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The effectiveness of COVID-19 vaccines against severe cases
and deaths in Brazil from 2021 to 2022: a registry-based study
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Summary

Background Brazil started the COVID-19 mass vaccination in January 2021 with CoronaVac and ChAdOx1, followed by
BNT162b2 and Ad26.COV2.S vaccines. By the end of 2021, more than 317 million vaccine doses were administered in
the adult population. This study aimed at estimating the effectiveness of the primary series of COVID-19 vaccination and
booster shots in protecting against severe cases and deaths in Brazil during the first year of vaccination.

Methods A cohort dataset of over 158 million vaccination and severe cases records linked from official national
registries was analyzed via a mixed-effects Poisson model, adjusted for age, state of residence, time after
immunization, and calendar time to estimate the absolute vaccine effectiveness of the primary series of
vaccination and the relative effectiveness of the booster. The method permitted analysis of effectiveness against
hospitalizations and deaths, including in the periods of variant dominance.

Findings Vaccine effectiveness against severe cases and deaths remained over 25% and 50%, respectively, after 19
weeks from primary vaccination of BNT162b2, ChAdOx1, or CoronaVac vaccines. The boosters conferred greater
protection than the primary series of vaccination, with heterologous boosters providing marginally greater protection
than homologous. The effectiveness against hospitalization during the Omicron dominance in the 60+ years old
population started at 61.7% (95% CI, 26.1-86.2) for ChAdOx1, 95.6% (95% CI, 82.4-99.9) for CoronaVac, and 72.3%
(95% CI, 51.4-87.4) for the BNT162b2 vaccine.

Interpretation This study provides real-world evidence of the effectiveness of COVID-19 vaccination in Brazil,
including during the Omicron wave, demonstrating protection even after waning effectiveness. Comparisons of
the effectiveness among different vaccines require caution due to potential bias effects related to age groups,
periods in the pandemic, and eventual behavioural changes.
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Research in context

Evidence before this study

We searched PubMed for research papers using the Medical
Subject Headings term “COVID-19 vaccines”, jointly with the
search terms “protection” and “waning” not restricted by
language. Results were complemented by a Google Scholar
search using the same terms. We found that although
knowledge of the duration of vaccine effectiveness is of key
public health relevance, few studies have investigated the
persistence of vaccine-dependent protection. No study was
found addressing vaccine effectiveness in subgroups defined
by age, vaccine brand, time since completion of the primary
series and booster dose, region of residency, and the variant
of concern.

Added value of this study

In this nationwide study with more than 150 million records,
we observed that vaccination effectiveness varied as a
function of age and vaccine. The vaccine protection

Introduction

Since the start of the current severe acute respiratory
syndrome-associated coronavirus 2 (SARS-CoV-2)
pandemic, more than 32 million confirmed cases and
670 thousand deaths due to coronavirus disease
(COVID-19) had been reported in Brazil alone (as of July
01, 2022)." One key step to ending the pandemic is the
deployment of vaccines with durable effectiveness.
Brazil began vaccinating the population in mid-January
2021, prioritizing people at relatively high risk of severe
disease (e.g., the elderly and people with chronic health
conditions), vulnerable populations (e.g., homeless and
indigenous people), health care workers, and further
extending to the entire population by decreasing age.
Vaccination started mostly with CoronaVac (Sinovac
Biotech) and ChAdOx1 nCov-19 (AstraZeneca/Oxford
University) vaccines. The BNT162b2 (Pfizer-BioNTech)
and Ad26.Cov2.S (Johnson & Johnson-Janssen) vac-
cines were incorporated later in the campaign (May and
June 2021, respectively).”’ However, the upsurge of
Variants of Concern (VOCs) and an increase in reported
breakthrough infections generated concerns about the
vaccine’s long-term protection.

Several observational studies have assessed the
waning of the protective effect of COVID-19 vaccines
over time.”" However, these studies commonly esti-
mated vaccine effectiveness (VE) for broadly defined
periods or the analysis was restricted to specific vaccines
and age groups/populations. Consequently, most of
these studies were not adequately positioned to deter-
mine whether VE waning was due to declining protec-
tion from the primary series of vaccination or the
emergence of a new VOC, or both.

progressively waned, with protection against severe disease
remaining above 25% after 19 weeks and protection against
death over 50% up to 20 weeks after completing the primary
series of vaccination. The booster doses conferred greater
protection than the primary series, with the heterologous
booster providing marginally greater protection than the
homologous booster. All primary series and booster vaccines
conferred protection in the periods of dominance of the
Omicron variant.

Implications of all the available evidence

Our findings suggest adequate levels of vaccine effectiveness
for the primary series of all vaccines available in Brazil. Still,
protection wanes progressively in all subgroups, with
apparent influence by age and the vaccine. The booster doses
continue to be an effective strategy for limiting the upsurge
of severe cases and deaths, including in the VOC dominance
scenarios.

Surveillance datasets in Brazil provide a substantial
amount of data to assess VE in a real-world setting.
Based on the surveillance data from COVID-19 severe
cases and vaccination, with over 150 million records, we
estimated the protection given by the four COVID-19
vaccines currently available and in use in Brazil
against severe cases and deaths due to COVID-19 in the
first year of mass vaccination.

Methods

Study design, population, and data source

This was a registry-based effectiveness study of a na-
tional health-record cohort with more than 158 million
records, including over 2 million severe COVID-19
cases, where individual data were evaluated for
tracking both the outcomes of interest (severe cases and
deaths due to COVID-19) and their vaccination status
over time. We used two datasets linked (please refer to
Supplementary material 1 for details) by the Brazilian
Ministry of Health (MoH): the National Immunization
Program (NIP) records,” which comprise all individual-
level data on vaccination, and the Severe Acute Respi-
ratory Illness (SARI) dataset,’>* which contains all
COVID-19 severe cases that lead to hospitalization and
deaths. From the linked dataset, we extracted data on all
individuals aged 20 years or older who had received at
least one dose of CoronaVac, ChAdOx1 nCov-19,
BNT162b2, or Ad26.COV2.S vaccines, or who had a
severe COVID-19 illness. Along with the linked dataset,
we used age-specific 2021 population estimates main-
tained by the MoH and the Brazilian Institute for Ge-
ography and Statistics (IBGE)."
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The COVID-19 vaccination campaign started on
January 17, 2021, which is the first epoch of the study.
Vaccination events (primary series or booster doses)
were observed from the start of the vaccination
campaign until January 31, 2022 (Epidemiological week
05). Vaccination records indicate the date of the first,
second, and booster doses and the vaccine received in
each event.

Vaccination status definition

Individuals without any record of vaccination (first dose,
second dose or booster) were considered unvaccinated.
We considered as immunized those (i) with only the
primary series of vaccination (i.e., two doses from the
CoronaVac, ChAdOx1 nCov-19, and BNT162b2 vaccines
or the single-dose Ad26.Cov2.S vaccine) and (ii) those
with the primary series of vaccination plus a booster
dose.

Outcomes of interest

The outcomes of interest were (i) COVID-19 severe
cases, i.e., symptomatic COVID-19 cases leading to
hospitalisation, regardless of death, and (ii) deaths due
to COVID-19. The outcomes were registered in the
dataset by the date of symptoms onset and the final case
status (death, recovered or ignored). For each person in
the cohort, an outcome of severe COVID-19 illness
occurred whenever this person was notified as a severe
COVID-19 case, using the date of symptoms onset as
reference. Therefore, a record of severe COVID-19
illness after immunisation, either fully or booster-
vaccinated, was classified as an immunised case. In-
dividuals presenting the outcome prior to or without
immunisation were classified as unvaccinated cases.
The same classification applies to the death outcome,
with individuals being classified depending on their
vaccination status and symptoms onset. Records
without a case registry in the national electronic record
were assumed as not presenting the outcomes of
interest.

Dominance of variant of concern (VOC) over time
Data on genomic samples were obtained from GISAID
and filtered across Brazilian states.”” We calculated the
proportions of VOCs for each state and epidemiological
week. A VOC with a frequency over 70% was considered
the weekly dominating variant, allowing eventual tran-
sition periods without VOC dominance (i.e., epidemio-
logical weeks without a VOC proportion over 70%)
(Fig. S4 and Supplementary material 2).

Statistical modelling and analysis

Absolute vaccine effectiveness (VE) is the protection
against the outcomes of interest of individuals vacci-
nated with the primary or booster-plus series, compared
to the unvaccinated group. Relative vaccine effectiveness
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(rVE) is the protection against the outcomes of interest
of booster-plus vaccinated compared to the risk in in-
dividuals with only the primary series of vaccination.
For both VE and rVE analysis, we excluded records (1)
missing essential covariates such as age and state of
residence, (2) of individuals younger than 20 years old,
(3) with incomplete primary vaccination registries or
with atypical pair of doses for the two-dose regimen,
such as heterologous primary series, and (4) with date of
vaccination and/or outcome out of the study period (Jan
17 2021 to Jan 31 2022). The number of records
excluded are detailed in the STROBE flow diagram in
Fig. S1 at Supplementary material 1.

The analysis of the absolute VE (i.e., using the group
of unvaccinated individuals as a point of comparison)
was stratified by vaccine when the two doses were ho-
mologous (CoronaVac, ChAdOx1 nCov-19, BNT162b2
or Ad26.Cov2.S). In the rVE (ie., using the primary
series of vaccination as a comparator), we analyzed only
the ChAdOx1 nCov-19 and BNT162b2 vaccines, given
that both comprised almost 93% of the boosters
administered. Other vaccines used as boosters were
excluded (for details on the exclusions, please refer to
Fig. S1 at Supplementary material 1). The VE and rVE
were assessed in 4-week intervals and stratified by age
into two age groups: 20-59 years and >60 years.

In the primary analysis, we compared (i) those who
completed the primary series of vaccination to the un-
vaccinated (i.e., VE), (ii) those who had received a
booster shot with those individuals who had received
only the primary series of vaccination (i.e., rVE), and (iii)
VE and rVE during the dominance of the Omicron
variant. In a secondary analysis, we also compared in-
dividuals boosted to those unvaccinated and the VE and
rVE for the periods of Delta and Gamma VOC
dominance.

Cases of severe COVID-19 were aggregated into two
age groups (20-59 and 60+ years old), vaccination status
(unvaccinated and other combinations of vaccination
schemes), and state of residency. Time was divided into
calendar-time windows t of size n weeks. Individuals in
a state of residency ! and age group g, if vaccinated, were
classified within these windows as immunized with a
number s immunization weeks. For instance, for n = 4
weeks, s = 1 for people with 0-3 weeks after immuni-
zation, s = 2 for 4-7 weeks, and so forth. For unvacci-
nated individuals, parameter s do not vary. A number of
X, 5.0, people in window ¢ with immunization schedule
in s-interval is stratified by age group a, state I, and
vaccine status v (primary scheme with each vaccine or
primary scheme with vaccine plus booster). The meth-
odology considers the total person-time T}, ;, at which
people could be infected and develop the outcomes of
interest by Ty41, = 1 X541~ For a combination i,
composed of age group a(i), state I(i), and vaccination
status v; (; = 1 for vaccinated, v; = 0 for unvaccinated),
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calendar window t, and immunization status s, a total Y;
developing of one of the outcomes is modeled as

Y; ~ Poisson(4;)

where log (1) = log (Di) + ¥ng) + Pagiy.si) Vi » Yhe) and
Pai)siy are random effects, in particular f,) ) is an
age-varying effect dependent on the immunization inter-
val, and h(i) is an index unique for a combination of im-
munization time, age group, and state. The term D; is the
person time component obtained from the database. The
random effects yy;) evaluates the outcome rate for un-
vaccinated in a given age group, state, and immunization
status. The random effect f,;) ;) indicates how much this
outcome rate changes due to the immunization.

Since groups are potentially stratified by specific
primary series or a combination of the primary scheme
plus booster dose, the vaccinated status indicates this
subgroup. The analysis requires a minimum m of
vaccinated persons by calendar window and immuni-
zation period such that X;,;, > m to avoid small sub-
samples. In this work, m = 20. For the unvaccinated
group, the person-time component requires an assess-
ment of the total time that unvaccinated people are at
risk of severe cases within the time window, this esti-
mate is obtained indirectly via vaccination coverage. The
proportion ¢; of people with at least one dose divided by
the population estimate per age group and state, yields
the age- and state-specific coverage of vaccination at
time t. For a window with bounds b; and b,, the person-
time component is nP,(1-(cys+ ¢p2)/2), where P, is the
population estimate in the age group a. Whenever the
final vaccine coverage for a state/age group exceeded
95%, the corresponding population for the whole study
period was resized to maintain coverage c; bounded at
95%. This resizing avoids small number effects possibly
incurred due to uncertainties in the population estimates,
following the estimates of vaccination coverage adopted
by the Center for Disease Control and Prevention.'®

A Bayesian analysis allows the estimation of all co-
efficients, including fi)s), the parameters yyg), and
other transformed quantities. The prior distribution for
parameters yy ;) and fg),5i) Were normal distributions
with a mean equal to 0 and a precision of 0.01. Esti-
mation of parameters is obtained with MCMC simula-
tion with 3 chains, 6000 iterations, and a 4000 burn-in
period. This estimation permits obtaining the rate ratio
between the rate R, of severe COVID-19 events for a
vaccinated group and the rate R, for an unvaccinated
group, given by R,/R, = exp (Bai.s). Vaccine effec-
tiveness (VE) is given by 1 - R,/R,,. The Bayesian analysis
allows a direct computation of uncertainty intervals.

Protection of Booster doses - rVE

The analysis is similar to the one for VE. However, the
comparison is between groups indicated by variable w;,
defining combinations of booster doses and the primary

series as a comparison group, such that w; = 1 for
vaccinated people with booster dose b and primary
series p, and w; = 0 for vaccinated people with only
primary series p. Hence, in this analysis, a similar
mixed-effects Poisson model describes the outcomes,
replacing the variable v with the variable w.

A Bayesian analysis again permits estimation of
Pagi).sii)» thus obtaining the rate ratio, defined as the ratio
between the rate R, of severe COVID-19 event for a
group vaccinated with booster doses and the rate R, for a
group vaccinated with only the primary series, given by
Ry/R, = exp(Pagi)s(i))- The rVE is given by 1 - R,/Ry,.

Analysis over periods of variant dominance

Calendar windows and immunisation periods are
further classified by variants of dominance in their
initial weeks. The statistical analysis follows the same
reasoning by restricting the intervals to the VOC to be
analyzed and extending the random effects to also be
adjusted by VOC, such that £, s)un) depends on age
group a(i), immunization period s(i), and the variant of
concern u(i).

Analysis for death outcomes
Without loss of generality, this same framework is used
to analyze death as an outcome of interest.

The R language (version 4.1.0) was used for data
manipulation and exploratory data analysis and JAGS
was used to perform MCMC simulation'”** to estimate
model parameters. We followed the STROBE reporting
guidelines (Fig. S1 and Table S1 in Supplementary
material 1).%

Ethics statement

The study was conducted in accordance with funda-
mental ethical principles of the Declaration of Helsinki
and the Brazilian National Health Council on research
involving human beings. The Research Ethics Com-
mittee approved the study protocol of the Evandro
Chagas National Institute of Infectious Diseases- Fiocruz
(CAAE: 51567721.9.0000.5262).

Role of the funding source

The funders had no role in the study design, data
analysis, data interpretation, or writing of the report. All
the authors had final responsibility for the decision to
submit for publication.

Results

Descriptive statistics and characteristics of
vaccination

Brazil has had four COVID-19 epidemic waves up to
February 2022. The first occurred between May and
October 2020, before the immunisation campaign; the
second during February and April 2021, in the periods
of dominance of the Gamma variant; the third occurred
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between June and August 2021, during the Delta During the first year of the COVID-19 vaccination
dominance; and the last at the end of 2021, during the  program, more than 377 million doses were adminis-
upsurge of the Omicron variant (Fig. 1). tered. Most first doses (58.8 million) and second doses
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Fig. 1: Weekly severe cases, deaths, variants and vaccine uptake from national datasets in Brazil. (A) weekly number of COVID-19 severe
cases; (B) weekly number of deaths due to COVID-19; (C) weekly number of variants among sequenced SARS-CoV-2 samples; (D) vaccine uptake
of the first dose; (E) vaccine uptake of the second dose; (F) vaccine uptake of the booster dose.
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(48.1 million) were ChAdOx1 nCoV-19 vaccines. In
contrast, most booster vaccines administered were
BNT162b2 (33.1 million), accounting for almost 90% of
booster vaccines administered (Fig. 1 and Table 1). Most
individuals with ChAdOx1 nCoV-19 primary series were
50-59 years old (27.5%) and 40-49 years old (22.9%).
The primary series with the BNT162b2 vaccine were
more frequent in the groups of 20-29 (33.0%) and
30-39 years old (28.0%). Conversely, most primary se-
ries of CoronaVac vaccine were in 20-29 (21.9%) and
70-79 (19.8%) years old individuals. Lastly, the single-
dose Ad26.COV2.S vaccine was administered more
frequently in the 40-49 years old group (45.5%) but
corresponded to only 4% of the vaccines administered
in Brazil. As expected, the Southeast region concen-
trated most of the doses administered in Brazil due to
its population size, representing 42% of the country’s
population. The distribution of the first, second and
booster doses of the vaccines by age group and vaccine
over time is presented in the supplementary material
(Fig. S2).

Most severe cases of COVID-19 among the in-
dividuals who completed the primary series with the
ChAdOx1 nCoV-19 vaccine were in the 80+ years
(31.5%) and 60—69 years (27.4%) groups, while the se-
vere cases in the ChAdOx1 nCoV-19 booster recipients
occurred more frequently in the 80+ (42.3%) and 70-79
years old (22.4%) groups. Most severe cases among the
recipients of the BNT162b2 occurred in the 50-59- and
40-49-years old groups (28.9% and 23.0%, respectively),
while cases in booster recipients were concentrated in
the 80+ (41.5%) and 70-79 years (36.0%) old groups.
Severe cases among the CoronaVac recipients occurred
in the older groups (i.e., 70-79 and 80+ years old).
Deaths among the recipients of the ChAdOx1 nCoV-19
vaccine were more concentrated in the 80+ years old
group (31.4%, 40.0% and 34.2%, respectively).
Conversely, deaths in those with the BNT162b2 primary
series concentrated in the 50-59 and 80+ years old
groups (30.4% and 40.0%) (Table 2). The weekly inci-
dence of severe cases and deaths are presented in
Fig. S3.

As described in the Introduction, the rollout of the
first dose of a COVID-19 vaccine started in January
2020. Roll out of the second dose started in July 2021,
which is also when the Gamma VOC dominance started
to decline (Fig. 1). Roll out of booster doses, the majority
of which were BNT162b2 vaccines, started after
September 2021, reaching more than 2 million doses
weekly in October 2021 and becoming more significant
after January 2022.

Absolute and relative vaccine effectiveness for
severe cases

The absolute effectiveness compared the groups of
vaccinated and unvaccinated individuals, whereas the
relative effectiveness compared vaccinated with a

primary scheme plus booster and people with only the
primary scheme. Variations in the primary scheme
might induce different baseline risks. In individuals
aged 20-59 years with ChAdOx1 nCoV-19 as the pri-
mary series of vaccination, absolute -effectiveness
against severe cases was 81.1% (95% Credible Interval-
CI, 80.3-81.9) in the first four weeks after vaccination
(Fig. 2 and Supplementary material 3). The rVE in the
initial weeks was 43.7% (95% CI, 18.8-63.8) for the
homologous booster (i.e., ChAdOx1 nCoV-19) and
66.5% (95% CI, 62.8-70.0) for the heterologous booster
with the BNT162b2 vaccine (Fig. 2A). In individuals
with CoronaVac as the primary vaccine series, the effec-
tiveness was 84.7% (95% CI, 83.7-85.5) in the first four
weeks. The rVE was 73.0% (95% CI, 67.8-77.6) for the
BNT162b2 booster and 93.8% (95% ClI, 76.1-99.7) for the
ChAdOx1 nCoV-19 (Fig. 2B) in the first four weeks. In
the recipients of the BNT162b2 as a primary series, the
VE was 90.3% (95% CI, 89.5-91.0) in the first four-week
interval. The rVE of the homologous booster was 36.6%
(95% CI, 21.6-50.4), and the ChAdOx1 nCoV-19 booster
conferred a 39.9% (95% CI, -15.3-77.2) protection
(Fig. 2C). The VE of the Ad26.COV2.S peaked at 70.7%
(95% CI, 66.9-74.2) after 20 weeks, with rVE of 82.4%
(95% CI, 63.2-93.7) for the BNT162b2 booster (Fig. 2D)
in the initial weeks. The same analysis in the population
aged 60 years or older led to similar results, with higher
protection among the older population, except for the
primary series of the CoronaVac and its ChAdOx1 nCoV-
19 booster. The absolute effectiveness of the booster
doses is shown in Fig. S5.

Vaccine effectiveness against death

The effectiveness of COVID-19 vaccines when
assuming death as the outcome showed similar patterns
(Fig. 3 and Supplementary material 4). As expected, the
protection against deaths was superior to those observed
against severe cases, irrespective of the vaccine dose and
age group. The primary series of vaccination provided
high levels of protection, with effectiveness above 50%
for the timeframe up to 19 weeks for most vaccines,
except for CoronaVac among the elderly. The ChAdOx1
nCoV-19 and BNT162b2 booster vaccines conferred
higher protection relative to the primary series.

Vaccine effectiveness in the periods of dominance
of the Omicron variant

The vaccine effectiveness against severe cases in per-
sons who received a primary series of the ChAdOx1
nCoV-19, CoronaVac, Ad26.COV2.S or BNT162b2 and
after a booster dose with either ChAdOx1 nCoV-19 or
BNT162b2, during the dominance of the Omicron
variant, are shown in Fig. 4 and Supplementary material
7. The primary series of vaccination in the younger
group ranged from 83.7% (95% CI, 74.3-90.8) for
CoronaVac to 96.2% (95% CI, 58.8-100.0) for the
Ad26.COV2.S vaccine, and from 61.7% (95% CI,
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ChAdOx1 nCoV-19 BNT162b2 CoronaVac Ad26.COV2.S
1st dose (%) 2nd dose (%) Booster (%) 1st dose (%) 2nd dose (%) Booster (%) 1st dose (%) 2nd dose (%) Booster (%) 1st dose (%) Booster (%)
Sex
Female 30,830,381 (52.7) 25,659,514 (533) 615332 (54.5) 26,616,219 (51.0) 20,321,759 (52.3) 18,981,352 (57.3) 23,090,206 (53.7) 19,247,380 (54.5) 665,146 (57.0) 2,114,175 (45.8) 708,272 (48.45)
Male 27,600,227 (47.3) 22,499,055 (46.7) 513,807 (45.5) 25,530,100 (49.0) 18,552,186 (47.7) 14,122,825 (42.7) 19,911,494 (433) 16,062,593 (45.5) 500,320 (43.0) 2,504,900 (54.2) 753,534 (51.55)
Age group
20-29 years 6,048,079 (10.5) 4,381,186 (9.2) 110,915 (9.9) 12,773,101 (37.4) 9,412,804 (33.0) 2,388,519 (7.2) 9,366,210 (23.7)  7.398,433 (21.9) 61,811 (53) 481,977 (10.5) 132,505 (9. )
30-39 years 10,824,049 (18.8) 8,440,699 (17.7) 174,707 (15.6) 9,592,566 (28.1) 7,975,906 (28.0) 4,054,154 (12.3) 7,659,218 (19.4) 6,478,403 (19.2) 96,357 (8.3) 1,459,651 (32.0) 423,332 (29.3
40-49 years 13,369,051 (23.2) 10,922,112 (22.9) 253,371 (22.7) 7,077,063 (20.7) 6,573,000 (23.1) 5,027,590 (15.3) 4,161,076 (10.5) 3,548,816 (10.5) 119,595 (10.3) 2,072,114 (45.5) 676,264 (46.7
50-59 years 15,014,931 (26.1) 13,100,899 (27.5) 295712 (26.5) 4,075,323 (11.9) 4,053,906 (14.2) 6,337,143 (19.3) 2,400,848 (6.0) 2,087,599 (5.1) 155,759 (13.4) 482,381 (10.6) 182,232 (12. )
60-69 years 9,596,846 (16.6) 8,437,141 (17.7) 192,365 (17.2) 451,352 (1.2) 354,692 (1.2) 7,631,714 (23.2) 5,866,500 (14.8)  5314,526 (15.7) 240369 (20.7) 41,108 (0.9) 21,780 (1.5)
70-79 years 1,036,430 (1.8) 896,164 (1.9) 55,611 (5.0) 76,192 (0.2) 58,870 (0.2) 5,216,913 (15.9) 7,496,631 (19.0) 6,709,033 (19.8) 255,449 (22.0) 9603 (0.2) 5962 (0.4)
>80 years 1,675,190 (2.9) 1,419,620 (2.9) 31,287 (2.8) 29,445 (0.1) 37,474 (0.1) 2,161,194 (6.5) 2,522,239 (6.3) 2,211,167 (6.5) 228,909 (19.8) 3378 (0.1) 3170 (0.2)

Region
North 4,872,851
Northeast 12,773,952

(8.4) 4,028,094 (8.4) 140,734 (125) 4,439,811 (8.5

(
Southeast 26,658,066 (

(

(7.

22.0) 10,818,075 (22.5

( (8:5) 2,893,479 (7.5) 1,770,922 (53) 2,646,159 (6. ( (1. (03) 55786 (3.8)
(22.5) 123,674 (11.0) 12,763,436 (24.6) 8,760,300 (22.6) 6,563,017 (19.9) 9,255,961 (21.65) 7,687,622 (21.9) 14,127 (12) 822317 (17.9) 228,963 (15.7)

45.8) 20,528,116 (42.8) 685,164 (60.9) 21,563,899 (41.6) 17,135,635 (44.3) 15,646,672 (47.4) 21,771,455 (50.9) 17,355,368 (49.4) 1,068,122 (92.0) 2,085,602 (45.4) 601,684 (41.3)
South 9,368,212 (16.1) 8,584,766 (17.9) 75959 (6.7) 8,462,171 (16.3) 6,522,700 (16.86) 6,351,667 (19.2) 5978449 (13.9) 5327704 (151) 57,222 (49) 868,986 (18.9) 380,219 (26.1)
Center-West 4,444,304 (7.6) 3,959,082 (8.26) 98,844 (8.7) 4,607,848 (8.8) 3,356,887 (8.6) 2,623,927 (7.8) 3,094,237 (7.2) 2,631,376 (7.4) 8965 (0.8) 529,395 (11.5) 188,923 (13.0)

Total 58,430,725 48,158,645 1,129,141 52,146,446 38,873,993 33,104,252 43,001,824 35,310,037 1,165,468 4,619,083 1,461,808

2) 2,110,163 (6.0) 11,805 (1.0) 287,298

Table 1: Baseline characteristics of the vaccinated individuals by vaccine type and dose in Brazil from January 17, 2021 to January 31, 2022.
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Characteristic Unvaccinated ChAdOx1 nCoV-19 BNT162b2 CoronaVac Ad26.COV2.S
>1st dose (%)  2nd dose (%) Booster (%)  >1st dose (%) 2nd dose (%) Booster (%) >1st dose (%)  2nd dose (%) Booster (%)  1st dose (%) Booster
Cases Deaths  Cases Deaths Cases Deaths Cases Deaths Cases Deaths Cases Deaths Cases Deaths Cases Deaths Cases Deaths Cases Deaths Cases Deaths Cases Deaths
Sex
Female 779,908 164,340 73,005 24,054 29,210 7349 234 59 10,280 1817 4235 651 12,720 3060 114,282 41,552 83,366 26,694 2056 498 1130 223 34 29
(44.7) (433) (488) (458) (50.8) (463) (53.0) (403) (523) (424) (55.6) (42.4) (54.6) (48.6) (51.0) (47.4) (510) (47.0) (54.0) (52.8) (36.2) (34.4) (453) (41.4)
Male 963,025 215,088 76,582 28,421 28,241 8534 208 87 9359 2469 3387 885 10,556 3230 110,076 46,169 79,724 30,115 1751 445 1994 426 41 41
(553) (567) (512)  (542) (492) (537) (47.0) (59.7) (47.7) (57.6) (44.4) (57.6) (454) (51.4) (49.0) (52.6) (49.0) (53.0) (46.0) (47.2) (63.8) (65.6) (54.7) (58.6)
Age group
20-29 years 84,216 6156 2957 346 1234 103 3 0 3189 224 1378 77 166 17 3628 241 2397 126 9 3 177 18 5 1
@8 (a6 0 (07 (@2 (06 (07) (182) (54) (198) (51) (07) (03) (L6) (03) (@5 (02) (02) (03) (G7) (28 (67) 14)
30-39 years 201,171 20,172 7087 1342 2242 322 6 2 3330 467 1325 152 343 80 5106 566 3238 253 11 3 716 98 11 6
(11.6) (53) (4.7) (26) (8 (200 (14 @14 (190 @112) (190) (101) (15 (@3) (23) (06) (20) (04) (03) (03) (23.0) (151) (147) (8.6)
40-49 years 297,234 40,785 14,965 3823 4498 880 24 10 4257 1010 1603 326 388 229 5790 1032 3766 571 23 7 1410 239 24 20
(17.1) (108) (1000 (191) (790 (55 (54) (6.8) (242) (241) (23.0) (217) (17) (3.6) (2.6) (12) (23) (10) (0.6) (07) (453) (36.9) (32.0) (28.6)
50-59 years 362,953 68,826 31,862 10,033 10,354 2302 34 22 5113 1531 2016 457 707 455 6409 1587 4198 940 53 15 561 141 9 11
(20.8) (181) (21.4) (191) (181) (145 (77) (151) (291) (36.6) (28.9) (30.4) (3.0) (72) (29) (18) (26) (17) (1.4) (1.6) (18.0) (21.8) (12.0) (157)
60-69 years 339,719 87,697 43,685 14,987 15704 3858 89 28 1100 503 398 219 3631 1095 40,282 14,183 27,275 8283 278 65 135 65 5 8
(19.5) (231)  (293) (28.6) (27.4) (243) (201) (19.2) (63) (120) (57) (14.6) (156) (17.4) (18.0) (162) (16.8) (14.6) (73) (6.9) (43) (10.0) (67) (11.4)
70-79 years 260,162 81,416 11,761 5457 5216 2061 99 34 320 250 116 139 8384 1897 91,799 36,910 67,953 23,029 834 167 79 44 15 16
(149) (215 (79  (104) (91) (13.0) (22.4) (233) (18) (6.0) (17) (93) (36.0) (30.2) (41.0) (421) (417) (405) (21.9) (17.7) (25) (6.8) (20.0) (22.9)
>80 years 197,578 74381 36,913 16,452 18,038 6342 187 50 260 198 133 131 9645 2512 70,876 33,179 53,989 23,593 2599 683 35 43 6 8
(11.3) (19.6)  (247) (314) (315) (40.0) (42.3) (342) (15 (470 (19 (87) (415 (40.0) (317) (37.8) (33.2) (415 (683) (724) (11) (6.6) (8.0) (11.4)
Region
North 115440 32,733 8024 3061 3577 1086 49 22 944 203 330 83 733 272 7353 3382 5178 1919 5 0 107 32 4 8
(6.6) (8.6) (5.4) (5.8) (62) (6.8) (11.1) (151) (48) (47) (43) (54 (B1) (43 (33) 39 (G2 (3.4) (01) 34) (49 (53) @114
Northeast 234,297 53,300 19,599 8192 7429 3072 39 28 2525 770 939 406 3204 1565 26,912 11,395 19,084 7461 1 1 299 115 5 13
(13.4) (14.0)  (13.1)  (156) (12.9) (193) (8.8) (19.2) (12.9) (18.0) (12.3) (26.4) (13.8) (249) (120) (13.0) (11.7) (13.1) (0.0) (0.1) (9.6) (17.7) (67) (18.6)
Southeast 883,939 181,848 80,538 28,117 29,565 7871 305 87 9840 2000 4151 717 12,365 2948 125040 48,040 87,335 29,926 3776 939 1528 276 32 29
(50.7) (48.0)  (53.8)  (53.6) (515) (49.6) (69.0) (59.6) (50.1) (467) (54.5) (46.7) (531) (46.9) (557) (54.8) (53.5) (527) (99.2) (99.6) (48.9) (42.5) (42.7) (41.4)
South 336,562 73,598 28,105 8555 11,851 2417 15 3 4280 783 1492 195 4868 988 44,807 16,598 35552 11,679 19 3 813 131 16 10
(19.3) (19.4) (18.8) (163) (20.6) (152) (34) (21) (21.8) (183) (19.6) (12.7) (209) (157) (20.0) (18.9) (21.8) (20.6) (0.5) (03) (26.0) (202) (213) (14.3)
Center-West 172,794 37,954 13,323 4552 5029 1438 34 6 2051 530 710 135 2107 517 20,258 8309 15,950 5826 6 0 377 95 18 10
(10.0) (100) (89) (87 (88) (91) (7.7) (41) (104) (12.4) (93) (88) (91) (82) (90) (95 (9.8) (103) (02) (121) (14.6) (24.0) (143)
Total 1,743,033 379,433 149,589 52,477 57,451 15884 442 146 19,640 4286 7622 1536 23277 6290 224,371 87,725 163,100 56,812 3807 943 3124 649 75 70

Table 2: Characteristics of the population with outcome registries according to vaccination in Brazil from January 17, 2021 to January 31, 2022.
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03
4-7
8-11
12-15
16-19
20-23

0-3

4-7

8-11

12-15

16-19

20-23
0 25 5 75

100 0 25 50 75 100 0 25 50 i 100

Ad26.COV2.S with a BNT162b2 booster

0-3 - —
4-7 - e —
8-11 -
12-15 -
16-19 -
20-23 -
0-3 —a—
4-7 —a—
8-11
12-15 —
16-19 —
20-23 —
0 25 50 75 100 0 25 50 75 100
Effectiveness (%)

Fig. 2: Estimates of the absolute (first column in each panel) and relative (second and third columns) vaccine effectiveness against
severe cases after completing the vaccine primary series and booster according to the primary series for age groups by length of the
time since vaccination. (A) Effectiveness of the ChAdOx1 nCoV-19 vaccine against severe COVID-19. (B) Effectiveness of the CoronaVac vaccine
against severe COVID-19. (C) Effectiveness of the BNT162b2 vaccine against severe COVID-19. (D) Effectiveness of the Ad26.COV2.S vaccine
against severe COVID-19 (ChAdOx1 as booster was not significant). Panel rows correspond to age groups and columns correspond to the
vaccine dose. Lines correspond to credible interval and points to the estimated mean. Missing lines and points are due to estimated values

outside the graphic limits (0-100%).

26.1-86.2) to 95.6% (95% CI, 82.4-99.9), for ChAdOx1
nCoV-19 and CoronaVac, in the older group, respec-
tively. Regardless of age and vaccine, the protection of
the primary series of vaccination remained above 50%
for more than 15 weeks. All booster shots were more
effective than the primary series, with the relative pro-
tection lasting at least 11 weeks. The vaccine’s protection
in the periods of dominance of the other VOCs is pre-
sented in Supplementary material 1 (Figs. S6 and S7)
and Supplementary materials 5 and 6. Data in
Supplementary Material 8 contains the sizes of person-
time components given the vaccines and age groups.

Discussion

The current study, based on registry data with over
158 million records compiled by the Brazilian MoH,
indicates that the current vaccines were highly effec-
tive against severe cases and deaths during the first
year of the vaccination campaign and in the periods
of dominance of specific VOC. Our results provide

www.thelancet.com Vol 20 April, 2023

evidence that the VE does not completely disappear,
and 20 weeks after the primary series of vaccination
the protection still reached 25% irrespective of
received vaccine or age group. The booster doses
significantly increased the protection offered by the
primary series, with rVE remaining for at least 11
weeks after boosting. Results also show that a heter-
ologous booster dose provided good protection against
severe cases and deaths. These findings suggest that
booster doses, which were mostly BNT162b2, were
critical in the first months of 2022 when the entrance
of the Omicron variant occurred, with high effective-
ness for all adults and irrespective of primary series.
During the dominance of the Omicron variant, the VE
waned to about 50% after 19 weeks, except for the
ChAdOx1 nCoV-19 recipients in the older group.
These results are consistent with VE estimations in
Brazil, the US, the UK, Italy and Sweden that re-
ported a waning of the VE over shorter follow-up
periods (between 3 and 9 months).”'*** Our
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B Two doses of CoronaVac with a ChAdOx1 nCoV-19 or BNT162b2 booster
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Fig. 3: Estimates of the absolute (first column in each panel) and relative (second and third columns) vaccine effectiveness against death
after completing the vaccine primary series and booster according to the primary series for age groups by length of the time since
vaccination. (A) Effectiveness of the ChAdOx1 nCoV-19 vaccine against severe COVID-19. (B) Effectiveness of the CoronaVac vaccine against
severe COVID-19. (C) Effectiveness of the BNT162b2 vaccine against severe COVID-19. (D) Effectiveness of the Ad26.COV2.S vaccine against
severe COVID-19 (ChAdOx1 as booster was not significant). Panel rows correspond to age groups and columns correspond to the vaccine dose.
Lines correspond to credible interval and points to the estimated mean. Missing lines and points are due to estimated values outside the graphic

limits (0-100%).

results expand such evidence with an additional vac-
cine (i.e., CoronaVac), considering the VOCs, using a
longer follow-up and following a larger population.
The uncertainty in estimating VE for the single-dose
Ad26.COV2.S was higher than any other COVID-19
vaccine used in Brazil. This result is a function of the
specific rollout of Ad26.COV2.S vaccine that occurred
from June to August 2021 and reached mainly adults
aged 30-39 and 40-49 years, corresponding to only 4%
of the vaccines administered in Brazil. The same
reasoning applies to the ChAdOx1 nCoV-19 booster,
which represented only a small fraction of the booster
doses administered in Brazil (approx. 3%), resulting in
larger intervals for the rVE estimates. Consequently, due
to the fewer observations, we could not estimate the rVE
of the ChAdOx1 nCov-19 booster in recipients of the
Ad26.Cov2.S. The VE of Ad26.Cov2.S exhibited a
different pattern of increasing effectiveness over the
evaluated time frames that could be explained by its
different recommendations of a single dose in the pri-
mary series. Hence, individuals’ immune response after

the booster dose were similar to that of naive immu-
nized in the initial weeks after the primary series with
Ad26.Cov2.S. Unexpected findings, such as some of the
rVE estimates, may occur in observational studies and
should not be immediately considered evidence of a
harmful effect of vaccination, such as vaccine-associated
enhanced disease (sometimes called VAED). Given that
the absolute VE estimates were higher, irrespective of
the vaccine, the lower values of rVE certainly are not
VAED-related. The most reasonable explanations are
differences in the comparison groups, especially differ-
ential behavioural changes (e.g., booster recipients lift-
ing mask use), unmeasured confounding and the
natural waning protection.**

To the best of our knowledge, this is the first study to
use data over 12 months to assess the VE of the COVID-
19 vaccination for all vaccines used in Brazil. The
methodology has advantages over the screening method
described in the guidelines of the World Health Orga-
nization (WHO) due to the use of rate ratios and strat-
ification by age groups and states, a sound approach

www.thelancet.com Vol 20 April, 2023
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Fig. 4: Estimates of the absolute (first column in each panel) and relative (second and third columns) vaccine effectiveness against
severe cases after completing the vaccine primary series and booster according to the primary series for age groups by the length of the
time since vaccination in periods of dominance of the Omicron variant. (A) Effectiveness of the ChAdOx1 nCoV-19 vaccine against severe
COVID-19. (B) Effectiveness of the CoronaVac vaccine against severe COVID-19. (C) Effectiveness of the BNT162b2 vaccine against severe
COVID-19. (D) Effectiveness of the Ad26.COV2.S vaccine against severe COVID-19. Panel rows correspond to age groups, and columns
correspond to the vaccine dose. Lines correspond to credible interval and points to the estimated mean. Missing lines and points are due to

estimated values outside the graphic limits (0-100%).

given the variability of incidences across a large country
such as Brazil. Of note is that this methodology is
similar to the methods employed to measure the effec-
tiveness of other vaccination programs such as Influ-
enza.”*” In addition, the large dataset provided the most
extensive and robust evidence of the durability of VE in
Brazil. Nevertheless, our study has some limitations.
First, like all observational studies, our results might be
affected by confounding beyond those already accounted
for with adjustments by age, time, and location. How-
ever, we do not have information on other key factors
that may affect the risk of infection, such as socio-
demographic, behavioural, and clinical factors that may
differ between comparison groups.

Due to the lack of randomisation of individuals in
real-world settings, observational studies are more sub-
ject to bias, which leads to systematic deviations of the
estimated VE from the true VE. When compared to
other observational study designs, such as the test-
negative case control, our study has some limitations,
including the impossibility of dealing with differences
in health-seeking behaviour due to lack of behavioural

www.thelancet.com Vol 20 April, 2023

information and collider bias, although such bias might
also occur in test-negative studies.’*** However, our
choice to use only severe cases instead of all symptom-
atic cases minimises these bias effects.” Furthermore,
the estimates depend on the quality of surveillance
registries and on the projections of the resident popu-
lation by IBGE, which are based on the most recent
census data of 2010. However, the databases we used
correspond to the best available evidence on both
COVID-19 vaccination and outcomes and were largely
used in many studies in Brazil.**»-*¢ Still, the method-
ology can be adapted to changing epidemiological sce-
narios, and its use in permanent monitoring of the
effectiveness should be pursued to investigate potential
confounders.

Testing protocols varied during the current
pandemic, so different collection methods and tests
were used throughout the country. Thus, the sensitivity
and specificity of tests also varied, potentially causing
misclassification. Beyond this, there were differences in
factors such as the timing of introduction, dose interval
and eligibility for all vaccines. Consequently, this should

11
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prompt some caution when comparing estimated pro-
tection levels among different vaccines, as the calendar
period and interval between doses differ for each vac-
cine and, consequently, the baseline risk. For instance, a
significant number of elderly people had CoronaVac as
primary scheme early in the vaccination process. By
contrast, younger people had either ChAdOx1 nCov-19
or BNT162b2 in their primary scheme a few months
after vaccination started. This effect might impact the
estimates of both absolute and relative effectiveness due
to different risks in the baselines.

The distribution of vaccines also varied over time in
the country. In October 2021, the MoH recommended
shortening the interval for the primary series of the
ChAdOx1 nCoV-19 vaccine (from 12 to 8 weeks), and in
November, the interval between the primary series and
the booster dose was also shortened (from 24 to 20
weeks) and an additional dose of Ad26.COV2.S was
recommended 60 days after the first dose.

Furthermore, the states could (and did) adjust their
vaccination protocols along with the MoH recommen-
dations, making it hard to account for such differences
in the vaccination protocols employed by each state.
Decentralization of actions is one of the pillars of the
Brazilian Health System (Sistema Unico de Satide, SUS).
Consequently, the states and municipalities may change
their protocols, such as those regarding testing re-
quirements and immunisation schedules.” For
example, the states of Pard and Mato Grosso do Sul
introduced booster vaccines prior to the MoH recom-
mendation. Moreover, vaccine shortages also affected
rollout differentially throughout the country: in states
such as Rio de Janeiro and S3o Paulo, a two-weeks
shortage of ChAdOx1 nCoV-19 caused the replace-
ment of the second dose to the BNT162b2.

Our findings indicate that the primary series of
vaccination of the ChAdOx1 nCoV-19, CoronaVac,
BNT162b2 or Ad26.COV2.S confer adequate levels of
protection against severe cases and deaths, although
waning of immunity does occur over time. Boosting
with ChAdOx1 nCoV-19 or BNT162b2 significantly
increased protection levels against severe cases and
death. These findings reiterate the booster dose’s public
health value for minimising the risk of both severe cases
and death and, thus, support advocating for maximising
coverage of booster doses. Future work should further
analyse the protection of the current booster vaccines for
longer periods of follow-up and assess the protection
given by the booster vaccines other than the ChAdOx1
nCoV-19 and BNT162b2, as well as that provided by the
additional booster doses and disentangle the vaccines’
direct and indirect effects.
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