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Summary

1. Highly immunogenic 10

1.1 CoronaVac offers 80% protection
against hospitalizations and death in people 10
reinfected with SARS-CoV-2, study shows

1.2 CoronaVac multiplies neutralizing
antibody levels in people recovered from 22
Covid-19, Chilean study shows

1.3 CoronaVac-induced immune response
Is superior to natural infection, Turkey 40
study shows

1.4 CoronaVac prevented Covid-19 in 93% 50
of healthcare workers in Turkey, study shows

1.5 CoronaVac effective in preventing 80% 58
of Covid-19 deaths in Indonesia

1.6 Study shows 99.9% effectiveness of 82
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; 90
vaccination also protected the non vaccinated

against the gamma variant

1.8 CoronaVac generates high antibody

responses in healthcare workers with and 117
without prior Covid-19 infection, say studies

from Turkey

1.9 CoronaVac induces the production of
specific antibodies against the main proteins 131
of the SARS-CoV-2 virus



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-190n 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 1gG 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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2.1t fFights 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 thrombaosis, 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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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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Highly

= lImmunogenic

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 SGo 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,
AstraZenecaq, 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
CoronaVacin 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 inindividuals 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
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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 Aradjo Oliveira, Enny S Paixdo,
Juracy Bertoldo Junior, 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 | Ko, Julio Crodat, Manoel Barral-Nettot

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, 30910 (14-5%) had a positive RT-PCR test consistent with reinfection, and we
matched 22566 of these cases with 145055 negative RT-PCR tests from 68426 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, Fundagio Carlos Chagas Filho de Amparo a Pesquisa do Estado do Rio
de Janeiro, Oswaldo Cruz Foundation, JBS, Instituto de Salud Carlos I1I, Spanish Ministry of Science and Innovation,
and Generalitat de Catalunya.

Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction introduced into national vaccination programmes.**

As of March 11, 2022, over 450 million confirmed cases
of COVID-19 have been reported since the start of
the pandemic,’ and the true cumulative incidence
has probably been several times greater” 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

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 infection® and, if so,
whether a single dose is sufficient.*” The emergence of
more transmissible variants with enhanced immune
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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

escape, and the resulting waves of infection and
reinfection, have renewed questions about the
importance of vaccination in individuals who have had
COVID-19.%?

SARS-CoV-2 infection induces robust T-cell and B-cell
responses,” and the risk of symptomatic infection and
severe outcomes is lower among people with previous
SARS-CoV-2 infection than among naive individuals."
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.”™ However, only one
study has assessed protection against severe outcomes
in previously infected individuals, with just 75 hospital
admissions and two deaths.”® Moreover, data for inactivated
vaccines, which account for almost half of all doses given
globally, are still needed.”

Brazil has recorded more than 22 million SARS-CoV-2
infections and 600000 deaths as of Nov 15, 2021
On Jan 18, 2021, a national COVID-19 immunisation
programme 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

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
145000 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% Cl 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.

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.”” 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 Imuniza¢des, 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 Informagcdo da Vigilincia Epidemiolégica da
Gripe, which contains records of severe acute respiratory
illnesses, including COVID-19 hospitalisations and
deaths.”* 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).

www.thelancet.com/infection Published online Macrh 31, 2022 https://doi.org/10.1016/51473-3099(22)00140-2
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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, symptomatic
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;*” 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, ChAdOxl 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.”

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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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. VOl=variant of interest.

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 (1849 years vs =50 years),
time since vaccine series completion (14-90 days vs
>90 days; to assess for possible waning), and time from
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initial positive test to vaccination (91-180 days wvs
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
213457 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,
30910 (14-5%) had a positive RT-PCR test consistent with
reinfection. We matched 22566 of these cases with
145055 negative RT-PCR tests from 68426 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 Sao 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 (14566 [64-5%)] of 22566) and
controls (83290 [57-4%)] of 145055) were unvaccinated at

42287535 individuals with one or more entries in the SARS-CoV-2

notification system between Feb 24, 2020, and Nov 11, 2021

v

23437919 individuals with at least one valid SARS-CoV-2 test (29037510 tests)

28810051 tests excluded
14068 669 tests from individuals

never infected

12272 data inconsistencies
1133443 age < 18 years

104144 negative test followed by
positive test within 7 days
1109083 test collected before first
positive test
654000 test collected <90 days after
first positive test
583486 duplicate entries
10198009 individuals with only one test
12790 tests after a second
positive test
112093 asymptomatic at second test
19149 vaccinated within 14 days
of the first positive test
1933 tests done after a third
vaccine dose
24611 second test done before
Jan 18,2021
550562 first positive test
225807 only antigen test performed

A

213457 individuals with a previous positive test and a RT-PCR test
associated with acute respiratory illness >90 days later (227 459 tests)

v

v

30910 positive RT-PCR tests, from
30910 individuals (cases)

196549 negative RT-PCR tests, from
182547 individuals (controls)

v

v

Matched cases: 22566 individuals and 22566 tests
145055 tests

Matched controls: 68426 individuals and

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).

the time of the test. Among vaccinated individuals (39717),
17008 (42-8%) received CoronaVac, 15897 (40-0%)
received ChAdOx1 nCoV-19, 5935 (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
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Eligible population Matched sets Standardised
difference
Cases Controls Cases Controls
Individuals 30910 182547 22566 68426
Tests 30910 196549 22566 145055
Age, years 38(29-47) 37(28-47) 37 (29-46) 36 (29-44) 0-066
Sex 0-047
Female 18106 (58-6%) 119134 (60-6%) 13631 (60-4%) 90931 (62:7%)
Male 12804 (41-4%) 77 415 (39-4%) 8935 (39:6%) 54124 (37:3%)
Race 0-039
White 13841 (44-8%) 109923 (55:9%) 10302 (45-7%) 67403 (46:5%)
Mixed 11363 (36-8%) 53401 (27-2%) 7998 (35:4%) 50788 (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%) 14886 (7-6%) 1777 (7-9%) 10541 (7-3%)
Region of residence 0-085
Central west 3260 (10-5%) 46968 (23-9%) 2302 (10-2%) 12997 (9-0%)
North 2406 (7-8%) 9724 (4-9%) 1870 (8-3%) 12372 (8-5%)
Northeast 8268 (26:7%) 30027 (15:3%) 5297 (23-5%) 30489 (21-0%)
South 2823 (9-1%) 16251 (8-3%) 1991 (8-8%) 14745 (10-2%)
Southeast 14153 (45-8%) 93579 (47-6%) 11106 (49-2%) 74452 (51:3%)
Residence in state capital 9250 (29-9%) 51128 (26:0%) 8982 (39-8%) 77198 (53-2%) 0-271
Medical comorbidities
None 25988 (84-1%) 166 655 (84-8%) 19271 (85-4%) 124964 (86-1%) 0-027
One 3552 (11-5%) 22178 (11-3%) 2459 (10-9%) 15360 (10-6%)
Two or more 1370 (4-4%) 7716 (3-9%) 836 (3:7%) 4731 (3:3%)
Days from first positive test to 210 (144-285) 217 (154-293) 216 (146-291) 223 (154-295) 0-060
second test
Hospitalised during first 1220 (3-9%) 9481 (4-8%) 781 (3-5%) 6507 (4-5%) 0-052
infection
Hospitalisation (up to 2508 (8-1%) 3770 (1-9%) 1545 (6-8%) 2196 (1-5%)
28 days)
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

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
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Total number Symptomatic Vaccine effectiveness
cases and controls ~ COVID-19 cases, n (%) (95% Cl), (%)
Unvaccinated 97856 14566 (14-9) 1 (ref)
One dose
0-13 days
BNT162b2 1480 192 (13-0) _— 20-8% (7-8 0 31.9)
ChAdOx1 nCoV-19 2551 413 (16-2) PR -6:7% (197 t0 5.0)
CoronaVac 2107 303 (14-4) —_—t 3:9% (-9-8 to 15-9)
Ad26.COV2.S 193 29 (15-0) 10-7% (-35-5 to 41-1)
>14 days
BNT162b2 6318 670 (10-6) — 45:0% (397 to 49-9)
ChAdOx1nCoV-19 15813 1897 (12:0) — 34.2% (30-1t0 38-1)
CoronaVac 4627 630 (13-6) —_— 18-8% (107 to 26-1)
Ad26.COV2.S 1099 126 (11:5) _— 440% (315 t0 54-2)
Two doses
0-13 days
BNT162b2 448 48 (107) —_— 53-4% (367 to 65-8)
ChAdOx1 nCoV-19 1560 160 (10-3) —_— 47-4% (37-210 55:9)
CoronaVac 2362 271(11:5) —_— 28-6% (18-0 to 37-9)
>14 days
BNT162b2 1037 84(81) —_— 64-8% (54-9 t0 72-4)
ChAdOx1 nCoV-19 6655 644(97) — 56:0% (51-4 to 60-2)
CoronaVac 23515 2533(10-8) —- 39:4% (36-1t0 42:-6)
—2‘5 2‘5 5‘0 7‘5 1(‘)0
Favours no vaccination  Favours vaccination

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

Total number COVID-19 related hospitalisation Vaccine effectiveness
cases and controls  ordeath, n (%) (95% QI), (%)
Unvaccinated 6107 1011 (16:6) 1 (ref)
One Dose
0-13 days
BNT162b2 82 11(134) 8-0(-80-5t053-1)
ChAdOx1 nCoV-19 247 56 (22.7) — -31-8 (-89-4 t0 8-2)
CoronaVac 164 31(18:9) 4-8 (-49-6 t039-5)
Ad26.COV2.S 8 2(25-0) -143 (-571-8 t0 80:5)
=14 days
BNT162b2 312 34(10.9) _ 61-8 (40-8 t0 75-3)
ChAdOx1nCoV-19 1264 159 (12:6) _— 56-9 (45-2t0 66-1)
CoronaVac 399 57 (143) _— 35-3(7-9t0 54-5)
Ad26.COV2.S 62 7(113) 577 (-2:6 to 82:5)
Two doses
0-13 days
BNT162b2 24 0(0-0) 100-0*
ChAdOx1 nCoV-19 115 13(113) _— 71-0 (42-1to 85:5)
CoronaVac 187 21(11-2) —_— 61-8 (34-1t077-9)
=14 days
BNT162b2 44 2(4-5) B — 897 (54310 97.7)
ChAdOX1nCoV-19 460 29(63) J— 89.9 (8350 93-8)
CoronaVac 1582 131(8-3) —_— 813 (75-3t0 85-8)
-ZIS 0 2‘5 5‘0 7‘5 1(‘)0
“— —>
Favours no vaccination  Favours vaccination

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% Cl 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, ChAdOxl nCoV-19, and BNTI62b2),
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.’ 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.”’ Indeed, several countries
recommend that a single vaccine dose is sufficient for
individuals who were previously infected.”* 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.? Additionally, repeated antigen
exposures were observed to increase antibody diversity,
which might improve protection against emergent
variants.”” 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.”

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.?®'¢ 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.”* 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 (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.”

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% (MmRNA-1273), with no significant protection from
Ad26.COV2.S."® 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.* 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.”® 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.’
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.” 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.! 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.”* 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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contain dates of relevant health events regarding the same person. To
protect the research participants’ privacy, the approved research protocol
authorises only the dissemination of aggregated data, such as the ones
presented here.
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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 Fundacién
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 anincrease
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
875% 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 n
CoronaVac and BNT162b2 vaccines in naive 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-

103972

Methods We 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
najve 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 najve individuals, the calculated mean titre induced by two doses of CoronaVac or BNT162b2 was
o-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 najve 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 najve 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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using different time frames and used them as fold com-
parison with titres found in naive 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.

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- Implications of all the available evidence
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- 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.

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-

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 Introduction

This study provides a direct comparison of longitudinal The durability of circulating neutralizing antibody
convalescent nAb titres after SARS-CoV-2 natural infec- (nAb) responses to severe acute respiratory syndrome
tion and those of individuals immunized with two differ- coronavirus 2 (SARS-CoV-2) infection or vaccination

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

has become a central question during the current pan-
demic to determine correlates of immune protection
against disease. While the antibody dynamics during

www.thelancet.com Vol 78 Month April, 2022
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the acute phase have been described, many studies vary
considerably in the methods used." 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.> 5 However, a “threshold” of
nADb titres related with protective activity remains to be
defined.® 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 vaccination” 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.® *° 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%."" 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.””* 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."* 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 response’® and the Fc- effector functions,'®
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 najve 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

www.thelancet.com Vol 78 Month April, 2022

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 NTH-NTAID, 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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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 (r'VSV-SARS2-S). a. Neutralizing antibody (nAb) titres (log10
1C50) 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. ¢. 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. ¢,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.

and 437 days after the onset of symptoms. For najve
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."* 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
+rAds-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 x g
for 5 min. Limited volume of plasma and serum sam-
ples were aliquoted and stored at —8o °C. Serum sam-
ples were heated at 56 °C for 1 h before use to eliminate
the risk of any potential residual virus.
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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.

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 uL
per well of a 2 ug/mL solution recombinant SARS-CoV-
2 spike or nucleocapsid (GenScript #Z03488) proteins,
as previously described.>7*® The next morning, the
plates were blocked with 3% non-fat milk prepared in
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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 uL 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-
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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.

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 OD49o of
<o.11. CR3022, 2 human monoclonal antibody reactive
to the RBD of both SARS-CoV-1 and SARS-CoV-2,"9>°
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.”
Briefly, Vero EG6 cells (ATCC #CRL-1586, RRID:
CVCL_o574) 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 8o uL of each serum
dilution were mixed with 8o L of the authentic SARS-
CoV-2 (USA-WA1/2020; GenBank: #MTo020880)
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 EG cells were incubated with 120 uL of the virus-
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Figure 4. Neutralizing and anti-N antibody titres to SARS-CoV-2 in previously infected and naive 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 naive 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.

serum mixture at 37 °C for 1 h. The virus-serum mixture
was then removed from the cells and 100 uL of each
corresponding serum dilution and 100 uL of 1 x 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 # ABro1ogo1ooo) 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 #KCBoo2,
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
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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).>* This recombinant virus has
been shown to correlate well when compared to neutral-
ization of convalescent serum with the authentic SARS-
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Outpatients Hospitalized P value CoronaVac BNT162b2 P value Vaccinated Vaccinated p value
(n=37) (n=37) (Outpatients (n=35) (n=15) (CoronaVac i naive pi i
vs. Hospitalized) vs. BNT162b2) infected (n=50) infected
(n=36) vs. naive)
Characteristics
Male, n (%) 17 (45.9) 25 (67.6) 00998 11314) 3(20) 05067 14(389) 14.28) 03531
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(135) 12(324) 00956 129 0 >09999 8(222) 12 0.0025
Symptoms
Respiratory
Cough, n (%) 27(73) 31(838) 03975 NA NA NA 30(833) NA NA
Dyspnea, n (%) 6(16.2) 19(51.4) 0.0028 NA NA NA 14 (389) NA NA
Odynophagia, n (%) 21 (568) 6(162) 0.0006 NA NA NA 13(36.1) NA NA
Chest discomfort, n (%) 3(81) 5(135) 07106 NA NA NA 4011 NA NA
Constitutional
Fever, n (%) 22(595) 31(838) 0.0377 NA NA NA 26 (722) 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 (486) 0157 NA NA NA 20(55.6) NA NA
Severe fatigue, n (%) 0 20 (54.1) < 0.0001 NA NA NA 11(306) NA NA
Altered mental status, n (%) 0 381) 02397 NA NA NA 1(28) NA NA
Gastrointestinal
Diarrhea, n (%) 12(324) 107 07997 NA NA NA 12(333) NA NA
Nausea/Vomiting, n (%) 6(162) 9(243) 0.5642 NA NA NA 8(222) NA NA
Sensorial
Ageusia, n (%) 18 (486) 5(135) 0.0022 NA NA NA 14(389) NA NA
Anosmia, n (%) 24 (64.9) 8(216) 0.0004 NA NA NA 18 (50) NA NA
Comorbidities or conditions
Obesity (BMI = 30), n (%) 5(135) 14(378) 0.0317 5(143) 4(267) 04234 10(278) 9(18) 03038
Hypertension, n (%) 3@1) 13(35.) 0.0095 3(86) 2(133) 06293 9(25) 5(10) 00797
Metabolic conditions®, n (%) 4(108) 12(324) 0.0459 2(57) 1(67) >0.9999 9(25) 3(6) 0.0239
Hyperlipidemia, n (%) 4(108) 7(189) 0.5151 129 2(133) 02107 7(19.4) 3(6) 0.0865
Cardiovascular disease, n (%) 0 381) 02397 0 0 NA 1(28) 0 04186
Chronic pulmonary disease, n (%) 4(108) 381 1 0 0 NA 4011 0 0.0277
Asthma, n (%) 6(162) 2(54) 02611 4(114) 4(267) 02195 5(139) 8(16) >09999
Rheumatologic disease, n (%) 0 381) 02397 0 1667) 03 1028) 12 >09999
Immunocompromised, n (%) 0 5(13.5) 0.0541 0 1(67) 03 2(56) 12 0.5691
Allergy™, n (%) 16(43.2) 6(162) 0.0209 17 (486) 5(333) 03673 12(333) 22(44) 03751
Neurologic disease, n (%) 0 4(108) 01148 0 0 NA 2(56) 0 01724
Smoker, n (%) 8(216) 9(243) 1 6(17.1) 4(267) 04616 6(167) 10 20) 07836

Table 1: D ic and baseline

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;

of COVID-19 patients and vaccinated controls.

##  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 EG cells
(ATCC # CRL-1586, RRID:CVCL_o574) 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 pug/mlL). 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 EG hACE2 cells seeded the day before
in optical bottom ¢9G6-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% CO,
and 80% humidity. The cells were then fixed with 4%
formaldehyde (Pierce #28906) and stained in with 4/,6-
diamidino-2-phenylindole (DAPI) 300 nM (Invitrogen
#D13006). Viral infectivity was quantified by automated
enumeration of GFP-positive cells (normalizing against
cells stained with DAPI) using a Cytations automated
fluorescence microscope (BioTek) and segmentation
algorithms applied from the Image] program. Alterna-
tively, total GFP fluorescence per well was acquired
using the Cytations 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 (ICs50) 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 logro
ICs0 transformed data) were done with GraphPad
Prism 5 software.

Statistical analysis

We wused 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
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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 < o-03 **P < o-01;
**%P < 0.00I; ****P < o0.0001. 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 Catdlica 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—060]) and 37 were hospitalized (moderate [n = 23]
and severe disease [n = 14], mean age: 5I 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,®* that showed
strong correlation (Pearson’s r=0.80, R* = 0.03,
p < o.oo1) 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,**** hospital-
ized individuals had significantly higher neutralization
titres as compared to outpatients; with peak average
nAD responses at day 25 and at day 23 post-symptom
onset, respectively (Figure 1a and Supplementary
Figure 4¢,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 Goo 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. HKUT or OC43 strains).® 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—063 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 3¢, 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."* 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%  Cl=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 o) 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)*> and as expected
no increases in anti-N IgGs were observed (Figure 4b).
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Induction of antibody responses in naive individuals
through vaccination

To compare the antibody titres of previously infected
individuals at convalescence and after vaccination to
those of healthy najve (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 BNTI162b2, 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 najve 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 4¢). 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.*# In addition, three out of 35 individuals immu-
nized with CoronaVac did not seroconvert. Najve
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 najve 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 najve 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 najve
immunized group. We further analyzed all the vaccinee
data, by including the previously infected and najve-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.”* and Earle et al.”’. 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 o-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 ~9y%, suggesting
that our independent data confirms the difference in
predictive protection reported previously for both
vaccines.>®*’

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.>® 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
individuals®®* and are also critical for the durability of
protection in vaccinated individuals.*°?*" Importantly,

the decay of nAbs titres after infection seen over time in
our study and reported by other groups,**>® 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.** 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 najve individuals with CoronaVac, overall
confirming that this vaccine is a poor inducer of anti-
body responses against this protein.** *# 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 Fceeffector functions and T-cell immunity, which
contribute to improve disease outcome.'5"'®

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.”*" 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,?® #° 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.’*"

The calculated mean GMT induced by vaccination of
najve individuals with CoronaVac and BNT162b2 were
o.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.”**" As shown, more severe indi-
viduals had higher antibody titres, which other studies
have been associated with increased replication and dis-
ease burden.”* 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.** 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,* for the
CoronaVac vaccine the 50% prediction is lower com-
pared to clinical data showing protection of 50—84%
depending on the geographic location." 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%,** 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%.** 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.*
This is in line with the notion that even lower nAb titres
can be sufficient to protect from severe disease.”
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
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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,***’ and increased body mass
index (BMI) has been associated with decreased IgG lev-
els.*® 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 BTN162bz2 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 najve 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 najve 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 VOGC; 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 (Ads-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
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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.*? 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.'”

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/o1-06-2021-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 10 groups,, proving the basis for the
requirement of a third dose of vaccination.
HCWswho had SARS-CoV-2 aftertwo 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

Asaninactivated 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 P2 =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 1gG, 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 a20% 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

42 |

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 |. 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%)

Age, median (IQR) 71 (67-75)
Female gender, 7 (%) 111 (56.%)
Comorbidities Depression, 7 (%) 18 (9.6%)
CVD, 7 (%) 49 (26.1%)
HT, n (%) 135 (71.8%)
DM, 7 (%) 84 (44.7%)
Atrial fibrillation, 7 (%) 16 (8.5%)
Hypothyroidism, 7 (%) 34 (18.1%)
Congestive heart failure, 7 (%) 19 (10.1%)
Rheumatological diseases, 7 (%) 20 (10.6%)
Malignancy history, 7 (%) 25 (13.3%)
Chronic renal disease, 7 (%) 8 (4.3%)
Pulmonary diseases, 7 (%) 15 (8.0%)
Basic ADLs, median (IQR) 6 (6-6)
Instrumental ADLs, median (IQR) 8 (8-8)
MMSE, median (IQR) 28 (26-30)
Geriatric Depression Scale score, median (IQR) 1(0-5)
Clock drawing test, median (IQR) 5(3-6)
CCI Score, median (IQR) 1(0-2)
CFS score, median (IQR) 3(34)
CFS-frailty, 7 (%) 37 (20.2%)
MNA-SF score, median (IQR) 14 (12-14)
Malnutrition (MNA < 12) 43 (23.9%)
Number of drugs, median (IQR) 5(3-7)

110 (59.5%)
26 (14.6%)
20 (16-29.3)
60 (38.7%)
49 (33.8%)
0.9 (0.7-1.2)
4(1.6-10)

Polypharmacy, 7 (%)

Falls, 2 (%)

HGS, median (IQR)

Low HGS, 7 (%)

Low gait speed, 7 (%)

Gait speed, median (IQR)

Sars-CoV2 spike IgG serum level U/ml, median (IQR)
Sars-CoV2 spike IgG serum level BAU/ml, median (IQR)

Seropositivity, 7 (%) 152 (80.9%)

79.1 (31.6-166.0)

Group 2 Group 3 P value
(60-89 days past after (90 and more days past

the second dose of after the second dose of

vaccination group) vaccination group)

n=148 (27.8%) n=171 (34.4%)

71 (67-73) 75(67-79) <0.00014¢
91 (65.9%) 103 (60.2%) 0.419

19 (13.8%) 24 (14%) 0.406

30 (21.7%) 48 (28.1%) 0.438

101 (73.2%) 122 (71.3%) 0.934

53 (38.4%) 67 (39.2%) 0.434

11 (8.0%) 25 (14.6%) 0.089

28 (20.3%) 28 (16.4%) 0.674

10 (7.2%) 14 (8.2%) 0.643

9 (6.5%) 15 (8.8%) 0.433

14 (10.1%) 17 (9.9%) 0.535

9 (6.5%) 8 (4.7%) 0.630

13 (9.4%) 6 (3.4%) 0.091

6 (5-6) 6 (5-6) 0.051

8 (8-8) 8 (7-8) 0.143

28 (25-29) 28 (26-30) 0.177

2 (0-4.5) 2 (0-4) 0.506

6 (3-6) 6 (3-6) 0.669
1(0-2) 1(0-2) 0.060

3 (3-4) 3 (3-4) 0.071

28 (21.2%) 36 (22%) 0.924

14 (12-14) 14 (12-14) 0.138

20 (15.9%) 41 (27.5) 0.066
5(3-7) 5(2-7) 0.744

75 (54.7%) 100 (58.5%) 0.520

22 (17.7%) 23 (16%) 0.764

20 (17-26.6) 21.2(17.2-29.7) 0.755

32 (28.8%) 47 (36.7%) 0.228

27 (26.5%) 37 (30.1%) 0.465

0.9 (0.7-1.0) 0.9 (0.8-1.1) 0.881

1.78 (0.9-5.3) 1.35 (0.5-3.7) <0.0001%b<4
412 (19.8-103.5) 27.0 (10.9-62.3) <0.0001%b4
101 (73.2%) 98 (57.3%) <0.00015¢

CVD, Cardiovascular diseases; HT, Hypertension; DM, Diabetes Mellitus; ADL, Activities of daily living; MMSE, Mini-mental State Examination; CES, Clinical
Prailty Scale; MNA-SE, Mini Nutritional Assessment short-form. * P-value < 0.05 for the comparison between Group 1, 2 and 3. P value < 0.05 for the comparison
between Group 1 and 2. °P value < 0.05 for the comparison between Group 1 and 3. 4P 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

3
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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

4
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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 =10.002), 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 Sars-CoV2 spike IgG P value
antibody positive group antibody negative group
n=152 (80.9%) n=36 (19.1%)
Age, median (IQR) 71 (67-76) 72 (68-80.75) 0.272
Female gender 7 (%) 87 (58%) 22 (61.1%) 0.734
Comorbidities Depression, 7 (%) 16 (10.2%) 2 (5.6%) 0.533
CVD, 7 (%) 40 (26.7%) 9 (25.0%) 0.838
HT, # (%) 107 (71.3%) 28 (77.8%) 0.436
DM, n (%) 65 (43.3%) 19 (52.8%) 0.307
Atrial fibrillation, 7 (%) 13 (8.7%) 3 (8.3%) 0.949
Hypothyroidism, 7 (%) 27 (18.0%) 7 (19.4%) 0.840
Congestive heart failure, 7 13 (8.7%) 6 (16.7%) 0.215
(%)
Rheumatological diseases, 7 13 (8.7%) 7(19.4%) 0.074
(%)
Malignancy history, 7 (%) 18 (12.0%) 7 (19.4%) 0.276
Chronic renal disease, 7 (%) 6 (4.0%) 2 (5.6%) 0.653
Pulmonary diseases, 7 (%) 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, 2 (%) 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, 7 (%) 88 (59.9%) 22 (61.1%) 0.891
Falls, 7 (%) 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, 7 (%) 45 (35.7%) 15 (51.7%) 0.111
Low gait speed, 7 (%) 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) <0.000 ] *#FHH*

Sars-CoV2 spike IgG serum level BAU/ml, median (IQR) 100.3 (55.1-217.3) 12.3 (0.0-14.2) <0.000

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.

showed a significant decline in neutralising antibody titres
three months after the second dose of BNT162b2 [18].

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

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 Sars-CoV2 spike IgG P value
antibody positive group antibody negative group
n=101 (73.2%) n=37 (26.7%)
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, 7 (%) 15 (15.3%) 4 (11.1%) 0.537
CVD, n (%) 20 (20.4%) 10 (27.8%) 0.364
HT, 7 (%) 76 (77.6%) 25 (69.4%) 0.334
DM, 7 (%) 38 (38.8%) 15 (41.7%) 0.742
Atrial fibrillation, 7 (%) 6 (6.1%) 5 (13.9%) 0.165
Hypothyroidism, 7 (%) 24 (24.5%) 4 (11.1%) 0.091
Congestive heart failure, 7 7 (7.1%) 3 (8.3%) 0.728
(%)
Rheumatological diseases, 7 2 (2.0%) 7 (19.4%) 0.001***
(%)
Malignancy history, 7 (%) 7 (7.1%) 7 (19.4%) 0.055
Chronic renal disease, 7 (%) 6 (6.1%) 8 (3.8%) 0.701
Pulmonary diseases, 7 (%) 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) 0914
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*
CEFS score, median (IQR) 3 (3-4) 3 (3-4) 0.729
CFS-frailty, 7 (%) 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, 7 (%) 20 (55.6%) 55 (56.7%) 0.816
Falls, 7 (%) 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, 7 (%) 25 (30.9%) 7 (23.3%) 0.437
Low gait speed, 7 (%) 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) <0.00071%*****

Sars-CoV2 spike IgG serum level BAU/ml, median (IQR)

61.9 (37.0-131.8)

12.4 (0.0-15.2) <0.000 1%

CVD, Cardiovascular diseases; HT, Hypertension; DM; Diabetes Mellitus; ADL, Activities of daily livingg MMSE, Mini-mental State Examination; CFS, Clinical
Frailty Scale; MNA-SE, Mini Nutritional Assessment short-form. *Significance at P < 0.05. **Significance at P < 0.01. ***Significance at 2 < 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 4+62.63
vs. 237.44160.4 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
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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%)

Age, median (IQR)

Female gender

75 (68.7-79)
63 (64.3%)
16 (16.3%)

Comorbidities Depression, 7 (%)

CVD, 7 (%) 29 (29.6%)
HT, 2 (%) 70 (71.4%)
DM, 7 (%) 34 (34.7%)

Atrial fibrillation, 7 (%)
Hypothyroidism, 7 (%)
Congestive heart failure, 7
(%)

Rheumatological diseases, 7
(%)

Malignancy history, 7 (%)

15 (15.3%)
8 (18.4%)
11 (11.3%)
7 (7.1%)

14 (14.3%)

Chronic renal disease, 7 (%) 2 (2%)

Pulmonary diseases, 7 (%) 12 (12.2%)
Basic ADLs, median (IQR) 6 (5-6)
Instrumental ADLs, median (IQR) 8 (8-8)
MMSE, median (IQR) 28 (26-29)
Geriatric depression scale score, median (IQR) 2 (1-4)
Clock drawing test, median (IQR) 6 (4-6)
CClI score, median (IQR) 1(0-2)
CFS score, median (IQR) 3 (3-4)
CFS-frailty, 7 (%) 13 (13.4%)
MNA-SF score, median (IQR) 14 (11.5-14)
Malnutrition (MNA < 12) 25 (28.1%)
Number of drugs, median (IQR) 4 (2-6.5)

54 (55.1%)
13 (14.3%)

Polypharmacy, 7 (%)

Falls, 7 (%)

HGS, median (IQR)

Low HGS, 7 (%)

Low gait speed, 7 (%)

Gait speed, median (IQR)

Sars-CoV2 spike IgG serum level U/ml, median (IQR)
Sars-CoV2 spike IgG serum level BAU/ml, median (IQR)

26 (33.3%)
23 (30.7%)
0.9 (0.8-1.1)

21 (15.0-28.7)

2.4 (1.37-5.39)
52.6 (29.8-117.0)

Sars-CoV2 spike IgG P value
antibody negative group

n=73 (42.7%)

75 (68-81) 0.744
4 (54.8%) 0.208
8 (11%) 0320
19 (26%) 0.608
52 (71.2%) 0.978
33 (45.2%) 0.164
10 (13.7%) 0.7691
10 (13.7%) 0.414
3 (4.1%) 0.090
8 (11%) 0.383
3 (4.1%) 0.052
6 (8.2%) 0.074
6 (8.2%) 0.396
6 (5-6) 0.232
8 (6-8) 0.025*
28 (24-30) 0.544
2 (0-5) 0.769
6 (2-6) 0.689
1(0-2) 0.903
4 (3-4) 0.028*
23 (34.3%) 0.002%**
14 (12-14) 0.926
16 (26.7%) 0.849
5(2-7) 0.662
46 (63%) 0.299
10 (18.9%) 0.469
23 (16.1-27.4) 0.419
21 (42%) 0.321
14 (29.2%) 0.860
1(0.8-1.2) 0.864
0.5 (0.5-0.59) <0.0001 %% *

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 pg and 6 ug) 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 er 4/,
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

8
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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, avaccine 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, 875% 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
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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

ARTICLE HISTORY
Received 16 September 2021
Revised 24 November 2021
Accepted 14 December 2021

KEYWORDS

CoronaVac; Sinovac; COVID-
19; pneumonia;
hospitalization; healthcare
workers; mortality; survey;
vaccine; intensive care unit

against COVID-19.

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).!

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.' 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.

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.>?
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 CoronaVag, just like the decrease in post-infection anti-
body levels but studies on how long vaccine protection lasts are
inadequate.* 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;

Figure 1. The vaccination status of health care workers.

(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 214 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 260 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
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Figure 2. Vaccination history of HCWs who had experienced the COVID-19 infection.

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.

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 COVID-19 after

unvaccinated n: 192 vaccination n: 38 p
Age (mean + SD) 348 +94 366+74 .20
Gender (female percentage) n (%) 102 (69.8) 30 (78.9) 34
Occupation n (%)
® Doctor 70 (36.5) 13 (34.2) .98
® Nurse-midwife-healthcare technician 51 (26.5) 10 (26.3)
® Secretary, administration or maintenance worker, pharmacist, language thera- 71 (37.0) 15 (39.5)

pist, child development specialist

Working at COVID-19 clinics 138 (71.9) 27 (71) 15
Clinical picture of COVID-19
® Asymptomatic 18 (9.4) 4(10.5) .86
® Taste and smell loss only 23 (12) 6 (15.8)
® |nfluenza-like illness 118 (61.5) 20 (52.6)
® Ppeumonia 33 (17.1) 8 (21.1)
Hospitalization during COVID-19 20 (10.4) 4 (105 93
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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.” 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.’ 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.” 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%.>°
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.>” 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.® 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.”
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.* 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.® 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.>'° 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.'"'? It was reported that neutra-
lizing antibody titers against the delta variant in CoronaVac
recipients were significantly lower than unvaccinated, naturally
infected patients.'>Additional 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.'* 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 Sdo 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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Abstract

Background: Inactivated SARS-CoV-2 vaccine has been included in the national COVID-19
vaccination program in Indonesia since January 2021. The study aims to estimate the
effectiveness of CoronaVac vaccine in preventing SARS-CoV-2 infection, hospitalization, and
death in adult population aged >18 years in Bali, Indonesia.

Methods: Test-negative, case control study was conducted by linking SARS-CoV-2 laboratory
records, COVID-19 vaccination, and health administrative data for the period of January 13 to
June 30, 2021, among adults aged >18 years in Bali. Case-subjects were defined as individuals
who had a positive RT-PCR test for SARS-CoV-2 during the period; they were matched with
controls based on age, sex, district of residence, presence of comorbidities and week of testing.
Conditional and multivariable logistic regression was performed to estimate adjusted vaccine
effectiveness.

Results:

Total 109,050 RT-PCR test results were retrieved during the January 13 to June 30, 2021
(Figure 1). Of which, 14,168 subjects were eligible for inclusion in the study. Total 5518
matched pairs were analyzed. Adjusted vaccine effectiveness (VE) against laboratory-
confirmed SARS-CoV-2 infection was 14.5% (95% confidence interval -11 to 34.2) at 0-13
days after the first dose; 66.7% (58.1 to 73.5%) at >14 days after the second dose. Adjusted VE
in preventing hospitalization and COVID-19-associated death was 71.1% (62.9% to 77.6%)
and 87.4% (65.1% to 95.4%) at >14 days after receiving the second dose, respectively.
Conclusions: Two-dose of inactivated CoronaVac vaccine showed high effectiveness against
laboratory confirmed COVID-19 infection, hospitalization, and death associated with COVID-

19 among adults aged >18 years.

Keywords: inactivated vaccine, COVID-19, effectiveness, test-negative, Indonesia
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Introduction

Indonesia rolled-out the first phase of mass vaccination program on January 13th, 2021, using
the inactivated SARS-CoV-2 CoronaVac vaccine (Sinovac Life Sciences, Beijing, China). In
the first phase, mass COVID-19 vaccination was targeting healthcare workers and general
population including adults and elderly. A phase 1/2 clinical trial in China indicated that
CoronaVac was tolerable, with acceptable safety and immunogenicity, and therefore supported
the conduct of a phase 3 clinical trial in three countries including Indonesia.! The efficacy of
CoronaVac varied among the countries, ranging from 50.7% to 84% against SARS-CoV-2
infection.>* In Indonesia, two doses of CoronaVac vaccine had an efficacy of 65.3% against
COVID-19 illness after 14 days of injection; this supported the approval of emergency use

authorization (EUA) by the Indonesia National Agency of Drug and Food Control (NADFC).
25

Evidence regarding its effectiveness against SARS-CoV-2 infection, hospitalization, and death
in the “real world” conditions have been reported in number of countries such as Chile, Turkey,
and Brazil.>” However, studies suggest that inactivated COVID-19 vaccine VE varies from
region to region. In Indonesia, where inactivated vaccine has been given to the population, study
on evaluating inactivated vaccine performance in preventing infection and severe outcomes still
limited especially in adults aged > 18 years. The objective of this study was to estimate vaccine
effectiveness (VE) of inactivated CoronaVac vaccine against COVID-19 infection,

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

Methods

Setting and design

Bali is a one of the popular tropical islands in Indonesia, with a total land area of 5780 km?
and population of more than 4.3 million.8 Mass COVID-19 vaccination using inactivated
SARS-CoV-2 (CoronaVac) was initiated by the Ministry of Health of Indonesia on January
13, 2021, across Indonesia, including in Bali. As of July 31, 2021, COVID-19 vaccines have
been given to 2.8 million (41.9%) of the targeted Balinese population. About 2.2 million
people aged >18 years had received at least one dose of COVID-19 vaccines (Supplementary
Figure S1); 1.2 million (43.1%) had received at least one dose of inactivated CoronaVac
vaccine.® The observation was conducted during January 13 to June 30, 2021. During the

study period, the incidence of COVID-19 was increased during January-February and

| 61



62|

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

followed with a declining trend from March to June 2021. There was a sharp increase in
incidence in July due to B.1.617.2 (Delta) variants (Supplementary Figure S2, Figure S3).
We conducted a record-based retrospective, test-negative, matched case control (1:1) study
to evaluate the effectiveness of inactivated CoronaVac vaccine in preventing laboratory
confirmed SARS-CoV-2 infection, among adults (aged >18 years) during January to June
2021. This test negative design was chosen due to several reasons. First, accessibility to
individual data who were laboratory-tested for SARS-CoV-2 was feasible through the
national surveillance system; second, it was cost-effective and allowed for faster results; and
lastly, the design could better control for potential biases, including healthcare seeking
behavior and access to COVID-19 testing.?

Data sources

We linked individual health electronic databases including SARS-CoV-2 reverse-transcription
polymerase chain reaction (RT-PCR) test results from the national laboratory testing database
(New All Record), COVID-19 vaccination registry, and hospitalization claims, managed by the
Ministry of Health of Indonesia, using unique national citizen identification number. Data with
foreign identification number and driving license number were excluded. We also checked the
consistency in identification number, name, date of birth and sex between these databases.
Confirmatory SARS-CoV-2 PCR test was performed on naso and/or oropharyngeal swab

specimens in COVID-19 reference laboratories.!

Selection of cases and matched controls

Cases were adults aged >18 years identified as those who had at least one COVID-19-like
symptom (fever with body temperature documented at >38°C, chills, cough, shortness of
breath, fatigue or malaise, sore throat, headache, runny nose, congestion, muscle aches, nausea
or vomiting, diarrhea, abdominal pain, altered sense of smell or taste) and were tested RT-PCR
positive for SARS-CoV-2, between January 13 to June 30, 2021; were not confirmed as positive
for SARS COV?2 in the last 90 days (about 3 months) before the index date; and those who did
not receive any COVID-19 vaccines other than CoronaVac before sample collection. Controls
were defined as those who had negative RT-PCR test results during the same period,
irrespective for symptoms; and who did not receive any COVID-19 vaccines other than
CoronaVac before sample collection. Cases and control were matched based on age, sex, district

of residence and week of sample collection/testing.
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Vaccination status

Vaccination status of the subjects was determined by referring to linked individual vaccination
record and was determined based on their SARS-CoV-2 test date. Fully vaccinated cases and
controls were defined as having two doses of CoronaVac >14 days before the sample collection
date. Adults who received no single dose of CoronaVac vaccine were defined as unvaccinated
and all other adults who received one dose >14 days before sample collection date were defined

as partially vaccinated.

Statistical analysis

Unadjusted and adjusted odds of having received CoronaVac vaccine were estimated using
conditional logistic regression. Odds ratios (ORs) and 95% confidence interval (CI) of
vaccination in cases and controls was compared. Adjusted ORs were estimated from models
including age (by year, as continuous) and presence of comorbidities and prior SARS-CoV-2
infection. There was a considerable proportion of missing data for comorbidities (79%).
Multiple imputation was performed with considering for covariates (age, sex, residence) and
outcome. Vaccine effectiveness (VE) was calculated as one minus the OR multiplied by 100%.
12 Subgroup analyses were performed to assess VE based on age group (i.e., aged 18-49 years
vs. 50 years and older). Additional analysis was performed to estimate VE against secondary
outcomes (hospitalization and death due to COVID-19) using multivariable logistic regression,
accounting for covariates such as age, sex, district of residence, imputed presence of
comorbidities and week of sample collection. All statistical analyses were conducted using
STATA software version 15.0 (Stata Cooperation, College Station, Texas, USA).

Results

Study population

Total 109,050 RT-PCR test results were retrieved during the January 13 to June 30, 2021
(Figure 1). Of which, 14,168 subjects were eligible for inclusion in the study. Of these, 2886
(20.4%) were having positive RT-PCR test for SARS-CoV-2 and 11,282 (79.6%) were tested
negative for SARS-CoV-2 infection. From this, total 5518 (39%) subjects were defined as case-
control pairs after matching.

Characteristics of the study population and matched case-control were presented in Table 1.
The median age of the overall study population (n=14,168) was 50 years (interquartile range,

31-65 years); 50.8% were aged >50 years. Thirty percent (n=4259) resided in Denpasar city.
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Thirty four percent (n=4863) had received full vaccination; 42.5% (n=6016) had not received
vaccine. Those who receiving positive RT-PCR test results were appeared much older, males,
had at least one comorbidity and unvaccinated.

Among the case subjects, about 40% of subjects having comorbidities. Based on vaccination
status, 453 (16.4%) had received two doses of CoronaVac vaccine. Nineteen percent (n=535)
case subjects had received the first dose of CoronaVac vaccine and about two-third (n=1771)
were unvaccinated. While among the control subjects, half of the subjects (n=1485/2759) were

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

Vaccine effectiveness

After adjusting for covariates, compared to unvaccinated adults, two-dose of CoronaVac
improved protection against SARS-CoV-2 infection (VE: 66.7%; 95%CIl: 58.1-73.5%) at >14
days after the second dose. Partial vaccination with CoronaVac was not significantly associated
with a reduced risk of laboratory-confirmed SARS-CoV-2 infection (VE: 14.5%; 95%CIl: -11
to 34.2) at 0-13 days after the first dose. CoronaVac VE against COVID-19 infection was
reduced with increasing age; 66.6% to 84.2% in adults aged 18-49 years vs. 57.7% to 78.7% in
adults aged >50 years (Supplementary Table S1).

The adjusted VE in preventing COVID-19-related hospitalization and death was 71.1%
(95%Cl: 62.9%-77.6%) and 87.4% (95%CI: 65.1%-95.4%), respectively, at 14 days after the
second dose (Table 3). Partial vaccination was less protective against COVID-19-related
hospitalization and death among people aged 18 and older (Supplementary Table S2). Vaccine
effectiveness against hospitalization was higher 79.4% (95%CI: 70-85.9%) in group of people
aged >50 years relative to people aged 18-49 years (65.8%; 95%CI:49.1-77%). Death due to
COVID-19 was not significantly associated with full vaccination in people aged 18-49 years
(VE:65.7%, 95%CI: -99.5% to 94.1%). This result could be happened due to an effect of small
sample size and small number of events (mortality). Among older population, vaccine
effectiveness was 90.6% (95%CI:61.5-97.7%) in preventing death due to COVID-19.

To address potential issues related to the small sample size and rare event or outcome, we
conducted an additional analysis using study population (n=14,168) (Supplementary Table S3,
Table S4). Overall, the vaccine effectiveness was 65.4% (95%CI: 59.5-70.4%) in preventing
COVID-19 infection; 78.1% (95%CIl: 73.6-81.9%) in preventing hospitalization; and 93.9%
(95%Cl: 85-97.6%) in preventing COVID-19-related death in adults aged 18 years or older at

14-days after second dose. The effectiveness against both hospitalization and death due to
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COVID-19 was higher in that population aged 50 years or older (71.9% and 83.1%,
respectively) compared to group of people aged 18-49 years (88.7% and 94.1%, respectively)
(Supplementary Table S4).

Discussion

High proportion of inactivated vaccine of CoronaVac have been used in national COVID-19
vaccination program in Indonesia. So far, this is the first health record-based observational
study on assessing ‘real-world” COVID-19 vaccine performance against laboratory-confirmed
SARS-CoV-2 symptomatic infection, hospitalization, and death in Indonesian population. The
study showed that complete regimen of CoronaVac vaccine appeared to be protective against
COVID-19 infection about 66.7% (58.1-73.5%) among Balinese adults aged >18 years, which
is consistent with the results of phase 11l trial.®> Yet, the effectiveness was reduced by age.
Furthermore, vaccination with CoronaVac vaccine was highly effective in preventing COVID-
19-associated hospitalizations and death. This demonstrates that CoronaVac vaccination could
reduce the risk of development severe COVID-19, especially in older population.

Our ‘real world’ estimated VE against symptomatic COVID-19 infection was consistent with
that randomized controlled trials of vaccine efficacy in Indonesia (65.3%; 95%CI: 20%-85.1%).
2 Yet, it was lower than that of vaccine efficacy reported in Turkey (83.5%; 95% CI: 65.4%-
92.1%)?2 and higher than that efficacy reported from Brazil (51%; 95%Cl: 36%-62%) at 14 days
after the second vaccination.'® Chilean cohort VE study involving general population aged >16
years old also demonstrated the VE was 65.9% (95%Cl: 65.2%-66.6%) against COVID-19
infection. While a TND case control study in Brazil demonstrated that two dose regimens of
CoronaVac was effective in reducing risk of symptomatic COVID-19 (46.8%; 95%CI: 38.7%
to 53.8%) at >14 days after the second dose among older population aged >70 years.’

Our study showed that inactivated CoronaVac vaccine was also effective in preventing
hospitalization and COVID-19-associated death. We estimated that CoronaVac vaccine was
71.1% for the prevention of hospitalization and 87.4% for the prevention of COVID-19-related
death. None has reported CoronaVac VE estimates against these two outcomes in Indonesia.
Our VE estimates are dissimilar to estimates that have been reported elsewhere. A cohort study
in Chile among adults aged >16 years showed that CoronaVac vaccine was 87.5% (95% CI,
86.7 to 88.2) effective against hospitalization and 86.3% (95% CI, 84.5 to 87.9) effective
against COVID-19-related death.®* While a TND study in Brazil among elderly aged 70 years
or older, CoronaVac was effective against COVID-19-related hospitalization (55.5%; 95%ClI:
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46.5% to 62.9%) and death (61.2%, 95%CIl: 48.9% to 70.5%) at >14 days after the second dose,
respectively.” This discrepancy might be due to several factors including variation in study
population and design (e.g., targeted age group, sample size) and difference in risk of
transmission or epidemiological setting (e.g., a TND study in Brazil was conducted when P.1
or Gamma variant was predominant).

The strengths of this study are that: i) we used comprehensive health administrative database
including individual laboratory test results, vaccination data and hospitalizations which include
information on date of sample collection, type of vaccine, date of vaccination, date of hospital
admission and underlying conditions; (ii) the subjects were chosen based on a standard
laboratory confirmation for SARS-CoV-2 results. Thus, biases due to misclassification from
infection or vaccination status were implausible. These findings are important to fill the gap in
our knowledge regarding the performance of inactivated CoronaVac vaccine in the real-world.
However, our study has limitations. First, while we attempted to make a robust approach by
adjusting for number of potential confounding factors, including age, sex, geography, week of
testing (sample collection) and presence of comorbidities, there might be still unmeasured
confounding factors that biased the VE estimates (e.g., behavioral risk factors, type of variants).
Second, this study was retrieved data from January to June 2021, which was just before the
peak of Delta variants (B.1.617.2) outbreaks. Hence, the VE estimates presented here is likely
reflected vaccine performance before Delta and Omicron becoming predominant variant in the
community. VE of CoronaVac against Delta and Omicron-related infection and severity might
be different. Studies elsewhere have reported the effects of Delta variants on the COVID-19
vaccines performance.’>'® Further research is required to evaluate the effectiveness of

CoronaVac against the circulating VOCs.

Conclusions

The two-dose regimens of inactivated CoronaVac vaccine was effective in preventing COVID-
19 infection, hospitalizations for COVID-19 and COVID-19-related death in adults aged 18
years or older. Full vaccination was significantly reduced the risk of severe outcomes especially

among 50 years or older.
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Figure 1. Flowchart for case and control selection
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395 Table 1. Characteristics of the adults aged >18 years eligible in the study and case-control
396  pairs included in the analysis
397
Characteristics Total Eligible study population Matched pairs
Positive Negative Cases Controls
SARS-CoV-2 | SARS-CoV-2 (n=2759) (n=2759)
(n=2886) (n=11,282)
Age, years, median (IQR) 50 (31-65) 61 (45-69) 46 (30-64) 61 (45-69) 60 (41-70)
Age group, n (%)
18-49y 6969 (49.2) 853 (29.6) 6116 (54.2) 847 (30.7) 847 (30.7)
>50y 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 (1.7) 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 (1.7) 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
13

| 71



417
418
419

420
421
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
459

72|

Table 2. CoronaVac vaccine effectiveness against laboratory-confirmed SARS-CoV-2

infection in adults aged >18 years in Bali, Indonesia

Vaccination status Cases Controls Vaccine effectiveness (95% ClI)
Unadjusted Adjusted*
Unvaccinated 1771 (64.2) 1469 (53.3) | Ref Ref
0-13 days after 1% dose 216 (7.8) 193 (7) 22.9 (2.4- 39) 145 (-11-34.2)
>14 days after 1% dose 319 (11.6) 272 (9.9) 24.1 (7.4-37.8) 10.5 (-12 — 28.6)
0-13 days after 2™ dose 74 (2.7) 158 (5.7) 67 (55.3-75.6) 63.1 (48.5-73.6)
>14 days after 2™ 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-2

infection
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Table 3. CoronaVac vaccine effectiveness in preventing hospitalization and COVID-19-
related death in adults aged >18 years in Bali, Indonesia

Vaccination Hospitalization . Death *

status Yes (n=2490 No % (gsﬁ/ o) ves No % (;/5%/ )
es (1=2490) | ,_307g) 0 (95% (n=482) | (n=5036) 0 (35%

Unvaccinated 1932 (77.6) 1308 (43.2) | Ref 450 (93.4) 2790 (55.4) | Ref

0-13 days after | 124 (5) 285 (9.4) 28.3(5.3-45.7) | 10 (2.1) 399 (7.9) | 53.9 (10-76.3)

1%t dose

>14 days after | 218 (8.8) 373 (12.3) | 34.1(16.4-48.1) | 15 (3.1) 576 (11.4) | 58.6 (28.3-76.1)

1%t dose

0-13 days after | 50 (2) 182 (6) 61.2 (42.6-73.7) | 3 (0.6) 229 (4.6) | 76 (22.9-92.5)

2" dose

>14 days after | 166 (6.7) 880 (29) 71.1 (62.9-77.6) | 4 (0.8) 1042 (20.7) | 87.4 (65.1-95.4)

2" dose

Abbreviations: VE, vaccine effectiveness; Cl, confidence interval
*Adjusted by age (as continuous), sex, presence of comorbidities and prior SARS-CoV-2 infection, week of
testing, district of residence
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Supplementary file

Table S1. CoronaVac vaccine effectiveness against laboratory-confirmed SARS-CoV-2
infection in adults (aged >18 years), by age group, in Bali, Indonesia

Vaccination status Cases Controls VE
(n=2759) (n=2759) % (95%Cl)

Unadjusted | Adjusted*

Age group: 18-49 years

(n=1694)

Unvaccinated 247 (29.2) 95 (11.2) Ref Ref

0-13 days after 1% dose 133 (15.7) 122 (14.4) 57.2 (37.6- | 48.3 (22.6-
70.6) 65.5)

>14 days after 1% dose 144 (17) 131 (15.5) 65.7 (49.4- | 55.1 (32-
76.8) 70.4)

0-13 days after 2" dose 39 (4.6) 79 (9.3) 80.3 (68- 78.2 (63.6-
87.9) 87)

>14 days after 2" dose 284 (33.5) 420 (49.6) 82.2 (74.5- | 77 (66.6-
87.5) 84.2)

Age group: >50 years (n=3824)

Unvaccinated 1524 (79.7) | 1374 (71.9) Ref Ref

0-13 days after 1% dose 83 (4.3) 71 (3.7) -5 (-46.6- -10.6 (-64.3-
24.8) 25.5)

>14 days after 1% dose 175 (9.2) 141 (7.4) -2 (-30 - -13.2 (-50.6
20) -14.9)

0-13 days after 2™ dose 35(1.8) 79 (4.1) 61.7 (42.3- | 58.1 (32.4-
74.6) 74)

>14 days after 2" dose 95 (4.9) 247 (12.9) 74.3 (65.2- | 69.9 (57.7-
80.9) 78.7)

*Included covariates: age (as continuous), presence of comorbidities and prior SARS-CoV-2

infection
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Table S2. CoronaVac vaccine effectiveness in preventing hospitalization and death due to
COVID-19 in adults (aged >18 years), by age group, in Bali, Indonesia (n=5518)

Vaccination Hospitalization Death
status _ No o VED* Yes No o VE*

Yes (n=2490) (n=3028) % (95%CI) (n=482) (n=5036) % (95%Cl)
Age group: 18-
49 years
(n=1694)
Unvaccinated 123 219 Ref 11 331 Ref
0-13 days after | 53 202 34.5 (-1-57.5) 0 255 NA
1t dose
>14 days after 65 210 32.9(-1.9-55.8) |1 274 78.7 (-84.6-97.6)
15t dose
0-13 days after | 16 102 64.9 (32.7-81.7) | 1 117 51.3 (-330-94.5)
2" dose
>14 days after 99 605 65.8 (49.1-77) 2 702 65.7 (-99.5-94.1)
2" dose
Age group:
>50 years
(n=3824)
Unvaccinated 1809 1089 Ref 439 2459 Ref
0-13 days after | 71 83 14.1 (-28.1- 10 144 35.7 (-26.1-67.3)
1%t dose 42.4)
>14 days after 153 163 34.7 (11.2-51.9) | 14 302 57.2 (24.7-75.7)
15t dose
0-13 days after | 34 80 55.1 (26.5-72.6) | 2 112 78.9 (12.7-94.9)
2" dose
>14 days after 67 275 79.4 (70-85.9) 2 340 90.6 (61.5-97.7)
2" dose
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Table S3. Assessment of CoronaVac vaccine effectiveness against laboratory-confirmed
SARS-CoV-2 infection, hospitalization and death in adults aged >18 years in Bali, Indonesia,
based on study population (n = 14,168)

Vaccination status | COVID-19 VE* Hospitalization VE* COVID-19- VE*
(n/N) % (n/N) % related %
(95%Cl) (95%Cl) death (95%Cl)
(n/N)

Unvaccinated 1867/6016 Ref 2841/6016 Ref 574/6016 Ref

0-13 days after 1 222/1001 6.7 (-12.1- | 158/1001 27.9 (8.7- | 10/1001 64.5 (31.6-

dose 22.3) 43.1) 81.5)

>14 days after 1% 340/1408 -6.2 (-24.4- | 336/1408 32 (17.4- 19/1408 62.9 (39.9-

dose 9.3) 44) 77.1)

0-13 days after 2™ 77/880 65 (54.7- 75/880 65.6 (53.3- | 3/880 84.2 (50-

dose 72.9) 74.7) 95)

>14 days after 2n 380/4863 65.4 (59.5- | 308/4863 78.1 (73.6- | 5/4863 93.9 (85-

dose 70.4) 81.9) 97.6)

*Based on adjusted multivariable logistic regression, accounting for
residence, week of testing, presence of comorbidities, and prior infection.

age (continuous), sex, district of

18




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

593
Vaccination Hospitalization Death
status _ " No o VE* Yes No o VE*
Yes (n=3718) (n=10,450) % (95%CI) (n=482) (n=5036) % (95%Cl)
Age group: 18-
49 years
(n=1694)
Unvaccinated 187 689 Ref 14 862 Ref
0-13 days after | 73 691 36 (8.2-55.4) 0 764 NA
15t dose
>14 days after 109 749 35.8 (9.3-54.5) 1 857 88 (1.6-98.5)
15t dose
0-13 days after | 26 659 75.3 (59.4-85) 1 684 73.6 (-117.7-
2" dose 96.8)
>14 days after 178 3608 71.9 (61.6-79.5) | 2 3784 88.7 (36.5-98)
2" dose
Age group:
>50 years
(n=3824)
Unvaccinated 2654 2486 Ref 560 4580 Ref
0-13 days after | 85 152 12.9 (-22.6- 10 227 44.4 (-71.7-71.2)
1%t dose 38.1)
>14 days after 227 323 26.6 (6.4-42.5) 18 532 57.8 (30.9-74.3)
15t dose
0-13 days after | 49 146 48 (21.8-65.4) 2 193 83.9 (34.1-96.1)
2" dose
>14 days after 130 947 83.1(77.9-87.1) | 3 1077 94.1 (81.4-98.1)
2" dose

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

596
597
598
599
600
601
602
603
604
605
606
607
608
609
610

19

| 77



78 |

611
612

613
614
615
616
617
618
619
620

621
622

623
624
625
626
627
628
629

Figure S1. COVID-19 vaccination coverage in adults >18 years (any type of vaccines) during

January 13 to June 30, 2021, in Bali, Indonesia (Data source: Ministry of Health of Indonesia).

Figure S2. Trends in COVID-19 incidence in Bali over the period of study (Data source: Ministry

of Health of Indonesia).

20



630

631
632

633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666

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

Background: Inactivated SARS-CoV-2 vaccine has been included in the national COVID-19
vaccination program in Indonesia since January 2021. The study aims to estimate the
effectiveness of CoronaVac vaccine in preventing SARS-CoV-2 infection, hospitalization, and
death in adult population aged >18 years in Bali, Indonesia.

Methods: Test-negative, case control study was conducted by linking SARS-CoV-2 laboratory
records, COVID-19 vaccination, and health administrative data for the period of January 13 to
June 30, 2021, among adults aged >18 years in Bali. Case-subjects were defined as individuals
who had a positive RT-PCR test for SARS-CoV-2 during the period; they were matched with
controls based on age, sex, district of residence, presence of comorbidities and week of testing.
Conditional and multivariable logistic regression was performed to estimate adjusted vaccine
effectiveness.

Results:

Total 109,050 RT-PCR test results were retrieved during the January 13 to June 30, 2021
(Figure 1). Of which, 14,168 subjects were eligible for inclusion in the study. Total 5518
matched pairs were analyzed. Adjusted vaccine effectiveness (VE) against laboratory-
confirmed SARS-CoV-2 infection was 14.5% (95% confidence interval -11 to 34.2) at 0-13
days after the first dose; 66.7% (58.1 to 73.5%) at >14 days after the second dose. Adjusted VE
in preventing hospitalization and COVID-19-associated death was 71.1% (62.9% to 77.6%)
and 87.4% (65.1% to 95.4%) at >14 days after receiving the second dose, respectively.
Conclusions: Two-dose of inactivated CoronaVac vaccine showed high effectiveness against
laboratory confirmed COVID-19 infection, hospitalization, and death associated with COVID-

19 among adults aged >18 years.

Keywords: inactivated vaccine, COVID-19, effectiveness, test-negative, Indonesia
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Introduction

Indonesia rolled-out the first phase of mass vaccination program on January 13th, 2021, using
the inactivated SARS-CoV-2 CoronaVac vaccine (Sinovac Life Sciences, Beijing, China). In
the first phase, mass COVID-19 vaccination was targeting healthcare workers and general
population including adults and elderly. A phase 1/2 clinical trial in China indicated that
CoronaVac was tolerable, with acceptable safety and immunogenicity, and therefore supported
the conduct of a phase 3 clinical trial in three countries including Indonesia.! The efficacy of
CoronaVac varied among the countries, ranging from 50.7% to 84% against SARS-CoV-2
infection.>* In Indonesia, two doses of CoronaVac vaccine had an efficacy of 65.3% against
COVID-19 illness after 14 days of injection; this supported the approval of emergency use

authorization (EUA) by the Indonesia National Agency of Drug and Food Control (NADFC).
25

Evidence regarding its effectiveness against SARS-CoV-2 infection, hospitalization, and death
in the “real world” conditions have been reported in number of countries such as Chile, Turkey,
and Brazil.>” However, studies suggest that inactivated COVID-19 vaccine VE varies from
region to region. In Indonesia, where inactivated vaccine has been given to the population, study
on evaluating inactivated vaccine performance in preventing infection and severe outcomes still
limited especially in adults aged > 18 years. The objective of this study was to estimate vaccine
effectiveness (VE) of inactivated CoronaVac vaccine against COVID-19 infection,

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

Methods

Setting and design

Bali is a one of the popular tropical islands in Indonesia, with a total land area of 5780 km?
and population of more than 4.3 million.8 Mass COVID-19 vaccination using inactivated
SARS-CoV-2 (CoronaVac) was initiated by the Ministry of Health of Indonesia on January
13, 2021, across Indonesia, including in Bali. As of July 31, 2021, COVID-19 vaccines have
been given to 2.8 million (41.9%) of the targeted Balinese population. About 2.2 million
people aged >18 years had received at least one dose of COVID-19 vaccines (Supplementary
Figure S1); 1.2 million (43.1%) had received at least one dose of inactivated CoronaVac
vaccine.® The observation was conducted during January 13 to June 30, 2021. During the

study period, the incidence of COVID-19 was increased during January-February and
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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 Mitu, 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
(P1) of SARS-CoV-2 has emerged.

Analyses showed that afterimmunization,
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 Mitu. “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
percentto 0.22 percentin 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 Mitu 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 SGo Paulo’s countryside.

Published on: 01/15/2022
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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 Mitd, Vaupés, in southeastern Colombia, a region located in the
Amazon bordering Brazil. Results. 99% of the urban population of the Mitd 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:

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

e CoronaVac® reduces the mortality rate from 2.2% in 2020 to 0.22% in 2021.

e The herd immunity was achieved through mass vaccination in this region of the Colombian Amazon.

Keywords: COVID-19 vaccines, Prevention, Post-exposure, Prophylaxis, Public health, Mass vaccination

* Correspondence: smattar@correo.unicordoba.edu.co

"Universidad de Cérdoba, Instituto de Investigaciones Biolégicas del Trépico,
Monterfa, Colombia

Full list of author information is available at the end of the article

© The Author(s). 2022 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

| 83



Serrano-Coll et al. Tropical Diseases, Travel Medicine and Vaccines

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 Mitd, Vaupés,
Colombia, a region located in the southeast of Colombia
(Amazonas) bordering Brazil (Fig. 1). Mitd 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
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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 Cérdoba.

Analysis of data

The data were analyzed by the biostatistics group of the
Institute of Biological Research of the Tropic-University
of Cérdoba 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,
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with Brazil

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

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
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Table 1 Characteristic of the individuals vaccinated with two
doses in Mitu municipality
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Table 3 Severity of COVID-19 in population vaccinated
according to age range < 60 years vs > 60 years

Characteristic of the individuals vaccinated (%)

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

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 (154)
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)

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

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-gPCR 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 (04)
Deceased by COVID-19 1(0.2)
Total of people infected with COVID-19 447 (5.7)
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< 60years N =406
Mild 405 (99.8)
Moderate 1(0.2)
Severe 0

> 60 years N=41
Mild 40 (97.6)
Moderate 0

Severe + deceased 124

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.
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Fig. 2 Characterization of COVID-19 cases in Mitu municipality. This figure showed a first peak or wave of cases of COVID-19 in August 2020, with
a significant drop of cases in November 2020. The vaccination in this municipality started in February 2021 and a second wave was observed
between April-May 2021, the highest peak of individuals who completed their CoronaVac® vaccination reduced COVID-19 cases by 72% in June

Due to the lack of genotypic information for the Mita
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

Table 4 Effectiveness of the Coronavac vaccine

Effectiveness of CoronaVac

Prevent mild forms 94.3%
Prevent moderate forms 99.9%
Prevent severe forms 99.9%
Prevent deaths 99.9%
Mortality rate pre-vaccination* 2.2%

Mortality rate post-vaccination in individuals fully vaccinated ~ 0.22%

*Data obtained from DANE
Colombia. (https://www.dane.gov.co/files/investigaciones/poblacion/
defunciones-covid19/boletin-defunciones-covid-2020-02mar-2021-17ene.pdf)

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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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 S&o
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 werent
immunized. Besides, at the time of the
study (between february and may
of 2021), the majority of cases were
induced by the gamma variant (P1,
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 Ribeirdo Preto of the
University of SGo 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 effectivenessin 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
oftwo doses with a gap of fourweeks. In
total, completed the vaccinal scheme
813% of the adult population and
60,9% of the urban population from



Serrana, which equals to 27 thousands
of people. Of those, 16% were elderies,
olderthan 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%,751to 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% Cl, 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

Fundacéo Butantan and Sdo 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.t
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.?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,* 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

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.”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.® 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.19!

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 XII1 in the State of Sdo Paulo in Brazil.
Each day, a quarter of the population commute to nearby cities, such as Ribeirdo 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 Sdo 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.!® 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, Ribeirdo Preto Medical School, University of Sdo 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 y;; be the number of Covid-19 cases
inthe group i (i = 1,2,3,4) during the epidemiological week j (j = 6, ...,19).
The model is written as follows:

Vij=u+a;+0X;+¢;

Here, u is the baseline rate, a;~N(0,02) is a random effect for the group i, X; represents the
interventional group status i during epidemiological week j and sl-j~N(0,a§). We categorized

the treatment variable according to vaccination status, where the epidemiological weeks 6 and

7 were assumed as reference, so that 0 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 100x(1-IRR) and 95% Cls for

vaccine effectiveness estimated as 100x(1-upper or lower bounds of 95% CI for IRR), where:

(number CaS€Sintervention period)/(total person - days at riSkintervention period)
IRR = ,
(number casescontrol period) /(total person — days at riskegntro; period)

and the 95%ClI for IRR was calculated as, el!09URR) £1-96 X SE(log(IRR))} \yjith the standard error

for log(IRR):

1 1
SE(log(IRR)) = + :
number casestervention period number cases ontrol period

The direct vaccine effectiveness (dVE) was calculated by comparing the incidence
density between fully vaccinated and unvaccinated participants during intervention period as

follows:

( €aseSyaccinated) /(Total person — days at riskyaccinated)

dVE=1- :
(casesynvaccinated) /(Total person - days at riskynpaccinated)

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 XI1I was calculated

and compared between epidemiological weeks 6 and 19.

Role of the funding source

The study was supported by the Fundacdo Butantan, a non-profit foundation
supporting activities of the Instituto Butantan, a public health research institution of the
Government of S&o Paulo State, and by the S&o 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% ClI, 39-2 to 55-7) for preventing symptomatic Covid-
19 cases and 48-1% (95% ClI, 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% ClI, 75-1
to 84-7) for preventing symptomatic Covid-19 and 95% (95% ClI, 86-9 to 98-1) and 94-9%
(95% Cl, 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% ClI, 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.'® 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).1%-18 Although phase-3 clinical trials of CoronaVac have demonstrated an
efficacy ranging from 50-7% in Brazil to 83-5% in Turkey,>® 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.® Concerning Covid-19 vaccines, mechanisms for indirect effects, such as reduced
viral load in respiratory fluids and faster viral clearance, have been proposed.?° 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.?! 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.?? 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. VV1: 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)




Table 2. Effectiveness of CoronaVac vaccine in preventing Covid-19 outcomes in Serrana, Brazil, 2021.

Effectiveness 95% ClI

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 73.2-841

Hospitalization and Death 94.4 80-2-98-4

Death 939 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.
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1.8. CoronaVac generates high antibody responses in healthcare
workers with and without prior Covid-19 infection,

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.

Onemonthaftertheseconddose, 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,

say studies from Turkey

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 CoronavVac
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 7071 AU/mL aofter 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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square and Fisher's exact test were used in the evaluation of qual-
itative data, Student’s t test, Mann Whitney U test and Kruskal
Wallis test were used in the comparison of quantitative data.
Spearman analysis was used for the correlation analysis. and
p < 0.05 value was considered significant in all analysis.

This work was supported by IU- Cerrahpasa Scientific Research
Projects Unit (Project ID: 35691).

3. Results

The ages of 330 HCWs included in this study are ranged
between 19 and 65, with a mean age of 39.6 £ 7.7 years. 211
(63.9%) of the participants were female, and 119 {36.1%) were
male. Of the 75 participants with prior history of COVID-19, 38
(50.7%) were male, and 37 {49.3%) were female, with a mean age
of 39.53 £ 11.54 years. Of the infection-naive group, 81 (31.8%)
were men, 174 {68.2%) were women, and the mean age was 39.5
2 * 11.06 years.

Of the individuals with a prior history of COVID-19, 5 had
asymptomatic COVID-19, 36 had mild, 31 had moderate, and 3
had severe clinical forms of the disease [9]. Fever{53,3%), fatigue
(74,6%), arthralgia(57,3%), loss of taste and smell {69,3%) and head-
ache(49,3%) were chserved as the most common symptoms in
these individuals. Of the 75 participants with a prior history of
COVID-19, three had no detectable antibodies in the serum sample
obtained before vaccination. The percentage of positive antibodies
against the SARS-CoV-2 was 96.0% (95% CI: 91.6-100) in above
group. Antibody levels were detected in all cases after the first
and second doses of the vaccine. When the antibody response after
two doses of vaccination was compared to the severity of COVID-
19 in the group with a prior history of COVID-19, no significant dif-
ference was found {p > 0.05).

In the infection-naive group, the percentage of positive antibod-
ies 14 days after the first dose of vaccine was 48.2% (95% CI: 42.1-
54.3). The positive antibody percentage 28 days after the second
dose of vaccine was 99.2% (95% CI: 98.1-100), and only twe HCWSs
among this group were negative for antibody against SARS-CoV-2
(Table 1). In the total study group, the antibody positivity for
SARS-CoV-2 was 99.4% (95% CI: 98.6-100) after two doses of
vaccination

IgG antibody titers of over 1050 AU/mL {which is equivalent to
1:80 dilution in the plaque reduction neutralization test) were
detected in 25.9% of the infection-naive group and in 54.7% of those
with a prior history of COVID-19, the difference was statistically
significant {p<0.001) {Table 1). The percentage of antibody positiv-
ity was found to be 51.1% and 42.0% in males and females after the
first dose vaccination, respectively. On the other hand, the percent-
age of antibody positivity was found to be 99.5% and 99.2% in
males and females after the second dose of vaccination, respec-
tively. The efficacy rate of the CoronaVac vaccine was found as
99.4% in all participants, both under 40 and over 41 years old. No
significant difference was detected between antibody responses
according to blood groups.

Median antibody titer was 48,4 AU/mL after the first dose of
vaccine in the infection-naive group, which increased to 707,1
AU/mL after the second dose, the difference was statistically signif-
icant (p<0.001). While the median antibody titer was 301.9 AU/mL
before vaccination in participants with prior history of COVID-189,
it was found to be 1331.2 AU/mL after the first dose of vaccination
{p<0.001). After the second dose in the above group, the median
antibody titer was found as 1090,0 AU/mL (Table.2) (Fig. 2)
(p>0.05). Median antibody titers in groups with and without a
prior history of COVID-19 did not differ significantly in terms of
age and gender. There was a very low significant negative correla-
tion between the age and antibody titers after the second dose in
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Table 1
Evaluation of demographic data and antibody results of participants as a percentage.
Infection-naive Prior History of P
Group CoVID-19
n = 255 (%) n=75 (%)
Gender
Male 81(31,8) 38 (50,7) 003"
Female 174 (68,2) 37 (49.3)
Age
<4p 128 (50,2) 39 (52,0 784
>40 127 (49,8) 36 (48.0)
Body-Miss Index
Normal 120 (49.0) 34 (45.9) 320
Overweight 85 (36.3) 33 (44.6)
Obese 36(147) 7(8.5)
Department
Basic Medical 9 (4,0) 7(9.7) 063
Sciences
Internal Medical 93 (41,3) 22 (30,6)
Sciences
Surgical Medical 5%(26,2) 26 (36,1)
Sciences
Other Staff 64 (28,4) 17 (23,6)
Comorbidity
Allergy 22 (8,6) 5(6,7) 586
Aute-immune 4(16) 1(1.3) 1,000
Diseases
Neurological 2 (0,8) 22,7 223
Disorders
Mualignity 2(0.8) 0 (0.0} 442
Diabetes Mellitus 9(3,5) 3 (4.0) 848
Hypertension 15(5.9) 3(4.0) 773
Hypothyroidism 15(5.9) 4(5.3) 858
Cronic Hegrt Diseases 2 (0,8) 22,7 150
Asthma 727 0(0,0) 357
Blood Groups
0+ 62 (32,1) 17 (25.4) 815
0- 6(2.8) 3(4.5)
A+ 86 (40,0) 27 (40,3)
A- 8(3.7) 5(7,5)
B+ 23 (10.7) 8(11.9)
B- 4(1,%) 1(1.5)
AB+ 18 (8.4) 5(7.5)
AB- 1(0.5) 1(1.5)
Anti-SARS-CoV-2 IgG After first dose (AU/mL)
Negative (<50 AU/ 132 (51.8) 0 (0.0} .000
mL)
Positive (>50 AUfmL) 123 (48,2) 75 (100,0)

Anti-SARS-CoV-2 IgG After second dose (AU/mL)

Negative (<50 AU/ 2 (0,8) 0(0,0) -
mlL)
Positive (=50 AUfmL) 253 {99.2) 75 (100,0)

Anti-SARS-CoV-2 IgG After second dose (AU/mL)

<1050 AU/mL 189 (74,1) 34 (453) 000
>1050 AU/mL 66 (25.9) 41 (54.7)
Table 2

SARS-CoV-2 IgG averages in blood samples taken at different times from healthcare
workers who have prior history of COVID-19 and who are infection naive.

Anti-SARS-CoV-2  Infection-naive Prior History P
IzG Group of COVID-19
Median Median
(IQR 25-75) (IQR 25-75)
Before Vaccination - 301,9(124.1-854.2)
(ALfmL)
After First Dose 48,4 (17,4-109,3) 13312 (800,1-2573,7) ,000***
(AUfmL)
After Second Dose  707,1(4264-1083,7) 1090,0 (612,0-1864,1) ,000***
(ALfmL)

AU/mL : Antibody Unit [ mililiter ; IQR : Inter Quantile Range.
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have been reported as 63.09%, 66%, 92%, 95%, and 79%, respectively
[10]. The efficacy rates of CoronaVac {Sinovac), which received
WHO emergency use approval on 01.06.2021, were announced as
51% in Brazil, 65% in Indonesia and 84% in Turkey, according to
Phase 3 studies [5].

Although the efficacy of COVID-19 vaccines has been investi-
gated and different efficacy rates have been reported, the real-life
efficacy data are not yet fully elucidated. In a study conducted in
Israel, it was reported that the BNT162b2 {(Pfizer/BionTech) vaccine
had an efficacy of 66-85% in reducing SARS-CoV-2 positive cases
and efficacy over 90% in reducing hospitalizations [11]. In a study
with healthcare professionals in Brazil, the efficacy rate of Corona-
Vac, two weeks after the second dose of CoronaVac was reported as
50.7% (95% ClI: 33.3-62.5%). It has also been reported that this effi-
cacy rate was increased further in the next two weeks (68.4% at
4 weeks and 73.8% at 5 weeks) [12]. After vaccination, 142 samples
that were detected PCR positive, were evaluated for SARS-CoV-2
variants and 47% (67) of these samples were found to harbour
mutations related to “Variant of Concern {(VOC)" announced by
WHO, majority of which were P.1. variant [ 12]. It is crucial to mon-
itor the efficacy of existing COVID-19 vaccines for new variants of
SARS-CoV-2, including B.1.1.7, 501Y.V2 and P.1. In a study investi-
gating the efficacy of inactivated SARS-CoV-2 vaccines in Jordanian
and Egyptian populations, although it has been reported to reduce
the risk of symptomatic COVID-19 risk, but its efficacy against vari-
ants has not been tested [ 13]. While new variants are alarming, it is
promising to observe a significant reduction over time by vaccina-
tion in confirmed symptomatic COVID-19 cases [12]. We aim to
continue monitoring vaccine efficacy in the participants against
these emerging SARS-CoV-2 variants in the second phase of our
study.

One of the most critical problems in COVID-19 vaccination is
the duration and the extent of protection of the developed antibod-
ies. Therefore, it was planned to follow up the vaccinated patients
for up to 6 months. SARS-CoV-2 NCP IgG positivity was detected in
35 participants. Although it has been suggested that anti-
nucleccapsid antibedies may alse develop in response to inacti-
vated SARS-CoV-2 vaccines, preclinical studies demonstrate their
levels to be approximately 30 times lower than anti-RBD antibod-
ies [14]. No data were presented regarding 1gG response against
the nucleocapsid of SARS-CoV-2 in the Phasel{2 study of the Cor-
onaVac vaccine. However, B cells are known to generate antibody
responses initially to the nucleocapsid antigens in individuals
exposed to the SARS-CoV-2, and nucleocapsid 1gG is known to
serve as one of the clinical diagnostic markers [15-17]. Since we
could not detect NCP IgG in 86.27% of those without a prior history
of COVID-19 in this study, the possibility of contact with the virus
during this process worths considering for the individuals who
were NCP IgG positive. Based on the NCP IgG results, we suggest
that 11 people may have developed a vaccine-induced NCP 1gG
response, while 24 pecple may have developed a virus-induced
NCP IgG respeonse. In addition, when we questioned these 24 peo-
ple for 60 days from the beginning of the vaccination process, these
people did not report any symptoms or clinical findings and only
12 of these people had a history of close contact with a COVID-
19 positive individual. These findings suggest that people {n:24)
with an elevated positive NCP I1gG result may have had the
COVID-19 asymptomatically and very recently, probably before
the second vaccination or more earier but later than the contact
time of the COVID-19 group with the COVID-19. Althcugh the
COVID-19 inactivated vaccines don't provide a 100% protection
against infection, we suggest that they may effectively prevent sev-
ere disease since none of the HCWs that were followed during this
period developed a symptomatic COVID-19 infection.

Determining the duration of protective efficacy and the require-
ment for a booster dese remain among unsolved problems. It was
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reported that 1gG antibodies developed by the COVID-19 infection
largely protects from re-infection for about 6 months in a study
conducted in healthcare professionals who had COVID-19 [18]. In
the SIREN study conducted on 20,787 HCWs in England, it was
reported that the protection rate for the first 5 months after infec-
tion was 83%, but the contagiousness of healthcare personnel could
continue during this period, and attention was drawn to the possi-
bility of re-infection [19].

Data are scarce regarding the protective efficacy of natural anti-
bodies developed post-infection. Therefore, vaccination is recom-
mended regardless of prior COVID-19 infection status [20]. One
of the critical questicns is whether a single dose of vaccine will
be sufficient for these people. Antibody positivity in the group that
had the COVID-19 before vaccination was 96%. It was also observed
that the antibody titers of 75 people who had COVID-19 at least
four months ago increased three-fold after the first dose of vaccina-
tion. Although there is a slight decrease in the median antibody
titers (16%) after the second dose, the median antibody titers are
approximately 2.5 times higher than in the infection-naive group.
When all data are evaluated together, it can be suggested that a
single dose of vaccine administered 3-6 months apart to the infec-
ticn may be sufficient for those with confirmed prior COVID-19,
thus the limited resources of vaccine can be mobilized to a larger
extent of vulnerable populations. Memory B and T cell responses
play a vital protective role in case of re-exposure to the virus. It
is well documented that T cell response develops within the first
14 days after a single dose of the CoronaVac vaccine, while B cell
response improves after the second dose [21]. Given the results
of recent studies, including ours, it is still vital to administer vacci-
nes in two doses to those with no known exposure to SARS-CoV-2.

There are very limited number of studies for the efficacy of
COVID-19 vaccines in those with chronic diseases and those who
have had COVID-19 before. Our study, comprising a population of
HCWs with and without chronic diseases besides those with and
without prior infection, provides a set of real life data. Since only
the Sinovac vaccine was available in Turkey during this period,
the results of this vaccine were evaluated in the healthcare person-
nel. The inability to evaluate the cellular immune responses of the
participants is among major limitations of this study, conducted in
a single center, on a limited population. Although, the possibility of
exposure to the SARS-CoV-2 virus between the blood collection
periods after the first and second dose vaccination was taken into
account, the PCR test, which is considered the gold standard in
acute diagnosis of COVID-19, could not be routinely performed
on the participants before the study. Instead, nucleccapsid IgG-
targeted antibody testing was used for the serum samples obtained
between the indicated time periods.

Demonstrating the presence of the SARS-CoV-2-specific neu-
tralizing antibodies developed after infection and vaccination is
very important in terms of protective immunity. However, it is dif-
ficult to perform PRNT in routine practice, which is the reference
standard method, due to the need for special laboratory conditions
with biosafety level 3 (BSL3) and experienced specialists. There-
fore, we used an antibody test with 100% correlation with PRNT
and another limiting factor is that the evaluation was made accord-
ing to the cut-off value of the manufacturer. Although the World
Health Organization {WHO) is working to establish a standard for
antibody tests with a reference serum sample (NIBSC code
20/136) and its dilutions, a safe cut-off value indicating the protec-
tive immunity has not been defined yet [22]. Only the FDA has
defined a cut-off value for convalescent plasma, and this value
is > 840 AU/ml for the test we used in this study [23].

As a result, while the vaccine response was 45% two weeks after
the first dose in HCWs, the rate of it reached to 99% within one
month after the second dose. Two doses of inactivated CoronaVac
(Sinovac) vaccine produced effective humoral immunity in HCWs.
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Response to the vaccine is similar following the first and second
doses in those with a prior history of COVID-19. Moreover, anti-
body levels are significantly higher in comparison to the
infection-naive group. Given no significant benefit of the second
dose, in terms of antibedy titers, a single shot of vaccination may
be sufficient for those with prior histery of COVID-19. Monitoring
humoral and cellular immune responses, considering new variants,
is required to validate this approach.
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ABSTRACT

The effects of inactivated SARS-CoV-2 vaccine (CeronaVac) on previously naturally infected individuals are
unknown. This study compared immunecgenicity and reactogenicity of CoronaVac in ence naturally
infected health-care workers (HCWs) and uninfected HCWs. All HCWs were immunized with two doses
of CoronaVac (600 U/0.5 ml) intramuscularly at a 28-day interval. Adverse reactions were obtained by web-
based questionnaires or telephone calls seven days after each vaccine dose. Detection of antibody levels
against the receptor-binding domain (RBD) of SARS-CoV-2 spike protein was done four weeks after
the second dose of the vaccine. We enrolled 103 previously naturally infected and 627 uninfected
HCWs, The mean time for vaccination after the first nasopharyngeal SARS-CoV-2 positivity was 64 days
(range: 15-136 days) in previously naturally infected HCWs. Among the previously naturally infected
HCWs, 41 (40%) were asymptomatic, 52 (50%) had mild upper respiratory tract infections, 10 {(105) had
pneumoenia, and only 6 (5%) were hospitalized. Any reported adverse reactions, either from the first dose
or the second dose of vaccine administration, did not differ between previously infected and uninfected
HCWs. Anti-RBD antibody titers were obtained in 50 (51%) of 103 previously infected HCWs and 142 (23%)
of 627 uninfected HCWs. Anti-RBD antibedy titers were significantly higher in HCWs with a previous
natural infection (median 1220 AU/ml|, range: 202-10328 AU/mL) than in uninfected HCWs (median: 913
AU/ml, range: 2.8-15547 AU/mL, p = .032), CoronaVac administration was safe and may elicit higher
antibody responses in previously naturally infected individuals.

ARTICLE HISTORY
Received 20 April 2021
Revised 15 June 2021
Accepted 3 July 2021

KEYWORDS

SARS-coV-2 inactivated virus
vacdne; CoronaVac; health
care workers; vaccine
antibody response; vaccine
adverse effects; Turkey

Introduction ) o
CoV-2 infected people are thought to have protective immu-

COVID-19 began in late 2019 and has spread worldwide and n]‘[y and MemOory responses for at least six 1’1’101‘11;1]3'4 However,

caused social and economic destruction in many countries.
Health workers are among the most affected groups. Some
studies reported that health-care workers who have intense
and close contact with infected individuals can suffer from
COVID-19 disease more than once.! Safe and effective
COVID-19 treatments have yet to be developed, but vaccina-
tion is an effective strategy in stopping the spread of SARS-
CoV-2. Several vaccines have become available for use in
different parts of the world: Over 40 candidate vaccines are in
human trials, and over 150 are in preclinical studies.”

In Turkey, the SARS-CoV-2 vaccination program started on
January 11, 2021, with priority given to HCWs and then to
high-risk groups. This strategy uses two doses of CoronaVac
600 U70.5 mL (Sinovac Life Science Co, Ltd, Beijing, China)
given 28 days apart intramuscularly.® The BNT162b2 vaccine
(Pfizer-BioNTech) was later introduced to the immunization
program with two doses given at four-week intervals.” The
total number of vaccines given in Turkey is 18,724,856;
7,619,467 have received the second dose.” Previously, SARS-

the ideal vaccination time and regimens have not yet been
clarified in previously infected individuals. It is also reasonable
for such individuals to delay any vaccine receipt for a few
months after infection to allow others to get vaccinated sooner
as the risk of reinfection appears extremely low in this period.
The USA Centers for Disease Control and Prevention (CDC)
also suggest that individuals who received monoclonal antibo-
dies or convalescent plasma for COVID-19 should delay vac-
cination for at least 90 days from the time of treatment” The
Turkish Ministry of Health recommended SARS-CoV-2 vacci-
nation at least one month after COVID-19 infection in HCWs
and six months later in high-risk group individuals. Individuals
with a history of SARS-CoV-2 may also be more likely to
experience local and systemic adverse reactions.”® However,
the responses to SARS-CoV-2 inactivated virus vaccine
(CoronaVac, Sinovac Life Science Co., Ltd, Beijing, China) in
previously naturally infected individuals have not yet been
assessed in clinical trials. Therefore, this study compared anti-
body response and adverse reactions between previously
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Table 1. Demographic and dinical features of study population.

Previously SARS-CoV-2 SARS-Cov-2
infected n = 103 uninfected n = 627 P value

Age, median (range), years 36 (22-68) 41 (22-72) <001
Sex
Male 40 (3796) 247 (39%) 9
Female 63 (63%) 380 (61%)
Clinic severity
Asymptomatic 41 (4000)
URTI 52 (50%)
Pneumaonia 10 (10%)
Hospitalization 6 (5%)
Days from NP SARS-CoV-2 PCR + to vaccination mean (range) o4 (15-136) -
Days from 2nd dose vacdination to collecting blood for antibody mean; (range) 28 days (13-34) 28 days (15-36) 8
Any adverse Reactions after 1st dose of vaccine 44 (42%) 309 (43%) 15
Any adverse Reactions after 2nd dose of vaccine 34 (35%) 214 (34%) 25
Number of vaccinated individuals with available antibody result 50 (51%) 142 (23%) -
Number of vaccinated subjects with undetectable antibody titers 0 (0%) 2 (%1)

SARS-CoV-2 naturally infected and uninfected health-care
workers (HCWs) after two doses of SARS-CoV-2 vaccine
(CoronaVac) administration.

Materials and methods

This study was a nested case-control analysis of 103 HCWs
with previous natural SARS-CoV-2 infection during the last
four months before administering the first dose of SARS-CoV
-2 inactivated virus vaccine (CoronaVagc, Sinovac Life Science
Co, Ltd, Beijing, China); there were also 627 infection-naive
HCWs. All work was done between January 11 and
February 25, 2021, This study was done at Memorial [stanbul
Atagehir Hospital and Memorial Istanbul $isli Hospital. To
investigate vaccine-related adverse reactions, we made an
online web-based questionnaire using The Turkish Pediatric
Workshop telegram group.” Clinical features and antibody
titers results were obtained from participating hospitals’ infec-
tion control unit records. Vaccine-related adverse reactions
were collected seven days after each vaccine-dose administra-
tion via web-based questionnaires. Antibody titers were mea-
sured four weeks after the second dose of the vaccine.
Antibodies against the receptor-binding domain (RBD) of
SARS-CoV-2 spike protein were measured with a SARS-CoV
-2 IgG II Quant Reagent Kit (Abbott Ireland Diagnostics
Division, Finisklin Business Park, Sligo, Ireland).

CoronaVac is an inactivated virus vaccine with an alum
adjuvant. The SARS-CoV-2 strain CN2 was extracted from
bronchoalveolar lavage (BAL) of a hospitalized patient in
Wuhan, cultured in Vero cells, harvested, inactivated using p-
propiolactone, and purified before being absorbed into alumi-
num hydroxide.® Each 0.5-mL vaccine vial contains 600 SU
SARS-CoV-2 antigens, sodium chloride (9 mg/ml), disodium
hydrogen phosphate (1.16 mg/ml), monosodium hydrogen
phosphate, sodium hydroxide, and sterile water. All HCWs
received two doses of CoronaVac at least 28 days apart, and
blood was drawn for detection of anti-RBD antibody four
weeks after the second dose of the vaccine. All HCWs provided
informed consent. This study was approved by the COVID-19
scientific research commission of the Turkish Ministry of
Health and ethically approved by the Istanbul Memorial $isli
Hospital ethics committee. Statistical analysis was performed

with jamovi (version 1.6, computer software retrieved from
https://jamovi.org.) Antibody titers between groups were
tested using the two-tailed Mann-Whitney U-test, Student’s
t-test, and Pearson ¥2 test for categorical and continuous vari-
ables. A P-value <0.05 was considered significant.

Results

Of the 730 HCWs enrolled in the survey, 103 (14%) HCWs had
a previous laboratory-confirmed mild or asymptomatic SARS-
CoV-2 infection as diagnosed with positive nasopharyngeal
aspiration (NP) swab PCR (only one HCW had a negative
PCR result but positive anti-SARS-CoV2 IgM antibody); 627
(86%) HCWs were previously uninfected as shown by PCR.
Demographic and clinical features of the study population are
shown in Table 1. Among the previously naturally SARS-CoV
-2 infected HCWs, 41 {40%) of them were asymptomatic, 52
(509%) had mild upper respiratory tract infection, 10 (10%) of
them had pneumonia, and only 6 (5%) were hospitalized. None
of the previously naturally SARS-CoV-2 infected HCWs died.
The mean time for vaccination from the first nasopharyngeal
SARS-CoV-2 positivity was 64 days (range: 15-136 days) in
previously naturally SARS-CoV-2 infected HCWs, None of the
HCWs received steroids or other immune-suppressive drugs
for the treatment of SARS-CoV-2 infection.

Any reported adverse reactions - whether from the first
or second dose of vaccine administration — did not differ
between previously infected and uninfected HCWs (Table 1).
The most common self-reported vaccine-related adverse effects
after the first dose of the vaccine were local injection site pain
(41%), myalgia (19%), and headache {13%) in previously unin-
fected HCWs; injection site pain (44%) and myalgia (13%)
were seen in once-infected HCWs. The most common self-
reported vaccine-related adverse effects after the second dose
of the vaccine were local injection site pain (26%), headache
(129), and myalgia (3%) in previously uninfected HCWs, and
injection site pain (30%), and myalgia (3%) in previously
infected HCWs. Self-reported adverse reactions for
the second dose were lower in both groups than the first dose
(Table 1). Interestingly, sleepiness was reported after the first
dose of vaccine in 14% of previously infected HCWs and 16%
of previously uninfected HCWs; the rate of sleepiness
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SARS-CoV-2-infected HCWs. HCWs with previous COVID-
19 infection had higher antibody titer responses to a single dose
of mRNA vaccines than those who were not previously infected
based on laboratory-confirmed serology testing.

Antibody titers started peaking at seven days and achieved
higher titers and neutralization rates in 14 days than antibody-
negative volunteers."! Bradley et al. determined antibody levels
at baseline and three weeks after the first dose of the BNT162b2
SARS-CoV-2 mRNA vaccine (Pfizer-BioNTech, Mainz,
Germany) in 36 HCWs who received laboratory confirmation
of SARS-CoV-2 infection 30 to 60 days before they received the
vaccine as well as 152 HCWSs without a history of SARS-CoV-2
infection."” They showed that three weeks after a single vacci-
nation, HCWs with recent SARS-CoV-2 infection or seroposi-
tive status had higher antibody levels to SARS-CoV-2 antigens
and higher levels of antibodies with neutralizing characteristics
than those without a history of infection.”

Krammer et al. investigated antibody responses after mRNA
vaccines (BNT162b2 [Pfizer] and mRNA-1273 [Moderna]) in
67 SARS-CoV-2 seronegative individuals and 43 seropositive
individuals.® They reported that the antibody titers of vaccines
with preexisting SARS-CoV-2 antibody were 10 to 45 times as
high as those vaccinated without preexisting antibodies at the
same time points after the first vaccine dose. Seropositive
patients also exceeded the median antibody titers measured
in participants without preexisting antibodies after the second
vaccine dose by more than a factor of 6.° In addition, Ebinger
et al. compared antibody responses to BNT162b2 (Pfizer-
BioNTech) mRNA vaccine in individuals with previous SARS-
CoV-2 infection (n = 35) versus infection-naive (n = 228)
individuals."” They reported that individuals previously
infected with SARS-CoV-2 developed vaccine-induced anti-
body responses after a single dose of the BNT162b2 (Pfizer—
BioNTech) mRNA vaccine that was similar to the antibody
responses seen after a two-dose vaccination course adminis-
tered to infection-naive individuals."?

In contrast, Tauzin et al. investigated humoral and T cell
immune responses in cohorts of SARS-CoV-2 naive (n = 16)
and naturally infected individuals (n = 16) prior and three
weeks after the BNT162b2 (Pfizer-BioNTech) mRNA vaccine.
They found that no neutralizing activity was seen in SARS-
CoV-2-naive individuals three weeks after the first dose of
vaccine, They still detected strong anti-RBD and spike antibo-
dies with F.-mediated effector functions and cellular responses
dominated by the CD4" T cell component. Moreover, after
a single dose of the vaccine, a significant increase in preexisting
humoral immunity, neutralization, and all T-cell responses
were observed in SARS-CoV-2 naturally infected individuals.'*

Covaxin was developed by the Indian pharmaceutical com-
pany Bharat Biotech in collaboration with the Indian Council
of Medical Research (a government-funded biomedical
research institute), and its subsidiary the National Institute of
Virology; 800 participants have been enrolled in ongoing phase
I trials since November 25, 2020. Bharat Biotech released
interim efficacy data on March 3, 2021, which showed
a clinical efficacy of 81%."

This study shows that any adverse reactions after inactivated
SARS-CoV-2 vaccine (CoronaVac, Sinovac Life Science Co,
Ltd, Beijing, China) administration did not differ between

previously infected and uninfected individuals. Healthy adults
aged 18-89 years easily tolerated the vaccine in phase 1-2
clinical trials of inactivated SARS-CoV-2  vaccine
(CoronaVac, Sinovac Life Science Co., Ltd., Beijing, China).
In the phase 1 trial, 38% of subjects in the high-dose vaccine
group reported adverse reactions. The most common symptom
was injection site pain and the most adverse reactions were
mild (grade 1) similar to our observations. The literature shows
that previously infected individuals experienced significant
post-vaccine symptoms more frequently than infection-naive
individuals after the first dose of BNT162b2 (Pfizer-BioNTech)
mRNA vaccine. This difference was not observed after
the second dose; naive individuals reported higher reactogeni-
city than previously infected individuals."”” Krammer et al.
reported higher frequencies of any adverse reactions and sys-
temic side effects after mRNA vaccines (BNT162b2 [Pfizer]
and mRNA-1273 [Moderna]) in vaccine recipients with pre-
existing immunity.® Prendecki et al, Manisty et al., Saadat
et al,, and Bradly et al. did not mention adverse vaccine reac-
tions in their reports.®™*

Our study’s limitations are a small sample size, lack of pre-
vaccination antibody titers of participants, lack of investigation
of cellular immune responses, demonstration of vaccine effi-
cacy, and potential enrollment bias. Because of ongoing world-
wide vaccine shortages, this study’s results might lead to
suggestions on a single-dose vaccination strategy for those
with previous SARS-CoV-2 infection but this needs further
study.

In conclusion, we showed that the CoronaVac vaccine
elicits antibody responses in both SARS-CoV-2-uninfected
and previously naturally infected individuals; the median
antibody responses were higher in previously infected indi-
viduals. Furthermore, there was no difference in vaccine-
related adverse reactions between previously infected and
uninfected individuals either in the first or second dose.
However, further study is needed to clarity if a single-dose
of CoronaVac is sufficient for previously infected
individuals.
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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 Parand
(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 1IgG
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 widerimmune response,
not restricted to only one protein.

The levels of antibodies produced
were similar, independent if the
participanthas 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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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, Litbeck, Germany).
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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.

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

* Corresponding author. Tel.: +55-41-3360-7974; fax: +55-41-3360-1811
E-mail address: meribordignon.nogueira@gmail.com (M.B. Nogueira).

https://doi.org/10.1016/j.diagmicrobio.2021.115597
0732-8893/© 2021 Elsevier Inc. All rights reserved.
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(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, Ministério da Satuide 2021), using the inactivated
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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 ug and
6 ng), 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 Clinicas, 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 O (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, Liibeck, 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.

| 133
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Table 1

Demographics characteristics of participants included in the study for each respective group.®

IgG Anti-S1 (Day 0)

Comorbidities immunosuppressive”

Reactive Nonreactive With Without

n (%) n (%) Pvalue n (%) n (%) Pvalue
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

2 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/uL).
b

included here because the treatment used was not immunosuppressive.
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).

Comorbidities (immunosuppressive) included: Immunosuppressive drugs use, Crohn’s disease, bariatric surgery, HIV and Diabetes. The patient with Myasthenia gravis is not

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

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.
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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.

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. 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
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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 Dorschug 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
(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.

seroconversion

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



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
of the adaptive humoral and

development
cellular immunity”.

Factors that interfere in
the immune response

Half of the participants received
the second dose of the vaccine with
a 14-21days 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.

Published on: 10/26/2021
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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
appeared rapidly.
The seropositive rate of binding
antibodies was 99% and the
neutralizing antibody rate was 50%.
From the third to the 12th month

antibodies

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-) 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
foundthe persistence oftheimmune
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 ug 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-y 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 Th1l-biased
response. Besides, specific CD4* Ty, CD4* Tey, CD8* Tgy and CD8* Te cells were
all detectable and functional up to 12 months after the second dose, as the cells produced
IFN-y, 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 Thl (IFN-y and IL-2) rather than Th2 (IL-5) pathway, indicating that CoronaVac
mainly induced a Thil-biased cellular immune response. Additionally, IFN-y- or IL-2-
producing CD4* and CD8* T cells were noted and detectable throughout the full

observation period of 12 months following the boost.



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.! 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 use? and more than 6.44 billion doses have been administered.?
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 China?, and has
also been included in the World Health Organization’s (WHO) emergency use
listing.> 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,® and adults aged 18 years and older.* 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



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°C, history of allergy to any
vaccine component. A complete list of exclusion criteria is in the protocol.

The participants were administered 3 pg 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, 2021.47 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 1gG following manufacturer’s instructions as
described before.? 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 assay®. 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)
v, 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-y, IL-2, and Granzyme B (GrzB) by T cells stimulated
with RBD was also analyzed using flow cytometry as previously described. ®1° 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 1gG 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 1gG 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-y, 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



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% Cls. Efficacy of
neutralising antibodies was prensented as geometric mean titres (GMTSs) with 95% Cls.
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% ClIs. The
geometric means were calculated with log, values of the original data, then the two-
sided 95% Cls were calculated using Student’s t distribution, with subsequent antilog
transformation applied. ¥? 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 figurel.

Chemiluminescent immunoassay (CLIA) showed that at baseline, none of the
participants had any detectable RBD-specific 1gG antibody (figure 2). At 1month after

the second vaccination, titers of RBD-specific 1gG antibodies were strikingly enhanced
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to a maximum S/COvalue of 11-26 (95% confidence interval [Cl], 9-29t0 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%
Cl 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%
Cl 1.50-2-72]). The seropositive rates of RBD-specific 1gG 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% ClI
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-y, 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-y responses were elicited in participants with a peak



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-y responses
persisted to 6 months (SFCs 772-6, [95% CI 614-6-930-7]). At 12 months, IFN-y
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-y 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-y and IL-2 at each time point after vaccination,
indicating a type 1 helper T-cell (Thl) biased cellular immune response. GrzB

responses was not detecteble at each time point after vaccination.

Memory T-cell subsets, expression of IFN-y, 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 (Tcwm) 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* Ty cells.
Then, the fraction of RBD-specific CD4* Tcy 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* Tcy 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 (Tgy) responses were also noted. A considerable
fraction of RBD-specific CD8+ Tgy cells was observed at 1 month (9-48%), then the
fraction of specific CD8* Tgy 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 (Tgy) 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* Tgy and CD8* T 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-y cytokine-
producing memory CD4* T and CD8* T cells exhibited similar kinetics, in which IFN-
y 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.!! 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* T¢y, CD4* Tgy, CD8* Tey

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* Ty, CD4* Tgy, and CD8*
Tem, and CD8* T cells were all functional up to 12 months after the second dose, as
the cells produced IFN-y, 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

CDA4*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



pg/per dose, with an interval of 14 days). Our findings extended previously reported
results* 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-y and IL-2) rather than Th2 (IL-5) pathway, suggesting
that CoronaVac predominantly induces Thl-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,!? 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-pg per dose)
produces high levels of binding and neutralizing antibodies that declined slightly
overtime until 90 days after the booster vaccination.213 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.!* 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 5x10° viral particles
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booster vaccine.r® 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.®
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.*#

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.'” In addition, CD8* T-cell
responses may also contribute to protection, particularly in the setting of waning or
borderline antibody responses,*® or potentially against viral variants that are partially
resistant to antibodies.’® 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.?%2! 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.?? 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).% a In

addition, another study has shown that the percentages of CD4* and CD8" T cells



concomitantly increase from day 7 after infection, which persist for 7 days as the
symptoms disappeared.?* 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-y and 1L-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-y, 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.?®
27 In contrast, our data showed that profile of cytokine secretion was prodeminately
Thl (IFN-y 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-y- 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,?® 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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Figure 2: Status of sera IgG and neutralising antibody response following
CoronaVac vaccination.

Spike RBD-binding 1gG (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 1gG 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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Figure 3: Status of specific T-cell responses following CoronaVac vaccination.
The number of specific T cells with secretion of IFN-y, 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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following CoronaVac vaccination.

(A) Percentage of Tcy and Tgy of total SARS-CoV-2-specific CD4* T cells. (B)
Distribution of Tgy and Tg of total SARS-CoV-2-specific CD8" T cells. (C)
Percentages of CD4* Tcy, CD4* Tem, CD8* Teym, and CD8* Te cells expressed IFN-y,
IL-2, and GrzB responded specifically to RBD-stimulation. IFN=interferon;
IL=interleukin; Tcum= central memory T cells; Tgy=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

A study published in Vaccines
journal by researchers from the
State University of Para (UEPA)
and the Federal University of Pard
(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 Pard,
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

antibodies, reveals brazilian study

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

CoronaVac, Butantan’s and
Sinovac’s vaccine against Covid-19,
produced antibodies against SARS-
CoV-2 in 8715% 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%).

Published on: 10/10/2021
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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/).

Abbreviations: COVID-19, Coronavirus Disease 2019; ELISA, Enzyme Link

1. Introduction

Immunoassay; GMT, Geometric Mean Titer; IgG, Immunoglobulin G; rRT-PCR, . . Lo
Real-time Reverse Transcriptase-PCR; SARS, Severe Acute Respiratory Syndrome; The coronavirus disease 2019 (COVID-19) has inflicted

WHO, World Health Organization.
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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
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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 casesof 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 > 37.5C)
, patients with serious chronic diseases, positive result from a
nasopharyngeal swab RT-PCR test, reactive IgG and IgM for
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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 pg/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/UNG6.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-WXFMOYX).

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 png/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°C to + 8°C.

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 pl aliquot of the specimen
was added to 560 pl 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°C 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
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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) x 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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Fig. 1. Participant Disposition.

Table 2
Treatment Compliance in Immunogenicity Subset Group.

Table 1
Demographic Data.
Parameter Vaccine Placebo Total
(N =811) (N = 809) (N = 1620)

Mean age [years] (SD) 35.6 (11.3) 354 (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) 245 (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 Placebo Total

(N = 405) (N = 135) (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) 252 (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.

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
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Vaccine Placebo Total
n (%) n (%) 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 405 135 540
efficacy analysis)
Per-protocol population (for immunogenicity 397 133 530

analysis 14 days after last injection)

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
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Table 3
Summary of Primary Efficacy Endpoint.
Vaccine Placebo
Endpoint No. of Mean follow- Incidence rate  No. of Mean follow- Incidence rate  Vaccine
cases up days (per 100 cases up days (per Efficacy (%)
person years) 100person
years)
Symptomatic confirmed laboratory cases COVID-19 starting 7 80.78 18 72.08 65.30%
14 days after second injection
3.904 11.25
Severe 0 0 0 0
Critical 0 0 0 0 -
Death 0 0 0 0

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) vi Seropositive rate n(%) 44 (11.08) 14 (10.53) 0.8597
(95% CI) (8.36-14.55) (6.37-16.89)
GMT? 220.27 220.37 0.990™"
(95% CI) Median (212.87-227.93) (206.45-235.24)
200.00 200.00
V3 Seropositive rate n(%) 396 (99.74) 7 (5.29) <0.0017)
(95 %CI) (99.26-100) (1.47-9.06) <0.001™)
Seroconversion n(%) 387 (97.48) 1(0.75) <0.001™
(95% CI) (95.43-98.63) 5181.19 (0.13-4.14)
GMT" (95% CI) Median (4746.13-5656.14) 223.61
5333.35 (209.08-239.47)
200.00
Neutralization Antibody v Seropositive rate n(%) (95% CI) 0 (0-0.96) 0(0-2.81) -
GMT" (95% CI) Median 2.00 () 2.00 ()
V3 Seropositive rate n(%) 380 (95.72) 1(0.75) <0.0017)
(95% CI) (93.25-97.31) (0.13-4.14) <0.0017
Seroconversion n (%) (95% CI) 346 (87.15) 0 (0.00) <0.001™"
GMT" (95% CI) (83.50-90.09) (0-2.81)
Median 15.76 2.02
(14.57-17.04) (1.98-2.05)
16 2

*) 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.
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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
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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.
Batch
. . . Batch Batch Batch =
Antibody Time Point Parameter 20200308 20200412 20200419 p-value
(n=131) (n=134) (n=132)
IgG (ELISA) \%1 Seropositive rate n(%) 14 (10.70) 16 (11.94) 14 (10.61) 0.9277
(95% CI) (6.47-17.14) (7.48-18.52) (6.42-17.02)
GMT”) 215.16 223.40 22226 0384
(95% CI) (205.70-225.05) (208.36-239.52) (209.08-236.27)
Median 200.00 200.00 200.00
V3 Seropositive rate n (%) 131 (100) 133 (99.25) 132 (100) 0.374™)
(95% CI) (97.15-100) (95.89-99.87) (97.17-100)
Seroconversion n (%) 126 (96.18) 131 (97.76) 130 (98.48) 0.476"
(95% CI) (92.38-98.36) (93.62-99.24) (94.64-99.58)
GMT" 5093.78 5421.63 5032.34
(95% CI) (4369.78-5937.59) (4656.29-6312.77) (4314.30-5869.76) 0.898""
Median 5105.05 5787.62 5302.40
Neutralization Antibody \" | Seropositive rate n(%) 0 0 0 -
(95% CI) (0-2.85) (0-2.94) (0-2.91)
GMT? 2.00 2.00 2.00 -
(95% CI) - - -
Median - - -
V3 Seropositive rate n (%) 126 (96.18) 127 (94.78) 127 (96.21) 0.803™
(95% CI) (91.38-98.36) (89.61-97.45) (91.44-98.37)
Seroconversion n (%) 118 (90.08) 119 (88.81) 109 (82.58) 0.1507
(95% CI) (83.76-94.11) (82.35-93.10) (75.21-88.10)
GMT? 15.97 16.59 14.75 0470
(95% CI) (14.03-18.18) (14.47-19.02) (12.78-17.02)
Median 16.00 16.00 16.00

*) 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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Fig. 2. Adverse Events occurring after the First and Second Vaccine Injection.

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

6526

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].
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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 Il study which was 97% [GMT 1094.3 (95%
C1 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

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 Catdlica 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
macrophages, important defense
cells of the body.

activate

“Results indicate that CoronaVac is
safeandinducesrobusthumoraland
cellular responses, producing RBD-
specific antibodies with neutralizing
capacity and activating T cells,” the
study concludes.

Published on: 09/19/2021
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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.
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-y (IFN-y) 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-y upon stimulation with SARS-CoV-2 antigens.

Keywords. CoronaVac; phase 3 clinical trial; SARS-CoV-2; COVID-19; vaccines.

Volunteers randomly received 2 doses of CoronaVac or placebo, separated by 2 weeks. A total of 434 volunteers were

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
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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
4°C 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

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 Catdlica 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

than the Chinese against several viral antigens. Our results study profile.
Table 1. Characteristics of the Volunteers at Baseline
18-69y >60y Total
Characteristic (n=397) (n=37) (n=434) P Value
Age, mean =+ standard deviation 38.2+9.7 64.0+4.3 40.4 + 1.8
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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Figure 1.  Study profile. Recruitment of volunteers for the phase 3 clinical trial as of February 10, 2021.

Procedures

CoronaVac consists of 3 ug of B-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 SI protein (SI-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 (sSVNT) (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-y (IFN-y) 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.
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Figure 2.

Immunization with CoronaVac induces specific 1gG 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 log, of in-
ternational WHO arbitrary units versus time after each dose. Error bars indicate the 95% Cl 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; Cl, confidence interval; IgG, immunoglobulin
G; N, nucleocapsid; RBD, receptor binding domain; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; WHO, World Health Organization.

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 SI-RBD and the N pro-
tein of SARS-CoV-2 was performed independently through
enzyme-linked immunosorbent assays (Figure 2). This humoral
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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
(%)
GMU
(95% ClI)
18-59 years Seroconversion n/N
(%)
GMU
(95% ClI)
Seroconversion n/N
(%)
GMU
(95% ClI)
Placebo Seroconversion n/N
(%)
GMU
(95% Cl)
Total vaccine  Seroconversion n/N
(%)
GMU
(95% ClI)
Seroconversion n/N
(%)
GMU
(95% Cl)
Seroconversion n/N
(%)
GMU
(95% ClI)
Placebo Seroconversion n/N
(%)
GMU
(95% Cl)

> 60 years

Anti-N IgG (WHO A.U./mL)

18-59 years

> 60 years

23/72 54/72 57/72
(31.94) (75.00) (79.17)
19.60 76.50 72.43
(15.24-25.22) (567.67-101.5) (566.96-92.11)
18/45 37/45 38/45
(40.00) (82.22) (84.44)
25.33 103.33 99.40
(19.07-33.64) (75.31-141.8) (74.53-132.6)
5/27 17/27 19/27
(18.62) (62.96) (70.37)
12.67 45.84 42.24
(08.03-19.99) (2751-76.36) (29.44-60.61)
0/12 0/9 0/0
(0) (0) N/D
10.43 6.19 N/D
(04.33-25.10) (01.85-20.76) N/D
2/72 5/72 7172
(2.78) (6.94) 9.72)
10.77 12.66 14.4
(07.95-14.57) (09.36-17.12) (10.89-19.04)
2/45 5/45 6/45
(4.44) (11.11) (13.33)
10.25 12.11 13.51
(06.97-15.08) (08.07-18.16) (09.21-19.81)
0/27 0/27 1/27
(0) (0) (3.70)
11.70 13.70 16.05
(06.96-19.67) (08.60-21.82) (10.65-24.18)
112 0/10 0/0
(8.3) (0) Sl
11.06 9.61 N/D

(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; Cl, 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.

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.
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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 (4) 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% Cl. 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. (£-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% Cl. Results were obtained from 45 participants aged (£) 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: Cl, confidence interval; RBD, receptor binding domain; SARS-CoV-2, severe
acute respiratory syndrome coronavirus 2.

Immunization With CoronaVac Induces IFN-y-Producing T cells Specific
for SARS-CoV-2 Antigens in Chilean Adults

To evaluate the cellular immune response elicited upon vacci-

nonstatistically significant increase in SFCs for IFN-y (Figure
4E and 4G). There was a subtle fold increase of SFCs for IFN-y
in volunteers stimulated with these 9- to 11-mer MPs (Figure
nation with CoronaVac, the specific T-cell responses induced $5). No changes were detected for the placebo group (Figure
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

S6). These results suggest that immunization with CoronaVac
induces a T-cell response polarized toward a Thl immune

profile, as the secretion of interleukin-4 by T cells was mainly

ELISPOT in a total of 47 volunteers. Representative images of | jetected (Figure S7). As a positive control, PBMCs from

spot forming cells (SFCs) are shown (Figure 4A). We observed  yiunteers were stimulated with an MP of peptides derived

an increase in the number of SFCs for IFN-y 2 and 4 weeks .0 cytomegalovirus (Figure S8).

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

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
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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

Pseudotyped virus neutralization

Conventional virus neutralization

Total vaccine

18-59y

>60y

Placebo

Total vaccine

18-59y

>60y

Placebo

Total vaccine

18-59y

>60y

Placebo

Seropositivity n/N
(%)

GMT

(95% ClI)
Seropositivity n/N
(%)

GMT

(95% Cl)
Seropositivity n/N
(%)

GMT

(95% Cl)
Seropositivity n/N
(%)

GMT

(95% Cl)
Seropositivity n/N
(%)

GMT

(95% Cl)
Seropositivity n/N
(%)

GMT

(95% ClI)
Seropositivity n/N
(%)

GMT

(95% Cl)
Seropositivity n/N
(%)

GMT

(95%Cl)
Seropositivity n/N

(%)

GMT

(95% Cl)
Seropositivity n/N
(%)

GMT

(95% ClI)
Seropositivity n/N
(%)

GMT

(95% ClI)
Seropositivity n/N
(%)

GMT

(95% Cl)

63/72
(875)
14.23
(10.54-19.21)
44/45
(97.78)
20.78
(14.81-29.18)
19/27
(70.37)
8.21
(04.83-13.94)
0/11
(0)
0
(0)
66/69
(95.65)
52.22
(35.12-77.65)
44/45
(97.78)
83.74
(561.78-135.4)
22/24
(91.67)
26.07
(14.91-45.59)
0/10
(0)
0
(0)
55/72

(76.39)
10.10
(728-14.01)
36/45
(80.0)
10.60
(6.92-16.26)
19/27
(70.37)
9.32
(5.43-15.99)
6/11
(54.54)
5.48
(1.84-16.29)

59/72
(81.94)
15.54
(11.23-21.51)
39/45
(86.67)
18.95
(12.87-27.92)
20/27
(74.07)
11.76
(06.55-21.12)
N/D

66/69
(95.65)
41.33
(29.10-56.69)
44/45
(97.78)
59.37
(38.08-92.58)
22/24
(91.67)
22.31
(13.39-37.18)
N/D
)

N/D
)
60/72

(83.33)
15.64
(22.18)
38/45
(84.44)
14.81
(9.49-23.09)
22/27
(81.48)
16.84
(8.95-31.67)
N/D
()

N/D
Sl

Timepoints refer to the number of days after the first dose of vaccine or placebo in the schedule.

Abbreviations: Cl, confidence interval; GMT, geometric mean titer; N, nucleoprotein; N/D, not determined; S, Spike protein; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

(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).
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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-y-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, (£) 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% Cl. 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: Cl,
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.

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
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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, (£) 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 (0X40* CD137*) were measured upon stim-
ulation with (B) MP-S, (€) MP-R, and (D) MP-S + R. Changes in the expression of AIMs for CD8" T cells (CD69* CD137°) were measured upon stimulation with (£) MP-CD8A,
(A'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.

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-y 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-y response has also
been sought and observed in other vaccines against SARS-
CoV-2, such as the BNT162b1 designed by BioNTech [27] and
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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 1gG 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 4774 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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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 time'™.
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 titers*®. Inactivated
vaccines as a conventional vaccine development have
been shown to be effective among other viruses®. 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. Sla). Participants with
57.6% male and 42.4% female aged from 3 to 84 (median:
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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
NAD titers represented a sustained decline (Fig. 1a, Sup-
plementary Fig. S2b, c). For the neutralizing antibodies,
median of NAD 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 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 NADb titers
were measured with previously described MCLIA kits and pseudovirus-based neutralization assay. Medians (interquartile range, IQR) are shown. The
NADb titers were calculated as 50% inhibitory dose (IDso) 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. NADb 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 1gG 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 x1:5 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.

(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 NAD 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 NAD 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 NAbD 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 NAD 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 persons’.

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 vaccines® ', 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
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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%,

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 fo