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virus vaccine, CoronaVac (Sinovac Biotech), against

Paulo state, Brazil during widespread circulation of
the gamma variant.

Cite this as: BMJ2021;374:n2015 DESIGN .

http//dxdoi.org/10.1136/bmin2015 Test negative case-control study.

Accepted: 12 August 2021 SETTING
Community testing for covid-19 in Sdo Paulo state,
Brazil.

PARTICIPANTS

43774 adults aged 270 years who were residents of
Sao Paulo state and underwent reverse transcription
polymerase chain reaction (RT-PCR) testing for SARS-
CoV-2 from 17 January to 29 April 2021. 26 433 cases
with symptomatic covid-19 and 17 622 test negative
controls with covid-19 symptoms were formed into
13283 matched sets, one case with to up to five
controls, according to age, sex, self-reported race,
municipality of residence, previous covid-19 status,
and date of RT-PCR test (+3 days).

INTERVENTION
Vaccination with a two dose regimen of CoronaVac.

To estimate the effectiveness of the inactivated whole

symptomatic covid-19 in the elderly population of Sdo

WHAT IS ALREADY KNOWN ON THIS TOPIC

Estimates of effectiveness of the inactivated whole virus vaccine, CoronaVac
(Sinovac Biotech), against symptomatic covid-19 in randomised controlled trials
have varied (51% to 84%)

Current evidence is limited on whether CoronaVac is effective against covid-19
associated severe disease or death, orin the setting of extensive circulation of
the gamma variant

More evidence is needed for the real world effectiveness of CoronaVac and
other inactivated vaccines among elderly people, a population that has been
underrepresented in trials of these vaccines

WHAT THIS STUDY ADDS

A two dose regimen of CoronaVac was associated with 47% protection against
symptomatic covid-19, 56% against hospital admissions, and 61% against
deaths among adults aged 270 years in the setting of widespread transmission
of the gamma variant

Protection is low until 214 days after the second dose of CoronaVac

The effectiveness of CoronaVac was observed to decline with increasing age in
the elderly population
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MAIN OUTCOME MEASURES
RT-PCR confirmed symptomatic covid-19 and
associated hospital admissions and deaths.

RESULTS

Adjusted vaccine effectiveness against symptomatic
covid-19 was 24.7% (95% confidence interval 14.7%
t0 33.4%) at 0-13 days and 46.8% (38.7% to 53.8%)
at =14 days after the second dose. Adjusted vaccine
effectiveness against hospital admissions was 55.5%
(46.5% to 62.9%) and against deaths was 61.2%
(48.9% to 70.5%) at 214 days after the second dose.
Vaccine effectiveness 214 days after the second

dose was highest for the youngest age group (70-74
years)—59.0% (43.7% to 70.2%) against symptomatic
disease, 77.6% (62.5% to 86.7%) against hospital
admissions, and 83.9% (59.2% to 93.7%) against
deaths—and declined with increasing age.

CONCLUSIONS

Vaccination with CoronaVac was associated with

a reduction in symptomatic covid-19, hospital
admissions, and deaths in adults aged =70 years in
a setting with extensive transmission of the gamma
variant. Vaccine protection was, however, low until
completion of the two dose regimen, and vaccine
effectiveness was observe to decline with increasing
age among this elderly population.

Introduction
As of early July 2021 the covid-19 pandemic has been
responsible for 3.9 million deaths worldwide,' with
a disproportionately high mortality and morbidity
among elderly people.” A key question is whether the
authorised covid-19 vaccines are effective in elderly
people, who might have impaired immune responses®*
and are underrepresented in randomised controlled
trials.”” mRNA and adenovirus vector based vaccines
have been shown to be effective against covid-19 in
elderly people,®® but evidence on the effectiveness of
inactivated vaccines in this population is limited.” 1°12
CoronaVac (Sinovac Biotech), an inactivated whole
virus vaccine, has been approved by 32 countries
and jurisdictions'® and been implemented as part
of mass vaccination campaigns in low and middle
income countries, many of which are experiencing
covid-19 epidemics as a result of the emergence of
SARS-CoV-2 variants of concern. Estimates from
randomised controlled trials of vaccine efficacy
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against symptomatic covid-19 of a two dose
CoronaVac regimen in healthcare workers and the
general population have varied (51% to 84%).”” *° The
World Health Organization’s Emergency Use Listing
(EUL) procedure approved the use of CoronaVac in
early June 2021 but identified an evidence gap for
the effectiveness of this vaccine in adults aged >60
years.!' The WHO EUL cited an observational study in
Chile,*°*? which found that the adjusted effectiveness
of CoronaVac among adults aged =60 years at 14 days
or more after the second dose was 66.6%. During
the study period, the gamma variant of concern was
detected in 28.6% of SARS-CoV-2 genomes in Chile.'?
Furthermore, randomised controlled trials and
observational studies have not investigated whether
CoronaVac provides important protection after the
first dose or in the setting of widespread transmission
of variants of concern.” %!

Brazil has experienced one of the world’s highest
covid-19 burdens during the pandemic, with more
than 18 million people affected and 526 000 deaths
reported as of early July 2021.* *® Variants of concern,
and in particular the gamma variant, have played an
important role in the recent epidemic wave in Brazil,
which began in early 2021."*"® The gamma variant,
which was first detected in Manaus, shows increased
transmissibility,® has accrued mutations associated
with decreased in vitro seroneutralisation,'’*’
has a possible association with increased disease
severity,”® 2! and, at present, accounts for most of
the SARS-CoV-2 isolates genotyped in Brazil from 1
January 2021.'* 2% In the setting of a large epidemic
associated with the gamma variant in Sao Paulo,
the most populous state in Brazil, we conducted a
matched, test negative®® case-control study to evaluate
the real world effectiveness of CoronaVac against
symptomatic covid-19 and severe clinical outcomes in
people aged =70 years.

Methods

Study setting

The State of Sdo Paulo (23°3'S, 46°4'W) has 645
municipalities and 46 million inhabitants, 3.23 million
of whom are aged =70 years.?* The state experienced
three successive waves of covid-19, during which
2997 282 cases (cumulative incidence rate: 6475 per
100000 population) and 100 649 deaths (cumulative
mortality: 217 per 100000 population) have been
reported as of 9 May 2021 (fig 1, supplementary figure
1).% The state secretary of health of Sao Paulo initiated
a covid-19 vaccination campaign for the general
population on 17 January 2021 according to an age
based prioritisation strategy (fig 1) and is administering
a two dose regimen of CoronaVac with a two to four
week interval between doses, and a two dose regimen
of ChAdOx1 nCoV-19 (Oxford-AstraZeneca), with a
12 week interval.?® As of 29 April 2021, 8.63 million
doses (5.16 million first doses and 3.47 million second
doses) of CoronaVac had been administered and 2.06
million doses (1.99 million first doses and 0.07 million
second doses) of ChAdOx1 nCoV-19.
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Study design

We conducted a matched test negative case-control
study to estimate the effectiveness of CoronaVac in
reducing the odds of reverse transcription polymerase
chain reaction (RT-PCR) confirmed symptomatic
covid-19 in adults aged =70 years from Sdo Paulo
state from 17 January 2021 (the start of covid-19
vaccination) to 29 April 2021. Test negative design
studies have provided estimates of vaccine effectiveness
in concordance with those obtained from randomised
controlled trials,”” 2% and such studies have been used
extensively to evaluate vaccines against respiratory
infections,?® including covid-19.% 2> 3® We chose the
test negative design because of the feasibility of
accessing information on people who were tested for
SARS-CoV-2 through the Sao Paulo state surveillance
systems and because of the opportunity to control for
potential biases, such as healthcare seeking behaviour
and access to testing.”> The study population was
adults aged =70 years who had a residential address
in Sao Paulo state, underwent SARS-CoV-2 RT-PCR
testing during the study period, and had complete
and consistent information between data sources on
age, sex, residence, and on vaccination and testing
status and dates. We matched test negative controls
with covid-19 symptoms to covid-19 cases by date of
testing (+3 days) to address potential sources of bias
that might vary during the course of an epidemic, as
well as by participant characteristics of age, sex, self-
reported race, municipality of residence, and previous
covid-19 status.

In the protocol, we prespecified power thresholds
for conducting analyses on the effectiveness of
CoronaVac and ChAdOx1 nCoV-19. These thresholds
were achieved for CoronaVac but not for ChAdOx1
nCoV-19 because of lower rates of ChAdOx1 nCov-
19 administered in the population during the study
period. We therefore restricted the evaluation of
vaccine effectiveness to CoronaVac.

Amendment of protocol

The study design and statistical analysis plan were
specified in advance of extracting information
from data sources and are described in a publicly
available protocol (https://github.com/juliocroda/
VebraCOVID-19) and the supplementary file. We
made two major changes to the original protocol:
we added the analysis for hospital admissions
and deaths inside the framework of a test negative
design before submission to peer review (post hoc
analysis), and after submission, as suggested by peer
reviewers, we changed the matching procedure of the
main analysis from one case matched to one control
without replacement, to one case matched with up
to five controls with replacement of controls between
cases (unbalanced design); and we added two other
sensitivity analyses for the matching procedure.

Data sources
We obtained individual level information on personal

characteristics, comorbidities, SARS-CoV-2 testing,
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bBLAdos Ag pa1oa1old 15aNB AQ 720z YoSeN 0 UO /L0 [wg mmmy/:dny wolj papeojumod "TZ0z 1SnBny 0z uo GTOZU IWa/9eTT 0T Se paysiiand 11y :CING


https://github.com/juliocroda/VebraCOVID-19
https://github.com/juliocroda/VebraCOVID-19
http://www.bmj.com/

RESEARCH

Start of vaccination: 290y 280y 270y
2 ‘
40 -

—— 290 years
80-89 years

----70-79 years 7N,

—-—<70years

30

20

10

Incidence (14 day rolling
average cases per 100 000)

20,

15 -

10 M A\ /“7‘\\ \‘\‘.

Hospital admission rate
(14 day rolling average
admissions per 100 000)

Mortality (14 day rolling
average deaths per 100 000)
(o)}
\ 2

3™\ —eees g .
N~ . N mmeea -

o S
8 120 i ChAdOXT nCoV-19 (Ist dose)
& CoronaVac (1st dose)
o
§ 00 ™ CoronaVac (2nd dose)
o
()

60
30

0
S
@ = Gamma (P.1)
g Zeta (P.2)
® = Alpha (B.1.1.7)
§ M Other
(=9
o
c
3
J
>

0
Oct2020 Nov2020 Dec2020 Jan2021 Feb2021 Mar2021 Apr2021 May 2021
(n=28) (n=76) (n=59) (n=334) (n=517) (n=1841) (n=2322)

Fig 1| Incidence of reported covid-19, vaccination coverage, and prevalence of SARS-CoV-2 variants of concern from
1 October 2020 to 29 April 2021 in S3o Paulo state, Brazil. Panels A-C show the 14 day rolling average of daily age
group specific incidence of reported covid-19 cases, hospital admission rate, and mortality (events per 100 000
population). Panel D shows daily cumulative vaccination coverage in people aged >70 years. Population estimates
for age groups were obtained from national projections for 2020.2% Panel E shows the monthly prevalence of SARS-
CoV-2 variants among genotyped isolates in the GISAID (global initiative on sharing avian influenza data) database
(extraction on 20 June 2021).?? Vertical bars show dates that adults aged 290, 80-89, and 70-79 years in the general
population became eligible for vaccination

thelbmj | BMJ2021;374:n2015 | doi: 10.1136/bmj.n2015 3

bBLAdos Ag pa1oa1old 15aNB AQ 720z YoSeN 0 UO /L0 [wg mmmy/:dny wolj papeojumod "TZ0z 1SnBny 0z uo GTOZU IWa/9eTT 0T Se paysiiand 11y :CING


http://www.bmj.com/

and covid-19 vaccination during the study period
by extracting information on 6 May 2021 from the
state secretary of health of Sao Paulo laboratory
testing registry (GAL), the national surveillance
databases for covid-19-like illnesses (e-SUS) and
severe acute respiratory illness (SIVEP-Gripe), and
the state secretary of health of Sao Paulo vaccination
registry (Vacina Ja). All people living in Brazil are
eligible for testing and have access to the public
health system. RT-PCR tests are performed by trained
healthcare professionals following standard protocols.
Notification of people with suspected covid-19, SARS-
CoV-2 test results, and suspected deaths with covid-19
is compulsory in Brazil. Supplementary table 1
provides additional information on data sources. The
information technology bureau of the Sao Paulo state
government linked individual level records from the
four databases using CPF (Cadastro de Pessoas Fisicas)
numbers (Brazilian citizens’ unique identifier code)
and provided anonymised datasets. The genotyping
of all isolated SARS-CoV-2 in Sao Paulo state was
not possible and these data are not available in the
surveillance systems used in this study. We retrieved
information on SARS-CoV-2 variants from genotyped
isolates from Sdo Paulo state deposited in the global
initiative on sharing avian influenza data (GISAID)
database.*

Selection of cases and matched controls
We selected cases from the study population who
had covid-19 symptoms, defined as a covid-19-like
illness, a positive SARS-CoV-2 RT-PCR test result from
a respiratory sample that was collected within 10
days after the onset of symptoms, and did not have a
positive RT-PCR test result in the preceding 90 days. We
selected controls from the study population who had
a covid-19-like illness, a negative SARS-CoV-2 RT-PCR
test result from a respiratory sample that was collected
within 10 days after the onset of symptoms,?> and no
positive RT-PCR test result in the previous 90 days
during the study period, or in the subsequent 14 days.
Cases and controls were excluded if they received the
ChAdOx1 nCoV-19 vaccine before sample collection
for RT-PCR testing. We defined covid-19-like illness as
the presence of one or more reported covid-19 related
symptoms.>

One case was matched with to up to five test negative
controls according to RT-PCR sample collection date
(3 days), age category (five year age bands, eg, 70-
74, 75-79 years), sex, municipality of residence, self-
reported race (defined as brown, black, yellow, white,
orindigenous),?? and previous symptomatic events that
were reported to the surveillance systems®' between
1 February 2020 and 16 January 2021, as a proxy
for previous SARS-CoV-2 infection. Matching factors
were chosen from variables that were associated with
vaccination coverage or timing, and with risk of SARS-
CoV-2 infection or healthcare access (see protocol
in supplementary file).”> After identification of each
case, we randomly chose up to five controls in an
unbalanced design from the set of all eligible matching
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controls, allowing for replacement of controls between
cases (main analysis). We conducted three sensitivity
analyses, varying two features of the matching while
keeping the same matching factors. In the first analysis
we matched one case to one random control without
replacement of controls (original analysis in the
protocol); in the second analysis we matched one case
to one random control, allowing for replacement of
controls between cases; and in the third analysis we
matched one case to two random controls, allowing for
replacement of controls between cases.

Statistical analysis

We estimated the effectiveness of CoronaVac against
symptomatic covid-19 in the 0-13 days and =14 days
after the second dose and =14 days after the first
dose. Furthermore, we estimated the effectiveness of
a single dose 0-13 days after the first dose, when the
vaccine has shown no or limited effectiveness.’ 33 3*
An association during this period might serve as
an indicator of unmeasured confounding in the
effectiveness estimate.>* > We also expanded our bias
indicator by evaluating the 0-13 days after the first
dose as 0-6 days and 7-13 days.>® The reference group
for vaccination status was those who had not received a
first vaccine dose before the date of sample collection.

Conditional logistic regression was used to estimate
the odds ratio of vaccination among cases and
controls: 1-odds ratio provided an estimate of vaccine
effectiveness under the assumptions of a test negative
design.’” We included age and covid-19 associated
comorbidities (cardiovascular, renal, neurological,
haematological, and hepatic, diabetes, chronic
respiratory disorder, obesity, or immunosuppression)
as covariates in the model. Because age is a strong
determinant of covid-19 outcomes, we adjusted
for age after matching by age bands to control for
potential residual confounding.®® Non-linearity for
age was evaluated using restricted cubic splines and
we chose the most parsimonious model comparing
nested models with a likelihood ratio test. To evaluate
potential residual confounding by time varying factors
that might not be dealt with by the matching criteria,
we also conducted a post hoc sensitivity analysis that
incorporated the calendar date of RT-PCR sample
collection in the model.

In a post hoc analysis we estimated vaccine
effectiveness against covid-19 associated hospital
admission and death. To account for the competing
event of dying before being admitted to hospital, we
estimated vaccine effectiveness for the composite
outcome of hospital admission or death, or both in a
sensitivity analysis. In these separate analyses, we
selected matched pairs in which the case had the
secondary outcome of interest.’® °° We fit the same
conditional logistic regression model as for the primary
outcome.

We conducted a prespecified analysis of vaccine
effectiveness among age subgroups for the primary and
secondary outcomes but could not perform analyses
stratified by previous covid-19 documented infection
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because of small numbers. The age subgroups were
prespecified and followed the five year age categories
used for matching, with age groups older than 80
collapsed into a single group. Additional post hoc
analyses were performed of vaccine effectiveness for
the primary outcome for subgroups stratified by sex,
number of chronic comorbidities (none versus at least
one), the two most common chronic comorbidities
(cardiovascular disease and diabetes), and region
of residence (Grande Sio Paulo health region versus
others). Interaction terms were incorporated into the
model to evaluate the association of each subgroup of
interest with vaccine effectiveness >14 days after the
second dose.

Power calculation

Our protocol specified that we would conduct proposed
analyses after achieving =80% power to identify a
vaccine effectiveness of 40% against symptomatic
covid-19 for =14 days after the second dose of
CoronaVac compared with not receiving a vaccine
dose. The power was simulated fitting conditional
logistic regressions on 1000 simulated datasets. After
extracting information from the surveillance databases
on 6 May 2021 and generating matched case-control
pairs, we determined that the power of the study was
99.9% and proceeded to conduct the prespecified
analyses. We did not perform an analysis for ChAdOx1
nCoV-19 because the simulated power was 31% to
identify a vaccine effectiveness of 40% for >28 days
after the first dose of ChAdOx1 nCoV-19 compared
with not receiving a vaccine dose.

All analyses were done in R, version 4.0.2.

Patient and public involvement

Because this study used routine surveillance data
sources and there was no direct funding, no members
of the public or patients were directly involved.
Nevertheless, we did speak to patients about the study
and the outcomes to be evaluated, and we asked a
member of the public to read our manuscript and
provide inputs for its interpretation. No members of
the public or patients were involved in writing up the
results.

Results

Sao Paulo state experienced three covid-19 epidemic
waves, with a peak incidence in July 2020 for the
first wave and in January 2021 for the second wave
(supplementary figure 1) and March 2021 for the
third wave (fig 1). The second wave was preceded in
November 2020 by an increase in the prevalence of
the zeta variant among genotyped isolates from Sao
Paulo state deposited into the GISAID database (fig
1). The third wave was preceded in January 2021 by
an increase in the prevalence of the gamma variant
among genotyped isolates (fig 1). The gamma variant
replaced other SARS-CoV-2 variants?* and accounted
for 78.4% (3834/4887) of the genotyped isolates that
were reported in GISAID during the study period and
85.5% (3584/4192) of genotyped isolates that were
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reported between 1 March and 29 April 2021, when the
majority of discordant case-control sets were identified
(supplementary figure 2). The vaccination campaign,
initiated on 17 January 2021, achieved an estimated
coverage of roughly 85% for the first CoronaVac dose
(2.82 million) and 65% for the second dose (2.10
million) among adults aged 270 years by 29 April 2021
(fig 1). After initiation of the vaccination campaign
and during the third epidemic wave, the incidence of
covid-19 increased and peaked in late March in all age
groups except for those aged >90 years (fig 1).

Study population

From 17 January 2021 to 29 April 2021, the rate
of RT-PCR testing for SARS-CoV-2 in those age =70
years in Sao Paulo state was 25 per 1000 persons.
Among 43 774 adults eligible for study inclusion (fig
2), 22177 (50.7%) who provided 55519 RT-PCR test
results were included in matched case and control
sets as follows: 3881 pairs matched 1:1, 1963 pairs
matched 1:2, 1044 pairs matched 1:3, 678 pairs
matched 1:4, and 5717 pairs matched 1:5. Overall,
6223 participants contributed more than one time
as controls and 18 participants contributed as both
control and case. Table 1 shows the characteristics of
eligible participants with positive and negative RT-PCR
test results, and selected cases and matched controls.
Matched characteristics appear unbalanced because of
the variable matching procedure. A higher proportion
of cases than controls had reported comorbidities. Most
of the discordant sets, based on vaccination status,
were selected after 14 March 2021 (supplementary
figure 2). For cases and controls who completed the
two dose vaccine regimen, the intervals between
doses were similar (mean 30 v 25 days). Likewise, the
intervals between vaccine doses and RT-PCR testing
were similarly distributed for cases and controls (table
1 and supplementary figure 3). Supplementary table
2 shows the distribution of matched sets according to
the vaccination status of cases and controls at the time
of RT-PCR testing. Supplementary tables 3 and 4 show
the characteristics of the matched case and control
sets selected for the analysis of secondary outcomes of
hospital admission (n=30308) and death (n=14624).

Vaccine effectiveness against symptomatic covid-19
The adjusted effectiveness against symptomatic
covid-19 was 24.7% (95% confidence interval 14.7%
to 33.4%) at 0-13 days and 46.8% (38.7% to 53.8%) at
214 days after the second dose (table 2). No statistically
significant change was identified in the odds of
covid-19 in the 0-13 days after the first dose, which
serves as a potential bias indicator. The bias indicator
was similar 0-6 days and 7-13 days after the first dose
(supplementary table 5). In the sensitivity analysis
including calendar date of testing as a covariate,
vaccine effectiveness after the second dose was 25.1%
(15.2% to 33.8%) at 0-13 days and 47.1% (39.1% to
54.1%) at >14 days.

Vaccine effectiveness against symptomatic covid-19
was observed to decline with increasing age =14
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# 148 965

People aged 270 years in surveillance databases

4 Missing sex (<0.1%)

114872

Excluded

27 876 Missing self-reported race (18.7%)
352 Missing or inconsistent vaccination dates (0.2%)
5861 Different vaccine received before sample collection date (3.9%)

Participants in study population (77.1%)

Excluded
22742 No RT-PCR test for SARS-CoV-2 (19.8%)
N » 44779 Date of SARS-CoV-2 RT-PCR collection before analysis period (39.0%)
442 Date of SARS-CoV-2 RT-PCR collection after analysis period (0.4%)
33 Positive RT-PCR test result in past 90 days (<0.1%)
26 No documented symptoms at test (<0.1%)
3076 Collection date before, or >10 days after, symptom onset date (2.7%)

)

Participants* as cases (60.4%)

$43774
Participants eligible for case or control selection from 17 January to 29 April 2021
(i 44 055)
RT-PCR tests
f A
i 17 447
Participants* as controls (39.9%)
17 622

RT-PCR tests

replacement)
® Age in five year bands
® Sex
® Self-reported race
® Municipality of residence
® Previous covid-19-like illness
® Date of RT-PCR test (+3 days)

v

Participants* as controls not matched (49.2%)

#8654

RT-PCR tests

L

Matching cases and controls (1 up to 5 with

26 433

RT-PCR tests

v

Participants* as cases not matched (49.8%)

RT-PCR tests

J

Y

Participants in matched case and control sets (50.7%)

RT-PCR tests

Fig 2 | Flowchart of study population from surveillance databases, and selection of matched cases and controls.
*Some participants contributed as controls and cases, and matching allowed for replacement of controls between
cases. RT-PCR=reverse transcription polymerase chain reaction

days after the second dose and was 59.0% (43.7%
to 70.2%) among those aged 70-74 years, 56.2%
(43.0% to 66.3%) among those aged 75-79 years, and
32.7% (17.0% to 45.5%) among those aged >80 years
(P=0.007 for interaction; figure 3, supplementary
table 6). Vaccine effectiveness against symptomatic
covid-19 did not differ among subgroups defined by

sex, presence of comorbidities, reported cardiovascular
disease, or regions of residence. Participants with
reported diabetes, however, had lower protection than
those without reported diabetes (vaccine effectiveness
32.6% v 50.5%, P=0.008 for interaction) =14 days
after the second dose (supplementary table 7 and
supplementary figure 4)
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Table 1 | Characteristics of adults aged >70 years in S3o Paulo state, Brazil, who were eligible for matching and selected into case test negative pairs.
Values are numbers (percentages) unless stated otherwise

Characteristics

Mean (SD) age (years)

Eligible cases and controls

Matched sets

Test negative
(n=17622)*
77.53 (6.8)

Test positive
(n=26433)*
76.71(6.2)

Controls (n=42236)* Cases (n=13283)*

75.69 (5.44) 75.90 (5.64)

Age groups (years):

70-79

12123 (68.8)

19673 (74.4)

34134 (80.8) 10543 (79.4)

80-89 4301 (24.4) 5437 (20.6) 7045 (16.7) 2311 (17.4)
290 1198 (6.8) 1323 (5.0) 1057 (2.5) 429 (3.2)
Men 7689 (43.6) 12431 (47.0) 18610 (44.1) 5919 (44.6)

Self-reported racet:

White/branca

13415 (76.1)

19796 (74.9)

34603 (81.9) 10803 (81.3)

Brown/pardo 3192 (18.1) 4983 (18.9) 6797 (16.1) 2115 (15.9)
Black/preta 785 (4.5) 1258 (4.8) 727 (1.7) 287 (2.2)
Yellow/amarela 226 (1.3) 390 (1.5) 109 (0.3) 78 (0.6)
Indigenous/Indigena 4 (0.0) 6 (0.0) - -
Residence in Grande Sao Paul health region 12381 (70.3) 16538 (62.6) 14368 (34.0) 6113 (46.0)
Reported No of comorbidities:
0 10027 (56.9) 12668 (47.9) 23961 (56.7) 5886 (44.3)
lor2 6984 (39.6) 12548 (47.5) 16626 (39.4) 6713 (50.5)
>3 611 (3.5) 1217 (4.6) 1649 (3.9) 684 (5.1)
Cardiovascular disease 5293 (30.0) 10079 (38.1) 12563 (29.7) 5482 (41.3)
Diabetes 3233 (18.3) 6533 (24.7) 8269 (19.6) 3578 (26.9)
Past exposure to SARS-CoV-28§
Previous symptomatic events notified to surveillance systemsf 685 (3.9) 354 (1.3) 47 (0.1) 37 (0.3)
Positive SARS-CoV-2 test result** 66 (0.4) 13 (0.0) 1 (0.0) 4 (0.0)
Median (interquartile range) interval between symptoms onset and RT-PCR 3 (2-5) 4(2-6) 3 (1-5) 4(2-6)

testing (days)

Hospital admissions

4524/17 484 (25.9)

12987/26221 (49.5) 11020/41980 (26.3) 7043/13175 (53.5)

Deaths

1594/16710 (9.5)

7054/24508 (28.8)

4072/40134 (10.1)  3549/12251 (29.0)

Median (interquartile range) interval between symptoms onset and hospital

adliston () 3(2-6) 7 (4-10) 4 (2-7) 7 (4-10)
I(\g(;(\jisn (interquartile range) interval between symptoms onset and deaths 8 (4-13) 14 (9-21) 8 (4-16) 15 (10-22)
Vaccination status:
Not vaccinated 11986 (68.0) 17233 (65.2) 27994 (66.3) 8989 (67.7)
Single dose, within 0-13 days 1446 (8.2) 2976 (11.3) 4873 (11.5) 1565 (11.8)
Single dose, =14 days 1797 (10.2) 3312 (12.5) 4631 (11.0) 1489 (11.2)
Two doses, within 0-13 days 1041 (5.9) 1533 (5.8) 2445 (5.8) 700 (5.3)
Two doses, =14 days 1352 (7.7) 1379 (5.2) 2293 (5.4) 540 (4.1)
Mean (SD) interval between 1st and 2nd dose (days) 25 (6) 30(12) 25 (6) 30(12)
Mean (SD) interval between 1st dose and RT-PCR testing (days) 28 (19) 23 (16) 22(17) 21 (16)
Mean (SD) interval between second dose and RT-PCR testing (days) 20 (15) 17 (14) 17 (14) 16 (14)

RT-PCR=reverse transcription polymerase chain reaction.
*Numbers refer to RT-PCR tests and represent 43 774 people for the eligible cases and controls and 22 177 people in matched cases and controls.
tRace/skin colour as defined by the Brazilian national census bureau (Instituto Nacional de Geografia e Estatisticas).>
$Comorbidities included cardiovascular, renal, neurological, haematological, or hepatic conditions, diabetes, chronic respiratory disorder, obesity, or immunosuppression.
§Before start of study on 17 January 2021 and after systematic surveillance was implemented on 1 February 2020.
fIReported illness with covid-19 associated symptoms in eSUS and SIVEP-Gripe databases.

**Defined as a positive SARS-CoV-2 RT-PCR or antigen detection test result.

Vaccine effectiveness against covid-19 associated
hospital admissions

The adjusted effectiveness against hospital admission
was 39.1% (28.0% to 48.5%) at 0-13 days and 55.5%
(46.5% to 62.9%) at 214 days after the second dose
(table 2). No statistically significant reduction was
observed in the odds of covid-19 in the periods after
one dose, and the bias indicator effectiveness was
close to zero (supplementary table 5).

Vaccine effectiveness against hospital admission
was observed to decline with increasing age =14
days after the second dose and was 77.6% (62.5%
to 86.7%) among those aged 70-74 years, 66.6%
(51.8% to 76.9%) among those aged 75-79 years, and
38.9% (21.4% to 52.5%) among those aged =80 years
(P<0.001 for interaction; fig 3, supplementary table 6).
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Vaccine effectiveness against deaths with covid-19
The adjusted effectiveness against deaths with
covid-19 was 31.2% (17.6% to 42.5%) >14 days after
the first dose, 48.9% (34.4% to 60.1%) 0-13 days after
the second dose, and 61.2% (48.9% to 70.5%) =14
days after the second dose (table 2). The bias indicator
was close to zero 0-13 days after the first dose, and 0-6
days and 7-13 days after the first dose (supplementary
table 5).

Vaccine effectiveness against deaths was observed to
decline with increasing age >14 days after the second
dose and was 83.9% (59.2% to 93.7%) among those
aged 70-74 years, 78.0% (58.8% to 88.3%) among
those aged 75-79 years, and 44.0% (20.3% to 60.6%)
among those aged >80 years (P=0.001 for interaction;
fig 3, supplementary table 6).
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Table 2 | Effectiveness of CoronaVac (Sinovac Biotech) against symptomatic covid-19, hospital admissions, and deaths in adults aged 270 years in Sao

Paulo state, Brazil

Unadjusted analysis

Adjusted analysis*

Vaccine effectiveness,

Vaccine effectiveness,

0dds ratio (95% ClI) % (95% Cl) Pvalue 0dds ratio (95% ClI) % (95% CI) Pvalue
Symptomatic covid-19 (n=55519)
One dose:
0-13 days v unvaccinatedt 1.02 (0.94 t0 1.10) -1.7 (-10.4t0 6.2) 0.68 1.01 (0.93 to 1.09) -0.8(-9.41t07.2) 0.86
>14 days v unvaccinatedt 0.88 (0.80t0 0.97) 11.9 (3.1t0 19.9) 0.01 0.88 (0.79 t0 0.96) 12.5 (3.7 t0 20.6) 0.01
Two doses:
0-13 days v unvaccinatedt 0.77 (0.68t0 0.87) 23.5(13.5t032.3) <0.001 0.75 (0.67 t0 0.85) 24.7 (14.7 to 33.4) <0.001
>14 days v unvaccinatedt 0.54 (0.47 10 0.62) 45.8 (37.71052.9) <0.001 0.53 (0.461t00.61) 46.8 (38.710 53.8) <0.001
Hospital admissions associated with covid-19 (n=30308)
One dose:
0-13 days v unvaccinatedt 0.98 (0.89 to 1.09) 1.6 (-9.3t011.5) 0.76 0.93 (0.84 t0 1.04) 6.6 (-4.31016.3) 0.23
>14 days v unvaccinatedt 0.87 (0.77 10 0.99) 12.6 (1.3t022.6) 0.03 0.83(0.731t00.94) 16.9 (5.7 t0 26.8) 0.004
Two doses:
0-13 days v unvaccinatedt 0.66 (0.561t00.77) 34.4 (23.1t0 44.1) <0.001 0.61(0.521t00.72) 39.1 (28.0t0 48.5) <0.001
>14 days v unvaccinatedt 0.48 (0.40t0 0.57) 51.9 (42.6 10 59.7) <0.001 0.45 (0.37 t0 0.54) 55.5 (46.5 t0 62.9) <0.001
Deaths associated with covid-19 (n=14 624)
One dose:
0-13 days v unvaccinatedt 0.90 (0.78t0 1.04) 10 (-4.21t022.2) 0.16 0.87 (0.74 10 1.02) 13.1 (-1.510 25.6) 0.08
>14 days v unvaccinatedt 0.75 (0.63 t0 0.89) 25.1(11.2to 36.9) 0.001 0.69 (0.58 t0 0.82) 31.2(17.6 t0 42.5) <0.001
Two doses:
0-13 days v unvaccinatedt 0.56 (0.44 t0 0.70) 44.3 (29.6 t0 55.9) <0.001 0.51 (0.40 t0 0.66) 48.9 (34.4 t0 60.1) <0.001
>14 days v unvaccinatedt 0.43(0.33100.56) 57.1 (44.3 10 67) <0.001 0.39 (0.30t0 0.51) 61.2 (48.9t070.5) <0.001

*Adjusted for age (linear term for symptomatic covid-19 and restricted cubic spline for hospital admissions and deaths) and number of comorbidities (0, 1 or 2, 23).
tAt date of index sample collection for cases and controls.

The adjusted effectiveness for the composite
outcome hospital admissions or deaths, or both, was
39.2% (28.3% to 48.4%) 0-13 days after the second
dose, and 55.4% (46.5% to 62.8%) >14 days after the
second dose (supplementary table 8).

Sensitivity analyses for the matching procedure

Overall, 13 150 cases (49.7%) could not be matched
with a potential control. Thus, 30.1% of cases (7950
case-control pairs) could be matched in the first
sensitivity analysis (1:1 without replacement), 50.3%
of cases (13283 case-control pairs) in the second

Case-control Vaccine effectiveness,

sets % (95% CI)
Cases with symptoms
70-74years 7024 59.0(43.7t0 70.2)
75-79 years 3519 56.2 (43.0t0 66.3)

>80 years 2740 32.7(17.0t0 45.5)
Cases admitted to hospital
70-74years 3263
75-79years 1928
>80 years 1852
Deaths
70-74years 1517
75-79 years 1005

>80 years 1027

77.6 (62.5t0 86.7)
66.6 (51.8t0 76.9)
38.9(21.4t0 52.5)

83.9(59.2t093.7)
78.0(58.8 t0 88.3)
44.0(20.3to 60.6)

sensitivity analysis (1:1, allowing for replacement
of controls), and 35.6% of cases (9402 case-control
pairs) in the third sensitivity analysis (1:2, allowing
for replacement of controls). Supplementary table 9
shows the characteristics of the population in these
threematchinganalyses. Overall, vaccine effectiveness
was comparable to the findings of the main analysis,
with varying precision. Vaccine effectiveness against
symptomatic covid-19 was 41.6% (26.9% to 53.3%)
in the first sensitivity analysis (n=15900), 48.6%
(38.9% to 56.8%) in the second sensitivity analysis
(n=26566), and 47.8% (38.2% to 56.0%) in the third

—e——i
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—e——i
—e—i
—e—
—e—i
—_——i
——i
—_——————
20 40 60 80 100

Vaccine effectiveness, % (95% CI)

Fig 3 | Adjusted vaccine effectiveness 214 days after the second dose of CoronaVac (Sinovac Biotech) for subgroups
of adults aged 270 years. Estimates of vaccine effectiveness were obtained from a conditional logistic regression
model that included covariates of age and number of comorbidities and incorporated an interaction term between the
category of interest and the period 214 days after the second dose

doi: 10.1136/bmj.n2015 | BMJ2021;37412015 | thebmj
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sensitivity analysis (n=28 206; supplementary tables
10-13). The same pattern of vaccine effectiveness
observed in the main analysis when stratified by age
and for severe outcomes was observed in the three
sensitivity analyses (supplementary tables 10 and
14-16).

Discussion

In this test negative case-control study we found that
the effectiveness of a two dose schedule of CoronaVac
in the real world was 47% against symptomatic
covid-19, 56% against covid-19 associated hospital
admissions, and 61% against covid-19 associated
deaths among those aged =70 years during a gamma
variant associated epidemic in Brazil. Furthermore,
we have addressed several evidence gaps for the use
of CoronaVac: vaccination showed an effectiveness
against covid-19, including associated severe
outcomes, in the setting of widespread transmission
of the gamma variant, which was similar to that found
in the Brazilian randomised controlled trial conducted
before the emergence of the gamma variant’; a single
dose of CoronaVac was associated with low protection
against symptomatic covid-19 or hospital admission;
and vaccine effectiveness was observed to decline with
increasing age among adults aged =70 years.

Research in context

A key evidence gap, as raised in the WHO EUL for
CoronaVac,'! has been the effectiveness of this vaccine
in the elderly population, because this age group
was not well represented in Brazilian and Turkish
randomised controlled trials.” 7 '° ! We found that
two doses of CoronaVac administered at an average
interval of four weeks had an overall effectiveness
against symptomatic covid-19 of 47% (39% to 54%) in
a population with a mean age of 76 years. This estimate
is lower than the efficacy of 84% (95% confidence
interval 65% to 92%) reported in the Turkish trial, with
a participant median age of 45 years and two week
dosing interval’; and comparable to the efficacy of
51% (95% confidence interval 36% to 62%) from the
Brazilian trial in healthcare workers, with a participant
mean age of 39 years and two week dosing interval.’
Additionally, a cohort study in Chile reported an
effectiveness for CoronaVac of 66.6% (95% confidence
interval 65.4% to 67.8%) in those aged =60 years. It is
not clear whether the observed differences are related
to the age distribution, dosing interval, risk of infection
in the community, or the presence of the gamma
variant of concern, which was not prevalent during
the trials’ follow-up periods and was responsible for
only 28.6% of genotyped infections in Chile during the
study period.'®*?

Among elderly people in our study, we observed a
statistically significant decline in vaccine effectiveness
against symptomatic covid-19 with increasing age,
from 59.0% (43.7% to 70.2%) in those aged 70-74
year to 32.7% (17.0% to 45.5%) in those aged >80
years. These findings parallel real world evidence for
the BNT162b2 mRNA vaccine, which showed reduced

thelbmj | BMJ2021;374:n2015 | doi: 10.1136/bmj.n2015
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effectiveness in residents of long term care facilities in
Denmark,* skilled nursing facilities in the USA,** and
the general population aged >70 years in Finland*®
and >80 years in Israel.** As well as having a slower
immune response and lower peak of neutralising
antibodies than younger populations, elderly people
seem to have faster decay of antibody titres.” Together,
these findings suggest that specific vaccines or
vaccination schedules might be required to effectively
vaccinate the very elderly (=80 years) population
against covid-19.

Vaccine effectiveness was greater against severe
outcomes than against symptomatic covid-19 in all
age subgroups among elderly people. This finding,
consistent with the findings from randomised
controlled trials and observational studies for multiple
covid-19 vaccines and across settings,” ®° 1° 2 suggests
that vaccination will reduce morbidity and mortality
among elderly people even if effectiveness at preventing
infections is reduced. The direct comparison of the
effectiveness against hospital admission with other
vaccines and between countries is not straightforward,
because hospital admission depends on admission
triage policies, which change according to age and
hospital bed availability. Therefore, someone older
than 80 years with symptomatic covid-19 has a higher
likelihood of being admitted compared with younger
patients even if the disease is not severe, and this
likelihood varies between public and private facilities
and whether the health system is overwhelmed.'
Thus, we cannot generalise our findings for protection
against hospital admission without considering this
context. We evaluated vaccine effectiveness at the
individual level, not accounting for the indirect effect
and the total effect from the vaccination campaign.
A preliminary aggregated analysis using weekly
times series of covid-19 deaths in Brazil found a
relative decrease in mortality among those aged =70
years compared with all ages after vaccination with
CoronaVac and ChAdOx1 nCov-19,” suggesting a
discernible impact of vaccination on mortality at the
population level. Additional investigation is required
to determine the duration of protection conferred by
CoronaVac.” *?

The absence of demonstrable effectiveness of
CoronaVac until completion of the two dose regimen
has profound implications for use of this vaccine in
response to an epidemic. In contrast with covid-19
vaccines that confer protection after the first dose,” *
CoronaVac showed low effectiveness until after the
second dose (more than four weeks after the first
dose).’”” Our findings suggest that in countries where
CoronaVac supplies are constrained and there is
high SARS-CoV-2 transmission, vaccination should
prioritise completion of the two dose regimen among
the highest risk populations and avoid being expanded
to broader segments of the population for whom
provisions for a second dose have not been secured.

Our study did not directly address the question of
whether vaccination with CoronaVac is effective against
gamma variant associated covid-19 because we had

9
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no data on whether the analysed cases were related to
the gamma variant. However, 91.0% (5054/5551) of
the discordant sets in this matched case-control study
were selected from 1 March to 29 April 2021, when the
gamma variant accounted for 85% of the genotyped
isolates during surveillance in Sao Paulo state. A test
negative study in Canada evaluated adults aged =70
years and estimated an adjusted vaccine effectiveness
of single dose mRNA vaccines of 61% (95% confidence
interval 45% to 72%) against the gamma variant of
concern compared with 72% (58% to 81%) for non-
variants of concern.”” Although further studies are
required to determine the effectiveness of CoronaVac
against the gamma variant and additional variants of
concern, our findings provide supportive evidence for
the use of CoronaVac in countries in South America that
are experiencing epidemics due to extensive spread of
the gamma variant?” and are using CoronaVac as part
of a mass vaccination campaign in response to the
epidemic.

Strengths and limitations of this study

This study has several strengths, which include the
large sample size and geospatial coverage, comprising
the State of Sdo Paulo with 46 million inhabitants
distributed across 645 municipalities. We implemented
a prespecified publicly available protocol, which is
in accordance with the recent WHO guideline for
evaluation of covid-19 vaccine effectiveness.?® Using
a test negative design, we have dealt with biases that
affect observational studies on vaccine effectiveness,
such as health seeking behaviour and access.
Additionally, after matching and adjustment, the
bias indicator association between recent vaccination
with a single dose 0-13 days before sample collection
was close to null, suggesting that the underlying
risk of testing positive for SARS-CoV-2 did not differ
between vaccinated and unvaccinated people.® 3° 3¢
“8 Finally, we performed three sensitivity analyses for
the matching procedure, which yielded comparable
estimates to those of the main analysis, resulting in
increased precision and showing the robustness of our
vaccine effectiveness estimation.

Our study had limitations. We could not assess
the influence of a previous SARS-CoV-2 infection on
vaccine effectiveness because passive surveillance
identified too few people with a positive RT-PCR or
rapid antigen test result before the study period. Before
the start of the vaccination campaign, the estimated
seroprevalence of covid-19 in inhabitants aged =60
yearsin the capital of Sio Paulo state was 19.9% (14.9%
to 29.9%) in January 2021.*’ Our estimates of vaccine
effectiveness might therefore be subject to downward
bias, as unvaccinated people were at lower risk of
reinfection. We attempted to exclude false negative RT-
PCR test results by excluding as controls those with a
subsequent positive test result within 14 days after the
initial test and including only tests performed within
10 days of symptom onset.”> However, we cannot
rule out some level of misclassification, although it is
likely to be non-differential and thus would bias the

estimate towards the null. In addition, we restricted
our study population to elderly people because they
were a priority group for vaccination and received the
majority of CoronaVac doses during the initial stages
of the vaccination campaign in Brazil; as a result,
it was not possible to compare the effectiveness of
CoronaVac between older and younger populations
directly. Our analyses were also limited by the lack of
more refined covariates, such as frailty, chronic illness
status, and nursing home residence status, which
could influence vaccine effectiveness in very elderly
people and in itself would not be addressed by age and
reported comorbidities. Finally, we cannot exclude
the possibility of time varying changes in behaviour,
non-drug interventions, or testing practices among
participants. We tried to control for these by matching
on time of RT-PCR testing (+3 days),?’ geography (ie,
municipality of residence), and self-reported race,
which is strongly associated with socioeconomic
position in Brazil. When we tried to further adjust for
unmeasured confounding by adjusting for the day
of year, estimates of vaccine effectiveness remained
similar.

Conclusion

This study found that a two dose schedule of CoronaVac
was 47% effective in preventing symptomatic
covid-19, with higher effectiveness against severe
clinical outcomes, among elderly people aged =70
years in a setting with extensive transmission of the
gamma variant. The delayed onset of vaccine mediated
protection, however, underscores the need to prioritise
vaccine supplies and maximise the number of people
who complete the two dose schedule, when CoronaVac
is used as part of a mass vaccination campaign that is
implemented in response to a covid-19 epidemic.
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