data for risk-benefit analysis of the vaccination program. Further surveillance with more data is required
to assess AESIs following COVID-19 vaccination in short- and long-term.

� 2022 Published by Elsevier Ltd.

1. Introduction

The administration of COVID-19 vaccines is viewed as the most
promising approach to curb the pandemic. By the end of 2021,
nearly nine billion doses of COVID-19 vaccines had been adminis-
tered worldwide [1]. The vaccines have been proven to be safe and
effective in clinical trials. Yet, as with the initiation of any new
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drugs, information on long-term safety and effectiveness is still
being gathered during the post-marketing phase [2]. Rapid deploy-
ment of COVID-19 vaccines on a mass scale poses challenges for
monitoring vaccine safety, including those not identified during
the pre-licensure studies. Adverse effects following immunisation
(AEFI) signal detection have primarily relied on passive surveil-
lance reporting; however, it is often limited by incomplete infor-
mation or under-reporting [3,4]. As such, enhancement of the
type and scope of vaccine monitoring activities, including the con-
duct of active surveillance activities and well-designed observa-
tional study could refine the collecting and processing of
information on COVID-19 vaccine safety [5].

Variations in the safety profile between different vaccine plat-
form are to be expected as the different mechanism was used to
trigger an immune response. mRNA vaccines (BNT162b2 and
mRNA-1273) and adenoviral vector vaccines (ChAdOx1, Ad26.
COV2.S) have been most extensively studied due to their high
prevalence in western countries. Little information is currently
available on the inactivated vaccine (CoronaVac, BBIBP-CorV) that
has significant uptake globally [6]. Since the initiation of the
COVID-19 immunisation program in Malaysia in late February
2021, 65% of the adult population has been vaccinated by 31
August 2021 [7]. Diverse vaccine portfolios were administered to
the population where the majority were inoculated with
BNT162b2, CoronaVac, or ChAdOx1 vaccines while a smaller pro-
portion received other vaccines including CanSino, Sinopharm
BBIBP-CorV, Ad26.COV.S. With the different types of vaccines
administered, questions are arising on the comparability of these
vaccines, adverse events, and the required period of monitoring.

We established a case-based surveillance approach for adverse
events of special interest (AESI) following COVID-19 vaccination
using routinely collected administrative databases and health
records. This project was initiated to improve the capacity of
COVID-19 vaccine safety monitoring in the country and comple-
ment the current adverse events monitoring through the national
passive surveillance system [8]. We evaluated the risk of serious
adverse events potentially associated with COVID-19 vaccines by
focusing on cases that require hospitalisation among the vacci-
nated population in Malaysia. In this paper, we present the interim
analysis of the ongoing study that covers the first half period of the
COVID-19 immunisation roll-out in Malaysia that evaluates the
occurrence of AESIs among the vaccinated population. We com-
pared the rate of pre-specified AESI between different vaccine plat-
forms and evaluated whether there was an increased risk of events
after COVID-19 vaccination.

2. Materials and methods

2.1. Data sources

Data on vaccination was retrieved from the Malaysia Vaccine
Administration System (MyVAS) database that was launched to
manage vaccination records for the National COVID-19 Immunisa-
tion programme in Malaysia (Supplement 1). The database
includes information on vaccine brand, dates, and doses as well
as demographic details and self-reported comorbidity for the vac-
cinated population in Malaysia.

Hospital admission data were obtained from the Malaysian
Data Warehouse (MyHDW), a national health data repository that
collects data from public and private hospitals in Malaysia. This
data included diagnoses coded according to the International Clas-
sification of Disease (ICD-10), admission and discharge dates, and
discharge status which was monitored and validated by the Health
Informatics Centre, Ministry of Health Malaysia [9]. Between
February and September 2021, data from 216 public and private

hospitals were available for analysis. Outcome data were also
obtained from two other sources: sentinel surveillance sites and
the national pharmacovigilance database. This allowed for a more
immediate identification of eligible cases to account for the lag in
data accrual due to delays in submission to the central repository
by the data providers. Eight public tertiary hospitals across Malay-
sia were selected as sentinel surveillance sites for this study. Eligi-
ble cases were sourced directly from locally held records at these
hospitals i.e., hospital discharge database and cases were identified
from ICD to 10 coded diagnoses. The pharmacovigilance database
was used to identify outcome events from spontaneous AEFI
reports submitted by healthcare professionals, pharmaceutical
companies, or consumers. Only cases that require hospitalisation
were included for analysis. Outcome data from all sources were
cross-linked to check for overlapping records.

Data on COVID-19 confirmed cases were retrieved from the
national COVID-19 surveillance system. This dataset was used to
determine COVID-19 diagnosis status within the study population
based on the infection date.

All datasets were linked using unique resident identification
numbers to establish the cohort for this study. Record linkage
was conducted using deterministic matching of identifiers and
de-identified data was used for analysis.

2.2. Study design

We used self-controlled case-series (SCCS) study design to
examine the associations between COVID-19 vaccination and out-
come events by comparing the incidence of events across risk peri-
ods relative to the control period. SCCS design employs within-
person comparison and time-invariant confounders (e.g., sex, eth-
nicity, lifestyle, chronic diseases) are self-adjusted [10].

2.3. Study population

The study population comprised individuals who received at
least one dose of the COVID-19 vaccine and were admitted to hos-
pitals with the outcome of interest between 1 February to 30
September 2021. Only the first event within this period was
included in the analysis. Those who had records of hospital admis-
sions for the same diagnosis in the two years before the study per-
iod were excluded. We also excluded individuals who were COVID-
19 positive (i) during admission and (ii) in the 30-day interval
before. To allow for sufficient follow-up time to capture the out-
come, the cohort was restricted to vaccine doses administered up
to 31 August 2021.

2.4. Outcome

Outcomes were hospital admission associated with the pre-
selected diagnoses of interest: thrombocytopenia, venous throm-
boembolism, stroke, myocardial infarction, myocarditis/pericardi-
tis, cardiac arrhythmia, Bell’s Palsy, and convulsion/seizures.
Cases were identified using the ICD-10 diagnosis code in the diag-
noses fields or cause of death recorded. The list of ICD-10 codes for
each outcome is available in Supplement 2. The event date was the
earliest date of hospital admission.

2.5. Exposure

Exposure was defined as receipt of one or more doses of COVID-
19 vaccine. The date of vaccination was used as the date of expo-
sure and individuals were classified according to the type of vac-
cine administered.

N. Ab Rahman, Ming Tsuey Lim, Fei Yee Lee et al. Vaccine xxx (xxxx) xxx

2



 |  1325O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

2.6. Statistical analysis

Characteristics of the study population (vaccinated individuals
who developed the outcomes of interest) and the outcome events
were described descriptively. The number of cases was tabulated
by weeks since vaccination to describe event distribution. The
absolute rate of events was calculated by dividing the total number
of events by total doses administered and total persons vaccinated.

The SCCS method was used to investigate the association
between outcome events and vaccination. Each patient follow-up
time is divided into several periods: an exposed period (risk per-
iod) and an unexposed period (control period) (Supplement 3).
The risk period comprised of 1 to 21 days after vaccination. The
21-day duration was defined based on literature and vaccine dose
interval [11]. Given repeat exposures in which individuals may
receive more than one dose of vaccine during the observation per-
iod, the risk period was defined as 21-day duration after any vac-
cine dose. The day of vaccination was defined as day 0 and
included as a separate period. The 14 days before administration
of the first vaccine dose was considered a pre-risk period since
an event during this period is likely to affect the likelihood of
receiving vaccination. All other observation times outside of these
periods between 1 February 2021 and 30 September 2021 were
defined as the control period.

The incidence rate ratio (IRR) of events in the risk period (ex-
posed) and control period (unexposed) were calculated with the
corresponding 95% confidence interval (CI). Each outcome was
modelled separately using conditional Poisson regression with an
offset of the length of risk periods. The models were adjusted for
the month in the observation period to account for potential fac-
tors associated with calendar time. A 95% CI that did not include
one indicates statistical significance. Using a risk period of 21 days,
an observation period from 1 February to 30 September 2021, and
IRR of 2.0 and 1.5, the sample size needed was 151 and 500, respec-
tively, to estimate results with 80% power at 5% significant level.
Reducing the IRR or risk period increases sample size
requirements.

The rate ratio was also estimated for dose-effect where each
dose of COVID-19 vaccine was regarded as a separate exposure
and the risk periods were segmented by dose. Subgroup analysis
was performed by age (<60 versus � 60 years old) and sex of the
patients to offset the risk of complications resulting from age and
sex differences. Several measures were undertaken to assess
assumptions of the SCCS method. To account for event dependent
observation periods where the event may increase the risk of mor-
tality and patient died before the end of observation, sensitivity
analysis was carried out by excluding fatal events. Event depen-
dent exposures were circumvented by including a pre-exposure
risk period of 14 days. Another assumption of the SCCS method
is that events must be independent of one another; therefore, anal-
ysis was restricted to only the first event.

Data were processed and analysed using STATA SE 15.0.

2.7. Ethical approval

This study was part of the project ‘‘Case-based monitoring of
adverse events following COVID-19 vaccination – SAFECOVAC”
that received approval from the Medical Research and Ethics Com-
mittee, Ministry of Health Malaysia (NMRR-21-322-59745) which
include a waiver of informed consent due to the use of secondary
data for this research.

3. Results

By 31 August 2021, up to 35,201,509 doses of COVID-19 vacci-
nes were administered to over 20 million individuals in Malaysia.
BNT162b2 and CoronaVac vaccines accounted for 44% and 48%,
respectively, 8% were ChAdOx1 while other vaccines accounted
for less than 1%. Of individuals who had received at least one dose
of the vaccine, 51% were aged 18–39 years and 16% were 60 years
and older. Only 38% of individuals vaccinated with ChAdOx1 had
completed two doses during this period, compared to over 70%
for both BNT162b2 and CoronaVac recipients. The total number
of doses administered and vaccinated persons by sex and age are
shown in Supplement 4.

3.1. Event characteristics

Fig. 1 shows an overview of patients included in the primary
analysis by the individual outcome events for hospital admissions
between 1 February 2021 and 30 September 2021 among the vac-
cinated population. The number of events ranged from 87 (my-
ocarditis/pericarditis) to 10,487 (ischaemic stroke). We presented
results for BNT162b2, CoronaVac, and ChAdOx1 vaccines as the
events with other vaccine types were too small. Events that
occurred in the first three weeks after vaccination was approxi-
mately 45% of all events observed in the postvaccination period
(Supplement 5); the event distribution pattern was similarly
observed with all three vaccines.

Table 1 shows the characteristics of events and demographics of
patients who had hospital admissions for the outcome events in
the 21 days following vaccination. More events were recorded after
the first dose of vaccine than the second dose. Patients aged
60 years and older accounted for more than half of the cases, but
the mean age was younger for those who had myocarditis/peri-
carditis (43.6 years), Bell’s Palsy (50.1 years), and convulsion/-
seizures (50.6 years). There was a preponderance of males among
those with myocardial infarction (75%), stroke (60%), and
myocarditis/pericarditis (60%). Nearly 50% of the patients who
had myocardial infarction, arrhythmia, and stroke were reported
to have hypertension.

3.2. Absolute rate of events

Table 2 shows the absolute rate for each event by vaccine type.
Ischaemic stroke was the most frequent and the absolute event
rate within 21 days of any vaccination was between 33 and 115
cases per million doses administered. This was followed by
myocardial infarction (28 to 90 cases per million doses) and
arrhythmia (27 to 95 cases per million doses). The event rate for
others was much lower at less than 30 cases per million doses
for each diagnosis. The absolute event rates appeared to be slightly
higher among BNT162b2 vaccine recipients compared to Corona-
Vac and ChAdOx1 vaccine recipients for most events.

3.3. Incidence rate ratio of events

Fig. 2 shows the incidence rate ratio of events in the 21-day risk
period following either dose of BNT162b2, CoronaVac, and ChA-
dOx1 vaccines compared to the control period. IRR estimates
accounting for the vaccine dose effect are summarised in Table 3
and the IRR in all subintervals within the risk and control periods
are shown in Supplement 6.
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In the 21 days following either vaccine dose, no significant
increased risk was found for myocarditis/pericarditis, Bell’s Palsy,
stroke, and myocardial infarction in all vaccine platforms (Fig. 2).
Among persons receiving BNT162b2 vaccine, the IRRs showed a
slight elevation in the risk of venous thromboembolism, arrhyth-
mia, and convulsion/seizure. In the analysis by vaccine dose, a sig-
nificant association for venous thromboembolism was observed
following the first dose (IRR 1.34; 95% CI 1.07, 1.67) whereas the
risk of convulsion/seizure was significant after the second dose
(IRR 1.39; 95% CI 1.12, 1.72) of BNT162b2 vaccine (Table 3). Overall
estimates showed no association between CoronaVac vaccine and
all outcomes, except arrhythmia. When the analysis was con-
ducted by vaccine dose number, the risk appears to be slightly
increased for myocardial infarction (IRR 1.16; 95% CI 1.02, 1.32),
arrhythmia (IRR 1.18; 95% CI 1.02, 1.37), and haemorrhagic stroke
(IRR 1.31; 95% CI 1.02, 1.68) after the first dose of CoronaVac vac-
cine. ChAdOx1 vaccine showed a significant association for several
outcome events including thrombocytopenia and venous throm-
boembolism, but the number of events was smaller in this group
resulting in a wider confidence interval.

3.4. Subgroup analyses by age group and sex and sensitivity analysis

The IRR estimates for subgroup analyses by age and sex are
shown in Supplement 7. Stratification by sex showed the risk of
venous thromboembolism and arrhythmia among BNT162b2 and
CoronaVac recipients were higher in males. On the other hand,
the risk of ischaemic stroke was significant among female Corona-
Vac recipients. Age effect was observed where patients
aged � 60 years have a higher risk of stroke, arrhythmia, and con-
vulsion/seizure than their younger counterparts. No significant
association was observed for any outcome among patients younger
than 60 years old.

In a sensitivity analysis, cases of fatal admissions were
excluded. Results of this additional analysis were consistent with
those of the main findings which suggest a minimal bias for event
dependent observation period (data not shown).

4. Discussion

This analysis of a population-based study covering over 20 mil-
lion vaccinated individuals in Malaysia shows the risk of hospital-
isation for predefined diagnoses among those vaccinated with
BNT162b2, CoronaVac, and ChAdOx1 vaccines. We found that
majority of events that occurred post-exposure were largely con-
centrated during the first three weeks after vaccination. We evalu-
ated the relative risk of outcome events in 21 days following
vaccination compared to the control period and found no signifi-
cant increased risk for most events. Despite the statistically signif-
icant association for several events after vaccination, the point
estimate of incidence rate ratios and lower limit of the 95% confi-
dence interval were close to 1. The absolute number of events was
low in all three vaccines.

We did not find a significant association between COVID-19
vaccination and cardiovascular complications, except arrhythmia.
Cases of increased or irregular heart rate could be a physiological
or stress-related response to vaccination [12,13] which could
explain the findings where most events occurred during 1–7 days
after vaccination. Arrhythmia could also be triggered by a myocar-
dial injury and is not an uncommon occurrence in myocarditis or
pericarditis [14,15]. Although no study has found an association
between arrhythmia and COVID-19 vaccines, our findings suggest
that arrhythmia following vaccination in our population is an AESI
of concern. We also observed a small increased risk of venous
thromboembolism after BNT162b2 and ChAdOx1 vaccination
while the higher risk of thrombocytopenia was significant for ChA-
dOx1 vaccine. Although the elevated risk of these events indicates
potential association with the vaccines, the low absolute number
of events, especially within ChAdOx1 has to be noted and the sig-
nificant association in the main and subgroup analyses comes with
a broad confidence interval.

Our results are consistent with and extend the findings of prior
studies on the risk of serious adverse events following COVID-19
vaccination [11,16,17]. Vaccine-induced immune thrombotic
thrombocytopenia (VITT) is one of the rare, serious events reported

Fig. 1. Flow diagram of study population. The study period is from 1 February 2021 to 30 September 2021. Unknown refers to those whose vaccine type was not available.
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after COVID-19 vaccination which was more common with ChA-
dOx1 than with other COVID-19 vaccines [18,19]. A recent study
from England based on clinically validated cases from hospitals
estimated the risk of thrombosis with thrombocytopenia syn-
drome after ChAdOx1 vaccination was higher in 18 to 39 years
old than in the older population, highlighting the difference in risk
between different age groups [20]. In our study, the absolute event
rate for thrombosis and thrombocytopenia cases was lower than
those observed in other countries [16,21,22]. Increased risk of
myocarditis following receipt of mRNA COVID-19 vaccines has
been described in several studies [23–25]. We did not observe
the elevated risk of myocarditis/pericarditis for the population in
Malaysia vaccinated with BNT162b2 during the study period and
the number of events was too small for meaningful comparison
by subgroup. Information to date indicates that these events occur
more commonly in male, adolescent/young adults following mRNA
vaccination [26]. The present analysis covers the period when vac-
cination for adolescents in Malaysia was just initiated (September
2021) and during this early period, there was no record of hospital-
isation for the outcome events among the adolescent group. In
terms of neurological complications, there were mixed findings
on the association with COVID-19 vaccines. Previous study from
the UK observed an increased risk of Bell’s Palsy and Guillain-
Barre syndrome following ChAdOx1 vaccination [27] while a study

from Hong Kong reported risk of Bell’s Palsy linked to CoronaVac
vaccine [28]. Li et al. conducted a population-based study in the
United Kingdom and Spain [29] and did not find safety signal for
the risk of neurological events among those vaccinated with
BNT162b2 and ChAdOx1 vaccine. Our findings are in line with
the latter study, with no elevated risk of Bell’s Palsy or Guillain-
Barre syndrome seen for either BNT162b2, ChAdOx1, or Corona-
Vac. Compared to other vaccines, there was less information avail-
able on real-world data of AESIs among CoronaVac recipients. Our
study further showed that the risk for most AESIs was found to be
not significantly increased in those receiving CoronaVac. There was
a slight elevation in the risk of myocardial infarction and ischaemic
stroke after CoronaVac vaccination when the analysis was con-
ducted by dose and sex-specific, which was not observed with
other vaccines. Yet, this result must be interpreted cautiously since
subgroup analyses lack power, and evidence on serious events with
CoronaVac vaccination are still accruing for comparison on the
magnitude of risk.

Although many cardiovascular and cerebrovascular events were
reported following vaccination, a causality assessment needs to be
conducted to confirm the associations because these events are
prevalent among the population in Malaysia. Myocardial infarction
and ischaemic stroke are the top leading cause of death in Malaysia
for over a decade where on average, 90 to 100 hospital admissions

Table 1
Characteristics of events that occurred in 21 days after either dose of COVID-19 vaccine among vaccinated population in Malaysia from 1 February 2021 to 30 September 2021.

Thrombo
cytopenia

Venous
thrombo
embolism

Myocardial
infarction

Myocarditis /
pericarditis

Arrhythmia Stroke,
ischaemic

Stroke
haemorrhagic

Bell’s
Palsy

Convulsion /
seizure

Total event 206 307 1495 25 1375 1840 401 53 401
Dose 1 104 (50.5) 187 (60.9) 799 (53.4) 18 (72.0) 758 (55.1) 1005 (54.6) 236 (58.9) 33

(62.3)
218 (54.4)

Dose 2 102 (49.5) 120 (39.1) 696 (46.6) 7 (28.0) 617 (44.9) 835 (45.4) 165 (41.1) 20
(37.7)

183 (45.6)

Died – – 3 (0.2) – – 3 (0.2) 2 (0.5) – –
Vaccine platform
BNT162b2 130 (63.1) 166 (54.1) 796 (53.2) 14 (56.0) 834 (60.7) 1006 (54.7) 199 (49.6) 27

(50.9)
227 (56.6)

CoronaVac 64 (31.1) 122 (39.7) 644 (43.1) 9 (36.0) 485 (35.3) 768 (41.7) 186 (46.4) 21
(39.6)

153 (38.2)

ChAdOx1 12 (5.8) 18 (5.9) 55 (3.7) 2 (8.0) 53 (3.9) 64 (3.5) 14 (3.5) 5 (9.4) 21 (5.2)
Others – 1 (0.3) – – 3 (0.2) 2 (0.1) 2 (0.5) – –
Male 116 (56.3) 170 (55.4) 1121 (75.0) 15 (60.0) 731 (52.8) 1096 (59.6) 247 (61.6) 27

(50.9)
229 (57.1)

Age (years)
Mean (SD) 57.5

(16.7)
56.6 (15.2) 60.3 (12.7) 43.6 (15.2) 62.8 (16.6) 63.6 (12.6) 59.9 (16.4) 50.1

(15.2)
50.6 (18.4)

18–39 40 (19.4) 52 (16.9) 97 (6.5) 11 (44.0) 176 (12.7) 75 (4.1) 48 (12.0) 15
(28.3)

142 (35.4)

40–59 63 (30.6) 110 (35.8) 589 (39.4) 10 (40.0) 287 (20.7) 577 (31.4) 130 (32.4) 20
(37.7)

115 (28.7)

60+ 103 (50.0) 145 (47.2) 809 (54.1) 4 (16.0) 921 (66.5) 1188 (64.6) 222 (55.4) 18
(34.0)

144 (35.9)

Ethnicity
Malay 128 (62.1) 208 (67.8) 887 (59.3) 11 (44.0) 814 (58.8) 1070 (58.2) 228 (56.9) 29

(54.7)
245 (61.1)

Chinese 33 (16.0) 40 (13.0) 258 (17.3) 5 (20.0) 350 (25.3) 452 (24.6) 100 (24.9) 16
(30.2)

70 (17.5)

Indian 16 (7.8) 20 (6.5) 186 (12.4) 4 (16.0) 69 (5.0) 140 (7.6) 16 (4.0) 5 (9.4) 40 (10.0)
Others 29 (14.1) 35 (11.4) 137 (9.2) 5 (20.0) 143 (10.3) 157 (8.5) 50 (12.5) 2 (3.8) 41 (10.2)
Non-Malaysian – 3 (1.0) 27 (1.8) – 7 (0.5) 18 (1.0) 7 (1.7) 1 (1.9) 4 (1.0)
Comorbidities
Hypertension 90 (43.7) 129 (42.0) 759 (50.8) 4 (16.0) 735 (53.1) 1025 (55.7) 182 (45.4) 18

(34.0)
119 (29.7)

Diabetes 56 (27.2) 91 (29.6) 556 (37.2) 4 (16.0) 426 (30.8) 721 (39.2) 94 (23.4) 15
(28.3)

73 (18.2)

Heart disease 17 (8.3) 19 (6.2) 268 (17.9) 3 (12.0) 293 (21.2) 186 (10.1) 30 (7.5) 5 (9.4) 23 (5.7)
Dyslipidaemia – – – – – – 1 (0.2) – 1 (0.2)

Data are presented as n (%) except otherwise stated. Abbreviation: SD, standard deviation. Numbers may not add up to the total due to the missing value.
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occurred each day due to these events [30,31]. Despite including
incidence cases in the analysis, the study cohort still comprised
patients with other risk factors and comorbidities which could lead
to the development of events regardless of vaccination status. The
risk of events can also be attributed to the population selected for
vaccination. The elderly and high-risk populations were prioritised
for vaccination and some events such as cardiovascular complica-
tions are more commonly seen in these populations. Due to the
opt-in policy for ChAdOx1 vaccination in Malaysia, this group
include those of younger age categories. This is unlike other coun-
tries that limit the use of ChAdOx1 in the older age group amid
safety concerns that are more prevalent in the younger population
[32]. Therefore, the population vaccinated with ChAdOx1 is consid-

ered to be ‘‘healthier” than those who received other vaccines since
individuals without health concerns are more likely to sign up for
this cohort. Moreover, there were substantially fewer second doses
of ChAdOx1 vaccines given during the study period due to the
longer dose interval of 9–12 weeks for the administration of the
second dose according to the policy and recommendation adopted
in Malaysia [33].

Based on the distribution of event occurrence over time, our
finding suggests that the 3-week time period following vaccination
is a crucial period for monitoring AESI and any event that occurs
during this period warrants further investigation on the potential
association to vaccines. Nevertheless, events presented later
should not be disregarded since both short- and long-term risks
need to be assessed. In studies evaluating the association between
AESI and COVID-19 vaccines, the period considered at risk ranged
between 21 and 28 days after vaccination with at least 3 months
duration for the overall surveillance period [16,17,22,34]. The
length of time for monitoring AESI after vaccination should have
a sufficient duration of follow-up to include events that occur at
different time points relative to vaccine exposure to detect any
important risk [5,35].

4.1. Strength and limitations

To the best of our knowledge, this is one of the few large
population-based studies that provide evidence of risk estimate
for serious adverse events after vaccination in the population
between the three different vaccine platforms. Our study addresses
the limitation of data capture via a passive surveillance system by
including a longer follow-up period to monitor outcome occur-
rence among vaccinated populations and identify the potential
association with the vaccine. Furthermore, ascertainment of hospi-
talisations and vaccination status was conducted independently
which allow us to capture more events and we utilised the SCCS
design to provide estimates of risk on both relative scale (incidence
rate ratios) and absolute scale (rate per million vaccinated per-
sons). The SCCS design is an established method in vaccine safety
study that uses within-person comparison to control all constant
confounding factors during the study period. We also adjusted
for the calendar period to account for potential temporal con-
founding. In this study, we provide additional context on a range
of outcomes among CoronaVac vaccinees, which has not been fre-
quently reported in large observational studies so far.

There are several limitations in this study that we acknowledge.
We used secondary databases of the vaccinated and hospitalised;
hence we cannot completely rule out misclassification bias and
unmeasured confounding. We used hospitalisations as the study
outcomes which captures events of a more serious nature that
are admitted to hospitals for diagnosis or treatment. It is possible
that some people who have had vaccination and developed the
event were not hospitalised or died before being admitted. Ascer-
tainment of outcomes was based on diagnosis codes, which might
overestimate the risk without including other parameters to define
the case; for instance, diagnosis of VITT and myocarditis are usu-
ally accompanied by laboratory parameters. Lastly, some of the
predefined outcome events are rare, resulting in limited statistical
power and wide confidence interval. Larger study cohorts and
additional data over extended period of time will be useful for
more detailed analysis.

4.2. Policy implications

Compared with the total number of vaccine doses given, our
findings show that the incidence of all serious events are relatively
low. There was an overall increased risk of certain events within
the 21 days after vaccination compared to the control period, but

Table 2
Absolute rate of outcome events within 21 days of COVID-19 vaccination by vaccine
type.

BNT162b2 CoronaVac ChAdOx1

Thrombocytopenia
No. of events 130 64 12
Event rate per 1 million doses

administered
8.45 3.76 4.37

Event rate per 1 million vaccinated
persons

14.88 6.83 6.10

Venous thromboembolism
No. of events 166 122 18
Event rate per 1 million doses

administered
10.79 7.16 6.56

Event rate per 1 million vaccinated
persons

19.00 13.02 9.14

Myocardial infarction
No. of events 796 644 55
Event rate per 1 million doses

administered
51.73 37.82 20.04

Event rate per 1 million vaccinated
persons

91.12 68.73 27.94

Myocarditis/pericarditis
No. of events 14 9 2
Event rate per 1 million doses

administered
0.91 0.53 0.73

Event rate per 1 million vaccinated
persons

1.60 0.96 1.02

Arrhythmia
No. of events 834 485 53
Event rate per 1 million doses

administered
54.20 28.48 19.31

Event rate per 1 million vaccinated
persons

95.47 51.76 26.92

Stroke, ischaemic
No. of events 1006 768 64
Event rate per 1 million doses

administered
65.38 45.10 23.32

Event rate per 1 million vaccinated
persons

115.16 81.96 32.51

Stroke, haemorrhagic
No. of events 199 186 14
Event rate per 1 million doses

administered
12.93 10.92 5.10

Event rate per 1 million vaccinated
persons

22.78 19.85 7.11

Bell’s Palsy
No. of events 27 21 5
Event rate per 1 million doses

administered
1.75 1.23 1.82

Event rate per 1 million vaccinated
persons

3.09 2.24 2.54

Convulsion/seizure
No. of events 227 153 21
Event rate per 1 million doses

administered
14.75 8.98 7.65

Event rate per 1 million vaccinated
persons

25.99 16.33 10.67

Denominator is total vaccine doses administered and total individuals vaccinated
up to 31 August 2021.
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the weak association requires further consideration of the clinical
importance of the results. Given that COVID-19 remain prevalent
and the vaccines provide nearly 90% protection against infection,
the benefits of vaccination still far outweigh the risks [36]. Further-
more, studies have demonstrated that the risk of serious events
associated with the COVID-19 infection itself was higher than the
risk from vaccination [16,23,27]. Although the estimated risks of
these serious adverse events in our population might be higher
or lower than those reported in other countries, these initial find-
ings provide valuable information that could help to inform clinical
decision making and policymakers, especially in the risk-benefit
assessments and subsequent immunisation plan.

5. Conclusion

Overall, the study demonstrates the safety of COVID-19 vacci-
nes concerning the study outcomes among recipients of BNT162b2,
CoronaVac, and ChAdOx1 vaccines. Our findings suggest that seri-
ous events of concern within our population include thrombocy-

topenia, venous thromboembolism, convulsion/seizure, and
arrhythmia, although the numbers were relatively small and fur-
ther exploration of the causal link with vaccination is warranted.
More importantly, the overall benefits of COVID-19 vaccines out-
weigh the potential risks and this information needs to be inter-
preted in conjunction with vaccine effectiveness data for risk-
benefit analysis of the vaccination program. Ongoing monitoring
of COVID-19 vaccine safety is required and the information will
be regularly updated as more data accumulate to assess short-
and long-term complications with vaccination.
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Fig. 2. Incidence rate ratios and 95% confidence intervals of outcome events in the 21-day risk period after either dose of BNT162b2, CoronaVac, and ChAdOx1 vaccines
compared with outcome events in the control period, adjusted for calendar month between 1 February 2021 to 30 September 2021. Abbreviation: NA, not available.
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Table 3
Incidence rate ratios of outcome events in the 21-day risk period after COVID-19 vaccination by vaccine type and dose number, adjusted for calendar month between 1 February
2021 to 30 September 2021.

Dose 1 Dose 2

No. of events Incidence
rate ratio
(95% CI)

No. of events Incidence
rate ratio
(95% CI)

Thrombocytopenia
BNT162b2 66 1.09 (0.83, 1.43) 64 1.29 (0.98, 1.70)
CoronaVac 28 0.68 (0.44, 1.05) 36 1.09 (0.73, 1.62)
ChAdOx1 10 2.58 (1.13, 5.90) 2 3.44 (0.64, 18.6)
Venous thromboembolism
BNT162b2 103 1.34 (1.07, 1.67) 63 1.09 (0.83, 1.44)
CoronaVac 68 0.94 (0.71, 1.26) 54 0.89 (0.65, 1.22)
ChAdOx1 15 2.52 (1.30, 4.92) 3 1.24 (0.33, 4.66)
Myocardial infarction
BNT162b2 409 0.97 (0.87, 1.08) 387 1.08 (0.97, 1.21)
CoronaVac 356 1.16 (1.02, 1.32) 288 1.06 (0.92, 1.23)
ChAdOx1 34 1.02 (0.69, 1.51) 21 1.58 (0.93, 2.67)
Myocarditis/pericarditis
BNT162b2 9 1.52 (0.67, 3.46) 5 1.13 (0.41, 3.09)
CoronaVac 7 1.97 (0.57, 6.74) 2 0.67 (0.12, 3.83)
ChAdOx1 2 ** – –
Arrhythmia
BNT162b2 437 1.12 (1.01, 1.25) 397 1.19 (1.07, 1.33)
CoronaVac 276 1.18 (1.02, 1.37) 209 1.10 (0.93, 1.29)
ChAdOx1 42 1.51 (1.03, 2.23) 11 0.96 (0.49, 1.90)
Stroke, ischaemic
BNT162b2 535 1.05 (0.95, 1.15) 471 1.11 (1.00, 1.23)
CoronaVac 421 1.05 (0.93, 1.18) 347 1.07 (0.94, 1.22)
ChAdOx1 47 1.14 (0.80, 1.63) 17 1.01 (0.58, 1.76)
Stroke, haemorrhagic
BNT162b2 119 1.29 (1.05, 1.59) 80 1.05 (0.82, 1.34)
CoronaVac 105 1.31 (1.02, 1.68) 81 1.16 (0.89, 1.52)
ChAdOx1 11 1.32 (0.63, 2.79) 3 1.80 (0.47, 6.94)
Bell’s Palsy
BNT162b2 17 1.32 (0.77, 2.24) 10 0.88 (0.45, 1.73)
CoronaVac 12 1.06 (0.52, 2.18) 9 0.87 (0.40, 1.92)
ChAdOx1 4 2.88 (0.74, 11.2) 1 1.09 (0.10, 12.4)
Convulsion/seizure
BNT162b2 116 1.15 (0.94, 1.42) 111 1.39 (1.12, 1.72)
CoronaVac 83 1.12 (0.86, 1.47) 70 1.17 (0.87, 1.57)
ChAdOx1 19 1.55 (0.88, 2.75) 2 0.85 (0.18, 3.94)

** Values are suppressed for total event <5. Rate ratio estimates for comparison with control period of day 22 after the last vaccine dose until 30 September 2021 (post
vaccination control) and from 1 February 2021 until 15 days before vaccination (pre-vaccination control). Day of vaccination (day 0) and 14 days before vaccination (pre-risk
period) were included as separate risk periods. Abbreviations: CI, confidence interval; n, number of events in the risk period.
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Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.vaccine.2022.05.075.
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8.3. CoronaVac has 83% less chance of causing adverse effects than 
the messenger RNA vaccines

A study published in the journal 
Vaccines showed that those that 
received CoronaVac, a vaccine 
from Butantan and the chinese 
pharmaceutic Sinovac, have 83% 
less chance of experiencing adverse 
reactions than those who received 
vaccines made with messenger 
RNA (mRNA). The research was 
conducted between February 
and July of 2021 by scientists of 
the Health Department from 
Hong Kong, of the Technology and 
Science Park of Hong Kong and the 
University of London.

“The adjusted analysis suggests that, 
in comparison to Comirnaty (the 
official name of the vaccine from 
Pfizer), CoronaVac is associated 
with 83% less chance of causing 
any adverse reaction and 76% less 
chance of causing systemic adverse 
reactions”, described the study.

The scientists recruited 1.129 

individuals that received 
CoronaVac, with an average 
age of 46 years, and 969 people 
that received the mRNA vaccine 
from Pfizer, with an average age 
of 43 years. The volunteers were 
monitored for 14 days after each 
dose, a period of time when each 
of them answered a questionnaire 
about the adverse reactions caused 
by the vaccination.

During the monitoring period, 82,7% 
of the participants that received 
the immunizer from Pfizer reported 
adverse events, while 48,1% of 
those vaccinated with CoronaVac 
reported some kind of reaction. The 
most common symptoms after the 
first and second dose for both of 
the vaccines were pain and swelling 
in the area of the injection, fatigue, 
muscle ache and headache. The 
graphic below compares the 
percentage of reactions between 
both vaccines.
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CoronaVacs safety was 
already proven through 
other studies

The research confirms the findings 
of other articles already published, 
such as clinical trials from Turkey and 
from China, which demonstrated that 
CoronaVac may cause adverse events 
at only 18,9% to 33% of the individuals, 
presenting a high safety profile.

While the clinical trial of phase 3 of the 
Cominarty vaccine demonstrated 
that about 80% of the volunteers 
presented adverse reactions after 
receiving the immunizer.

According to scientists, studies 
have already shown that the 
reactogenicity is one of the 
factors that have influence in the 
population’s decision about getting 
vaccinated or not. Studies that 
clarify the possible adverse effects 
and testifies the safety of the 
vaccines are important to increase 
public trust in vaccines.

Published on: 02/07/2022
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a b s t r a c t

Objective: CoronaVac (Sinovac) Covid-19 vaccine has recently been approved for emergency use by the
World Health Organization. However, data on its reactogenicity in real-world settings is scant. This study
aimed to compare self-reported post-vaccination adverse reactions between CoronaVac and Comirnaty
(Pfizer-BioNTech).
Methods: We adopted a prospective cohort study design using online surveys from the day of first-dose
vaccination with intensive follow-up through two weeks after the second dose (11 time points). The pri-
mary outcome was adverse reactions (any versus none) and secondary outcomes were the sub-categories
of adverse reactions (local, systemic, and severe allergic reactions). Potential effect modification across
multimorbidity status, older age, and sex was examined.
Results: In total, 2,098 participants who were scheduled to complete the 14th-day survey were included,
with 46.2% receiving Comirnaty. Retention rate two weeks after the second dose was 81.0% for the
CoronaVac group and 83.6% for the Comirnaty group. Throughout the follow-up period, 801 (82.7%) of
those receiving Comirnaty and 543 (48.1%) of those receiving CoronaVac reported adverse reactions.
Adjusted analysis suggested that compared with Comirnaty, CoronaVac was associated with 83%-
reduced odds of any adverse reactions [adjusted odds ratio (AOR) = 0.17, 95% confidence interval (CI)
0.15–0.20], 92%-reduced odds of local adverse reactions (AOR = 0.08, 95% CI 0.06–0.09), and 76%-
reduced odds of systemic adverse reactions (AOR = 0.24, 95% CI 0.16–0.28). No significant effect modifi-
cation was identified.
Conclusion: This post-marketing study comparing the reactogenicity of Covid-19 vaccines suggests a
lower risk of self-reported adverse reactions following vaccination with CoronaVac compared with
Comirnaty.

� 2022 Published by Elsevier Ltd.

1. Introduction

CoronaVac (Sinovac) Covid-19 vaccine, an inactivated virus vac-
cine, has been approved for emergency use by the World Health

https://doi.org/10.1016/j.vaccine.2022.01.062
0264-410X/� 2022 Published by Elsevier Ltd.
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Organization (WHO) [1]. Phase I/II [2] and phase III clinical trials
[3] as well as preliminary post-marketing research [4] have pre-
sented reassuring data on the safety profile, indicated by the
absence or rare incidence of adverse events of interest, and a satis-
factory level of efficacy in the protection against Covid-19. Never-
theless, little research has examined its reactogenicity, i.e. a
vaccine property with regard to the production of expected
adverse reactions, particularly through active self-report data col-
lection about typically mild to moderate and self-limiting reactions
requiring minimal to no medical interventions [5]. The occurrence
of adverse reactions is not directly correlated to efficacy level. No
research has compared CoronaVac’s reactogenicity with messenger
RNA (mRNA) vaccines [6], which are developed on a different tech-
nological platform and typically more widely used in Western
countries [7]. A prolonged absence of this important information
may worsen the problem of vaccine hesitancy [8] and hamper
our efforts in the fight against the pandemic.

Comirnaty (Pfizer-BioNTech) Covid-19 vaccine utilises mRNA
for immunization against Covid-19 [9,10] As of July 2021, >100
countries have approved it for emergency use and rolled out mas-
sive vaccination programs. From published clinical data [11,12], it
is observed that a relatively high proportion of vaccinated individ-
uals reported discomfort or adverse reactions following vaccina-
tion [10,13]. In a large randomized controlled trial [10],
approximately 80% of vaccinated adults aged 16–55 reported at
post-vaccination adverse reactions following both doses (first
dose: 83%; second dose: 78%) such as pain at the injection site, fati-
gue, dizziness, etc. This proportion is seemingly lower among those
who received CoronaVac in clinical trials conducted in Turkey [14]
and China [2], in which only 18.9 to 35.0% of vaccinated individuals
reported adverse reactions within 28 days post-vaccination (sec-
ond dose). The phase III clinical trial of BBIBP-CorV, another inacti-
vated virus vaccine, also showed that only less than half of the
vaccinated individuals had any adverse reactions (both doses com-
bined) [15]. To our knowledge, the comparative reactogenicity of
CoronaVac and Comirnaty is yet to be explored in the same
population.

Hong Kong is among jurisdictions that has approved the emer-
gency use of both vaccines and implemented publicly funded mass
vaccination programs for residents’ immunization against Covid-
19 since February 2021 [16]. This study aims to describe and com-
pare post-marketing, self-reported reactogenicity of CoronaVac
and Comirnaty after both the first and second doses in this pre-
dominantly Chinese population, which represents highly impor-
tant information especially in countries where the infection rate
is low and the side effects of vaccines are of public concern. We
hypothesized a milder reactogenicity of CoronaVac compared with
Comirnaty. Potential effect modification of age, sex, and multimor-
bidity status on this difference was also examined.

2. Methods

2.1. Study design

Under the Covid-19 vaccines adverse events response and eval-
uation programme commissioned by the Hong Kong Government,
we adopted a prospective cohort design with self-reported data
collected on the first-dose vaccination day, as well as the first, sec-
ond, third, seventh, and the fourteenth day following both doses of
vaccination (11 time points). A 14-day follow-up period is consis-
tent with the common existing literature and enhances the compa-
rability of this research [12]. Baseline demographic and health
status information were collected on the day of the first-dose
and self-reports of adverse reactions of various types were col-
lected throughout the observation period, i.e. all time points.

2.2. Participants

We recruited participants aged 16 or above receiving the first
dose of either CoronaVac and Comirnaty at community vaccination
centers run by the Government or at private clinics (only for Cor-
onaVac) starting from 27th February 2021. We supplemented the
active in-person recruitment with flyers including a quick-
response (QR) link to the online survey distributed at healthcare
facilities. The link to follow-up surveys was sent to participants
via instant text messages and surveys were conducted online using
Qualtrics, an online data collection platform. Only those partici-
pants who were scheduled to complete the 14th-day follow-up
survey for the second dose according to the recommended dosing
interval, i.e. number of days, between the two doses were included
in the analysis. Participants could withdraw from the study
anytime.

This study was approved by the Institutional Review Board of
the University of Hong Kong/Hospital Authority Hong Kong West
Cluster (UW-21–090) and the Department of Health Ethics Com-
mittee (LM 21/2021). Upon recruitment, written informed consent
from the participants were obtained. The consent form, patient
information leaflet, paper questionnaires can be downloaded from
our website (https://www.hkcare.hku.hk/).

2.3. Outcomes

The primary outcome of this study was self-reported adverse
reactions (any versus none). Secondary outcomes were dichoto-
mous indicators of the three sub-categories of self-reported
adverse reactions, including local (numbness, soreness, pain, swel-
ling, redness, and itch), systemic (sore throat, tiredness, fever,
chills, sweating, cough, headache, muscle pain, joint pain, pain in
limbs, abdominal pain, diarrhea, nausea, vomiting, poor appetite,
insomnia, feeling unwell, enlarged lymph nodes, rash, and tempo-
rary one-sided facial drooping), and severe allergic reactions (hy-
potension, dizziness, itchy skin rash, swelling of face or tongue,
and wheezing/shortness of breath).

2.4. Exposure

Vaccine type (CoronaVac versus Comirnaty) was the primary
exposure of the analysis because they were the only available vac-
cine options in Hong Kong. As a secondary exposure, we also com-
pared the second dose of vaccination against the first dose.

2.5. Effect modifier

Multimorbidity, defined as the presence of two or more listed
chronic conditions [17] (ankylosing spondylitis, asthma, psoriasis,
rheumatoid arthritis, systemic lupus erythematosus, cancer remis-
sion, cancer under treatment, hypertension, hypercholesterolemia,
heart disease, diabetes, stroke, neurological disorders, mental
health disorders, liver problems, and kidney problems), was exam-
ined as an effect modifier in the association of vaccine type and
adverse reactions. This list considered the prevalence and rele-
vance of the conditions as well as the comparability of the findings
with the existing literature [18]. We also examined sex (men ver-
sus women) and older age (60 or more versus 59 or less) as poten-
tial effect modifiers.

2.6. Multivariable adjustment

At the person-level, covariates including age, sex (men versus
women), educational attainment (primary or below, secondary,
post-secondary, and university or above), history of allergy to med-
ications and to food (any versus none), smoking status (non-
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smoker, former smoker, and current smoker), alcohol use (non-
drinker, former drinker, occasional drinker, and regular drinker),
number of chronic medications (none, 1–2, 3–4, 5–9, and 10 or
more), and a range of chronic conditions (binary indicators, as
listed above) were included for multivariable adjustment.

At the measurement level (each follow-up survey), specific
follow-up days (vaccination day, first-, second-, third-, seventh-,
and fourteenth-day post-vaccination) and second-dose (versus
the first) were also adjusted for.

2.7. Statistical analysis

A random-intercept logistic regression model was implemented
to examine the association between vaccine type (CoronaVac ver-
sus Comirnaty) and adverse reactions with multivariable adjust-
ment where only the intercept was specified as random and the
other factors as fixed. Individual participants were treated as a ran-
dom factor. Listwise deletion was applied for missing data. We
conducted sensitivity analyses with one-to-one propensity score
matching (nearest-neighbor approach, caliper = 0.01) and inverse
probability of treatment weighting based on the same person-
level covariates respectively, was used as alternative approaches
to multivariable adjustment to test the robustness of the results.
We investigated the potential effect modification on this associa-
tion by testing for the interaction between potential modifiers
and vaccine type in extended models.

Stratified by vaccine type, a secondary analysis was conducted
to compare the first and second dose of vaccination in terms of
the association with adverse reactions. In the analyses, it was
assumed that the assumption for the model, normal distribution
of the random intercept, was true.

2.8. Sample size consideration

According to the widely adopted events-per-variable rule of
thumb of 50 [19], we estimated we required 1,500 participants
for a list of 30 covariates. We took a prudent approach and
recruited over one-third more than this number to maximize the
power of this study.

3. Results

As of 5th July 2021, 1,129 participants receiving CoronaVac and
969 receiving Comirnaty were recruited and were scheduled to
complete the 14th-day follow-up survey for the second dose. For
the 14th-day follow-up survey following the second dose, the
retention rate was 81.0% for the CoronaVac group and 83.6% for
the Comirnaty group. Response rates by follow-up day and vaccine
type are tabulated as eTable 1. Chi-square tests showed that for
Day 2, 3, and 7 for both doses, the Comirnaty group had a higher
response rate (P < 0.05) although both groups had response rates
exceeding 80% throughout the follow-up period.

3.1. Cohort characteristics

As shown in Table 1, the 46.7% of the CoronaVac group and
51.7% of the Comirnaty group were men. Mean age was 46.5 years
for CoronaVac compared with 43.1 for Comirnaty. In total, 49.6%
(CoronaVac) and 63.0% of the participants attained university edu-
cation level. Current smokers constituted 10.1% (CoronaVac) and
5.9% (Comirnaty) of the groups, and 8.3% (CoronaVac) and 11.5%
(Comirnaty) were regular drinkers. Around one-fifth of the partic-
ipants were on at least one chronic medication at the time of vac-
cination for both vaccine groups. There were 7.3% (CoronaVac) and
5.8% (Comirnaty) of the participants who had a history of allergy to

medications and 6.2% (CoronaVac) and 6.7% (Comirnaty) to food
and other substances. For both groups, hypertension was the most
prevalent chronic condition among participants (9.0 % for Corona-
Vac; 10.3% for Comirnaty), followed by hypercholesterolemia (7.2%
for CoronaVac; 7.6% for Comirnaty) and diabetes (2.8% for Corona-
Vac; 3.6% for Comirnaty).

3.2. Adverse reactions

Throughout the follow-up period, 801 (82.7%) of those receiving
Comirnaty and 543 (48.1%) of those receiving CoronaVac reported
adverse reactions of any type. Among those reporting any adverse
reactions at any time point following the first dose (n = 1,082),
65.6% reported adverse reactions at some point following the sec-
ond, but among those who did not have adverse reactions at any
time point following the first dose (n = 1,016), only 25.8% reported
adverse reactions at some point following the second dose.

Fig. 1 shows the proportion [with 95% confidence interval (CI)]
of participants reporting any type of adverse reactions at each time
point throughout the observation period. For both vaccines, this
proportion peaked on the first day post-vaccination and gradually
declined. In general, more participants reported adverse reactions
following the second rather than the first dose. eFigure 1, eFigure 2
and eFigure 3 show the proportion of participants reporting local,
systemic, and severe allergic reactions throughout the follow-up
period respectively, with largely similar patterns observed.

Fig. 2 are bar charts showing the five most commonly reported
adverse reactions by vaccine type and dose (first versus second)
two weeks post-vaccination. For both doses, pain at injection site,
tiredness, muscle pain, headache, and swelling at the injection site
were the five most frequently reported adverse reactions.

3.3. Multivariable adjusted analysis

As shown in Table 2, our random-intercept logistic regression
model suggested that compared with Comirnaty, receiving Corona-
Vac was associated with 83%-reduced odds of any adverse reac-
tions [adjusted odds ratio (AOR) = 0.17, 95% CI 0.15–0.20], 92%-
reduced odds of local adverse reactions (AOR = 0.08, 95% CI 0.06–
0.09), and 76%-reduced odds of systemic adverse reactions
(AOR = 0.24, 95% CI 0.16–0.28). Sensitivity analysis using propen-
sity score matching and inverse probability of treatment weighting
suggested highly consistent results (see eTable 2 and eTable 3).
Extended models testing for the interaction between potential
effect modifiers yielded no statistically significant results
(P > 0.05).

Table 3 shows the adjusted odds ratios of adverse reactions fol-
lowing the second dose compared with the first. For adverse reac-
tions of any type, there were 18%-increased odds (AOR = 1.18, 95%
CI 1.01–1.37) for the second dose compared with the first among
those receiving CoronaVac. Among those receiving Comirnaty,
there were 106% increased odds (AOR = 2.06, 95% CI 1.81–2.35).
For all three sub-types of adverse reactions, significantly increased
odds were observed in the Comirnaty group. Among those receiv-
ing CoronaVac, significantly increased odds were only observed for
local adverse reactions.

4. Discussion

The results confirmed our hypothesis that CoronaVac had
milder reactogenicity compared with Comirnaty. We found that
the risk of adverse reactions (overall, local, and systemic) two
weeks post-vaccination is significantly lower among those receiv-
ing CoronaVac compared with Comirnaty. This risk difference does
not vary significantly between those living with multimorbidity
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and those without, between men and women, and between older
and non-older adults in our cohort. We also observed a higher risk
of adverse reactions following the second dose compared with the
first, with larger differences among those receiving Comirnaty. Our
findings may further inform individual and public choices of
vaccines.

Post-marketing research on Covid-19 vaccines in real-world
settings is still accruing, with most studies focusing on serious
adverse events which typically require medical interventions or
even tertiary care.[20] While this line of research is highly impor-
tant to establish the safety profile, the reactogenicity of vaccines,
represented by adverse reactions that are mild and oftentimes fully
self-resolves, also has a considerable impact on individual and
public decisions with regard to vaccine uptake [21]. To the best
of our knowledge, this current post-marketing study is the first
to compare the reactogenicity of CoronaVac with Comirnaty in
the same population. Our findings are in line with previous clinical
trial data [10,14]. For instance, the recently published phase III
clinical trial results suggested that approximately one-fifth of the
volunteers receiving CoronaVac experienced any type of adverse

reactions [14] and approximately 80% of individuals receiving
Comirnaty reported adverse reactions after both doses, such as
pain at the injection site, in the first seven days [10].

Recently published data obtained from vaccinated healthcare
workers in Hong Kong suggested that, compared with Comirnaty,
the quantity of antibodies induced in adults receiving CoronaVac
is substantially lower [22]. Also, it has been suggested in a meta-
analysis that, across different vaccine platforms, there are obvious
trade-offs between various qualities of the vaccines including mild
reactogenicity and the strength of the triggered immune response
[11]. It is possible that the general immune response induced by
vaccination was weaker among those receiving CoronaVac, com-
pared with those receiving Comirnaty, and thus potentially a lower
risk of adverse reactions followed the vaccination of the partici-
pants; further immunoepidemiologic studies are needed to test
this hypothesis because there is no direct relationship between
side effects and protection.

Given the real-world observational design, randomization was
not feasible to further eliminate any residual confounding effects
beyond the multivariable adjustment made in the models. Specif-

Table 1
Cohort characteristics.

CoronaVac Comirnaty

n 1129 969 Standardized mean
difference

Age (mean (SD)) 46.49 (14.42) 43.13 (16.54) 0.217 ***
Sex = Male (%) 527 (46.7) 498 (51.7) 0.101 *
Educational attainment (%) 0.301 ***
Primary and below 20 (1.8) 27 (2.8)
Secondary 373 (33) 215 (22.2)
Post-secondary 176 (15.6) 116 (12)
University or above 560 (49.6) 610 (63)
Smoking status (%) 0.172 **
Non-smoker 974 (86.3) 888 (91.6)
Former smoker 40 (3.5) 24 (2.5)
Current smoker 114 (10.1) 57 (5.9)
Alcohol use (%) 0.144 *
Non-drinker 807 (71.5) 632 (65.4)
Occasional drinker 223 (19.8) 221 (22.9)
Former drinker 5 (0.4) 3 (0.3)
Regular drinker 94 (8.3) 111 (11.5)
Number of chronic medications (%) 0.147 *
None 917 (81.2) 761 (78.5)
1–2 155 (13.7) 155 (16)
3–4 40 (3.5) 39 (4)
5–9 13 (1.2) 14 (1.4)
10 or more 4 (0.4) 0 (0)
History of allergy to medications (%) 82 (7.3) 56 (5.8) 0.059
History of allergy to food and other substances (%) 70 (6.2) 65 (6.7) 0.022
Chronic conditions (%)
Asthma 10 (0.9) 18 (1.9) 0.084
Psoriasis 0 (0) 1 (0.1) 0.045
Rheumatoid arthritis 0 (0) 3 (0.3) 0.079
Systemic lupus erythematosus 1 (0.1) 0 (0) 0.042
Cancer remission 8 (0.7) 4 (0.4) 0.040
Cancer under treatment 1 (0.1) 4 (0.4) 0.065
Hypertension 102 (9) 100 (10.3) 0.043
Hypercholesterolemia 81 (7.2) 74 (7.6) 0.018
Heart disease 18 (1.6) 16 (1.7) 0.004
Diabetes 32 (2.8) 35 (3.6) 0.044
Stroke 2 (0.2) 3 (0.3) 0.027
Neurological disorder 1 (0.1) 2 (0.2) 0.031
Mental health disorder 10 (0.9) 8 (0.8) 0.007
Liver problems 6 (0.5) 10 (1) 0.057
Kidney problems 3 (0.3) 5 (0.5) 0.040
Morbidity status (%) 0.076
No chronic conditions 935 (82.8) 778 (80.3)
One 132 (11.7) 124 (12.8)
Two 46 (4.1) 47 (4.9)
Three 12 (1.1) 16 (1.7)
Four or more 4 (0.4) 4 (0.4)

*** P < 0.05, ** P < 0.01, * P < 0.001
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ically, there could be unobserved characteristics of individuals that
were associated with the choice of vaccine type and, simultane-
ously, with self-reports of adverse reactions, such that the results
were biased towards the rejection of the null hypothesis. Nonethe-
less, based on our literature search and clinical reasoning we did
not identify any further potential confounders to consider and
include in the analysis. Besides residual confounding, other limita-
tions that need to be taken into consideration while interpreting
the results include the design of serial self-report online survey,
which entails a risk of omitting the follow-up survey of individuals
(from the missing follow-up data) who had more serious adverse
reactions and required medical interventions or were even hospi-

talized. However, both vaccine groups had a response rate
of > 80% throughout the follow-up period and any bias should
not affect the results and conclusions substantially. Also, more
serious adverse reactions, if any, would most likely be captured
in the routine medical databases which are closely monitored
and reported. In addition, this study lacked the clinical confirma-
tion of the adverse reactions and the causality assessment which
would have strengthened the causal inferences from the observed
associations.

Previous research on vaccine hesitancy suggested that reacto-
genicity is among the multitude of factors considered while mak-
ing the decision to receive a vaccine or not [23]. A clearer outline

Fig. 1. Proportions (with 95% confidence intervals) of self-reported adverse reactions by vaccine type and dose (first versus second). Sample size varies across timepoints with
different retention rate on different follow-up days.

Fig. 2. Proportions of participants reporting specific adverse reactions two weeks post-vaccination.
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of the types of anticipated adverse reactions following vaccination
should enable more informed decisions for both individuals and
governments. Specifically, our study findings should help shape
the public’s expectation of the reactogenicity of CoronaVac, as
compared with the more widely investigated Comirnaty [24]. Vac-
cination or medical leave policies could be formulated on the basis
of our findings. Nevertheless, further research in other populations
is warranted to verify our results and test for generalizability. The
Government of Hong Kong continues to monitor all serious adverse
events following immunization (AEFI). To date, there have not been
major safety signals on serious AEFI. However, successful infection
control and risk mitigation strategies against Covid-19 [25] has led
to a very low COVID-19 infection rate in Hong Kong (<12,000 cases
in a population of over seven million people as of July 2021). In this
context, the self-reported adverse reactions of vaccines become an
important factor in the decision of vaccine uptake.

In conclusion, this first post-marketing study comparing the
reactogenicity of CoronaVac and Comirnaty in the same population

suggests a lower risk of self-reported adverse reactions following
vaccination with CoronaVac compared with Comirnaty.
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Adjusted odds ratios a of self-reported adverse reactions for those who received
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Odds ratio (95% confidence interval)

Adverse reactions
Any 0.17 (0.15–0.20) ***
Local b 0.08 (0.06–0.09) ***
Systemic c 0.24 (0.16–0.28) ***
Severe allergic reactions d 0.62 (0.36–1.06)

*** P < 0.05, ** P < 0.01, * P < 0.001
a Odds ratios adjusted for dose (1st versus 2nd), follow-up day, age, sex, educa-

tional attainment, allergy to medications, allergy to food and other substances,
smoking status, alcohol use, number of chronic medications, ankylosing spondylitis,
asthma, psoriasis, rheumatoid arthritis, systemic lupus erythematosus, cancer
remission, cancer under treatment, hypertension, hypercholesterolemia, heart
disease, diabetes, stroke, neurological disorders, mental health disorders, liver
problems, and kidney problems

b Including numbness, soreness, pain, swelling, redness, and itch
c Including sore throat, tiredness, fever, chills, sweating, cough, headache, muscle

pain, joint pain, pain in limbs, abdominal pain, diarrhea, nausea, vomiting, poor
appetite, insomnia, feeling unwell, enlarged lymph nodes, rash, and temporary one-
sided facial drooping

d Including hypotension, dizziness, itchy skin rash, swelling of face or tongue, and
wheezing/shortness of breath

Table 3
Adjusted odds ratios a of self-reported adverse reactions arising from the second dose
compared with the first dose of CoronaVac and Comirnaty.

Odds ratio (95% confidence interval)

CoronaVac Comirnaty

Adverse reactions
Any 1.18 (1.01–1.37) * 2.06 (1.81–2.35) ***
Local b 1.39 (1.11–1.75) ** 2.04 (1.77–2.36) ***
Systemic c 1.12 (0.92–1.38) 3.09 (2.65–3.61) ***
Severe allergic reactions d 1.15 (0.62–2.15) 2.01 (1.21–3.33) **

*** P < 0.05, ** P < 0.01, * P < 0.001
a Odds ratios adjusted for follow-up day, age, sex, educational attainment, allergy

to medications, allergy to food and other substances, smoking status, alcohol use,
number of chronic medications, ankylosing spondylitis (only for CoronaVac),
asthma, psoriasis (only for Comirnaty), rheumatoid arthritis (only for Comirnaty),
systemic lupus erythematosus (only for CoronaVac), cancer remission, cancer under
treatment, hypertension, hypercholesterolemia, heart disease, diabetes, stroke,
neurological disorders, mental health disorders, liver problems, and kidney
problems

b Including numbness, soreness, pain, swelling, redness, and itch
c Including sore throat, tiredness, fever, chills, sweating, cough, headache, muscle

pain, joint pain, pain in limbs, abdominal pain, diarrhea, nausea, vomiting, poor
appetite, insomnia, feeling unwell, enlarged lymph nodes, rash, and temporary one-
sided facial drooping

d Including hypotension, dizziness, itchy skin rash, swelling of face or tongue, and
wheezing/shortness of breath
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[3] Tanriover MD, Doğanay HL, Akova M, Güner HR, Azap A, Akhan S, et al. Efficacy
and safety of an inactivated whole-virion SARS-CoV-2 vaccine (CoronaVac):
interim results of a double-blind, randomised, placebo-controlled, phase 3 trial
in Turkey. The Lancet 2021;398(10296):213–22.

[4] Jara A, Undurraga EA, González C, Paredes F, Fontecilla T, Jara G, et al.
Effectiveness of an Inactivated SARS-CoV-2 Vaccine in Chile. N Engl J Med
2021;385(10):875–84.

[5] Mathioudakis AG, Ghrew M, Ustianowski A, Ahmad S, Borrow R, Papavasileiou
LP, et al. Self-Reported Real-World Safety and Reactogenicity of COVID-19
Vaccines: A Vaccine Recipient Survey. Life (Basel, Switzerland). 2021;11.

[6] McDonald I, Murray SM, Reynolds CJ, Altmann DM, Boyton RJ. Comparative
systematic review and meta-analysis of reactogenicity. immunogenicity and
efficacy of vaccines against SARS-CoV-2 npj Vaccines 2021;6(1). https://doi.
org/10.1038/s41541-021-00336-1.

[7] Chodick G, Tene L, Rotem RS, Patalon T, Gazit S, Ben-Tov A, et al. The
Effectiveness of the Two-Dose BNT162b2 Vaccine: Analysis of Real-World
Data. Clin Infect Dis 2021. https://doi.org/10.1093/cid/ciab438.

[8] Robertson E, Reeve KS, Niedzwiedz CL, Moore J, Blake M, Green M, et al.
Predictors of COVID-19 vaccine hesitancy in the UK household longitudinal
study. Brain Behav Immun [Internet]. 2021;94:41–50.

[9] Walsh EE, Frenck RW, Falsey AR, Kitchin N, Absalon J, Gurtman A, et al. Safety
and Immunogenicity of Two RNA-Based Covid-19 Vaccine Candidates. N Engl J
Med 2020;383(25):2439–50.

[10] Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al. Safety
and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N Engl J Med. 2020;383
(27):2603–15.

[11] Gringeri M, Mosini G, Battini V, Cammarata G, Guarnieri G, Carnovale C, et al.
Preliminary evidence on the safety profile of BNT162b2 (Comirnaty): new
insights from data analysis in EudraVigilance and adverse reaction reports
from an Italian health facility. Human Vaccines & Immunotherapeutics
2021;17(9):2969–71.

[12] Borobia AM, Carcas AJ, Pérez-Olmeda M, Castaño L, Bertran MJ, García-Pérez J,
et al. Immunogenicity and reactogenicity of BNT162b2 booster in ChAdOx1-S-
primed participants (CombiVacS): a multicentre, open-label, randomised,
controlled, phase 2 trial. Lancet [Internet]. 2021;398:121–30. Available from
https://www.sciencedirect.com/science/article/pii/S0140673621014203.

[13] Krantz MS, Kwah JH, Stone CA, Phillips EJ, Ortega G, Banerji A, et al. Safety
Evaluation of the Second Dose of Messenger RNA COVID-19 Vaccines in
Patients With Immediate Reactions to the First Dose. JAMA Intern Med
2021;181(11):1530. https://doi.org/10.1001/jamainternmed.2021.3779.
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8.4. CoronaVac is the vaccine with less adverse effects among the 
ones used in Brazil

A study published in the scientific 
journal The Lancet Infectious 
Diseases revealed that CoronaVac, 
a vaccine from Butantan and the 
chinese pharmaceutic Sinovac 
against Covid-19, causes adverse 
reactions in only 29% to 33% of the 
vaccinated, and all very mild (such 
as pain in the arm and temporary 
fatigue). This is a great indicator 
that testifies the high safety profile 
of the immunizer, and one of the 
smallest index of adverse effects 
among all the approved vaccines 
until this moment for emergence use 
by the World Health Organization. 

The research was made by scientists 
of the Centers for Disease Control 
and Prevention from the provinces 
of Hangzhou, Nanjing and Jiangsu, 
in China, scientists of the Chinese 
Academy of Science and researchers 
from Sinovac, with 744 volunteers that 
took part in the clinical trials of phase 
1 and 2 of CoronaVac. During phase 1, 
29% of the volunteers reported to have 
felt adverse reactions, mainly pain in 
the area of the injection and fatigue, 
in the period of 14 days after receiving 
the vaccine. During phase 2, only 33% 

of the volunteers reported adverse 
effects. Less than 5% of the volunteers 
on both phases had symptoms like 
fever, headache or nauseas.

In Brazil, data about the safety of 
Butantan’s vaccine were obtained 
in clinical trials of phase 3 with 9 
thousand volunteers in 2020. The 
adverse manifestations were very 
mild and did not require medical 
attention. In Project S, a clinical 
trial conducted by Butantan in the 
city of Serrana, 54.882 doses were 
administered in the adult population 
and there was no report of severe 
adverse reactions related to the 
vaccination. During the application 
of the first dose of the immunizer in 
Serrana, there were 4,4% of adverse 
reactions reports and only 0,02% 
of them were considered level 3 
(myalgia and headache), because 
it interfered in the daily activities. 
After the second dose there were 
only 0,2% reports of adverse effects, 
none of them considered level 3 
or superior. Another indicator that 
testifies the safety of CoronaVac 
is that, up to this date, the area of 
Pharmacovigilance of Butantan did 
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not receive any report of thrombosis 
associated with the vaccination - 
one of the adverse effects that were 
already reported in other vaccines 
against Covid-19.

Those results contrast with the 
conclusions observed in studies with 
the other vaccines against Covid-
19 - although it is not possible to 
compare directly the results of 
the research, since the studied 
groups are different, and so are the 
methodologies of analysis. Between 
70% and 75% of the north americans 
that received vaccines made 
with the technology of messenger 
RNA (mRNA) reported having 
adverse effects, a percentage that 
increased from 86% to 88% among 
british patients that received the 
vaccine of AstraZeneca/Oxford, 
made with viral vector technology. 
In the case of the Janssen vaccine, 
also of viral vector, between 35% 
and 62% of the interviewed people 
related adverse reactions.

The technology used in the 
CoronaVac, made with inactivated 
viruses, is one of the most studied 

and safe in the world. The virus 
is replicated and, afterwards, 
killed. Therefore, it is not capable 
of multiplying into the body and 
causing the disease, but can initiate 
the production of antibodies and 
induce immunological response.

Vaccine made with 
messenger RNA 
technology (mRNA)

A study published in the American 
Association of Medicine journal in 
April of 2021, about the perception of 
the adverse effects of the vaccines 
from the american pharmaceutics 
Pfizer or Moderna, produced with 
the technology of messenger RNA 
(mRNA), was made with 3,6 million 
of north americans that received 
the first dose and 1,9 million 
that received the second dose. 
The majority of the participants 
reported having experienced pain 
in the area of the injection (70% of 
those that received the first dose, 
and 75% of those that received the 
second) or systemic reaction (50% 
after the first dose, and 69,4% after 
the second dose) during the first 
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seven days after the vaccination. 
The most frequent reactions after 
the first dose of the vaccine were 
pain in the area of the injection 
(67,8%), fatigue (30,9%), headache 
(25,9%) and myalgia (19,4%). The 
report of adverse effects was higher 
after the second dose for both 
vaccines, especially for reactions as 
fatigue (53,9%), headache (46,7%), 
myalgia (44%), shivers (31,3%), fever 
(29,5%) and joint pain (25,6%). 

Vaccines made 
with viral vectors

A study published in The Lancet 
in November of 2020 analyzed 
the perception of adverse effects 
on 560 adults that received the 
vaccine made by the anglo-swedish 
pharmaceutic AstraZeneca and by 
researchers of the Oxford University. 
Among those that received two 
doses of the vaccine, after the first 
dose local reactions were reported 
in 88% of the participants in the 
group of 18 to 55 years of age, 73% 
in the group of 56 to 69 years of age, 
and 61% in the group of 70 years 

or older. Systemic reactions were 
reported in 86% of the participants 
in the group of 18 to 55 years of 
age, 77% in the group of 56 to 69 
years of age, and 65% in the group 
of 70 years of age or more. Fatigue, 
headache, fever and myalgia were 
the most common systemic adverse 
reactions reported.

Besides that, the Center for Disease 
Control and Prevention from the 
United States conducted a data 
survey in August of 2021 with 3.356 
North Americans that received 
the single dose of the Janssen 
pharmaceutic. In the group of 18 to 59 
years of age, a total of 62% reported 
having experienced one or more 
adverse effects, being the mainly 
fatigue (43,8%), headache (44,4%), 
myalgia (39,1%), nauseas (15,5%) and 
fever (12,8%). In people older than 
60, 35% experienced some adverse 
effects, such as fatigue (29,7%), 
headache (30,4%), myalgia (24%), 
nauseas (10,8%) and fever (3,1%).
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Safety, tolerability, and immunogenicity of an inactivated 
SARS-CoV-2 vaccine in healthy adults aged 18–59 years: 
a randomised, double-blind, placebo-controlled, 
phase 1/2 clinical trial
Yanjun Zhang*, Gang Zeng*, Hongxing Pan*, Changgui Li*, Yaling Hu, Kai Chu, Weixiao Han, Zhen Chen, Rong Tang, Weidong Yin, Xin Chen, 
Yuansheng Hu, Xiaoyong Liu, Congbing Jiang, Jingxin Li, Minnan Yang, Yan Song, Xiangxi Wang, Qiang Gao†, Fengcai Zhu†

Summary
Background With the unprecedented morbidity and mortality associated with the COVID-19 pandemic, a vaccine 
against COVID-19 is urgently needed. We investigated CoronaVac (Sinovac Life Sciences, Beijing, China), an 
inactivated vaccine candidate against COVID-19, containing inactivated severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), for its safety, tolerability and immunogenicity.

Methods In this randomised, double-blind, placebo-controlled, phase 1/2 clinical trial, healthy adults aged 
18–59 years were recruited from the community in Suining County of Jiangsu province, China. Adults with SARS-
CoV-2 exposure or infection history, with axillary temperature above 37·0°C, or an allergic reaction to any vaccine 
component were excluded. The experimental vaccine for the phase 1 trial was manufactured using a cell factory 
process (CellSTACK Cell Culture Chamber 10, Corning, Wujiang, China), whereas those for the phase 2 trial were 
produced through a bioreactor process (ReadyToProcess WAVE 25, GE, Umea, Sweden) . The phase 1 trial was 
done in a dose-escalating manner. At screening, participants were initially separated (1:1), with no specific 
randomisation, into two vaccination schedule cohorts, the days 0 and 14 vaccination cohort and the days 0 and 28 
vaccination cohort, and within each cohort the first 36 participants were assigned to block 1 (low dose CoronaVac 
[3 μg per 0·5 mL of aluminium hydroxide diluent per dose) then another 36 were assigned to block 2 (high-dose 
Coronavc [6 μg per 0·5 mL of aluminium hydroxide diluent per dse]). Within each block, participants were randomly 
assigned (2:1), using block randomisation with a block size of six, to either two doses of CoronaVac or two doses of 
placebo. In the phase 2 trial, at screening, participants were initially separated (1:1), with no specific randomisation, 
into the days 0 and 14 vaccination cohort and the days 0 and 28 vaccination cohort, and participants were randomly 
assigned (2:2:1), using block randomisation with a block size of five, to receive two doses of either low-dose 
CoronaVac, high-dose CoronaVac, or placebo. Participants, investigators, and laboratory staff were masked to 
treatment allocation. The primary safety endpoint was adverse reactions within 28 days after injection in all 
participants who were given at least one dose of study drug (safety population). The primary immunogenic outcome 
was seroconversion rates of neutralising antibodies to live SARS-CoV-2 at day 14 after the last dose in the days 0 and 
14 cohort, and at day 28 after the last dose in the days 0 and 28 cohort in participants who completed their 
allocated two-dose vaccination schedule (per-protocol population). This trial is registered with ClinicalTrials.gov, 
NCT04352608, and is closed to accrual.

Findings Between April 16 and April 25, 2020, 144 participants were enrolled in the phase 1 trial, and between May 3 and 
May 5, 2020, 600 participants were enrolled in the phase 2 trial. 743 participants received at least one dose of 
investigational product (n=143 for phase 1 and n=600 for phase 2; safety population). In the phase 1 trial, the 
incidence of adverse reactions for the days 0 and 14 cohort was seven (29%) of 24 participants in the 3 ug group, 
nine (38%) of 24 in the 6 μg group, and two (8%) of 24 in the placebo group, and for the days 0 and 28 cohort was 
three (13%) of 24 in the 3 μg group, four (17%) of 24 in the 6 μg group, and three (13%) of 23 in the placebo group. 
The seroconversion of neutralising antibodies on day 14 after the days 0 and 14 vaccination schedule was seen in 
11 (46%) of 24 participants in the 3 μg group, 12 (50%) of 24 in the 6 μg group, and none (0%) of 24 in the placebo 
group; whereas at day 28 after the days 0 and 28 vaccination schedule, seroconversion was seen in 20 (83%) of 24 in 
the 3 μg group, 19 (79%) of 24 in the 6 μg group, and one (4%) of 24 in the placebo group. In the phase 2 trial, the 
incidence of adverse reactions for the days 0 and 14 cohort was 40 (33%) of 120 participants in the 3 μg group, 
42 (35%) of 120 in the 6 μg group, and 13 (22%) of 60 in the placebo group, and for the days 0 and 28 cohort was 
23 (19%) of 120 in the 3 μg group, 23 (19%) of 120 in the 6 μg group, and 11 (18%) of 60 for the placebo group. 
Seroconversion of neutralising antibodies was seen for 109 (92%) of 118 participants in the 3 μg group, 117 (98%) 
of 119 in the 6 μg group, and two (3%) of 60 in the placebo group at day 14 after the days 0 and 14 schedule; whereas 
at day 28 after the days 0 and 28 schedule, seroconversion was seen in 114 (97%) of 117 in the 3 μg group, 118 (100%) 
of 118 in the 6 μg group, and none (0%) of 59 in the placebo group.
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Interpretation Taking safety, immunogenicity, and production capacity into account, the 3 μg dose of CoronaVac is the 
suggested dose for efficacy assessment in future phase 3 trials.
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Introduction
The on-going COVID-19 pandemic caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
has led to high morbidity and mortality worldwide.1 
Globally, as of Oct 28, 2020, 43·3 million laboratory-
confirmed cases of SARS-CoV-2 infection have been 
reported, resulting in 1·15 million deaths.2

Although physical distancing, quarantine, and isolation 
were effective in limiting the number of people becoming 
infected during the pandemic in the short term, 
the absence of immunity in the population leave them 
susceptible to further waves of SARS-CoV-2 infection. 
Health-care workers, older people (aged >60 years), and 
those with underlying health conditions are at particularly 
high risk.3,4 The shortage of an effective treatment for 
COVID-19 has led to quick action in the development of 
potential vaccines against the disease.

Since the outbreak began, researchers around the world 
have been trying to develop vaccines for COVID-19, with 
more than 198 vaccines currently in preclinical or clinical 
development.5 Frenetic efforts towards the development 
of a vaccine have led to several candidate vaccines, derived 
from multiple platforms and pro gressing to the clinical 
evaluation stage, including inactivated vaccines, live 
virus vaccines, recombinant protein vaccines, vectored 
vaccines, and DNA or RNA vaccines.6–14 Development of 

various vaccine platforms and strategies in parallel is 
essential because little is known of the nature of protective 
immune responses to COVID-19 and which vaccine 
strategies will be most successful is unclear.

CoronaVac (Sinovac Life Sciences, Beijing, China) is 
an inactivated vaccine candidate against COVID-19 
that has shown good immunogenicity in mice, rats, and 
non-human primates with vaccine-induced neutralising 
antibodies to SARS-CoV-2, which could neutralise 
ten representative strains of SARS-CoV-2.15 Moreover, the 
results indicated CoronaVac provided partial or complete 
protection in macaques from severe interstitial pneumonia 
after a SARS-CoV-2 challenge, without observable anti-
body-dependent enhancement of infection, which support 
progression to clinical trials in humans.15

Methods
Study design and participants
In this single-centre, double-blind, randomised, placebo-
controlled, phase 1/2 clinical trial, participants were 
recruited from the community to assess two two-dose 
regimens of CoronaVac. The study was run at Jiangsu 
Provincial Center for Disease Control and Prevention 
(CDC) in Suining County, Jiangsu province, China. The 
phase 1 trial was dose-escalation study. In phase 1, 
participants were recruited and allocated sequentially 

Research in context

Evidence before this study
We searched PubMed and the American Medical Association 
website on Aug 13, 2020, for published research articles, with 
no language or date restrictions, using the search terms of 
“SARS-CoV-2”, “COVID-19”, “vaccine”, and “clinical trial”. 
The search results showed that the COVID-19 pandemic 
resulted in an unprecedented race to develop an effective 
vaccine. We identified preclinical data on three immunisations 
using two different doses of CoronaVac (3 μg and 6 μg per 
dose), an inactivated whole virus vaccine against COVID-19 
developed by Sinovac Life Sciences (Beijing, China), 
providing partial or complete protection in macaques against 
SARS-CoV-2 challenge, without observable antibody-
dependent enhancement of infection. We also identified a 
phase 2 clinical trial of another inactivated vaccine developed 
by Sinopharm (Beijing, China), which showed the incidence of 
adverse reactions was 19·0% within 28 days after two doses of 
vaccine (5 μg in 0·5 mL of diluent) in a day 0 and 21 vaccination 
schedule, and the seroconversion rates of the neutralising 
antibody detected by plaque reduction neutralisation test was 

97·6% at 14 days after a day 0 and 21 vaccination schedule. 
The clinical study of CoronaVac can further provide safety and 
immunogenic evidence for the inactivated vaccine.

Added value of this study
In this first in-human study of CoronaVac, we used a phase 1/2 
study design to screen the safety of two doses and 
two vaccination schedules in a dose-escalation study in a small 
cohort before expanding the study to a larger cohort to explore 
the immunogenicity of the vaccine in healthy adults. 
The immune response in the phase 2 study was substantially 
higher than in the phase 1 study, which might be due to the 
difference in preparation process of vaccine batches used in 
phase 1 and 2 resulting in a higher proportion of intact 
spike protein on the purified inactivated SARS-CoV-2 virions in 
the vaccine used in phase 2 than that used in phase 1.

Implications of all the available evidence
Data from this study support the approval of emergency use of 
CoronaVac in China, and three phase 3 clinical trials that are 
ongoing in Brazil, Indonesia, and Turkey.
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(1:1), with no specific randomisation, to one of two 
vaccination schedules, with either a 14-day interval (the 
day 0 and 14 vaccination cohort) or a 28-day interval (the 
day 0 and 28 vaccination cohort) between doses. Within 
each cohort, the first 36 participants (block 1) were 
randomly assigned to either the low dose vaccine or 
placebo, and then after 7 days of follow-up for safety after 
the first dose, another 36 (block 2) were randomly assigned 
to either high-dose vaccine or placebo. Phase 2 was 
initiated after all participants in phase 1 has finished a 
7-day safety observation period after the first dose. As in 
phase 1, participants were recruited and allocated (1:1) 
with no specific randomisation to one of the two 
vaccination-schedule cohorts, and then randomly assigned 
within each cohort to either low-dose vaccine, high-dose 
vaccine, or placebo.

Participants were eligible if they were healthy and aged 
18–59 years. The key exclusion criteria were high-risk 
epidemiology history within 14 days before enrolment 
(eg, travel or residence history in Wuhan city and 
surrounding areas or other communities with case reports; 
contact history with someone infected with SARS-CoV-2); 
SARS-CoV-2 specific IgG or IgM positive in serum; 
positive PCR test for SARS-CoV-2 from a pharyngeal or 
anal swab sample; axillary temperature of more than 
37·0°C; and known allergy to any vaccine component. A 
complete list of exclusion criteria is in the protocol.

Written informed consent was obtained from each 
participant before enrolment. The clinical trial protocol 
and informed consent form were approved by the 
Jiangsu Ethics Committee (JSJK2020-A021–02). This 
study was conducted in accordance with the requirements 
of Good Clinical Practice of China and the International 
Conference on Harmonisation.

Randomisation and masking
In both phase 1 and 2, no specific randomisation was 
used when allocating participants to the vaccinations 
schedule cohorts. In phase 1, participants in blocks 1 and 
2 in each schedule cohort were randomly assigned (2:1) to 
either CoronaVac or placebo, and in phase 2, participants 
in each schedule cohort were randomly assigned (2:2:1) to 
either low-dose CoronaVac, high-dose CoronaVac, or 
placebo. The randomisation codes for each vaccination 
schedule cohort were generated individually, using block 
rando misation with a block size of six in phase 1 and a 
block size of five in phase 2, using SAS software (version 
9.4). The randomisation code was assigned to each 
participant in sequence in the order of enrolment, and 
then the participants received the investigational products 
labelled with the same code. The vaccine and the placebo 
are identical in appearance. All participants, investi gators, 
and laboratory staff were masked to treatment allocation.

Procedures
The phase 1 clinical trial was run in a dose-escalation 
manner. First, participants in block 1 were given the low 

dose of vaccine, and only after a successful safety 
observation 7 days after the first dose was the trial able to 
proceed and participants in block 2 be given the high 
dose of vaccine. The criteria that had to be met from the 
7-day safety observation were that no life-threatening 
adverse events occur, no more than 15% of vaccinated 
participants report severe adverse events, and no other 
safety concerns in the opinion of the data monitoring 
committee (DMC) occur. The same conditions needed to 
be met 7 days after the first dose in block 2 of the phase 1 
trial before the study could proceed to the phase 2 trial.

CoronaVac is an inactivated vaccine candidate against 
COVID-19, created from African green monkey kidney 
cells (Vero cells) that have been inoculated with SARS-
CoV-2 (CN02 strain). At the end of the incubation period, 
the virus was harvested, inactivated with β-propiolactone, 
concentrated, purified, and finally absorbed onto alu-
minium hydroxide. The aluminium hydroxide complex 
was then diluted in a sodium chloride, phosphate-
buffered saline, and water solution before being sterilised 
and filtered ready for injection. The placebo is just the 
aluminium hydroxide diluent solution with no virus. 
Both the vaccine and placebo were prepared in a Good 
Manufacturing Practice-accredited facility of Sinovac Life 
Sciences (Beijing, China) that is periodically inspected by 
the Chinese National Medical Products Administration 
committee for compliance. Vaccine of 3 μg and 6 μg in 
0·5 mL of aluminium hydroxide diluent per dose 
and placebo in ready-to-use syringes were administered 
intramuscularly according to the dosing schedule of 
either day 0 and day 14, or day 0 and day 28, depending 
on the cohort. These vaccine doses had been found to be 
sufficient for protection against SARS-CoV-2 challenge in 
macaques.15 Cultivation technology by cell factory system 
(CellSTACK Cell Culture Chamber 10, Corning, Wujiang, 
China) was used in the pre paration of the vaccine used in 
the phase 1 trial. However, for the phase 2 trial, we used a 
highly automated bio reactor (ReadyToProcess WAVE 25, 
GE, Umea, Sweden) to produce the vaccine to increase 
vaccine production capacity. After the immunogenicity 
results of the trial were obtained, we discovered that the 
change in manufacture of the vaccine optimised the cell 
culture and resulted in higher intact spike protein 
content of the vaccine batch for the phase 2 trial, which 
was unexpected. However, we were not aware of this 
antigen-level difference between the vaccine batches for 
the phase 1 and 2 trials when we obtained the ethical 
approval for the trials.

For the first 7 days after each dose, participants were 
required to record the injection-site adverse events 
(eg, pain, redness, swelling), or systemic adverse events 
(eg, allergic reaction, cough, fever) on paper diary cards. 
From day 8 to day 28 after each dose (and day 8 to day 14 
for the first dose of the days 0 and 14 vaccination cohort), 
safety data were collected by spontaneous report from 
the participants combined with the regular visit (which 
occurred on day 8 and day 28 after each dose, and on 

For the protocol see http://www.
jscdc.cn/jkfw/kygz/202009/
t20200930_69600.html
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day 8 and day 14 for the first dose in the days 0 and 14 
vaccination schedule cohort). Serious adverse events 
were collected through the trial and will be collected until 
6 months after the last dose. The reported adverse events 
were graded according to the China National Medical 
Products Administration guidelines.16 The causal 
association between adverse events and vaccination was 
determined by the investigators.

In the phase 1 trial, blood and urine samples were 
taken on day 3 after each dose and tested to investigate 
any abnormal changes of the haematology and bio-
chemistry indexes. 7 days after each dose, blood 
and urine samples were taken to measure serum infla-
mmatory factors including IL-2, IL-6, and TNF-α using 
the solid phase sandwich ELISA method to explore the 
underlying pathological immune responses. Blood 
samples were collected at days 0 (baseline), 7, 14, 21, 28, 
and 42 from participants in the day 0 and 14 vaccination 
cohort, and days 0, 28, 35, 42, and 56 from participants in 
the days 0 and 28 vaccination schedule cohort, to 
determine the levels of neutralising antibodies, receptor-
binding domain (RBD)-specific IgG, S-specific IgG, and 
IgM. Additionally, T-cell responses were deter mined via 
IFN-γ detection on day 14 after each dose.

In the phase 2 trial, blood samples were collected on 
day 0, 28, and 56 from participants in the days 0 
and 14 cohort, and on day 56 from participants in the 
days 0 and 28 cohort, to determine the levels of 
neutralising antibodies and RBD-specific IgG.

The neutralising antibodies to live SARS-CoV-2 (virus 
strain SARS-CoV-2/human/CHN/CN1/2020, GenBank 
number MT407649.1) were quantified using a micro 
cytopathogenic effect assay17 with a minimum four-fold 
dilution, and neutralising antibodies to pseudovirus18 
were quantified with a minimum ten-fold dilution. 
The S-specific IgG and IgM were detected using the 
chemiluminescence qualitative kit (Auto Biotechnology, 
Zhengzhou, China). These antibody detection tests 
were done by the National Institute for Food and Drug 
Control (Beijing, China).

Additionally, antibody titres for RBD-specific IgG 
were quantified using the in-house ELISA kit from 
Sinovac, with a minimum 160-fold dilution. T-cell 
response was determined with the ELISpot method 
using a commercial kit (Human IFN γ ELISpotPRO 
[3420-2AST-10, AID]; Mabtech, Stockholm, Sweden). 
Further information on all methods is in the 
appendix 2 (pp 1–3). Additionally, in a post-hoc analysis, 
we tested serum samples from 117 convalescent patients 
who had previously had COVID-19 collected in the 
hospitals for neutralising antibodies to live SARS-CoV-2 
using the same method as for the detection of serum 
neutralising antibodies to live SARS-CoV-2 in the 
phase 1 and 2 trials, to give a comparison of the vaccine-
induced and infection-induced humoral immunity. 
Written informed consent was obtained from all these 
convalescent patients.

Outcomes
The primary safety endpoint was any adverse reactions 
within 28 days after each dose of study drug. Secon dary 
safety endpoints were any abnormal changes in labora-
tory measurements at day 3 and in serum inflamma tory 
factors 7 days after each dose of study drug. The secondary 
safety endpoints were prespecified only in the phase 1 trial.

The primary immunogenic endpoint was the sero-
conversion of neutralising antibodies to live SARS-CoV-2 
at day 14 after the last dose in the days 0 and 14 vaccination 
cohort, or day 28 after the last dose in the days 0 and 28 
vaccination cohort. Secondary immunogenic endpoints 
were geometric mean titres (GMTs) of neutralising 
antibodies to live SARS-CoV-2, RBD-specific IgG, 
S-specific IgG, and IgM. Exploratory endpoints were 
T-cell responses and, post hoc, GMTs of neutralising 
antibodies to psuedovirus. Seroconversion of antibodies 
was defined as a change from seronegative at baseline to 
seropositive or a four-fold titre increase if the participant 
was seropositive at baseline. The positive cutoff of 
the neutralising antibodies to live SARS-CoV-2 was 1/8, 
neutralising antibodies to pseudovirus was 1/30, and 
RBD-specific IgG was 1/160. Regarding the ELISpot 
measured T-cell response, the results were expressed as 
the number of spot-forming cells (SFCs) per 100 000 cells.

Other secondary endpoints are listed in the appendix 2 
(p 4), including 6 month outcomes that are not available 
yet, which will be reported elsewhere.

Statistical analysis
We assessed the safety endpoints in the safety 
population, which included all participants who received 
at least one dose of study drug. We assessed immuno-
genic endpoints in the per-protocol population, which 
included all participants who completed their assigned 
two-dose vaccination schedule and with available 
antibody results.

We did not determine the sample size on the basis of a 
statistical power calculation, but followed the requirement 
of the National Medical Products Administration in 
China—ie, recruitment of at least of 20–30 participants in 
phase 1 and 500 participants in phase 2.

We used the Pearson χ² test or Fisher’s exact test for the 
analysis of categorical outcomes. We calculated 95% CIs 
for all categorical outcomes using the Clopper-Pearson 
method. We calculated GMTs and corresponding 
95% CIs on the basis of standard normal distribution of 
the log-transformed antibody titre. We used the ANOVA 
method to compare the log-transformed antibody titre. 
When the comparison among all three groups showed 
significant difference, we then did pair wise comparisons. 
Hypothesis testing was two-sided and we considered 
p values of less than 0·05 to be significant.

An independent data monitoring committee con-
sisted of one independent statistician, one clinician, 
and one epidemiologist was established before com-
men ce ment of the study. Safety data were assessed and 

See Online for appendix 2
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reviewed by the committee to ensure the suspension 
criteria of the dose-escalation part of phase 1 were not 
met and allow the further proceeding of the clinical trial.

We used SAS (version 9.3) for all analyses. This trial is 
registered with ClinicalTrials.gov, NCT04352608.

Role of the funding source
The funder of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. All the authors have full access to 
all the data in the study and the corresponding authors 
had final responsibility for the decision to submit for 
publication.

Results
Between April 16 and April 25, 2020, 185 individuals 
were screened and 144 participants were enrolled in the 
phase 1 trial, and between May 3 and May 5, 2020, 

662 individuals were screened and 600 participants were 
enrolled in the phase 2 trial. 743 participants received at 
least one dose of the investigational product (143 for 
phase 1 and 600 for phase 2) and were included in the 
safety population (figure 1). 143 participants in phase 1 
and 591 participants in phase 2 were eligible for the 
immunogenic evaluation (per-protocol population; 
figure 1). Baseline demographic characteristics of the 
participants in the safety population at enrolment were 
similar among the treatment groups in terms of sex, 
nationality, and mean age (table 1).

In the phase 1 trial, the overall incidence of adverse 
reactions was seven (29%) of 24 participants in the 3 μg 
group, nine (38%) of 24 in the 6 μg group, and two (8%) 
of 24 in the placebo group in the days 0 and 14 vaccination 
cohort; and three (13%) of 24 in the 3 μg group, 
four (17%) of 24 in the 6 μg group, and three (13%) of 23 
in the placebo group in the days 0 and 28 vaccination 

(Figure 1 continues on next page)
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cohort, with no significant difference seen among 
the three groups for both vaccination schedules 
(figure 2; appendix 2 pp 5–6). The most common 
symptom was injection-site pain, which was reported by 
four (17%) participants in the 3 μg group, five (21%) in 
the 6 μg, and one (4%) in the placebo group in the days 0 
and 14 vaccination cohort and three (13%) in the 3 μg 
group, three (13%) in the 6 μg group, and three (13%) in 
the placebo group in the days 0 and 28 vaccination 
cohort. Most adverse reactions were mild (grade 1) in 
severity and participants recovered within 48 h. Only 
one case of acute hypersensitivity with mani festation of 
urticaria 48 h after the first dose of study drug was 
reported in the 6 μg group (one [4%] of 24) in the days 0 
and 14 vaccination cohort, which was graded as severe 
and considered to be possibly related to vaccination. The 
participant was given chlorphen amine and dexa-
methasone and recovered within 3 days, and no similar 
reaction was observed after the second dose of vaccine. 
No vaccine-related serious adverse events were noted 
within 28 days of vaccination (figure 2; appendix 2 pp 4–5). 

3 μg group 6 μg group Placebo 
group

Overall

Days 0 and 14 vaccination cohorts, pooled

Participants 144 144 84 372

Sex

Female 77 (53%) 86 (60%) 44 (52%) 207 (56%)

Male 67 (47%) 58 (40%) 40 (48%) 165 (44%)

Han nationality 144 (100%) 144 (100%) 84 (100%) 372 (100%)

Age, years 42·4 (10·2) 42·8 (9·0) 42·4 (8·8) 42·6 (9·4)

Days 0 and 28 vaccination cohorts, pooled

Participants 144 144 83 371

Sex

Female 75 (52%) 70 (49%) 45 (54%) 190 (51%)

Male 69 (48%) 74 (51%) 38 (46%) 181 (49%)

Han nationality 144 (100%) 144 (100%) 83 (100%) 371 (100%)

Age, years 41·8 (9·4) 41·2 (10·2) 44·1 (9·1) 42·1 (9·7)

Data are n, n (%), or mean (SD).

Table 1: Baseline demographic characteristics for the safety population, 
phases 1 and 2 combined

Figure 1: Study profile
*7 days after first dose, safety observation was done, and safety criteria were met, as determined by the data monitoring committee, participants in block 2 were then given their first dose of 
vaccine. †7 days after first dose of study drug in block 2, if safety criteria were met as determined by the data monitoring committee, participants enrolled in phase 2 were started on study treatment. 
‡A participant in the 6 μg group was mistakenly given placebo rather than vaccine at the second dose; therefore, this participant was included in the 6 μg group dataset in the overall safety evaluation 
but not in the immunogenicity analysis. §Two participants did not have available antibody results, and so were not included in the immunogenicity analysis. ¶One participant did not have available 
antibody results, and so was not included in the immunogenicity analysis.
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Additionally, ten (7%) of 143 participants in phase 1 had a 
clinically significant increase of laboratory indicators at 
day 3 after vaccination (appendix 2 pp 15–16), but none 
was considered to be related to the vaccination. No 
significant increases in inflammatory factors in serum 
were detected at day 7 after each dose (appendix 2 pp 17–18).

At baseline, none of the participants in the phase 
1 trial had any detectable neutralising antibodies to live 
SARS-CoV-2. The seroconversion rates of neutralising 
antibodies were 11 (46%) of 24 participants in the 3 μg 
group (GMT 5·6 [95% CI 3·6–8·7]) versus 12 (50%) of 
24 participants in the 6 μg group (7·7 [5·2–11·5]) 
versus none of 24 participants in the placebo group 
(2·0 [2·0–2·0]) at 14 days after the second dose, and 
six (25%) participants in the 3 μg group (5·4 [3·6–8·1] 
versus 20 (83%) in the 6 μg group (15·2 [11·2–20·7]) 
versus none in the placebo group (2·0 [2·0–2·0]) 
at 28 days after the second dose in the days 0 and 14 
vaccination cohort; and 19 (79%) of 24 participants in the 
3 μg group (16·0 [10·4–24·7]) versus 20 (83%) of 24 in the 

6 μg group (25·9 [14·6–46·1) versus none of 23 in the 
placebo group (2·0 [2·0–2·0]) at 14 days after the second 
dose, and 20 (83%) in the 3 μg group (19·0 [13·2–27·4] 
versus 19 (79%) in the 6 μg group (29·6 [17·9–48·9]) 
versus one (4%) in the placebo group (2·2 [1·8–2·8]) at 
28 days after the second dose in the days 0 and 28 
vaccination cohort (table 2, figure 3; appendix 2 p 19). 
The seroconversion rates of RBD-specific IgG were 20 
(83%) of 24 participants in the 3 μg group (GMT 465·8 
[95% CI 277·6–781·7] versus 24 (100%) of 24 participants 
in the 6 μg group (987·0 [647·8–1504·0]) versus two (8%) 
of 24 participants in the placebo group (84·8 [78·0–92·1]) 
at 14 days after the second dose, and 21 (88%) in the 3 μg 
group (465·8 [288·1–753·1]) versus 24 (100%) in the 
6 μg group (1395·9 [955·2–2039·7]) versus two (8%) in 
the placebo group (89·8 [76·1–105·9]) at 28 days after 
the second dose in the days 0 and 14 vaccination 
cohort; and 24 (100%) of 24 participants in the 3 μg 
group (1365·1 [881·4–2086·4]) versus 24 (100%) of 24 
participants in the 6 μg group (2152·7 [1446·1–3204·6]) 

Figure 2: Incidence of adverse reactions reported within 28 days after second dose of study drug, in the days 0 and 14 vaccination cohort in phase 1 (A) and phase 2 (C) and in the days 0 
and 28 vaccination cohort in phase 1 (B) and phase 2 (D)
Adverse reactions refer to the adverse events related to the vaccination. Rare injection-site symptoms reported only in the days 0 and 14 vaccination cohort are not shown in the figure and are listed in 
appendix 2 along with all adverse reactions after the first and second dose (pp 4–13). *The p value of comparison among three groups is significant for the incidence of any injection-site symptoms 
(p=0·02) and injection-site pain (p=0·04).
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versus none of 23 participants (80·0 [80·0-80·0]) in the 
placebo group at 14 days after the second dose, and 24 
(100%) in the 3 μg group (1045·7 [721·6–1515·5]), versus 
24 (100%) in the 6 μg group (1917·9 [1344·8–2735·2]) 
versus none in the placebo group (80·0 [80·0–80·0]) 
28 days after the second dose in the days 0 and 28 
vaccination cohort (table 2, figure 3; appendix 2 p 19). 
The dynamic changes of RBD-specific IgG, S-specific 
IgG, S-specific IgM, and neutralising antibodies to pseu-
dovirus are shown in the appendix 2 (pp 19–23), showing 

that the antibody levels did not significantly increase 
until after the second dose of vaccine.

At 14 days after the second dose of study drug, the 
average IFN-γ-positive SFCs per 100 000 cells were 7·4 
(95% CI 3·9 to 11·1) in the 3 μg group, 3·9 (1·0 to 6·7) 
in the 6 μg group, and 1·5 (0·2 to 2·9) in the placebo 
group for the days 0 and 14 vaccination cohort; and 
3·4 (0·9 to 5·7) in the 3 μg group, 1·2 (0·5 to 1·8) in the 
6 μg group, and 1·2 (–0·1 to 2·5) in the placebo group 
for the days 0 and 28 vaccination cohort (appendix 2 
pp 25–26).

In the phase 2 trial, the overall incidence of adverse 
reactions were 40 (33%) of 120 in the 3 μg group, 42 (35%) 
of 120 in the 6 μg group, and 13 (22%) of 60 in the placebo 
group for the days 0 and 14 vaccination cohort and 
23 (19%) of 120 in the 3 μg group, 23 (19%) of 120 in the 
6 μg group, and 11 (18%) of 60 in placebo group in the 
days 0 and 28 vaccination cohort, with no significant 
difference between the three groups for both schedules. 
However, the p value of comparison among the 
three groups was significant for the incidence of any 
injection-site symptoms (p=0·02) and injection-site 
pain (p=0·04; figure 2; appendix 2 pp 7–10). The most 
common symptom was injection-site pain, which 
occurred in 25 (21%) of 120 participants in the 3 μg 
group, 31 (26%) of 120 in the 6 μg group, and six (10%) 
of 60 in the placebo group for the days 0 and 14 
vaccination cohort, and 12 (10%) of 120 in the 3 μg group, 
13 (11%) of 120 in the 6 μg group, and six (10%) of 60 in 
the placebo group in the days 0 and 28 vaccination 
cohort. Most adverse reactions were mild (grade 1) in 
severity and the participants recovered within 48 h. 
No vaccine-related serious adverse events were noted 
within 28 days of the second dose of vaccine (figure 2; 
appendix 2 pp 7–10)

In the phase 2 trial, at baseline, none of the participants 
had any detectable neutralising antibodies. The sero-
conversion rates of neutralising antibodies to live 
SARS-CoV-2 were 109 (92%) of 118 participants in the 3 μg 
group (GMT 27·6 [95% CI 22·7–33·5]) versus 117 (98%) of 
119 participants in the 6 μg group (34·5 [28·5–41·8] versus 
two (3%) of 60 participants in the placebo group 
(2·3 [2·0–2·5]) at 14 days after the second dose, and 
111 (94%) of 118 in the 3 μg group (23·8 [20·5–27·7]) 
versus 117 (99%) of 118 in the 6 μg group (30·1 [26·1–34·7]) 
versus none of 60 in the placebo group (2·0 [2·0–2·0]) at 
28 days after the second dose in the day 0 and 14 
vaccination cohort; and 114 (97%) of 117 participants in the 
3 μg group (44·1 [37·2–52·2]) versus 118 (100%) of 
118 participants in the 6 μg group (65·4 [56·4–75·9]) 
versus none of 59 participants in the placebo group 
(2·0 [2·0–2·1]) at 28 days after the second dose in the days 
0 and 28 vaccination cohort (table 2, figure 3). In post-hoc 
analyses, the neutralising antibody titres after the second 
dose of vaccine was lower in all participants who received 
the vaccine than was detected in 117 convalescent asymp-
tomatic patients who had previously had COVID-19 

3 μg group 6 μg group Placebo group p value*

Phase 1

Days 0 and 14 vaccination cohort

Neutralising antibodies to live SARS-CoV-2

Day 14 11/24 
(45·8%; 25·6–67·2)

12/24 
(50·0%; 29·1–70·9)

0/24 (0·0%; 0·0–14·3) 0·77

Day 28 6/24 
(25·0%; 9·8–46·7)

20/24 
(83·3%; 62·6–95·3)

0/24 (0·0%; 0·0–14·3) <0·0001

RBD-IgG

Day 14 20/24 
(83·3%; 62·6–95·3)

24/24 
(100%; 85·8–100)

2/24 (8·3%; 1·0–27·0) 0·11

Day 28 21/24 
(87·5%; 67·6–97·3)

24/24 
(100%; 85·8–100)

2/24 (8·3%; 1·0–27·0) 0·23

Days 0 and 28 vaccination cohort

Neutralising antibodies to live SARS-CoV-2

Day 14 19/24 
(79·2%; 57·9–92·9)

20/24 
(83·3%; 62·6–95·3)

0/23 (0·0%; 0·0–14·8) 1·00

Day 28 20/24 
(83·3%; 62·6–95·3)

19/24 
(79·2%; 57·9–92·9)

1/23 (4·4%; 0·1–22·0) 1·00

RBD-IgG

Day 14 24/24 
(100%; 85·8–100)

24/24 
(100%; 85·8–100)

0/23 (0·0%; 0·0–14·8) 1·00

Day 28 24/24 
(100%; 85·8–100)

24/24 
(100%; 85·8–100)

0/23 (0·0%; 0·0–14·8) 1·00

Phase 2

Days 0 and 14 vaccination cohort

Neutralising antibodies to live SARS-CoV-2

Day 14 109/118 
(92·4%; 86·0–96·5)

117/119 
(98·3%; 94·1–99·8)

2/60 (3·3%; 0·4–11·5) 0·030

Day 28 111/118 
(94·1%; 88·2–97·6)

117/118 
(99·2%; 95·4–100)

0/60 (0·0%; 0·0–6·0) 0·066

RBD-IgG

Day 14 111/115 
(96·5%; 91·3–99·0)

118/118 (100%; 
96·9–100)

0/56 (0·0%; 0·0–6·4) 0·058

Day 28 111/114 
(97·4%; 92·5–99·5)

118/118 (100%; 
96·9–100)

0/57 (0·0%; 0·0–6·3) 0·12

Days 0 and 28 vaccination cohort

Neutralising antibodies to live SARS-CoV-2

Day 28 114/117 
(97·4%; 92·7–99·5)

118/118 
(100%; 96·9–100)

0/59 (0·0%; 0·0–6·1) 0·12

RBD-IgG

Day 28 116/117 
(99·2%; 95·3–100)

117/117 
(100%; 96·9–100)

4/59 (6·8%; 1·9–16·5) 1·00

Data are n/N (%; 95% CI). Timepoints refer to the number of days since the second dose of vaccine in the schedule. 
RBD=receptor binding domain. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2. *p values are for 
comparisons between the 3 μg and 6 μg groups.

Table 2: Seroconversion rates of neutralising antibodies to live SARS-CoV-2 and RBD-specific IgG
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(GMT 163·7 [95% CI 128·5–208·6]; table 2, figure 3; 
appendix 2 p 24). The seroconversion rates of RBD-specific 
IgG were 111 (97%) of 115 participants in the 3 μg group 
(GMT 1094·3 [95% CI 936·7–1278·4]) versus 118 (100%) of 
118 participants in the 6 μg group (1365·4 [1160·4–1606·7]) 
versus none of 56 participants in the placebo group 
(81·0 [79·0–83·0]) at 14 days after the second dose and 
111 (97%) of 114 in the 3 μg group (1053·7 [911·7–1217·7]) 
versus 118 (100%) of 118 in the 6 μg group 
(1318·2 [1156·9–1501·9]) versus none of 57 in the placebo 
group (80·0 [80·0–80·0]) at 28 days after the second dose 
in the day 0 and 14 vaccination cohort; and 116 (99%) of 
117 in the 3 μg group (1783·6 [1519·3–2093·8]) versus 
117 (100%) of 117 in the 6 μg group (2287·5 [2038·2–2567·3]) 
versus four (7%) of 59 in the placebo group 
(87·9 [79·7–96·9]) at 28 days after the second dose in the 
days 0 and 28 vaccination cohort (table 2, figure 3).

Based on the pooled data of the phase 1 and 2 trials 
(two vaccination cohorts pooled), the correlation co-
efficient between the neutralising antibody to live SARS-
CoV-2 and RBD-specific IgG was 0·85 (95% CI 
0·82–0·92) using the antibody titre at 28 days after the 
second dose of vaccine, and was 0·80 (0·75–0·86) using 
the titre 14 days after the second. The correlation 
coefficient between the neutralising antibody to 
live SARS-CoV-2 and the neutralising antibody to 

pseudovirus was 0·82 (0·76–0·88) using the antibody 
titre at 14 days after the second dose (no data taken at 
day 28). The correlation coefficient between the 
neutralising antibody to pseudovirus and RBD-specific 
IgG was 0·73 (0·66–0·80) using the antibody titre at 14 
days after the second dose (no data taken at day 28; 
appendix 2 p 24).

Discussion
We found that two doses of CoronaVac at different concen-
trations and using different dosing schedules were well 
tolerated and moderately immunogenic in healthy adults 
aged 18–59 years. The incidence of adverse reactions in the 
3 μg and 6 μg group were similar, indicating no dose-
related safety concerns but more long-term follow-up is 
needed. Furthermore, most adverse reactions were mild, 
with the most common symptom being injection-site pain, 
which is in accordance with previous findings for another 
inactivated COVID-19 vaccine from Sinopharm (Beijing 
China).14 Compared with other COVID-19 vaccine candi-
dates, such as viral-vectored vaccines or DNA or RNA 
vaccines, the occurrence of fever after vaccination with 
CoronaVac was relatively low.10,11,13

Over the course of the phase 1/2 trial, we changed the 
production process of the vaccine from the use of a cell 
factory process (which was used in our preclinical and 

Figure 3: Antibody titres of neutralising antibodies to live SARS-CoV-2 (A–D) and RBD-specific IgG (E–H) induced after two doses of CoronaVac or placebo given in the days 0 and 14 and 
days 0 and 28 vaccination cohorts, in the phase 1 and phase 2 trials
The error bars indicate the 95% CI of the GMT and the spots indicated the individual antibody titres, with the numbers above the spots showing the GMT estimate. Only p values for significant 
differences are shown on the figure, all p values for all data are in appendix 2 (p 19). GMT=geometric mean titre. RBD=receptor binding domain. SARS-CoV-2=severe acute respiratory syndrome 
coronavirus 2.

2
4
8

16
32
64

128
256
512

1024
2048

A

E

B

F

C

G

D

H

Phase 1, days 0 and 14 vaccination cohort

Re
cip

ro
ca

l a
nt

ib
od

y 
tit

re
 o

f n
eu

tr
al

isi
ng

an
tib

od
y 

to
 li

ve
 S

AR
S-

Co
V-

2

p=0·0001
5·6

7·7 5·4
15·2

Phase 1, days 0 and 28 vaccination cohort

16·0

25·9

19·0

29·6

Phase 2, days 0 and 14 vaccination cohort

p=0·027

27·6
34·5

23·8

30·1

Phase 2, days 0 and 28 vaccination cohort

p=0·0006

44·1
65·4

Baseline 14 days 28 days
64

128

256

512

1024

2048

4096

8192

16 384

Phase 1, days 0 and 14 vaccination cohort

Days after second dose Days after second dose Days after second dose Days after second dose

Baseline 14 days 28 days Baseline 14 days 28 days Baseline 28 days

Re
cip

ro
ca

l a
nt

ib
od

y t
itr

e o
f R

BD
-s

pe
cifi

c I
gG

3 μg group
6 μg group
Placebo group

p=0·024 p=0·0006

465·8

987·0

465·8

1395·9

Phase 1, days 0 and 28 vaccination cohort

p=0·018

1356·1
2152·7

1045·7
1917·9

Phase 2, days 0 and 14 vaccination cohort

p=0·024

1365·4

1094·3 1053·7

1318·2

Phase 2, days 0 and 28 vaccination cohort

p=0·013

1783·6
2287·5



1354 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

Articles

190 www.thelancet.com/infection   Vol 21   February 2021

phase 1 study to generate a 50 L culture of Vero cells) to 
use of a bioreactor for phase 2. The bioreactor process 
enabled use to optimise the process for growing cells, 
with precise control over cell culture parameters like 
dissolved oxygen, pH, and carbon dioxide and oxygen 
gas levels. We made this change to increase vaccine 
production capacity and meet biosafety requirements. 
Pre-clinical data for each phase trial (data not shown) 
indicated that the safety profiles of vaccines prepared via 
the new bioreactor process and old process are similar. 
Notably, immune responses in phase 2 were much better 
than those recorded in phase 1, with seroconversion rates 
over 90% in both the 3 μg and 6 μg groups. To investigate 
the reason for this change, we did a protein composition 
analysis of the purified inactivated SARS-CoV-2 virions 
and found that the bioreactor-produced vaccine had a 
higher redundancy of intact spike protein (molecular 
mass approximately 180 kDa) than did the vaccine 
produced via the cell factory process (appendix 2 p 27). 
Quantitative analysis showed that the intact spike protein 
accounted for approximately 3·7% of total protein mass 
of the vaccine used in phase 1 and approximately 7·0% of 
total protein mass of the vaccine used in phase 2 trials. 
Electron microscopic examination of the samples further 
verified that the average number of spikes per virion of 
the viral sample used in the phase 2 trial was almost 
double the number of spikes per virion of the sample 
used in phase 1 trial (appendix 2 p 27). These observations 
highlight the importance of developing an optimum 
manu facturing process and the integration of multi-
disciplinary techniques, such as genomics and structural 
biology to support a new era of precision vaccinology.

The immune response induced by 3 μg and 6 μg of 
vaccine in 0·5 mL of diluent per dose was similar in this 
study. As anticipated, after two doses of vaccine, immune 
responses induced by the days 0 and 28 vaccination 
schedule were larger than those induced by the days 0 
and 14 vaccination schedule, regardless of the dose. 
However, quick antibody responses could be induced 
within a relatively short time by using a day 0 and 14 
vaccination schedule, which might be suitable for 
emergency use and is of vital importance during 
the COVID-19 pandemic. Regarding the days 0 
and 28 vaccination schedule, a more robust antibody 
response was generated and longer persistence could be 
expected than with the days 0 and 14 schedule, which 
supports potential routine use of the vaccine according to 
this schedule when the epidemic risk of COVID-19 is 
low. However, the actual immune persistence of the 
two schedules needs to be verified in future studies.

In the phase 2 trial, the level of neutralising antibodies 
included by the vaccine at day 28 after the last dose of 
vaccine ranged from a GMT of 23·8 to 65·4, depending 
on the vaccination schedule, which was lower than those 
of convalescent patients who previously had COVID-19 
with an average GMT level of 163·7, tested by the same 
method in the same laboratory.19 However, we still think 

that CoronaVac could provide satisfying protection 
against COVID-19 on the basis of the following three 
reasons. First, from the experiences of other vaccines, 
such as the enterovirus 71 and varicella vaccines, most of 
the surrogate endpoints based on neutralising antibody 
titres have ranged from 8 to 24.20,21 Second, our preclinical 
study15 indicated that the neutralising antibody titres of 
1/24 elicited in macaque models conferred complete 
protection against SARS-CoV-2. Third, although several 
studies have found that antibody res ponses generated 
from natural infection with corona viruses (eg, SARS-
CoV-2, severe acute respi ratory syndrome coronavirus, 
and Middle East respi ratory syndrome coronavirus) 
might decrease substantially over time,22–24 reinfection in 
these patients has rarely been reported,25–27 which indicates 
that immunological memory might have an important 
role of prevention of re-infections. Therefore, the antibody 
level itself might not be the key for a successful COVID-19 
vaccine, but rather the establishment of a recallable 
specific immune response to SARS-CoV-2. Furthermore, 
the efficacy of the investigational vaccine and its surrogate 
endpoint need to be determined in a future phase 3 trial. 
Additionally, comparability of our serum antibody results 
with those of other COVID-19 vaccine studies is restricted.

Two participants in the placebo group in the phase 1 
trial and four in the placebo group in the phase 2 trial 
had seroconversion of anti-RBD IgG after vaccination, 
and one participant given placebo in the phase 1 trial and 
two in the phase 2 trial had seroconversion of neutralising 
antibodies after vaccination.

CoronaVac was well tolerated and induced humoral 
responses against SARS-CoV-2, which supported the 
approval of emergency use of CoronaVac in China, and 
three phase 3 clinical trials that are ongoing in Brazil 
(NCT04456595), Indonesia (NCT04508075), and Turkey 
(NCT04582344). Taking safety, immunogenicity, and 
production capacity into account, the low dose of 3 μg of 
CoronaVac in 0·5 mL of diluent, with a day 0 and 14 
vaccination schedule, is being investigated in these 
ongoing trials. And the days 0 and 28 vaccination 
schedule with 3 μg of Coronavac in 0·5 mL of diluent 
will also be investigated in future phase 3 clinical trials. 
The protective efficacy of CoronaVac remains to be 
determined.

Our study had several limitations. First, we did not 
assess the T cell responses in the phase 2 trial; however, 
the response of type 1 T-helper cells and type 2 T-helper 
cells induced by CoronaVac will be studied in the ongoing 
phase 3 study in Brazil (NCT04456595). Second, we only 
reported immune response data for healthy adults, and 
did not include individuals from more susceptible 
groups in our study population (eg, older individuals 
[aged ≥60 years] or with comorbidities); and data on 
immune persistence is not yet available, which need to 
be further studied. Third, the calculated p values 
presented in this study cannot support any powerful 
statistical conclusions, and are only for reference and so 



 |  1355O QUE A CIÊNCIA COMPROVA  | CORONAVAC      

Article

Articles

www.thelancet.com/infection   Vol 21   February 2021 191

should be interpreted with caution. Additionally, the 
T-cell responses measured by ELISpot were low in 
participants who were given vaccine, which provided no 
clear evidence that the vaccine induced T-cell responses. 
The assessment of immune reactions mediated by CD8 
cells was not included in our study design, because 
inactivated vaccines are not thought to induce CD8 T-cell 
responses. Finally, the change in the manufacturing of 
vaccine batches for the phase 2 trial resulted in a higher 
level of the spike antigen contained in the vaccine than 
was used in the phase 1 trial. Although the change in 
manufacturing process was planned, the difference in 
antigenicity of the vaccines was not anticipated, and 
could potentially bring additional risks for the recipients 
of the vaccine. Fortunately, the safety profiles of the 
vaccines in the phase 1 and 2 trials were similar, although 
the vaccines for the phase 2 trial had substantially 
stronger immunogenicity than did the vaccines for 
phase 1 trial. However, the comparisons between the 
vaccine batches were also not an a-priori defined outcome 
or sufficiently powered.

In summary, CoronaVac was well tolerated and induced 
humoral responses against SARS-CoV-2, which suppored 
the approval of emergency use of CoronaVac in China and 
in three phase 3 studies. The protective efficacy of 
CoronaVac remains to be determined.
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Safety and immunogenicity of ChAdOx1 nCoV-19 vaccine 
administered in a prime-boost regimen in young and old 
adults (COV002): a single-blind, randomised, controlled, 
phase 2/3 trial
Maheshi N Ramasamy*, Angela M Minassian*, Katie J Ewer*, Amy L Flaxman*, Pedro M Folegatti*, Daniel R Owens*, Merryn Voysey*, 
Parvinder K Aley, Brian Angus, Gavin Babbage, Sandra Belij-Rammerstorfer, Lisa Berry, Sagida Bibi, Mustapha Bittaye, Katrina Cathie, 
Harry Chappell, Sue Charlton, Paola Cicconi, Elizabeth A Clutterbuck, Rachel Colin-Jones, Christina Dold, Katherine R W Emary, Sofiya Fedosyuk, 
Michelle Fuskova, Diane Gbesemete, Catherine Green, Bassam Hallis, Mimi M Hou, Daniel Jenkin, Carina C D Joe, Elizabeth J Kelly, Simon Kerridge, 
Alison M Lawrie, Alice Lelliott, May N Lwin, Rebecca Makinson, Natalie G Marchevsky, Yama Mujadidi, Alasdair P S Munro, Mihaela Pacurar, 
Emma Plested, Jade Rand, Thomas Rawlinson, Sarah Rhead, Hannah Robinson, Adam J Ritchie, Amy L Ross-Russell, Stephen Saich, Nisha Singh, 
Catherine C Smith, Matthew D Snape, Rinn Song, Richard Tarrant, Yrene Themistocleous, Kelly M Thomas, Tonya L Villafana, Sarah C Warren, 
Marion E E Watson, Alexander D Douglas*, Adrian V S Hill*, Teresa Lambe*, Sarah C Gilbert*, Saul N Faust*, Andrew J Pollard*, and the Oxford 
COVID Vaccine Trial Group

Summary
Background Older adults (aged ≥70 years) are at increased risk of severe disease and death if they develop COVID-19 
and are therefore a priority for immunisation should an efficacious vaccine be developed. Immunogenicity of vaccines 
is often worse in older adults as a result of immunosenescence. We have reported the immunogenicity of a novel 
chimpanzee adenovirus-vectored vaccine, ChAdOx1 nCoV-19 (AZD1222), in young adults, and now describe the 
safety and immunogenicity of this vaccine in a wider range of participants, including adults aged 70 years and older.

Methods In this report of the phase 2 component of a single-blind, randomised, controlled, phase 2/3 trial (COV002), 
healthy adults aged 18 years and older were enrolled at two UK clinical research facilities, in an age-escalation manner, 
into 18–55 years, 56–69 years, and 70 years and older immunogenicity subgroups. Participants were eligible if they 
did not have severe or uncontrolled medical comorbidities or a high frailty score (if aged ≥65 years). First, participants 
were recruited to a low-dose cohort, and within each age group, participants were randomly assigned to receive 
either intramuscular ChAdOx1 nCoV-19 (2·2 × 10¹⁰ virus particles) or a control vaccine, MenACWY, using block 
randomisation and stratified by age and dose group and study site, using the following ratios: in the 18–55 years 
group, 1:1 to either two doses of ChAdOx1 nCoV-19 or two doses of MenACWY; in the 56–69 years group, 3:1:3:1 to 
one dose of ChAdOx1 nCoV-19, one dose of MenACWY, two doses of ChAdOx1 nCoV-19, or two doses of MenACWY; 
and in the 70 years and older, 5:1:5:1 to one dose of ChAdOx1 nCoV-19, one dose of MenACWY, two doses of ChAdOx1 
nCoV-19, or two doses of MenACWY. Prime-booster regimens were given 28 days apart. Participants were then 
recruited to the standard-dose cohort (3·5–6·5 × 10¹⁰ virus particles of ChAdOx1 nCoV-19) and the same randomisation 
procedures were followed, except the 18–55 years group was assigned in a 5:1 ratio to two doses of ChAdOx1 nCoV-19 
or two doses of MenACWY. Participants and investigators, but not staff administering the vaccine, were masked to 
vaccine allocation. The specific objectives of this report were to assess the safety and humoral and cellular 
immunogenicity of a single-dose and two-dose schedule in adults older than 55 years. Humoral responses at baseline 
and after each vaccination until 1 year after the booster were assessed using an in-house standardised ELISA, a 
multiplex immunoassay, and a live severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) microneutralisation 
assay (MNA80). Cellular responses were assessed using an ex-vivo IFN-γ enzyme-linked immunospot assay. The 
coprimary outcomes of the trial were efficacy, as measured by the number of cases of symptomatic, virologically 
confirmed COVID-19, and safety, as measured by the occurrence of serious adverse events. Analyses were by group 
allocation in participants who received the vaccine. Here, we report the preliminary findings on safety, reactogenicity, 
and cellular and humoral immune responses. This study is ongoing and is registered with ClinicalTrials.gov, 
NCT04400838, and ISRCTN, 15281137.

Findings Between May 30 and Aug 8, 2020, 560 participants were enrolled: 160 aged 18–55 years (100 assigned to 
ChAdOx1 nCoV-19, 60 assigned to MenACWY), 160 aged 56–69 years (120 assigned to ChAdOx1 nCoV-19: 40 assigned 
to MenACWY), and 240 aged 70 years and older (200 assigned to ChAdOx1 nCoV-19: 40 assigned to MenACWY). 
Seven participants did not receive the boost dose of their assigned two-dose regimen, one participant received the 
incorrect vaccine, and three were excluded from immunogenicity analyses due to incorrectly labelled samples. 
280 (50%) of 552 analysable participants were female. Local and systemic reactions were more common in participants 
given ChAdOx1 nCoV-19 than in those given the control vaccine, and similar in nature to those previously reported 
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Introduction
As of Nov 13, 2020, over 52 million people have been 
diagnosed with COVID-19 worldwide, with over 1·2 mil-
lion confirmed deaths.1 Severe COVID-19 is more com-
mon in adults aged 70 years and older and in individuals 
with comorbidities such as hypertension, diabetes, cardio-
vas cular disease, and chronic respiratory disease.2 A 
safe and effective vaccine against severe acute respiratory 
syn drome coronavirus 2 (SARS-CoV-2) will be an impor-
tant tool in controlling the global COVID-19 pandemic. 
Although there are no licensed vaccines against COVID-19, 
48 potential vaccine candidates based on a variety of 
platforms including lipid nanoparticle mRNA, DNA, 
adjuvanted protein, inactivated virus particles, and non-
replicating viral vectors are in clinical trials (of which 
11 candidates are in phase 3 trials) and a further 
164 candidates are in preclinical testing.3

The WHO global target product profile of critical char-
acteristics for prequalification of a COVID-19 vaccine 
requires candidates to be targeted at the most at-risk 
groups, including older adults; have a favourable safety 
profile; provide efficacy as measured by prevention of 
virologically confirmed disease or transmission, or both; 
and to provide at least 6 months of protection for 
individuals at ongoing risk of exposure to SARS-CoV-2.4 
On Sept 25, 2020, the UK Joint Committee on Vaccination 
and Immunisation (JCVI) gave interim recommendations 
for the national prioritisation of COVID-19 vaccines.5 
The following groups were provisionally prioritised: 

first, older adults living in residential care homes and 
residential care home workers; second, all adults aged 
80 years or older and health-care and social-care workers; 
and third, all adults aged 75 years and older. However, 
the JCVI acknowledged that this priority ranking could 
change substantially if the first available vaccines were not 
considered safe or effective in older adults. Similar recom-
mendations have also been made by the US Advisory 
Committee on Immunization Practices.6

Immunosenescence refers to the gradual deterioration 
and decline of the immune system brought on by ageing. 
Age-dependent differences in the functionality and 
availability of T-cell and B-cell populations are thought to 
have a key role in the decrease of immune response.7 
There has been a drive to develop vaccines and adjuvant 
formulations tailored for older adults to overcome this 
diminished immune response after vaccination. Assess-
ment of immune responses in older adults is therefore 
essential in the development of COVID-19 vaccines that 
could protect this susceptible population.

The spike protein of SARS-CoV-2 binds to ACE2 
receptors on target cells during viral entry. Analysis of 
convalescent patients suggests that the spike protein is 
an immunodominant antigen, eliciting both antibody 
and T-cell responses.8 Most COVID-19 candidate vac-
cines have been developed to induce anti-spike protein 
immune responses. Clinical trials using several different 
vaccine platforms including mRNA,9,10 adenoviral vec-
tored vaccines,11,12 inactivated virus,13,14 and adjuvanted 

(injection-site pain, feeling feverish, muscle ache, headache), but were less common in older adults (aged ≥56 years) 
than younger adults. In those receiving two standard doses of ChAdOx1 nCoV-19, after the prime vaccination local 
reactions were reported in 43 (88%) of 49 participants in the 18–55 years group, 22 (73%) of 30 in the 56–69 years 
group, and 30 (61%) of 49 in the 70 years and older group, and systemic reactions in 42 (86%) participants in the 
18–55 years group, 23 (77%) in the 56–69 years group, and 32 (65%) in the 70 years and older group. As of Oct 26, 2020, 
13 serious adverse events occurred during the study period, none of which were considered to be related to either 
study vaccine. In participants who received two doses of vaccine, median anti-spike SARS-CoV-2 IgG responses 
28 days after the boost dose were similar across the three age cohorts (standard-dose groups: 18–55 years, 
20 713 arbitrary units [AU]/mL [IQR 13 898–33 550], n=39; 56–69 years, 16 170 AU/mL [10 233–40 353], n=26; and 
≥70 years 17 561 AU/mL [9705–37 796], n=47; p=0·68). Neutralising antibody titres after a boost dose were similar 
across all age groups (median MNA80 at day 42 in the standard-dose groups: 18–55 years, 193 [IQR 113–238], n=39; 
56–69 years, 144 [119–347], n=20; and ≥70 years, 161 [73–323], n=47; p=0·40). By 14 days after the boost dose, 
208 (>99%) of 209 boosted participants had neutralising antibody responses. T-cell responses peaked at day 14 after a 
single standard dose of ChAdOx1 nCoV-19 (18–55 years: median 1187 spot-forming cells [SFCs] per million peripheral 
blood mononuclear cells [IQR 841–2428], n=24; 56–69 years: 797 SFCs [383–1817], n=29; and ≥70 years: 977 SFCs 
[458–1914], n=48).

Interpretation ChAdOx1 nCoV-19 appears to be better tolerated in older adults than in younger adults and has similar 
immunogenicity across all age groups after a boost dose. Further assessment of the efficacy of this vaccine is warranted 
in all age groups and individuals with comorbidities.

Funding UK Research and Innovation, National Institutes for Health Research (NIHR), Coalition for Epidemic 
Preparedness Innovations, NIHR Oxford Biomedical Research Centre, Thames Valley and South Midlands NIHR 
Clinical Research Network, and AstraZeneca.

Copyright © 2020 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 4.0 
license.
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spike glycoprotein15 have shown neutralising antibody 
responses after immunisation.

Replication-deficient adenovirus vectors containing 
a pathogen-specific transgene have been used as novel 
vaccines because of their ability to induce strong humoral 
and cellular responses.16 However, pre-existing immu nity 
might reduce the immunogenicity of vectors derived from 
human viruses; hence, use of simian adenoviruses might 
be preferable. ChAdOx1 nCoV-19 (AZD1222) is a replica-
tion-defective chimpanzee adenovirus-vectored vaccine 
expressing the full-length SARS-CoV-2 spike glycoprotein 
gene (GenBank accession number MN908947). Vacci-
nation of rhesus macaques with a single dose of ChAdOx1 
nCoV-19 generates humoral and cellular immune 
responses and protects from lower respiratory infection 
after subsequent challenge with SARS-CoV-2.17 Prelimi-
nary results of a phase 1/2 clinical trial of ChAdOx1 
nCoV-19 in adults aged 18–55 years show that the vaccine 
is well tolerated and generates robust neutralising anti-
body and cellular immune responses against the spike 

glycoprotein.18 Here we present the safety and immuno-
genicity results of a phase 2 component of a phase 2/3 
multicentre study using ChAdOx1 nCoV-19 at two dif -
ferent doses, in adults including those aged 56–69 years 
and 70 years and older, and in a one-dose or two-dose 
regimen.

Methods
Study design and participants
In this continuing single-blind, multicentre, randomised, 
controlled, phase 2/3 trial, the safety and efficacy of 
the ChAdOx1 nCoV-19 vaccine is being assessed, with 
sequential age-escalation immunogenicity substudies 
being done in older age groups. The study is being run at 
20 centres in the UK (listed in the appendix [pp 84–87]). 
Here we report selected results from the phase 2 
component of the trial and for which participants were 
enrolled at two sites in the UK: the Oxford Vaccine 
Centre, Centre for Clinical Vaccinology and Tropical 
Medicine, University of Oxford (Oxford) and the NIHR 

Research in context

Evidence before this study
We searched PubMed for research articles published from 
database inception until Nov 13, 2020, with no language 
restrictions, using the terms “SARS-CoV-2”, “vaccine”, 
AND “clinical trial”. We identified published clinical trial data on 
eight other vaccine candidates. Two recombinant viral vectored 
vaccines have been tested in clinical trials. A single dose 
adenovirus (Ad) 5 vector-based vaccine (CanSino Biological/
Beijing Institute of Biotechnology, China) elicited neutralising 
antibodies and T-cell responses in a dose-dependent manner, 
but was less immunogenic in individuals older than 55 years. 
A heterologous prime-boost Ad5/Ad26-vectored vaccine 
schedule (Gamaleya Research Institute, Russia) generated 
neutralising antibody and cellular responses in adults younger 
than 60 years. Two nucleoside-modified mRNA vaccine 
candidates using a two-dose regimen were tested in adults 
aged 18–55 years and 65–85 years, and generated neutralising 
antibodies in both age groups in a dose-dependent manner, 
although immunogenicity decreased with age (Pfizer/BioNTech, 
USA). Another mRNA vaccine (Moderna, USA) was given to 
adults older than 56 years. The vaccine was tolerated, with 
neutralising antibodies induced in a dose-dependent manner, 
which increased after a second dose. Neutralising antibody 
responses with this mRNA vaccine appeared to be similar in 
adults older than 56 years to those aged 18–55 years who also 
received the vaccine. Two inactivated viral vaccines have also 
shown neutralising antibody responses in a dose-dependent 
manner in adults aged 18–59 years (Wuhan Institute Biological 
Products/SinoPharm, China) or adults aged 18–59 and 60 years 
and older (Beijing Institute Biological products/SinoPharm, 
China), with the second showing lower neutralising antibody 
titres in older adults after two doses. Finally, a clinical trial of a 
nanoparticle vaccine composed of adjuvanted trimeric severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike 
glycoproteins (Novavax, USA) reported results of a two-dose 
schedule given 3 weeks apart in healthy adults younger than 
60 years. This vaccine was well tolerated and induced 
neutralisation responses that exceeded those measured in 
serum samples from convalescent symptomatic patients. 

Added value of this study
This study is the fifth published clinical trial of a vaccine against 
SARS-CoV-2 tested in an older adult population (aged 
18–55 years, 56–69 years, and ≥70 years). The vaccine was safe 
and well tolerated, with reduced reactogenicity in older adults. 
Antibody responses against the SARS-CoV-2 spike protein were 
induced in all age groups and were boosted and maintained at 
28 days after booster vaccination, including in the 70 years and 
older group. Cellular immune responses were also induced in all 
age and dose groups, peaking at day 14 after vaccination.

Implications of all the available evidence
The populations at greatest risk of serious COVID-19 include 
people with coexisting health conditions and older adults. 
The immune correlates of protection against SARS-CoV-2 have 
not yet been determined, but neutralising antibodies are 
thought to be associated with protection, and in a COVID-19 
non-human primate challenge model, neutralising antibody 
responses correlated with protection. These findings have led 
to the use of neutralisation assays to assess immune responses 
in recent human COVID-19 vaccine trials. Immunisation with 
ChAdOx1 nCoV-19 results in development of neutralising 
antibodies against SARS-CoV-2 in almost 100% of participants 
including older adults without severe comorbidities, with 
higher levels in boosted compared with non-boosted groups. 
Further assessment of the efficacy of this vaccine is warranted 
in all age groups and individuals with comorbidities.

See Online for appendix
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Southampton Clinical Research Facility, University Hos-
pital Southampton NHS Foundation Trust (Southampton). 
Data on the participants from the phase 3 component will 
be published elsewhere.

We recruited participants in an age-escalation manner. 
We recruited adults aged 18–55 years, then adults aged 
56–69 years, and then adults aged 70 years and older, 
without severe or uncontrolled medical comorbidities, as 
defined in the clinical study plan (appendix pp 48–54), 
through local advertisements. Participants aged 65 years 
and older with a Dalhousie Clinical Frailty Score of 4 or 
higher were excluded.19

Participants were enrolled into one of ten different 
groups. Recruitment was sequential with low-dose groups 
recruited first and standard-dose cohorts recruited after 
a protocol amendment was approved on June 5, 2020, 
that incorporated the new higher dose level. For the 
first stage of recruitment, participants aged 18–55 years 
were recruited to the low-dose group. Subsequently we 
recruited participants aged 56–69 years, and further 
extension to recruit those aged 70 years and older only 
occurred after safety review by the independent Data 
Safety Monitoring Board (DSMB). A minimum of 2 weeks 
of safety and immunogenicity data were reviewed by the 
DSMB before recruitment to each successive age cohort. 
The 18–55 years groups received two doses of vaccine and 
were randomly assigned to receive either the experimental 
vaccine or the control vaccine. The 56–69 years and 
70 years and older groups were randomly assigned to 
receive either one dose or two doses of vac cine and were 
then randomly assigned to receive the experimental 
vaccine or the control vaccine. The same process was 
repeated with recruitment and randomisation for the 
standard-dose cohorts after review by the DSMB. All 
participants underwent a screening visit in which a full 
medical history, targeted examination, blood test for 
SARS-CoV-2 exposure, and a urinary pregnancy test in 
women of childbearing potential were done. Volunteers 
who were seropositive to SARS-CoV-2 before enrolment 
were excluded from participating in all groups, apart 
from those in the 18–55 years standard-dose cohort. 
Additionally, all participants included in this phase 2 
component of the study, apart from those in the 
18–55 years low-dose group, had additional safety tests 
(blood tests for HIV, hepatitis B and C serology, full 
blood count, and kidney and liver function tests). Full 
details of eligibility criteria are in the trial protocol 
(appendix pp 135–38).

Written informed consent was obtained from all 
participants, and the trial is being done in accordance 
with the principles of the Declaration of Helsinki 
and Good Clinical Practice. The study was sponsored by 
the University of Oxford (Oxford, UK) and approved 
in the UK by the Medicines and Healthcare pro ducts 
Regulatory Agency (reference 21584/0428/001-0001) and 
the South-Central Berkshire Research Ethics Com mittee 
(reference 20/SC/0179). Vaccine use was authorised by 

Genetically Modified Organisms Safety Committees at 
each participating site. An independent DSMB reviewed 
all interim safety reports. A copy of the protocol is 
included in the appendix (pp 83–212).

Randomisation and masking
Participants were randomly assigned to receive either the 
ChAdOx1 nCoV-19 vaccine or the quadrivalent MenACWY 
protein-polysaccharide conjugate vaccine. MenACWY was 
used as a comparator vaccine rather than a saline placebo 
to maintain masking of participants who had local or 
systemic reactions. Participants aged 18–55 years were 
randomly assigned (1:1) in the low-dose cohort and (5:1) 
in the standard-dose cohort to receive either ChAdOx1 
nCoV-19 or MenACWY. For both 18–55 years cohorts, 
participants were given two doses of study vaccine. 
Par ticipants aged 56–69 years were randomly assigned 
(3:1:3:1) to one dose of ChAdOx1 nCoV-19, one dose of 
MenACWY, two doses of ChAdOx1 nCoV-19, or two doses 
of MenACWY. Participants aged 70 years or older were 
randomly assigned (5:1:5:1) to one dose of ChAdOx1 
nCoV-19, one dose of MenACWY, two doses of ChAdOx1 
nCoV-19, or two doses of MenACWY.

Randomisation lists, using block randomisation strati-
fied by age and dose group and study site, were generated 
by the study statistician (MV). Block sizes were chosen 
to align with the age group and dose group sizes. 
Computer randomisation was done with full allocation 
concealment within the secure web platform used 
for the study electronic case report form (REDCap 
version 9.5.22). The trial staff administering the vaccine 
prepared vaccines out of sight of the participants and 
syringes were covered with an opaque material until 
ready for administration to ensure masking of 
participants. Participants, clinical investigators, and the 
laboratory team remained masked to group allocation 
for the duration of the study. However, trial staff 
administering the vaccine were unmasked.

Procedures
In the previous phase 1/2 study,18 a single standard 
dose of 5 × 10¹⁰ virus particles of ChAdOx1 nCoV-19 was 
used, based on previous experience with a ChAdOx1 
Middle East respiratory syndrome (MERS) construct. In 
this study, we assessed a lower dose of 2·2 × 10¹⁰ virus 
particles and a standard dose of 3·5–6·5 × 10¹⁰ virus 
particles in adults of different age cohorts. Due to the 
need to rapidly produce large numbers of doses of 
vaccine manufactured using Good Manufacturing 
Practice to allow timely enrolment into the phase 2/3 
clinical trial, two different batches of vaccine were used 
in this study: one manufactured and vialed by Advent 
(Pomezia, Italy), and one manufac tured by COBRA 
Biologics (Keele, UK) and vialed by Symbiosis (Stirling, 
UK). Both were manufactured according to Good 
Manufacturing Practice and approved by the regu latory 
agency in the UK, the Medicines and Healthcare 
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products Regulatory Agency. The 18–55 years standard-
dose cohort received vaccine manufactured by COBRA 
Biologics for both first (ie, prime) and second (ie, boost) 
doses and all other cohorts received prime and boost 
doses, as randomised, manu factured by Advent. 
Analytical assessment of the batches indicates that the 
batches are comparable. Formal batch-to-batch com-
parison studies are ongoing and results will be reported 
when available.

ChAdOx1 nCoV-19 was administered as a single-dose 
or two-dose regimen (28 days apart) at either the low 
dose (2·2 × 10¹⁰ virus particles) or the standard dose 
(3·5–6·5 × 10¹⁰ virus par ticles). It was administered as a 
single intramuscular injection into the deltoid, according 
to specific study standard operating procedures. The 
MenACWY vaccine was provided by the UK Department 
of Health and Social Care and administered as per 
summary of product characteristics at the standard 
dose.20 Depending on the batch used for vaccination, the 
injection volume for the low dose of ChAdOx1 nCoV-19 
was either 0·22 mL or 0·5 mL. The injection volume 
used for the standard dose of ChAdOx1 nCoV-19 and 
MenACWY was 0·5 mL.

Safety data from animal studies and our previous 
phase 1/2 clinical trial18 of ChAdOx1 nCoV-19 were 
reviewed before recruitment of participants. Volunteers 
were considered enrolled into the trial at the point of 
vaccination. Participants were observed in the clinic for a 
minimum of 15 min after the vaccination procedure in 
case of any immediate adverse events.

Participants from each group were instructed to 
complete a diary card to record solicited local and 
systemic adverse reactions for 7 days after each dose. 
Protocol-defined solicited local adverse events included 
injection-site pain, tenderness, warmth, red ness, swell-
ing, induration, and itch, and solicited systemic adverse 
events included malaise, muscle ache, joint pain, fatigue, 
nausea, headache, chills, feverishness (ie, a self-reported 
feeling of having a fever), and objective fever (defined as 
an oral temperature of 38°C or higher). All participants 
were given an emergency 24-h telephone number to 
contact the on-call study physician as required. Serious 
adverse events will be recorded throughout the follow-up 
period of 1 year after the last dose of vaccine.

Severity of adverse events was graded with the following 
criteria: mild (transient or mild discomfort for <48 h, no 
interference with activity, and no medical intervention or 
therapy required), moderate (mild-to-moderate limitation 
in activity, and no or minimal medical intervention 
or therapy required), severe (substantial limitation in 
activity and medical intervention or therapy required), 
or potentially life-threatening (requires assessment in 
emergency department or admission to hospital). All 
participants in the 56–69 years and 70 years and older 
groups and participants in the 18–55 years standard-dose 
group had clinical and immunogenicity assessments 
at 0, 7, 14, and 28 days after their prime and booster 

vaccinations. Participants in the 18–55 years low-dose 
group had clinical and immunogenicity assess ments 
at baseline, immediately before the boost dose, and 
at 14 and 28 days after their booster vaccination.

Humoral responses at baseline and after vaccination 
were assessed using Meso Scale Discovery multiplexed 
immu noassay against spike and receptor binding domain 
[RBD], a stan dardised total IgG ELISA against trimeric 
SARS-CoV-2 spike protein, and a live SARS-CoV-2 
microneutralisation assay MNA80, which was done at 
Public Health England (Porton Down, UK), as described 
previously.18 Cellular responses were assessed using an 
ex-vivo IFN-γ enzyme-linked immunospot (ELISpot) 
assay to enumerate antigen-specific T cells.18 Neutralising 
antibodies to the ChAdOx1 vector were measured using a 
secreted embry onic alkaline phosphatase (SEAP)-reporter 
assay, which measures the reciprocal of the serum 
dilution required to reduce in-vitro expression of vector-
expressed SEAP by 50%, 24 h after transduction.21 Due 
to the labour-intensive nature of neutralisation assays, 
we prioritised analysis of samples from the ChAdOx1 
nCoV-19 groups, randomly selecting more samples from 
ChAdOx1 nCoV-19 partici pants than control samples to 
be sent for blinded analysis.

Outcomes
The coprimary outcomes of the trial are to assess efficacy 
as mea sured by the number of cases of symptomatic, 
virologically confirmed COVID-19 and safety of the 
vaccine as measured by the occurrence of serious adverse 
events. Secondary outcomes include safety, reactogenicity, 
and immunogenicity profiles of ChAdOx1 nCoV-19 in 
older adults (aged 56–69 years and ≥70 years), efficacy 
against severe and non-severe COVID-19, death, and 
seroconversion against non-spike proteins. A full list of 
secondary and tertiary outcomes is in the protocol 
(pp 118–24).

Here we report preliminary results for selected 
secondary endpoints, comparing local and systemic 
reactogenicity and cellular and humoral immunogenicity 
of ChAdOx1 nCoV-19 between different age groups, after 
one or two doses and at low or standard dose. Efficacy 
analyses are not included in this report.

Statistical analysis
We present safety endpoints as frequencies (%) with 
95% binomial exact CIs. We present immunological 
endpoints as medians and IQR. Analyses were by group 
allocation in participants who received the vaccine.

We did comparisons across the three age groups 
(aged 18–55 years, aged 56–69 years, and aged ≥70 years) 
using Kruskal-Wallis tests within each dose level of 
the vaccine (low dose or standard dose) for antibody 
responses or unadjusted analysis of variance applied 
to log-transformed values for neutralisation titres. 
We did com parisons between low-dose and standard-
dose groups using Wilcoxon rank sum tests (antibody 



1364 |     CORONAVAC | O QUE A CIÊNCIA COMPROVA

Article

Articles

1984 www.thelancet.com   Vol 396   December 19/26, 2020

response) or independent samples Student’s t test 
applied to log-transformed values for neutralisation 
titres. We present unadjusted p values for a small 
number of statistical comparisons to avoid issues of 
multiplicity. To assess the association between responses 
on different assays, we used unadjusted linear regres-
sion to analyse log-transformed values after baseline.

Sample sizes were nominal for these immunogenicity 
subgroups and no power calculations were done.

We did all statistical analyses using SAS version 9.4 
and R version 3.6.1 or later. This study is registered 
with ClinicalTrials.gov, NCT04400838, and with ISRCTN, 
15281137.

Role of the funding source
AstraZeneca reviewed the data from the study and the 
final manuscript before submission, but the authors 
retained editorial control. All other funders of the study 
had no role in the study design, data collection, data 
analysis, data interpretation, or writing of the report. All 
authors had full access to all the data in the study and 
had final responsibility for the decision to submit for 
publication.

Results
Between May 30 and Aug 8, 2020, 560 participants were 
enrolled in the study and randomly assigned to the 
experimental vaccine or control vaccine group: 160 par-
ticipants aged 18–55 years (100 assigned to ChAdOx1 
nCoV-19, 60 assigned to MenACWY), 160 aged 56–69 years 
(120 assigned to ChAdOx1 nCoV-19, 40 assigned to 
MenACWY), and 240 aged 70 years and older (200 assigned 
to ChAdOx1 nCoV-19, 40 assigned to MenACWY). Full 
details on randomisation are in figure 1. All participants 
randomly assigned to treatment were vaccinated. One 
participant (in the 18–55 years low-dose group) received 
the incorrect vaccine after randomisation and was 
excluded from analysis. Seven participants randomly 
assigned to receive two doses of vaccine chose not to 
continue with the boost dose and were excluded from 
further analyses. Three participants were excluded from 
immunology analyses due to incorrectly labelled samples 
(either incorrect participant identification num bers or 
incorrect time points noted on the label, or both; figure 1). 
The baseline characteristics of the participants eligible for 
inclusion in the analysis in each group are shown in 
the table. Participants 70 years and older were recruited 
from the NIHR Southampton Clinical Research Facility, 
University Hospital Southampton NHS Foundation 
Trust. All other participants were recruited at the Oxford 
Vaccine Centre, Centre for Clinical Vaccinology and 
Tropical Medicine, University of Oxford. Among the 
analysed population, 280 (50%) of 552 participants were 
female. 524 (95%) of 552 participants identified as white, 
and 540 (98%) were non-smokers. A large proportion of 
health-care workers who were predominantly female were 
enrolled in the 18–55 years and 56–69 years age groups. 

The median age in the 18–55 years group was 43·0 years 
(IQR 33·6–48·0), in the 56–69 years group was 60·0 years 
(57·5–63·0) and in the 70 years and older group was 
73·0 years (71·0–76·0). The median age in the 70 years and 
older groups ranged from 73 years to 74 years across 
dosing groups, with the oldest participants aged 83 years.

The following results for local and systemic adverse 
reactions are all for participants who were randomly 
assigned to receive two doses of vaccine. Injection-site 
pain and tenderness were the most common solicited 
local adverse reactions and occurred most frequently 
in the first 48 h after vaccination (data for standard-
dose regimen shown in figure 2; data for the low-dose 
groups and control groups are shown in the appendix 
[pp 7, 9, 19–21]). In those aged 56 years or older, a 
standard dose of ChAdOx1 nCoV-19, whether the prime 
or boost vaccination, elicited a greater number of local or 
systemic reactions than did MenACWY. The difference 
was less clear with the low-dose vaccine in the 56–69 years 
and 70 years and older groups, and the number of 
participants in the control groups was small (appendix 
p 30). At least one local symptom was reported after the 
prime vaccination with standard-dose ChAdOx1 nCoV-19 
by 43 (88%) of 49 participants in the 18–55 years group, 
22 (73%) of 30 in the 56–69 years group, and 30 (61%) of 
49 in the 70 years and older group (appendix p 29). 
Similar proportions of local symptoms were reported 
after the boost vaccination with the standard dose of 
ChAdOx1 nCoV-19, with 37 (76%) of 49 participants in the 
18–55 years group, 21 (72%) of 29 in the 56–69 years 
group, and 27 (55%) of 49 in the 70 years and older group 
reporting at least one local symptom. A similar pattern 
was seen across the age groups in participants after their 
prime vaccination with low-dose ChAdOx1 nCoV-19 and 
after the boost vaccination with the low-dose vaccine, but 
with fewer total adverse reactions than in the standard-
dose groups (appendix pp 7, 9, 19–21). No severe local 
symptoms were reported by recipients of ChAdOx1 
nCoV-19. In the two-dose control groups, across both the 
low-dose and standard-dose cohorts, local symptoms 
were reported by 33 (57%) of 58 participants in the 
18–55 years group, five (25%) of 20 in the 56–69 years 
group, and seven (35%) of 20 in the 70 years and older 
group after the prime vaccination with MenACWY, and 
by 50 (86%) of 58 in the 18–55 years group, seven (37%) 
of 19 in the 56–69 years group, and four (20%) of 20 in 
the 70 years and older group after the boost vaccination 
with MenACWY (appendix p 29). Data for participants 
randomly assigned to receive only one dose of vaccine 
were similar to the data after a prime dose of vaccine in 
the two-dose groups (data not shown).

Fatigue, headache, feverishness, and myalgia were the 
most commonly solicited systemic adverse reactions 
(data for the standard-dose groups are shown in figure 3; 
data for the low-dose groups and control groups are 
shown in the appendix [pp 8, 10, 19–21]). At least 
one systemic symptom was reported after the prime 
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vaccination with the standard dose of ChAdOx1 nCoV-19 
by 42 (86%) of 49 participants in the 18–55 years group, 
23 (77%) of 30 in the 56–69 years group, and 32 (65%) of 
49 in the 70 years and older group (appendix p 29). The 
severity of symptoms reported in the standard-dose 

groups was reduced after the boost vaccination, with only 
one (1%) of 127 participants reporting a severe reaction 
compared with seven (5%) of 128 participants after the 
prime vacci nation. At least one systemic adverse reaction 
after the boost vaccination of standard dose of ChAdOx1 
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Figure 1: Study profile for the low-dose (A) and standard-dose (B) cohorts
*One participant excluded from immunogenicity analyses, due to mislabelling of laboratory sample. †Reasons for not receiving boost dose included that the participant moved away or was unavailable 
for visits, delay in receiving boost dose, or withdrawal of consent.
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Age 18–55 years Age 56–69 years Age ≥70 years

ChAdOx1 
nCoV-19, 
two doses

MenACWY, 
two doses

ChAdOx1 
nCoV-19, 
one dose

MenACWY, 
one dose

ChAdOx1 
nCoV-19, 
two doses

MenACWY, 
two doses

ChAdOx1 
nCoV-19, 
one dose

MenACWY, 
one dose

ChAdOx1 
nCoV-19, 
two doses

MenACWY, 
two doses

Low dose

Number enrolled 50 49 30 10 30 10 50 10 46 10

Sex

Female 35 (70%) 28 (57%) 19 (63%) 4 (40%) 10 (33%) 8 (80%) 24 (48%) 6 (60%) 16 (35%) 6 (60%)

Male 15 (30%) 21 (43%) 11 (37%) 6 (60%) 20 (67%) 2 (20%) 26 (52%) 4 (40%) 30 (65%) 4 (40%)

Age, years, median 
(IQR, range)

44·5 
(39·0–51·0, 
22·0–54·0)

42·0 
(32·0–48·0, 
23·0–55·0)

60·0 
(58·9–62·3, 
56·0–69·0)

57·8 
(56·3–60·8, 
56·0–68·0)

60·4 
(57·8–66·0, 
56·0–69·4)

60·5 
(58·3–63·9, 
56·7–69·0)

73·5 
(71·0–76·0, 
69·0–83·0)

73·0 
(70·0–74·0, 
70·0–81·0)

73·0 
(71·0–75·0, 
70·0–82·0)

73·0 
(71·2–74·0, 
70·0–76·0)

BMI, kg/m², median 
(IQR, range)

24·6 
(22·9–28·9, 
19·4–45·1)

24·8 
(21·6–27·7, 
18·0–37·2)

25·0 
(23·2–27·3, 
20·2–37·6)

25·5 
(22·5–27·3, 
20·9–34·4)

25·9 
(24·0–28·8, 
21·3–36·6)

24·0 
(23·2–26·0, 
22·2–33·2)

26·0 
(23·8–28·0, 
20·0–36·0)

24·9 
(22·3–26·9, 
19·3–32·5)

26·0 
(23·4–27·7, 
19·4–42·1)

26·8 
(24·3–29·5, 
19·2–35·3)

Smoker 3 (6%) 1 (2%) 0 1 (10%) 2 (7%) 0 1 (2%) 0 1 (2%) 0

Alcohol drinker 44 (88%) 42 (86%) 28 (93%) 9 (90%) 26 (87%) 8 (80%) 43 (86%) 10 (100%) 43 (94%) 9 (90%)

Health-care worker 35 (70%) 26 (53%) 17 (57%) 7 (70%) 12 (40%) 4 (40%) 0 0 0 1 (10%)

Race or ethnicity

White 48 (96%) 45 (92%) 30 (100%) 9 (90%) 27 (90%) 10 (100%) 50 (100%) 10 (100%) 45 (98%) 10 (100%)

Black or Black British 0 0 0 0 0 0 0 0 0 0

Asian or Asian British 2 (4%) 1 (2%) 0 0 2 (7%) 0 0 0 0 0

Mixed race or ethnicity 0 3 (6%) 0 0 0 0 0 0 1 (2%) 0

Other race or ethnicity* 0 0 0 1 (10%) 1 (3%) 0 0 0 0 0

Comorbidities

Cardiovascular disease 4 (8%) 10 (20%) 5 (17%) 0 11 (37%) 0 14 (28%) 3 (30%) 16 (35%) 2 (20%)

Respiratory disease 12 (24%) 9 (18%) 7 (23%) 0 7 (23%) 0 6 (12%) 2 (20%) 6 (13%) 1 (10%)

Diabetes 0 0 0 0 0 1 (10%) 1 (2%) 0 2 (4%) 0

Standard dose

Number enrolled 49 9 30 10 30 10 50 10 49 10

Sex

Female 23 (47%) 7 (78%) 16 (53%) 3 (30%) 16 (53%) 5 (50%) 25 (50%) 1 (10%) 21 (43%) 2 (20%)

Male 26 (53%) 2 (22%) 14 (47%) 7 (70%) 14 (47%) 5 (50%) 25 (50%) 9 (90%) 28 (57%) 8 (80%)

Age, years, median 
(IQR, range)

39·0 
(30·0–45·0, 
19·0–55·0)

43·0 
(35·8–50·0, 
32·0–54·0)

59·0 
(58·0–61·0, 
56·0–69·0)

61·5 
(57·5–63·8, 
57·0–66·0)

59·5 
(57·0–61·0, 
56·0–67·0)

60·5 
(57·9–61·0, 
56·0–64·0)

74·0 
(72·0–76·0, 
70·0–80·0)

74·0 
(71·0–75·5, 
70·0–78·0)

73·0 
(71·0–75·0, 
70·0–83·0)

73·5 
(72·2–74·8, 
71·0–81·0)

BMI, kg/m², median 
(IQR, range)

26·9 
(24·6–30·9, 
20·2–39·7)

24·1 
(23·8–25·6, 
18·6–39·0)

26·7 
(25·2–30·0, 
18·6–36·8)

28·9 
(25·6–30·2, 
21·7–31·9)

24·0 
(22·4–27·1, 
19·9–33·5)

26·1 
(23·6–27·7, 
20·5–30·2)

25·1 
(23·7–28·5, 
17·5–32·6)

26·8 
(25·8–28·5, 
23·0–31·7)

27·1 
(24·2–29·2, 
20·3–40·2)

25·6 
(24·1–29·3, 
18·9–32·5)

Smoker 1 (2%) 0 0 0 0 1 (10%) 1 (2%) 0 0 0

Alcohol drinker 45 (92%) 6 (67%) 29 (97%) 10 (100%) 29 (97%) 10 (100%) 39 (78%) 9 (90%) 42 (86%) 9 (90·0%)

Health-care worker 13 (27%) 5 (56%) 10 (33%) 2 (20%) 12 (40%) 5 (50%) 2 (4%) 0 0 0

Race or ethnicity

White 40 (82%) 7 (78%) 29 (97%) 10 (100%) 26 (87%) 9 (90%) 50 (100%) 10 (100%) 49 (100%) 10 (100%)

Black or Black British 1 (2%) 0 0 0 0 0 0 0 0 0

Asian or Asian British 7 (14%) 2 (22%) 0 0 4 (13%) 1 (10%) 0 0 0 0

Mixed race or ethnicity 0 0 0 0 0 0 0 0 0 0

Other race or ethnicity* 1 (2%) 0 1 (3%) 0 0 0 0 0 0 0

Comorbidities

Cardiovascular disease 6 (12%) 0 4 (13%) 3 (30%) 4 (13%) 1 (10%) 20 (40%) 3 (30%) 13 (27%) 4 (40%)

Respiratory disease 10 (20%) 1 (11%) 4 (13%) 1 (10%) 3 (10%) 3 (30%) 3 (6%) 0 4 (8%) 0

Diabetes 2 (4%) 0 2 (7%) 2 (20%) 0 0 0 1 (10%) 3 (6%) 1 (10%)

Data are n (%) unless otherwise specified. BMI=body-mass index. *Included Hispanic-Columbian, Indian, Japanese, and White Irish/English.

Table: Baseline characteristics of prime-boost participants included in the analysis
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nCoV-19 was reported by 32 (65%) of 49 participants in 
the 18–55 years group, 21 (72%) of 29 in the 56–69 years 
group, and 21 (43%) of 49 in the 70 years and older group 

(appendix p 29). Within 7 days after the prime vaccination 
with ChAdOx1 nCoV-19, the incidence of objectively 
measured fever was low in the 18–55 years standard-dose 

Figure 2: Solicited local adverse reactions in the 7 days after prime and boost doses of standard-dose vaccine, by age
Day 0 is the day of vaccination. Participants shown are those randomly assigned to receive two doses, and data are only shown for participants who received both 
doses of vaccine. 
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group (12 [24%] of 49), and no fevers were recorded in 
either the 56–69 years or 70 years and older standard-
dose groups (appendix pp 16–18). No participants of any 

age who received the standard dose of ChAdOx1 nCoV-19 
had objective fever after the boost vaccination. A similar 
pattern of decreasing reactogenicity with increasing age 

Figure 3: Solicited systemic adverse reactions in the 7 days after prime and boost doses of standard-dose vaccine, by age
Day 0 is the day of vaccination. Feverish is self-reported feeling of feverishness, whereas fever is an objective fever measurement (mild: 38·0 to <38·5°C, moderate: 38·5 to <39·0°C, severe: ≥39·0°C). 
Participants shown are those randomly assigned to receive two doses, and data are only shown for participants who received both doses of vaccine.
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was seen in the low-dose groups (appendix pp 7, 8, 19–21). 
Similar results after the first dose were seen in those 
who were randomly assigned to receive only one dose 
of vaccine (data not shown). Data for the control groups 
are in the appendix (p 10).

As of Oct 26, 2020, 13 serious adverse events have 
occurred (across all age and vaccine groups), none of 
which are considered related to either study vaccine as 
assessed by the investigators (appendix p 31).

Using a multiplex immunoassay that detected total 
IgG against RBD and trimeric spike protein, we 
observed that participants who received the prime 
vaccination of standard-dose ChAdOx1 nCoV-19 had 
similar anti-spike antibody titres by day 28 after their 
prime vaccination as those who received a low dose 
(p=0·12 adjusted for age; figure 4; appendix p 12). At 
both dose levels, and for all dose groups combined, 
anti-spike IgG responses at day 28 decreased with 
increasing age (low-dose groups: 18–55 years, median 
6439 arbi trary units [AU]/mL [IQR 4338–10 640], n=49; 
56–69 years, 4553 AU/mL [2657–12 462], n=60; ≥70 years, 
3565 AU/mL [1507–6345], n=93; p=0·0037; standard-
dose groups: 18–55 years, median 9807 AU/mL 
[IQR 5847–17 220], n=43; 56–69 years, 5496 AU/mL 
[2548–12 061], n=55; ≥70 years, 4156 [2122–12 595], n=97; 
p=0·0044). By 28 days after the boost vaccination, 
similar antibody titres were seen across all two-dose 
groups, regardless of age or vaccine dose (eg, stan dard-
dose groups: 18–55 years, median 20 713 AU/mL 
[IQR 13 898–33 550], n=39; 56–69 years, 16 170 AU/mL 
[10 233–40 353], n=26; and ≥70 years, 17 561 AU/mL 
[9705–37 796], n=47; p=0·68), and were higher than 
for those who did not receive a boost vaccination 
(appendix p 13). Similar results were seen with anti-
RBD antibodies (figure 4; appendix p 12) and with 
an in-house standardised ELISA (appendix pp 12–13). 
Data for the control group are in the appendix 
(pp 12–13).

In a live SARS-CoV-2 microneutralisation assay 
(MNA80), median titres peaked by day 42 in most groups 
that received two vaccinations (figure 5). There were no 
significant differences in normalised titres between 
age groups at day 42 (low-dose groups: 18–55 years, 
median 161 [IQR 99–233], n=41; 56–69 years, 143 [79–220], 
n=28; ≥70 years, 150 [103–255], n=34; p=0·90; standard-
dose groups: 18–55 years, median 193 [IQR 113–238], 
n=39; 56–69 years, 144 [119–347], n=20; and ≥70 years, 
161 [73–323], n=47; p=0·40). Within each age group, no 
significant differences were seen in neu tralisation titres 
between low-dose and standard-dose vaccine recipients 
at the same timepoint (18–55 years p=0·33, 56–69 years 
p=0·12, ≥70 years p=0·62; figure 5; appendix p 14). 
Neutralising titres were achieved by 14 days after the 
boost vaccination in 208 (>99%) of 209 recipients of 
a boost vaccination. The one participant with a non-
neutralising level was in the 70 years and older two-dose 
low-dose group.

Anti-spike IgG levels after vaccination across all 
timepoints in those who received two doses of vaccine 
were highly correlated with neutralising titres in all age 
groups and for both low-dose and standard-dose vaccines 
(r² from linear regression 0·42–0·75, all p<0·0001; 
appendix p 32).

IFN-γ ELISpot responses against SARS-CoV-2 spike 
protein peaked 14 days after the prime vaccination 
(standard-dose groups: 18–55 years, median 1187 spot-
forming cells [SFCs] per million peripheral blood 
mononuclear cells [PBMCs; IQR 841–2428], n=24; 
56–69 years, 797 SFCs [383–1817], n=29; and ≥70 years, 
977 SFCs [458–1914], n=48; appendix p 16) and did not 
increase significantly after the boost vaccination (p=0·46 
from paired Student’s t test of day 28 vs day 42; figure 6). 
ELISpot data were unavailable for the 18–55 years 
low-dose group because PBMCs were not collected in 
this group. In those who received two standard doses of 
vaccine, a significant difference was seen across age 
groups with those aged 56–69 years having higher 
responses at day 42 than other age groups receiving the 

Figure 4: SARS-CoV-2 IgG response to the receptor binding domain in the standard-dose groups (A) and 
low-dose groups (C) and the spike protein in the standard-dose groups (B) and the low-dose groups (D), 
by age
Datapoints are medians, with whiskers showing the IQRs. Solid lines show participants who were randomly 
assigned to and received two doses of vaccine and dashed lines indicate participants who were randomly assigned 
to receive one dose. The vertical black line indicates when participants who received two doses received their boost 
dose. Data for the control groups are shown in the appendix (p 12). AU=arbitrary units. SARS-CoV-2=severe acute 
respiratory syndrome coronavirus 2.
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same vaccine regimen (18–55 years, median 413 SFCs 
per million PBMCs [IQR 245–675], n=23; 56–69 years, 
798 SFCs [462–1186], n=28; and ≥70 years, 307 SFCs 
[161–516], n=47; p<0·0001; appendix p 15).

Anti-ChAdOx1 neutralising antibody titres across 
different age and dose groups are shown in figure 7. 
Titres increased with the prime vaccination with 
ChAdOx1 nCoV-19 in all groups to similar levels, but 
were not increased further after a boost dose of vaccine 
at day 28. This observation was in contrast with the anti-
SARS-CoV-2 spike protein antibody levels, which were 
increased 28 days after the boost vaccination (figure 4). 
Anti-ChAdOx1 neutralising titres immediately before 
the boost vaccination were negatively correlated with 
standardised ELISA values 28 days after the boost 
vaccination (p=0·037; figure 7), but no significant 

correla tion was seen between anti-ChAdOx1 neutralising 
titres immediately before the boost vaccination and 
ELISpot responses 14 days after the boost vaccination 
(p=0·22; figure 7).

Discussion
Our findings show that the ChAdOx1 nCoV-19 vaccine was 
safe and well tolerated with a lower reactogenicity profile 
in older adults than in younger adults. Immu nogenicity 
was similar across age groups after a boost vaccination. 
If these responses correlate with protec tion in humans, 
these findings are encouraging because older individuals 
are at disproportionate risk of severe COVID-19 and so 
any vaccine adopted for use against SARS-CoV-2 must be 
effective in older adults.

Most of the reported local and systemic adverse events 
were mild to moderate in severity, in line with our 
previous phase 1 study of the ChAdOx1 nCoV-19 vaccine18 
and previously reported studies of ChAdOx1-vectored 
vaccines.22–24 Fewer adverse events were reported after the 
boost vaccination than after the prime vaccination and 
reactogenicity reduced with increasing age. The lower 
dose of vaccine was less reactogenic than the standard 
dose of vaccine across all age groups.

The serious adverse events observed during the trial in 
these study groups were judged to be unrelated to the 
study vaccines and occurred at frequencies expected for 
these conditions in the general population. None of the 
participants included in this report had any suspected 

Figure 5: Neutralising antibody titres measured using a live SARS-CoV-2 
microneutralisation assay (MNA80)  after prime and boost doses of vaccine 
in standard-dose groups (A) and low-dose groups (B), by age
Datapoints are medians, with whiskers showing the IQR. Solid lines show 
participants who were randomly assigned to and received two doses of vaccine 
and dashed lines indicate participants who were randomly assigned to receive 
one dose. Horizontal dotted lines show upper and lower limits of assay (values 
outside this range set to 640 beyond the upper limit and 5 beyond the lower 
limit). Data for the control groups are shown in the appendix (p 14). 
To normalise data across assay runs, a reference sample was included in all assay 
runs and test samples normalised to this value by generating log10 ratios. 
SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
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Figure 6: IFN-γ ELISpot response to peptides spanning the SARS-CoV-2 spike 
insert after prime and boost doses of vaccine for all participants who were 
given two doses of vaccine, by age group and vaccine dose
ELISpot data were unavailable for the 18–55 years low-dose group because 
PBMCs were not collected in this group. Datapoints are medians, with whiskers 
showing the IQR. The lower limit of detection is 48 SFCs per million PBMCs 
(horizontal dotted line). Day 42 samples are from participants who received the 
boost dose at day 28 (vertical dotted line). Data for both one-dose and two-dose 
groups, with numbers analysed at each timepoint, are in the appendix (p 15). 
ELISpot=enzyme-linked immunospot. PBMC=peripheral blood mononuclear 
cells. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2. SFC=spot-
forming cells.
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unexpected serious adverse reactions. In the phase 3 
component of the trial, suspected unexpected serious 
adverse reactions occurred in other groups, and will 
be reported in detail in a subsequent publication. 
We carefully moni tored suspected unexpected serious 
adverse reactions and other adverse events to ensure that 
no pattern of unexplained illnesses emerged that could 
indicate a safety concern. Independent assessments have 
led to the recommendation that the trial is safe to 
continue.

The ChAdOx1 nCoV-19 vaccine induced a specific 
antibody response to the SARS-CoV-2 spike glycoprotein 
and RBD at 28 days after a single dose across all age 
groups, including adults aged 70 years and older. A clear 
effect of a boost vaccination on antibody titres at day 56 
was seen that was unrelated to dose regimen or age 
group. Similar patterns were observed with neutralising 
antibody responses, with no difference in the magnitude 
of the response at day 28 after the prime vaccine 
regardless of age or vaccine dose, but a booster effect was 
observed in individuals who received a second dose of 
vaccine.

Other clinical trials have also assessed safety, tolerability, 
and immunogenicity of SARS-CoV-2 vaccines in older 
adults. An adenovirus 5 vector-based vaccine also had 
reduced reactogenicity in adults aged 55 years and older 
compared with adults aged 18–54 years after a single dose 
of vaccine, although immunogenicity was concurrently 
reduced in this older age group.11 A two-dose mRNA 
vaccine has also been shown to be immunogenic in 
adults older than 56 years with dose-dependent immune 
responses and similar neutralising antibody titres and 
cellular immune responses to younger adults.9 Another 
two-dose mRNA vaccine has shown immunogenicity in 
older adults, but absolute neutralising antibody responses 
in adults aged 65–85 years were lower than in those aged 
18–55 years.10 By contrast with our observations, in both 
these studies, reactogenicity was more common after the 
second dose of an mRNA vaccine. A two-dose inactivated 
virus vaccine has also shown lower absolute neutralising 
antibody titres in adults aged 60 years and older than 
in adults aged 18–59 years, but reactogenicity was not 
formally compared between the first and second doses in 
this study.13

T-cell responses are important in controlling disease in 
natural infection8 and therefore generation of a robust 
cellular immune response is a desirable attribute for a 
vaccine against SARS-CoV-2. Here, we found that spike-
specific T-cell responses measured with ELISpot peaked 
at 14 days after the prime vaccination, consistent with 
previous studies of simian adenovirus-vectored vaccines,25 
and were similar in all groups regardless of age and 
vaccine dose. Spike protein T-cell responses measured 
with ELISpot have also been reported in studies with 
other adenovirus-vectored vaccines against SARS-CoV-2,12 
including in adults older than 55 years.11 Theoretical 
concerns about vaccine-enhanced disease have led to a 

view that a type 1 T-helper (Th1)-biased CD4 response 
is a preferred coronavirus vaccine characteristic.26 An 
adjuvanted nanoparticle vaccine has been shown to 
induce spike-specific CD4 T-cell cytokine responses with 
a predominantly Th1 profile,15 as has an mRNA vaccine in 
small numbers of adults aged 56–70 years and 71 years 
and older.9 More detailed investigations of antigen-
specific T-cell responses in our study participants are 
ongoing.

The robust humoral and cellular immune responses 
obtained in our older adult population were encouraging 
given that a number of studies have shown that 
decreasing immune function with age leads to decreased 
immune responses to vaccines. This fact holds true for 
vaccines such as for influenza, for which pre-existing 

Figure 7: Anti-ChAdOx1 vector neutralising titres after prime and boost doses of vaccine, by age and vaccine 
dose, and the correlation between pre-boost dose anti-ChAdOx1 neutralising antibodies and 28 days after 
boost dose antibody and T-cell responses
(A) Anti-ChAdOx1 neutralising antibody titres in participants who received ChAdOx1 nCoV-19 vaccine by age and 
dose: datapoints are medians, with whiskers showing the IQR. Values below the limit of detection were assigned a 
value of 1. (B) Anti-ChAdOx1 neutralising antibody titre immediately before boost dose of vaccine versus 
standardised IgG ELISA against SARS-CoV-2 spike 28 days after the boost dose of vaccine with linear regression of 
logged values (p=0·037). (C) Anti-ChAdOx1 neutralising antibody titres immediately before boost dose of vaccine 
versus SARS-CoV-2 spike specific T cells measured by IFN-γ ELISpot on day 14 after the boost dose of vaccine with 
linear regression of logged values (p=0·22). In B and C, each datapoint is one participant and the solid line shows 
the linear regression, with the shaded area showing the 95% CI from an unadjusted linear regression of anti-vector 
neutralisation titres against logged ELISA (in B) or ELISpot (in C) response. Data were unavailable at day 56 for the 
56–69 years standard-dose group. ELISpot=enzyme-linked immunospot. PBMC=peripheral blood mononuclear 
cells. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2. SFC=spot-forming cells.
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immune memory exists,27 and vaccines that induce 
primary immune responses, such as hepatitis B.28 
Other adenovirus-vector platforms against SARS-CoV-2 
have either shown reduced immunogenicity in an older 
age group11 (although this study was of a single-dose 
regimen and so not directly comparable with our prime-
boost regimen) or have not yet been tested in an older 
popula tion.12

However, our results are consistent with previous 
studies of adenovirus-vector-based vaccines against 
respira tory pathogens that evoke humoral and T-cell 
responses in older adults, including a human adenovirus-
vectored respiratory syncytial virus (RSV) vaccine29 and a 
simian adenovirus-vectored RSV vaccine.30 Our results 
with ChAdOx1 nCoV-19 are also consistent with those of a 
ChAdOx1-vectored vaccine against influenza that showed 
good immunogenicity in adults older than 50 years.22

Notably, the anti-spike antibody responses in our study 
increased after a boost vaccination at an interval of 
1 month but the neutralising anti-vector antibody 
responses did not. There was also no difference in anti-
vector immunity by age. We observed a small negative 
correlation between anti-vector antibody titres and 
anti-spike total IgG, but not T-cell ELISpot responses. 
Further work is needed to investigate if homologous 
boosting with adenovirus-vectored vaccines can be done 
without loss of immunogenicity to the pathogen-specific 
transgene.

In the absence of a clear serological correlate of 
protection against SARS-CoV-2, clinical studies have 
focused on measuring neutralising antibodies because 
these have been shown to confer protec tion from 
challenge in animal models.9–15 Live virus neutralisation 
assays are labour intensive and can only be done in 
specialist laboratories under category 3 biological safety 
conditions. We found here that anti-spike IgG levels 
correlate with neutralising antibody titres for all age 
groups. This finding suggests that, should neutralising 
antibodies be shown to be protective in humans, routine 
serological assays could be used for the standardised 
evaluation of functional antibody by vaccine candidates 
in clinical trials.

A limitation of this study is its single-blind design. 
However, all laboratory analyses and clinical assessments 
reported in this manuscript were done in a blinded 
fashion. A further limitation is possible variation of 
severity of local reactions due to the difference in 
injection volumes between different batches of vaccine 
in the low-dose group. Ongoing studies in larger groups 
will investigate the reactogenicity of a booster dose in 
more detail. Finally, the selection of participants aged 
70 years and older, with a median age of 73–74 years 
between dose groups and with few comorbidities, might 
not be representative of the general older population, 
including those living in residential care settings or older 
than 80 years. Early phase studies in older adults require 
healthy volunteers to be enrolled for safety assessments, 

and recruitment to the study occurred during a period of 
national lockdown when more susceptible individuals 
were advised by Public Health England to self-isolate. 
Therefore, we excluded volunteers with substantial 
comorbidities or clinical frailty. Larger studies are now 
underway to assess immunogenicity, safety, and efficacy 
in older adults with a wider range of comorbidities.

Ultimately, licensure of a vaccine relies on the 
demonstration of efficacy in preventing COVID-19 and 
safety. Phase 3 studies with ChAdOx1 nCoV-19 are 
ongoing in the UK, Brazil, and the USA to assess vaccine 
efficacy and safety. Here we found similar safety and 
immu nogenicity of ChAdOx1 nCoV-19 in older adults 
compared with younger adults, which could support the 
use of this vaccine in this older age group, if it is shown 
to be protective in phase 3 trials.
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Vaccines & Immunizations

The Janssen COVID-19 Vaccine’s Local Reactions,
Systemic Reactions, Adverse Events, and Serious
Adverse Events

Local Reactions
Local reactions were reported at higher rates by vaccine recipients than placebo recipients. The frequency of any local
reaction was higher in participants aged 18 to 59 years than participants aged ≥60 years (59.8% vs 35.4%). Pain at the
injection site was the most frequently reported solicited local reaction among vaccine recipients (58.6% of 18-59-year-olds and
33.3% ≥60-year-olds). Erythema and swelling were reported less frequently. No grade 4 local reactions were reported. Overall,
the median onset of local reactions in the vaccine group was within two days of vaccination, with a median duration 2 days for
erythema and pain and 3 days for swelling. (Table 1)

Table 1. Local reactions in persons aged 18-59 years and persons aged
≥60 years, Janssen COVID-19 vaccine and placebo

18-59 years ≥60 years

Janssen Vaccine 
N=2036

Placebo 
N=2049

Janssen Vaccine 
N=1320

Placebo 
N=1331

Any Local, n (%)

Any 1218 (59.8) 413 (20.2) 467 (35.4) 244 (18.3)

Grade 3 18 (0.9) 4 (0.2) 5 (0.4) 2 (0.2)

Pain , n (%)

Any 1193 (58.6) 357 (17.4) 439 (33.3) 207 (15.6)

Grade 3 8 (0.4) 0 (0.0) 3 (0.2) 2 (0.2)

Erythema , n (%)

Any 184 (9.0) 89 (4.3) 61 (4.6) 42 (3.2)

Grade 3 6 (0.3) 2 (0.1) 1 (0.1) 0 (0.0)

Swelling , n (%)

Any 142 (7.0) 32 (1.6) 36 (2.7) 21 (1.6)

Grade 3 5 (0.2) 2 (0.1) 2 (0.2) 0 (0.0)

Solicited local and systemic adverse reactions collected for participants in a safety subset (N=6,736)

Pain – Grade 3: any use of prescription pain reliever or prevented daily activity

Erythema and Swelling – Grade 3: >100mm

Note: No grade 4 local reactions were reported.

Systemic Reactions
Systemic reactions were reported at higher rates by vaccine recipients than placebo recipients. The frequency of systemic
reactions was higher in participants aged 18-59 years than participants ≥60 years (61.5% vs 45.3%). For both age groups,
fatigue and headache were the most commonly reported systemic reactions. Fever was more common in participants 18-59
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years (12.8%) compared to those ≥60 years (3.1%). The majority of systemic reactions were mild or moderate in severity. The
most common grade 3 reactions were fatigue and myalgia. No grade 4 reactions were reported. Among vaccine recipients,
the median onset of systemic reactions within 2 days of vaccination, with a median duration of 1-2 days. (Table 2)

Table 2. Systemic reactions in persons aged 18-59 years and persons
aged ≥60 years, Janssen COVID-19 vaccine and placebo

18-59 years ≥60 years

Janssen Vaccine 
N=2036

Placebo 
N=2049

Janssen Vaccine 
N=1320

Placebo 
N=1331

Any systemic, n (%)

Any 1252 (61.5) 745 (36.4) 598 (45.3) 440 (33.1)

Grade 3 47 (2.3) 12 (0.6) 14 (1.1) 9 (0.7)

Fatigue , n (%)

Any 891 (43.8) 451 (22.0) 392 (29.7) 277 (20.8)

Grade 3 25 (1.2) 4 (0.2) 10 (0.8) 5 (0.4)

Headache , n (%)

Any 905 (44.4) 508 (24.8) 401 (30.4) 294 (22.1)

Grade 3 18 (0.9) 5 (0.2) 5 (0.4) 4 (0.3)

Myalgia , n (%)

Any 796 (39.1) 248 (12.1) 317 (24.0) 182 (13.7)

Grade 3 29 (1.4) 1 (<0.1) 3 (0.2) 5 (0.4)

Nausea , n (%)

Any 315 (15.5) 183 (8.9) 162 (12.3) 144 (10.8)

Grade 3 3 (0.1) 3 (0.1) 3 (0.2) 3 (0.2)

Fever , n (%)

Any 261 (12.8) 14 (0.7) 41 (3.1)  6 (0.5)

Grade 3 7 (0.3) 0 (0.0) 1 (0.1) 0 (0.0)

 Solicited local and systemic adverse reactions collected for participants in a safety subset (N=6,736)

 Fatigue, Headache, Myalgia – Grade 3: use of prescription pain reliever or prevented daily activity

 Nausea – Grade 3: prevented daily activity

 Fever – Grade 3: ≥39.0 – ≤40.0°C or ≥102.1 – ≤104.0°F

Note: No grade 4 systemic reactions were reported.

Analgesic/Antipyretics Use
Among vaccine recipients aged 18-59 years, 26.4% reported using antipyretic or analgesic medications, compared to 6.0% of
placebo recipients. Among vaccine recipients aged ≥60 years, 9.8% reported using antipyretic or analgesic medications,
compared to 5.1% of placebo recipients. The reason for medication use (e.g. fever, pain) was not ascertained.

Unsolicited Adverse Events
Overall, rates of reported unsolicited adverse events were similar in the vaccine and placebo groups (13.1% vs 12.0%). Reports
of embolic and thrombotic events had a slight numerical imbalance with 0.06% of vaccine recipients and 0.05% of placebo
recipients reporting such events. Risk factors for these events were present in the participants, however vaccine cannot be
excluded as a contributing factor. Reports of tinnitus had a numerical imbalance with 6 events in vaccine recipients and no
events in placebo recipients. Data are insu�cient at this time to determine if there is a casual relationship between the
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vaccine and tinnitus. Angioedema demonstrated a numerical imbalance with events reported among 0.2% of vaccine
recipients and 0.1% of placebo recipients. Of these, urticaria was reported in 8 vaccine recipients and 3 placebo recipients.
Based on temporal and biologic plausibility, reports of urticaria are possibly related to vaccine.

Serious Adverse Events
Serious adverse events were de�ned as any untoward medical occurrence that resulted in death, was life-threatening,
required inpatient hospitalization or prolongation of existing hospitalization, or resulted in persistent disability or incapacity.
The proportions of participants who reported at least one serious adverse event, excluding those attributed to COVID-19,
were 0.4% in the vaccine group and 0.4% in the placebo group. The most common serious adverse event occurring at higher
rates in the vaccine group than the placebo group was appendicitis (6 cases in vaccine group vs. 5 cases in placebo group).
Three serious adverse events occurring among vaccine recipients were considered by the U.S. Food and Drug Administration
(FDA) as likely related to vaccine: the one report of hypersensitivity reaction to study vaccine, one report of pain at the
injection site initially evaluated for brachial neuritis, and one report of systemic reactogenicity.

Data source: FDA brie�ng document 
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