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Background Aging influences COVID-19 severity and response to vaccination, but previous vaccine effectiveness
(VE) analyzes lack the power to evaluate its role in subgroups within the elderly age group. Here we analyzed the
impact of age on viral vector and inactivated virus vaccines' effectiveness, the main platforms used in low- and mid-
dle-income countries.

Methods We report a retrospective longitudinal study of 75,919,840 Brazilian vaccinees from January 18 to July 24,
2021, evaluating documented infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
COVID-19-related hospitalisation, ICU admission, and death. Negative binomial regression models adjusted for
sociodemographic characteristics were used for VE estimation.

Findings The overall analyzes of full vaccination showed VE against hospitalisation, ICU admission, and death of
91¢4% (95%CI:90¢1−92¢5), 91¢1% (95%CI:88¢9−92¢9) and 92¢3% (95%CI:90¢5−93¢7) for Vaxzevria and 71¢2%
(95%CI:70¢0−72¢4), 72¢2% (95%CI:70¢2−74¢0) and 73¢7% (95%CI:72¢1−75¢2) for CoronaVac, respectively. VE for
all outcomes is progressively lower with age. In fully-Vaxzevria-vaccinated individuals aged <60 years, VE against
death was 96.5% (95%CI:82.1−99.3) versus 68¢5% (95%CI:40¢0−83¢4) in those ≥90 years. Among fully-Corona-
Vac-vaccinated individuals, VE against death was 84.8% (95%CI:77.1−89.9) in those <60 years compared to 63.5
(95%CI 58.7−67.7) for vaccinees aged 80−89 years and 48¢6%; (95%CI:35¢0−59¢3) for individuals aged ≥90 years.
Post-vaccination daily cumulative incidence curves for all outcomes showed increased risk from younger to elder
decades of life. There was no increase in the incidence of hospitalisation for individuals <60 years vaccinated during
the same period as those aged ≥90 years.

Interpretation Although both vaccines have been effective in protecting against infection, hospitalization and death;
Vaxzevria and CoronaVac demonstrated high effectiveness against severe outcomes for individuals up to 79 years of
age. Our results reinforce the idea that booster doses should be carefully considered in elders.
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Introduction
Several COVID-19 vaccines have proved efficacious, and
many are extensively being used around the world.1−3

While high-income countries preferentially administer
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Research in context

Evidence before this study

Several COVID-19 vaccines have proved efficacious. While
high-income countries preferentially administer mRNA-
based vaccines, lower- and middle-income countries have
employed vaccines based on viral vectors or inactivated
virus technologies. As in observational effectiveness stud-
ies, real-life evaluations are elemental for the comprehen-
sion of an ever-changing pandemic scenario (e.g., the
spread of SARS-CoV-2 variants, the use of different vac-
cines, and other biological, demographic, and socioeco-
nomic components such as age). As age is a crucial
element in COVID-19 severity, and elders might have a
reduced response to vaccination to vaccines, particularly
for influenza, a timely evaluation of the effectiveness of
the currently available vaccines across different regions
and age groups is essential in order to understanding vac-
cine impact. Additionally, used vaccines are based on dis-
tinct technological platforms, which influence some
immune response characteristics, such as specificity, stim-
ulation of T-cell responses, and immunological memory. A
study in S~ao Paulo (Brazil) evaluated CoronaVac vaccina-
tion in individuals ≥70 years of age and found the highest
VE in the group of 70−74 years which were lower accord-
ing to age. A study on the CoronaVac effectiveness in
Chile analyzed age from 16 to 59 years and >60 years, not
evaluating age range in elders.

Added value of this study

In the present study, we examine vaccine effectiveness
in detail in age ranges of nearly 76 million individuals
that have received two vaccines with distinct techno-
logical platforms − theviral-vector vaccine (Vaxzevria)
and the inactivated virus vaccine (CoronaVac). By fol-
lowing individuals for up to six months, both vaccines
were effective against COVID-19 severe outcomes in
individuals up to 79 years of age, but both vaccines pre-
sented a markedly lower vaccine effectiveness, espe-
cially among those aged ≥90 years. Also, we were able
to disentangle the effects of earlier vaccination of older
individuals that occurred during the second wave of
COVID-19 in Brazil from those of ageing. Ours is, to our
knowledge, the first study to estimate the vaccine effec-
tiveness of detailed age groups for both Vaxzevria and
CoronaVac.

Briefly, this study has two important contributions to
the understanding of VE of CoronaVac and Vaxzevria: 1.
demonstration of a significant lowerVE in vaccinees
aged 80−89 and ≥90 years; 2. evaluation of VE of Vax-
zevria against death, especially for elderly patients men-
tioned above.

Implication of all the available evidence

Evaluating almost 76 million adults vaccinees for the
first six months of an extensive national campaign pro-
tected against COVID-19 severe outcomes individuals
up to 79 years of age, and both were markedly lower in
individuals ≥90 years of age. Vaccines were from two
distinct technological platforms. A viral-vector vaccine

(Vaxzevria) experienced higher effectiveness rates in all
age ranges than the inactivated virus vaccine (Corona-
Vac). Our results reinforce the idea that booster doses
should be carefully considered in elders.
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mRNA-based vaccines, lower- and middle-income coun-
tries have mainly used vaccines based on viral vectors or
inactivated virus technology. A timely evaluation of the
effectiveness of the currently available vaccines across
different regions is essential to the comprehensive
understanding of vaccine impact. Age, a crucial element
in COVID-19 severity, is likely related to immunosenes-
cence and inflammaging, and is a known factor underly-
ing the reduced response to vaccination in older
individuals,4,5 particularly with respect to influenza.6

Brazil is one of the countries most affected by the
pandemic. The Brazilian COVID-19 vaccination pro-
gram initially relied on Vaxzevria/Fiocruz (previously
Oxford-AstraZeneca or ChAdOx-1), and Sinovac’s Coro-
naVac/Butantan.7 Brazil's recommended interdose
interval for Vaxzevria is 12 weeks versus 2−4 weeks for
CoronaVac.7 The period between doses determined for
those receiving Vaxzevria has varied among several
countries.8 CoronaVac has also been applied at diver-
gent intervals,2,9 making direct comparisons difficult.
Additionally, several early publications on vaccine effec-
tiveness (VE) only considered the effects of the initial
dose, or were limited to analysing effectiveness against
symptomatic infection and hospitalisation; i.e., ICU
admission and death were not addressed.10−12

Nationwide evaluations of the effectiveness of
COVID-19 vaccines in Brazil offer advantages, such as
the country’s vast territory and large population size,
with high-quality centralised and comprehensive data
sources with which to perform countrywide VE evalua-
tions. The COVID-19 vaccination campaign was initi-
ated nationwide on January 18, 2021. By July 2021,
most vaccinees had received either Vaxzevria/Fiocruz or
CoronaVac/Butantan vaccines, allowing for precise eval-
uations of both vaccines’ effectiveness with respect to
several outcomes across stratified age ranges.

A significant issue regarding the VE of vaccines
against COVID-19 is the degree of circulation of distinct
SARS-CoV-2 variants of concern (VOC) in different
regions. During the course of the present study, the
Gamma variant was the most frequent across all regions
of Brazil.13 Importantly, the literature contains few
reports on the VE of Vaxzevria and CoronaVac against
the Gamma variant.2,12,14

The present study aimed to evaluate the influence of
age on the effectiveness of Vaxzevria and Coronavac vac-
cines in nearly 76 million Brazilian vaccinees, concern-
ing several different outcomes: SARS-CoV-2 infection,
COVID-19-related hospitalisation, ICU admission, and
death from the start of the nationwide vaccination cam-
paign until July 24, 2021.
www.thelancet.com Vol xx Month xx, 2021
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Methods

Study design and datasets
We conducted a retrospective longitudinal study using
individual-level information on demographic, clinical
characteristics, and SARS-COV-2 laboratory tests from
Brazilian administrative datasets. The Brazilian Minis-
try of Health Department of Informatics provided
unidentified datasets on the COVID-19 Vaccination
Campaign (SI-PNI), Suspected Cases of Acute Respira-
tory Infection (e-SUS-Notifica), and Severe Acute Respi-
ratory Infection/Illness (SIVEP-Gripe). A key-coded
individual identification number present in each of the
three datasets was used to perform deterministic link-
age, and then removed from the resulting dataset used
in our analyzes (Supplementary Figure S1). No person-
ally identifiable data was accessed at any stage. The data
dictionary and scripts used in this study have been
made available at https://vigivac.fiocruz.br.

SI-PNI is a data warehouse containing information
on all vaccine doses administered by Brazilian public
health services. From SI-PNI, we extracted information
on the type and date of COVID-19 vaccine administra-
tion. Brazilian population estimates for 2021, corrected
by the all-cause deaths reported in 2020, were retrieved
from a previous study.15 e-SUS-Notifica, a nationwide
online health surveillance information system for regis-
tering acute respiratory infections and suspected/con-
firmed cases of COVID-19, has been used as a data
source for epidemiological research.16

SIVEP-Gripe, the national system for the registry of
SARI(Severe Acute Respiratory Infection/Illness)-
related hospitalisations and deaths created during the
H1N1 pandemic in 2009, has also been widely used as a
source for epidemiological studies.17,18 All COVID-19
related SARI hospitalisations and deaths (regardless of
prior hospitalisation) are registered in this system.
Open versions of all datasets have been made available
at: https://opendatasus.saude.gov.br.

The following information was extracted from both
SIVEP-Gripe and e-SUS-Notifica: date of SARS-CoV-2
symptom onset, RT-PCR and/or antigen test results.
From SIVEP-Gripe, we obtained data on hospitalization
status, ICU admission, and hospitalisation outcome
(discharge or death).
Study population
We included all individuals who received their first
COVID-19 vaccine dose between January 18, 2021 and
July 24, 2021. COVID-19 diagnosis was based on RT-
PCR or antigen test results. Non-vaccinated individuals
were not included in our analysis, since this data was
not available.

The following were excluded: (i) individuals with
confirmed COVID-19 infection prior to the date of vac-
cine administration; (ii) individuals with essential
www.thelancet.com Vol xx Month xx, 2021
covariate information missing (sex and/or age); (iii)
individuals receiving vaccines other than Vaxzevria or
CoronaVac; (iv) individuals with inconsistent vaccine
records (i.e., individuals who received a second dose
without a record of the first, individuals who received
different vaccines on their first and second doses, and
individuals whose time interval between doses was <14
days). Individuals who had recently been infected with
COVID-19 prior to vaccination were excluded due to a
much lower risk of acquiring new infection compared
to those without previous infection. The maintenance of
recently infected individuals in the sample could have
introduced selection bias.
Exposure and outcomes
Vaccination status, the exposure of interest, was defined
for each vaccine based on the time elapsed since vaccine
dose administration:

(1) ≤13 days after the first dose (reference period).
(2) ≥14 days after the first dose and prior to the second

dose (partially vaccinated).

(3) ≥14 days after the second dose (fully vaccinated).

Follow-up initiates the moment an individual gets
their first vaccine dose. The reference period encom-
passes period between the day a subject receives the first
dose and up to 13 days after (dependant on outcome).
Persons who do not experience an outcome of interest
during the reference period then progress to the
“partially vaccinated” period, ranging from day 14 after
the first dose up to the day of the second dose (or the
date an outcome occurred, or the end of the study
period). Finally, the “fully vaccinated” period starts on
the 14th day after receiving the second dose, with fol-
low-up ending on the date an outcome occurs or upon
study termination. Not all studied subjects were consid-
ered across all three periods.

The reference period was defined based on results of
a Phase III randomized controlled trial19 and three test-
negative case-control studies.12,19,20 We further ana-
lyzed vaccine effectiveness during the period between
days 1 to 13 after the second dose; these results are pre-
sented in Supplementary Table S2.

The primary outcome analyzed was COVID-19 infec-
tion, as documented by mild and severe cases registered
in the SIVEP-Gripe and e-SUS-Notifica systems. Sec-
ondary endpoints included COVID-19 hospitalisation,
admission to an intensive care unit (ICU), and death.
To calculate total person-days of follow up, we consid-
ered the interval between the date the first or second
dose was administrated until the day of symptom onset
for each outcome or study termination (July 24, 2021).
COVID-19 death was considered regardless of prior hos-
pitalisation.
3
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Statistical analyzes
Negative binomial regression was employed to estimate
rate ratios (RR) for each outcome for partially and fully
vaccinated individuals using log person-time as an off-
set, and cluster robust standard errors to account for
individuals appearing multiple times and overdisper-
sion. Subgroup analyzes were fitted separately. While
Cox regression would have been our preferred choice,
since the reference group had a restricted follow-up
time (≤13 days after the first dose), it would not be possi-
ble to employ a comparison group during this period,
which would likely result in biased hazard ratios.

The model was adjusted for the following baseline
variables: age, sex, region of residence, socioeconomic
status, the month during which the first dose was admin-
istered, and the SARS-CoV-2 (Rt) reproduction number
measured at the State level on the day of the first dose,
14 days after the first dose, and day of the second dose.
The Municipal Brazilian Deprivation Index was used as a
proxy indicator of socioeconomic status.21 Vaccine effec-
tiveness (VE) was calculated as 1-RR and reported as a
percentage. Overall VE was calculated for the entire vacci-
nated population, as well as for each age subgroup (<60,
60−69, 70−79, 80−89, and ≥90 years).

We investigated rates of infection, hospitalisation,
ICU admission, and death for each vaccine compared to
the reference period (0−13 days after the first dose).
Additionally, we used post-vaccination daily cumulative
incidence curves for all outcomes to visually assess dif-
ferences in risk following each dose of vaccine for differ-
ent age strata. Cumulative incidence curves for the age
groups of fully vaccinated groups were estimated using
the Kaplan−Meier estimator.

We performed two sensitivity analyzes: (1) by repeat-
ing the principal analysis using the reference period of
0−9 days after the first dose; (2) by analysing VE for all
outcomes including both laboratory-confirmed and clin-
ically suspected cases.

We used the R statistical software and H2O packages
and herein present descriptive statistics as frequencies
and percentages.22 An estimated 95% confidence inter-
val (95%CI) was employed for measures of association
to interpret the findings. Missing data (less than 1%)
was excluded from our analysis.
Ethical considerations
All work presented here used anonymized secondary
data in accordance with the Brazilian General Personal
Data Protection Law (LGPD). The study coordinator
(MB-N) signed a term of responsibility for the use of
each database made available by the Brazilian Ministry
of Health (MoH). Each member of the research team
signed a term of confidentiality prior to being granted
data access. Data were manipulated in a secure comput-
ing environment, ensuring protection against data leak-
age. The Brazilian National Commission on Research
Ethics approved the present research protocol (CONEP
approval number 4.921.308).
Role of the funding source
All funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.
Results
From January 18 to July 24, 2021, a total of 96,193,523
individuals received at least one dose of one of the two
COVID-19 vaccines analyzed in this study, and
77,635,439 (80¢7%) met the initial eligibility criteria.
After excluding individuals diagnosed with COVID-19
before vaccination, those presenting problematic regis-
tries of vaccine dose administration or lacking informa-
tion on sex, 75,919,840 individuals were included in the
analysis. The majority (66¢2%, n = 49,795,534 individu-
als) received at least one dose of Vaxzevria and the
remaining (33¢8%, n = 25,639,346 individuals) received
at least one dose of CoronaVac (Figure 1). Throughout
the study period, the gamma variant predominated
among genotypes reported in Brazil.13 The Delta variant
was first identified in June, and by July corresponded to
27% of the sequences analyzed (Figure 2C). Vaccination
with CoronaVac occurred mainly from January to April
2021, while Vaxzevria was administered predominantly
after March 2021 (Figure 2A). The majority of our
cohort was comprised of women (54¢9%) and individu-
als aged 60 years or older (36¢7%). Compared to individ-
uals receiving CoronaVac, those who received Vaxzevria
were younger (75¢8% vs 38¢3% of individuals <60 years
old), and fewer had a complete vaccine schedule (20¢2%
vs. 79¢1%). Among those who received the second dose,
the median time between doses was 84 days (IQR 82
−90) for Vaxzevria and 27 days (IQR 21−28) for Coro-
naVac (Supplementary Table S1).

Table 1 shows the COVID-19 VE analysis results,
including the number of events and incidence rate per
100 person-years; Supplementary Table S2 shows crude
and adjusted VE analyzes. Individuals fully vaccinated
(≥14 days after the second dose) with Vaxzevria had a
78¢1% (95% CI 77¢2 to 79¢0), 91¢4% (95% CI 90¢1 to
92¢5), 91¢1% (95% CI 88¢9 to 92¢9), and 92¢3% (95%
CI 90¢5 to 93¢7) lower risk of infection, hospitalisation,
ICU admission, and death, respectively. Partial vaccina-
tion (i.e., ≥14 days after the first dose up to the second
dose) with Vaxzeria was associated with at least 50%
lower risk of infection (50¢4%; 95% CI 49¢6.2 to 51¢1),
hospitalisation (70¢9%; 95% CI 69¢7 to 72¢1), ICU
admission (71¢0%; 95% CI 69¢0 to 73¢0), and death
(69¢7%; 95% CI 67¢5 to 71¢8). Complete vaccination
with CoronaVac was associated with lower risk of infec-
tion (53¢2%, 95% CI 52¢4−54¢1), hospitalisation (71¢2%,
95% CI 70¢0 to 72¢4), ICU admission (72¢2%, 95% CI
www.thelancet.com Vol xx Month xx, 2021



Figure 1. Flowchart of the selection of the study individuals vaccinated between January 18 and July 24, 2021. Eligible participants
received at least one dose of CoronaVac or Vaxzevria vaccine between January 18 and July 24, 2021. We excluded persons with con-
firmed COVID-19 diagnosis in 2021 before the first dose and all persons with different vaccines from CoronaVac or Vaxzevria.
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70¢2 to 74¢0) and death (73¢7%, 95% CI 72¢1 to 75¢2).
Partial vaccination with CoronaVac was associated with
a slight reduction in the risk of infection (28¢7%; 95%
CI 27¢1 to 30¢2), hospitalisation (38¢4%; 95% CI 35¢5 to
41¢2), ICU admission (39¢6%; 95% CI 34¢8 to 44¢0),
and death (39¢0%; 95% CI 34¢9 to 42¢9).

When the analysis was stratified by age, complete
vaccination with Vaxzevria or CoronaVac conferred dif-
fering degrees of protection. Vaxzevria-induced VE was
around 90% in the analyzed outcomes for those aged
up to 89 years. In individuals aged 90 years or older,
complete vaccination with Vaxzevria granted a VE of
68¢5% against death. CoronaVac VE reached around
75% protection in individuals aged ≤ 79 years, versus
63¢5% in individuals aged 80−89 years and 48¢6%
among those over 90 years of age. Partial vaccination
with either vaccine conferred no protection among indi-
viduals ≥90 years (Table S3, Figure 3).

To further explore the impact of age on the duration
of protection, we analyzed the cumulative incidence of
all outcomes after full vaccination in each age strata.
Figure 4 shows that the cumulative hospitalisation inci-
dence (or rates) curves for Vaxzevria-vaccinated individ-
uals increased slowly over time since full vaccination,
www.thelancet.com Vol xx Month xx, 2021
reaching around 0¢1% at 90 days after the second dose
across almost all age groups. For individuals ≥90 years,
cumulative hospitalisation reached 0¢2% after 90 days.
CoronaVac vaccinees presented different rates of
increase for each age group, and individuals aged 80
−89 years reached almost 0¢6% cumulative hospitaliza-
tion incidence by 150 days after the second dose (around
0¢35% at 90 days), while those ≥90 years had a cumula-
tive hospitalisation incidence of approximately 0¢7% at
day 150 (about 0¢45% at day 90). Analyzes of ICU
admission and death followed similar patterns.
Regarding infection, the younger group exhibited a
higher incidence than older groups (Supplementary
Figs. S1−S3).

Considering that most individuals ≥80 years old
were vaccinated in the first two months of the cam-
paign, we hypothesized that the lower VE effectiveness
observed in older individuals could be related to waning
immunity rather than the effects of ageing. To address
this issue, we analyzed all individuals regardless of age
who were immunised between January and February,
and then compared these results to the overall VE for
the entire period (i.e., those immunised from January-
July). Similar VE patterns were observed for both
5



Figure 2. (A) Coverage of first and second dose of CoronaVac and Vaxzevria in Brazil during the study period, the solid line repre-
sents 1st dose and dashed line 2nd dose. (B) Number of daily confirmed cases by date of symptom onset. (C) Prevalence of variant
of concern (VOC) in Brazil during the study period.

Articles

6

groups, indicating that reduced protection is most likely
associated with ageing regardless of the vaccine admin-
istrated (Supplementary Table S4)

No differences were seen in the RR of outcomes
(infection, hospitalisation, ICU admission, and death)
in the reference period for each vaccine (Table S5). Mod-
ifying the reference period to 0−9 days after the first
dose, we identified VE values and interval estimates
similar to those in the main analysis for both Vaxzevria
and CoronaVac vaccines (Table S6). Additionally, the
calculated VE for all COVID-19 cases (i.e., adding the
clinically suspected cases to the laboratory-confirmed
case pool) was similar to that for laboratory-confirmed
cases only (Table S7).
www.thelancet.com Vol xx Month xx, 2021



Vaxzevria/Fiocruz CoronaVac/Butantan

Person-years Events Incidence per 100
person-years

VE% (95% CI)* Person-years Events Incidence per 100
person-years

VE% (95% CI)*

Infection

Reference period 1 662 565¢5 130,302 7¢84 Ref 855,542¢2 68,126 7¢96 Ref

Partially vaccinated 5 550 664¢6 247,799 4¢46 50¢4 (49¢6−51¢1) 1,290,469¢1 74,895 5¢80 28¢7 (27.1−30.2)

Fully vaccinated 572 003¢4 14,771 2¢58 78¢1 (77¢2−79¢0) 4,574,691¢4 194,864 4¢26 53¢2 (52¢4−54¢1)
Hospitalization

Reference period 1,664,388¢0 22,449 1¢35 Ref 856,418¢3 16,289 1¢90 Ref

Partially vaccinated 5,587,966¢0 28,713 0¢51 70.9 (69¢7−72¢1) 1,303,567¢1 15,076 1¢16 38¢4 (35¢5−41¢2)
Fully vaccinated 580,979¢1 1292 0¢22 91.4 (90¢1−92¢5) 4,624,347¢6 28,810 0¢62 71.2 (70¢0−72¢4)
ICU admission

Reference period 1,664,660¢2 7558 0¢45 Ref 856,597¢5 6008 0¢70 Ref

Partially vaccinated 5,592,952¢5 9907 0¢18 71¢0 (69¢0−73¢0) 1,307,124¢7 5560 0¢43 39¢6 (34¢8−44¢0)
Fully vaccinated 581,594¢0 477 0¢08 91¢1 (88¢9−92¢9) 4,629,831¢8 10,364 0¢22 72¢2 (70¢2 − 74¢0)
Death

Reference period 1,664,670¢8 7037 0¢42 Ref 856,563¢2 7852 0¢92 Ref

Partially vaccinated 5,592,331¢8 10,579 0¢19 69¢7 (67¢5−71¢8) 1,305,706¢9 7203 0¢55 39¢0 (34¢9−42¢9)
Fully vaccinated 581,648¢9 564 0¢10 92¢3 (90¢5−93¢7) 4,629,255¢8 13,166 0¢28 73¢7 (72¢1−75¢2)

Table 1: Vaccine effectiveness in adults partially and fully vaccinated
+

with Vaxzevria and CoronaVac for COVID-19 infection, hospitalization, ICU admission, and death. Brazil, 2021.
+ Reference period: ≤13 days after the first dose; Partially vaccinated: ≥14 days after the first dose and without the second dose; Fully vaccinated: ≥14 days after the second dose. ICU denotes intensive care unit.

* Negative binomial model adjusted for age, sex, region of residence, month of administration of first dose, municipal deprivation level and Effective Reproductive Number (Rt).
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Figure 3. Vaccine effectiveness of Vaxzevria and CoronaVac in Brazil by age group. VE (1-Rate Ratio) was obtained through Negative
binomial regression adjusted for age, sex, region of residence, the month of administration of the first dose, Effective Reproductive
Number at State level (Rt), and municipal deprivation level (IBP). *The point estimate and confidence interval for ICU admission in
≥90 years. are 52.7 (95%CI �23.9 to 81.9%).
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Discussion
After analysing data from almost 76 million Brazilian
adults vaccinated between January and July 2021, our
results demonstrate that complete vaccination with Vax-
zevria and CoronaVac offered around 90% and 75%
overall protection, respectively, regardless of age or hos-
pitalisation, ICU admission or COVID-19-related death
outcome. Importantly, individuals ≥90 years who
received CoronaVac reached a VE of 48¢6% against
death. Regartding infection, overall vaccine effective-
ness was 78% for Vaxzevria and 53% for CoronaVac.
These findings reinforce the age-related VE reduction of
CoronaVac in Brazil19 and provide new, more granular
data on the age-stratified VE of Vaxzevria.20 We also
investigated whether lower protection in the elderly
resulted from waning immunity, considering that indi-
viduals ≥90 years were among the first immunised in
Brazil. Compared individuals aged <60 years vacci-
nated around the same calendar date, individuals
≥90 years exhibited higher rates of COVID-19-related
hospitalisation. Considering the entire post-vaccination
period, hospitalisation rates among individuals aged
<60 years remained low despite higher SARS-CoV-2
exposure, in contrast to steadily increasing rates among
individuals aged ≥90 years.

Our observation on the marked effect of age is con-
sistent with findings demonstrating the elderly exhibit
poorer responses to the trivalent inactivated influenza
vaccine.23 Additionally, the curves indicate a rise of hos-
pitalisation, in each age range, circa two months after
the second dose of CoronaVac. The short follow-up
period in the present dataset after the second Vaxzevria
dose does not yet allow us to conduct a similar analysis
on waning immunity with respect to this vaccine.

It is reasonable to attribute the observed reduction in
VE to immunosenescence, which is associated with a
higher frequency of comorbidities and may imply
higher death rates. In the context of limited vaccine
availability, the precise identification of age limits, i.e.,
at which point immune protection becomes impaired,
can provide valuable evidence to inform public health
decisions. In that regard, our results support the careful
consideration of booster doses for the elders.

Our findings regarding the CoronaVac/Butantan
vaccine protection against symptomatic COVID-19
stand in agreement with a previous Brazilian efficacy
study, but are lower than those reported by a Turkish
efficacy trial.9,19 A cohort study in Chile presented
higher VE than our findings on infection and hospital-
isation, but these differences may be partially explained
by the higher frequency of younger individuals in the
Chilean study.2 During the vaccination campaign, Bra-
zil experienced periods of health system collapse, con-
tributing to more severe clinical presentations and
increased death rates.24 Additionally, the incidence of
the Gamma variant has been estimated at 28¢6% in
Chile and 69¢6% in Brazil during the study periods,2,13

and plasma samples obtained from fully vaccinated
CoronaVac vaccinees have shown a reduced capacity to
neutralize the Gamma variant.2 Furthermore, consider-
ing the reduced territorial area and population, vaccine
deployment and complete immunization in Chile was
www.thelancet.com Vol xx Month xx, 2021
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achieved more quickly than in Brazil, which may have
resulted in differences in viral transmission.2

For Vaxzevria, our finding of 78¢1% effectiveness
against infection exceeded the level of 66¢7% previously
reported in a combined analysis of four clinical trials
conducted in the UK, South Africa, and Brazil.8 Effec-
tiveness against hospitalisation was consistent with the
80% and 88% protection observed in studies in Scot-
land and England, respectively.1,11 Additionally, our
findings support the high level of protection offered by
Vaxzevria despite the abundant circulation of the
Gamma variant in Brazil during this period. Other stud-
ies have reported on the VE of Vaxzevria in populations
infected by VOCs, mainly focused on protection against
symptomatic infection or hospitalisation.10,12,14,20 The
findings reported herein, combined with data in the lit-
erature, confirm a consistently high rate of protection
against moderate to severe COVID-19 despite a large cir-
culation of VOCs. Nevertheless, the observed differen-
ces in effectiveness between Vaxzevria and CoronaVac
may be related to the distinct technologies used in these
two products and the resulting influence on
immunogenicity.25

In several countries, including Brazil, the second
dose of Vaxzevria has been administered 12 weeks after
the first dose, despite the four-week interval used in effi-
cacy trials.8 While limited data has suggested an
increase in efficacy resulting from an extended
between-dose interval,8 effectiveness in large popula-
tions has yet to be evaluated. We observed that during
the 12-week interval between first and second doses,
individuals aged ≥90 years exhibited no protection
against severe outcomes and there was a significant VE
increase after the second dose (68.5% after the second
dose). Considering the difference between VE after first
and second dose of Vaxzevria, a shorter interval between
doses should be evaluated in circumstances of high viral
transmission.

Our study has several strengths. The large sample
size allowed us to identify the age limits in which
immune protection starts to decrease. We used State-
level Rt values and period of vaccine administration in
the model to circumvent the challenge of vaccination at
distinct pandemic periods. The elimination of missing
or underreported information in our dataset further
increases the quality of the data and confidence of our
analysis. However, our study is also subject to some lim-
itations. VE was estimated using routinely collected
data, making our analysis dependant on data availabil-
ity. Importantly, no data is available on unvaccinated
individuals, making it impossible to evaluate the effects
of possible selection bias. Nevertheless, Brazil has a
record of high adherence to immunization campaigns,
and the coverage of the COVID-19 vaccination has been
high across prioritized groups, which may serve to miti-
gate this bias. Second, our analyzes were not controlled
for comorbidities, a recognized risk factor for severe
9
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COVID-19. Several comorbidities are intrinsically
related to age and are likely to be relevant in the causal
pathway between age and COVID-19 severity. As a con-
sequence, the lower VE observed among the elderly
may also be partially related to comorbidities in addition
to immunosenescence. However, our analysis indi-
rectly, or at least partially, controls for comorbidities by
controlling for age.26 Still, residual confounding by not
including comorbidities in the model could nevertheless
exist, and our results should be interpreted in light of
this limitation. Unfortunately, we were unable to disso-
ciate the impact of comorbidities on the VE of Corona-
Vac and Vaxzevria. Analyzes lacking adjustments for
comorbidities will potentially lead to imprecise estima-
tions of VE, and it is recommended that further studies
address this limitation, which has been neglected in
most vaccine efficacy or effectiveness studies.27,28 Third,
in contrast to many VE studies, the reference period
used herein for comparison purposes was 0−13 days
after vaccination, which did not allow us to use the Cox
regression model, a common technique in follow-up
studies in which the force of infection changes over
time. Immunity levels tend to increase over time since
the administration of a vaccine dose.9,11 In this sense,
recently vaccinated persons are likely to present low lev-
els of immunity, perhaps even similar to unvaccinated
persons depending on the length of time elapsed.9,11

Although using early post-vaccination as a reference
may underestimate VE, previous studies have used a
similar approach and obtained results similar to those
found in clinical trials.29,30 Additionally, our sensitivity
analysis demonstrated similar results when a 0−9-day
reference period was used. Moreover, the effectiveness
results detailed in the present report are similar, across
the pertinent age ranges, to previously reported infor-
mation on both vaccines using distinct
approaches.2,19,20 Comparisons between the effective-
ness of CoronaVac and Vaxzevria vaccines should be
made with caution, considering the follow-up time after
full vaccination presented here is longer for CoronaVac
than that of Vaxzevria.

Another possible bias concerns case definition. In
the main analysis, a SARS-CoV-2 infection case was

defined as a person who had a positive RT-PCR or rapid

antigen test result for SARS-CoV-2. This case definition

may have been a source of misclassification bias, as

cases may be asymptomatic, and also due to a general

shortage of tests for confirming/discarding cases in

early stages of the pandemic.31 However, to mitigate the

possible misclassification of cases, we performed a sen-

sitivity analysis considering as cases also those who

were only clinically suspected of SARS-CoV-2 infection;

this sensitivity analysis produced results similar to those

of the main analysis.
Using the data available in Brazil, we estimated the

overall VE for each vaccine evaluated as well as VE spe-
cific to each age group. Vaxzevria/Fiocruz and
CoronaVac/Butantan were both shown to be highly pro-
tective against severe COVID-19 in the adult population
aged up to 80 years. We were further able to pinpoint
those age ranges associated with substantially lower VE
soon after receiving the second dose. Due to lower VE
associated with age and the pronounced reduction in
VE over time after receiving the second dose, an early
booster dose should be considered for those over
80 years of age who received CoronaVac, and especially
for individuals over 90 years regardless of which of
these two vaccines were administered.

Despite high population adherence, the vaccination
rollout is evolving unevenly throughout Brazil. SARS-
CoV-2 variants have been a cause for concern given the
risk of emerging variants capable of escaping the protec-
tive effect of a given vaccine. Therefore, the continuous
monitoring of VE in the current context may provide
sound evidence to inform public health decision-mak-
ing. As shown in the present analysis, the data available
in Brazil offer strong potential to monitor the VE of dif-
ferent vaccines across the diverse and evolving contexts
of the COVID-19 pandemic within the country.
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13 Rede Genômica Fiocruz. Dashboard Rede Genômica. Genomahcov -
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