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Summary
Background A nationwide Severe Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) vaccination campaign was
initiated in Brazil in January 2021 with CoronaVac (Sinovac Biotech) and ChAdOx1 nCoV-19 (AstraZeneca) followed
by BNT162b2 mRNA (Pfizer–BioNTech) and Ad26.COV2.S (Johnson & Johnson–Janssen) vaccines. Here we provide
estimates of the number of severe cases and deaths due to coronavirus disease (COVID-19) averted during the first
year of the mass vaccination campaign in Brazil.

Methods Data on COVID-19 vaccination and COVID-19-related illness and death were obtained from the Brazilian
Ministry of Health and used to estimate the direct effects of the vaccination campaign on the number of severe
cases and deaths due to COVID-19 occurring between January 17, 2021 and January 31, 2022. To this end, we
compared the daily age-specific rates between the unvaccinated population and the “at least partly vaccinated”
population (received at least one dose of a two-dose vaccine), as well as other two vaccination subgroups, “fully
vaccinated” (completed the one- or two-dose vaccine schedule), and “boosted-vaccinated” (fully vaccinated and
recipients of booster dose) populations.

Findings We estimated that 74% (n = 875,846; 95% confidence interval, CI 843,383–915,709) of total expected cases of
severe COVID-19 and 82% (n = 303,129; 95% CI 284,019–321,681) of total expected deaths due to COVID-19 were
averted in the first year of the national vaccination campaign. The averted burden was heterogeneous between age
groups and higher in the more populous states. However, outcome rate differences between vaccinated and
unvaccinated groups were higher in the less populated states.

Interpretation The first year of the COVID-19 vaccination program in Brazil saved the lives of at least 303,129 adults.
The results highlight the need for future vaccination campaigns, including those required in the current pandemic, to
rapidly achieve high uptake, particularly among the elderly and residents of the least populous regions.
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Introduction
Since the start of the current Severe Acute Respiratory
Syndrome-associated Coronavirus 2 (SARS-CoV-2)
pandemic, more than 631 million confirmed cases and
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6.5 million deaths due to coronavirus disease (COVID-
19) have been reported worldwide (as of November 02,
2022).1,2 In Brazil, more than 34 million COVID-19
cases and 688 thousand deaths were reported, placing
iro, RJ, Brazil Zipcode: 20550-013.
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Research in context

Evidence before this study
After a comprehensive literature search for publications on
the estimated averted burden of COVID-19 due to the mass
vaccination campaign in Brazil (performed using PubMed on
December 12, 2021), we identified only one study that
estimated the impact of COVID-19 vaccination in averting
mortality due to COVID-19 in the elderly population. Thus,
there was a clear need for more comprehensive studies to
estimate the impact of the mass vaccination campaign on not
only deaths but also severe cases of COVID-19 in Brazil,
especially among other age groups.

Added value of this study
We retrospectively analyzed official nationwide records on
vaccination, severe COVID-19 cases, and COVID-19-related
deaths for the 27 states and 5,569 municipalities of Brazil,

starting from the date of initiation of the vaccination
campaign (January 17, 2021) to January 31, 2022. Our
estimates show that COVID-19 vaccination averted nearly
900,000 cases of severe COVID-19 and about 300,000 deaths
during the first year of vaccination.

Implications of all the available evidence
Our findings provide real-world estimates of the benefits of
COVID-19 vaccination, as suggested by formal vaccine trials
and cohort studies. We estimated that COVID-19 vaccines
averted a 74% and an 82% increase in the number of severe
cases and deaths, respectively. Our results provide a lower
bound of the remarkable impact of the first year of the mass
vaccination campaign on the COVID-19 burden in Brazil and
highlight the overall differences between the outcomes in
specific age groups and regions of residence.
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Brazil as the fifth in the number of cases and second in
the death toll, reaching more than 4,148 daily deaths in
April 2021.1,2

Vaccination was a key measure in controlling the
COVID-19 health burden. Brazil started a nationwide
COVID-19 vaccination campaign on January 17, 2021,
prioritizing people at relatively high risk of severe dis-
ease (the elderly and people with chronic health condi-
tions), vulnerable populations (e.g., homeless and
indigenous people), healthcare workers, and essential
workers, and then extending to the entire population by
decreasing age.

The campaign in Brazil began with CoronaVac
(Sinovac) and ChAdOx1 nCov-19 (AstraZeneca/Oxford
University), which were administered in two doses
scheduled 28 days apart and 12 weeks apart, respec-
tively.3,4 On April 29, 2021, the BNT162b2 mRNA vac-
cine (Pfizer–BioNTech) was added to the campaign (two
doses, 12 weeks apart) and, finally, on June 15, 2021, the
single-dose Ad26.COV2.S (Janssen) vaccine was made
available.3,4 Thus, the introduction of the four vaccines
was staggered over the first 6 months of 2021.

During 2021, Brazil experienced successive waves of
SARS-CoV-2 infections caused by the Gamma (P.1)
variant, which predominated from January through
August and peaked in May; the Delta (B.1.617.2) variant,
which predominated through December 2021; and the
Omicron (B.1.1.529) variant which emerged in Brazil in
late November, 2021.1,2,5

Brazil has a population of more than 220 million
people.6 By February 18, 2022, more than 300 million
doses of the vaccines had been administered, corre-
sponding to approximately 81% of the population being
partly or fully immunized.4,6

Previous analyses have found that the vaccination
campaign in Brazil was highly effective, with protection
against severe cases reaching 86.4% and 61.2%, for the
most used vaccines in the primary course of vaccination,
ChAdOx1 nCov-19 and CoronaVac, respectively.7–9

These findings corroborated data from real-world
effectiveness studies in other countries, such as the
United Kingdom, United States, and Israel.9–12

Despite the speed and breadth of coverage achieved
by this nationwide mass vaccination campaign, the
precise number of COVID-19 severe cases and deaths
averted in Brazil remains unknown. The only estimates
come from two studies that evaluated the early impact of
vaccination among the elderly13,14 and residents of spe-
cific Brazilian states.15,16 Quantifying the nationwide
disease burden averted by the vaccination campaign
would be valuable not only to help elucidate and assess
the public health benefits of vaccination but also to
inform the design of mass vaccination campaigns for
future pandemics and even possibly during the ongoing
COVID-19 pandemic. In the present study, we esti-
mated the COVID-19 severe cases and deaths due to
COVID-19 averted during the first year of the nation-
wide vaccination campaign in Brazil.
Methods
Study design, population, and data source
This was an ecological study using retrospective obser-
vational data to estimate the number of severe cases and
deaths from COVID-19 averted from January 17, 2021,
the initiation date of the mass vaccination campaign,
until January 31, 2022. We included all individuals aged
≥20 years who had received at least one dose of Coro-
naVac, ChAdOx1 nCov-19, BNT162b2, or Ad26.COV2.S
vaccines, or who had a laboratory-confirmed SARS-CoV-
2 infection.

We analyzed data curated from three national data-
bases: (i) COVID-19 Vaccination Campaign (SI-PNI),
which includes anonymized individual-level data on
www.thelancet.com Vol 17 January, 2023
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COVID-19 vaccination17; (ii) Severe Acute Respiratory
Infection/Illness (SARI) from the Influenza Epidemio-
logical Surveillance System (SIVEP-Gripe), which holds
data on all COVID-19 severe cases that led to hospital-
ization and deaths due to COVID-1918; and (iii) Brazilian
Institute for Geography and Statistics (IBGE) data on
age-specific population estimates at the national, state,
and municipality level.17 Data from SI-PNI and SIVEP-
Gripe were probabilistically linked by the Brazilian
Ministry of Health and further information is provided
in Supplementary Material 1.

We excluded individuals who: (i) were vaccinated but
lacked a record of the vaccination dates; (ii) had a laboratory-
confirmed infection but lacked a record of the symptom
onset date; and (iii) were vaccinated but had inconsistent
vaccination records, such as a discordance of first and sec-
ond vaccines or lack of a record for the seconddose for those
ona two-dose vaccine schedule, or lackof a record for the any
of the two first doses in boosted individuals (flow diagram
illustrating the steps to reach the final population are pre-
sented in Supplementary Material 1).
Outcomes
We estimated the averted burden for two outcomes:
severe COVID-19 cases and deaths due to COVID-19.
We defined COVID-19 severe cases and deaths in
vaccinated as those individuals with laboratory-
confirmed RT-PCR or rapid antigen testing positivity
at least 14 days after vaccination, following the defini-
tions given by the Brazilian Ministry of Health (detailed
in Supplementary Material 1). The unvaccinated group
were defined as individuals with severe disease or death
records but no record of vaccination, or individuals with
vaccination records whose symptom onset before the
first dose of the vaccine. Outcomes with symptom onset
occurring ≤14 days after the vaccination date were
excluded from the analysis.
Vaccination groups
We calculated the number of severe COVID-19 cases
and deaths averted (i) among individuals who were “at
least partly vaccinated,” defined as those who had
received at least one dose of a two-dose vaccine (i.e.,
CoronaVac, ChAdOx1 nCov-19, BNT162b2 vaccines);
and two other vaccination subsets: (ii) “fully vaccinated,”
defined as those who had received one dose of
Ad26.COV2.S or two doses of the other three vaccines;
and (iii) “boosted-vaccinated,” defined as those who
were fully vaccinated and received a booster dose. Only
one booster dose was approved in Brazil during the
period covered by this study.
Statistical analysis
To estimate the averted burden of COVID-19, we used
the steps described by Haas.19 Initially, we calculated the
www.thelancet.com Vol 17 January, 2023
daily susceptible population in age-specific categories
(20–29, 30–39, 40–49, 50–59, 60–69, 70–79, 80–89, and
≥90 years) by subtracting the number of new cases from
the population estimates within each age group (IBGE).
We then assigned the susceptible population into the
unvaccinated group or the vaccinated groups, for each of
the above-mentioned vaccination categories. Then, we
calculated daily, age-specific outcome incidence rates for
the unvaccinated and vaccination groups for each
outcome (severe cases and deaths). The number of
person-days for each vaccination group was calculated
by multiplying the daily proportion of the susceptible
population in each vaccination group by the IBGE
age-group population estimates.6,20 The number of
person-days for the unvaccinated group was calculated
by subtracting the number of person-days of the vacci-
nated groups from the IBGE population estimates. Next,
for each outcome and vaccination group, we calculated
the daily age-specific rate differences between the un-
vaccinated and vaccinated and their respective 95%
confidence interval (CI).

Finally, for each age group, we multiplied the daily
rate differences by the susceptible population (i.e., the
population without previous evidence of COVID-19) and
by the proportion of individuals who received at least
one dose of the vaccine. This process was repeated and
summed for all days of follow-up for each outcome to
estimate the burden of COVID-19 averted by the mass
vaccination. The abovementioned steps were initially
determined nationally and then repeated for each of the
27 Brazilian states and their 5569 cities.

All analyses were performed using R statistical soft-
ware (version 4.1.1).21
Role of the funding source
The funders had no role in the study design, data
collection, data analysis, data interpretation, or writing
of the report. All the authors had final responsibility for
the decision to submit it for publication.
Results
By the end of the first year of the mass vaccination,
more than 91% (∼137 million) of the Brazilian popu-
lation aged ≥20 years had received at least one dose of a
COVID-19 vaccine, of whom about 129 million (85%)
and about 44 million (29%) were fully vaccinated and
boosted-vaccinated, respectively. The vaccination
campaign in Brazil initially prioritized those at higher
risk of severe disease (the elderly and those with chronic
health conditions); consequently, vaccination occurred
earlier and vaccine coverage was higher in the ≥60-year
age groups (Fig. 1). For instance, by the end of 2021,
>99% of the population aged ≥60 years received at least
one dose of a COVID-19 vaccine, 98% were fully vacci-
nated, and 65% were boosted-vaccinated.
3

www.thelancet.com/digital-health


Fig. 1: Cumulative vaccine uptake for receiving any vaccine in Brazil, stratified by age group, January 2021 to January 2022.
(a) Cumulative proportion of the population of individuals at least partially vaccinated, i.e., those who received at least one dose of the COVID-
19 vaccine. (b) Fully vaccinated, individuals that complete the vaccination schedule. (c) Boosted-vaccinated, i.e., individuals who received the
booster dose.
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During 2021, a total of 1,169,972 cases of severe
COVID-19 were recorded among the ≥20-year-old pop-
ulation, resulting in 369,034 deaths. We estimated that
875,846 severe cases and 303,129 deaths were averted in
the at least partly vaccinated population, which would
correspond to approximately 74% more severe COVID-
19 cases and 82% more COVID-19-related deaths
compared with the observed numbers (Table 1 and
Fig. 2). Although individuals aged ≥60 years repre-
sented only 20% (30,763,655) of the estimated suscep-
tible population and 21% (30,130,737) of the at least
partly vaccinated population, they made up nearly 45%
(391,207) of averted severe COVID-19 cases and 61%
(187,890) of averted deaths. A different pattern was
observed in the fully vaccinated and boosted-vaccinated
population groups, where the younger age groups
(20–29, 30–39, 40–49, and 50–59 years) accounted for
the higher proportions of averted severe cases and
deaths.

As expected, the highest number of averted cases
were estimated to occur in the most densely populated
states of São Paulo, Minas Gerais, Rio de Janeiro, and
Bahia (Table 2). Comparing the differences in outcome
rates (as a proportion of the population) between the
vaccinated and unvaccinated groups in the 27 Brazilian
states, we observed the highest rate differences in severe
COVID-19 cases and deaths were in the 20- to 59-year-
old age group (Fig. 3) in the Midwest region states and
in the ≥60-year-old age groups in the North region
states (Fig. 4). The estimates of the averted severe cases
and deaths for the 5569 Brazilian municipalities are
shown in Supplementary Material 2 and are publicly
available at https://github.com/epicleber.
Discussion
Between January 17, 2021, and the end of January 2022,
nearly 23 million doses of COVID-19 vaccines were
administered per month in Brazil. Brazil is recognized
worldwide for the efficiency of its vaccination programs
and has a successful history of inclusive governmental
vaccination policies, sustained through effective
communication strategies and excellent geographical
coverage of the Unified Health System (Sistema Único de
Saúde - SUS), and good population adherence.22,23 For
instance, during the 2009 H1N1 influenza pandemic,
Brazil vaccinated nearly 90 million people within 3
months. Nevertheless, despite the high level of vaccine
uptake in the first year of the COVID-19 campaign,
Brazil has not been able to surpass the pace of vacci-
nation observed during the 2009 H1N1 influenza
pandemic. The relatively slow pace of COVID-19 vacci-
nation could be due to a variety of factors, such as
underfunding of SUS over the past several years, the
delay in vaccine acquisition and, consequently, the vac-
cine supply shortages, and the widespread dissemina-
tion of misinformation regarding the disease severity,
the effectiveness of non-pharmaceutical interventions
and the vaccine safety, especially by the federal
government.14,24–26

From the first recorded case of COVID-19 (February
26, 2020) through January 31, 2022, a total of 2,021,646
cases of severe COVID-19 and 636,873 deaths due to
COVID-19 were recorded in Brazil, which was the third
and second-highest number of cases and deaths due to
COVID-19, respectively, by country.1,2 Nearly 57% of the
outcomes occurred during the study period examined
here: from January 17, 2021 to January 31, 2022, and we
estimated that an additional 875,846 severe cases and
303,129 deaths were averted by the vaccination
campaign over the same period. Our estimates indicated
that the decision to prioritize vaccination of the older
population had important effects on averting the out-
comes. Thus, although the population aged ≥60 years
represented only 20% of the estimated susceptible
population, they comprised almost 45% of severe cases
and 61% of deaths averted by the vaccination campaign.

We estimated that the vaccination campaign averted
both severe COVID-19 cases and deaths at higher
numbers in the more populated states of Brazil. Inter-
estingly, however, the rate differences between vacci-
nated and unvaccinated (per 100,000 inhabitants) were
www.thelancet.com Vol 17 January, 2023
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Age group Population estimate Severe COVID-19 cases averted COVID-19 deaths averted

Individuals at least partially vaccinateda

20–29 years 34,069,012 28,663⋅9 (22,183⋅7–37,654⋅14) 5,008⋅9 (646⋅3–9,064⋅2)
30–39 years 34,259,369 103,031⋅5 (94,904⋅1–112,048⋅45) 16,824⋅9 (12,507⋅5–20,950⋅4)
40–49 years 29,854,837 161,651⋅9 (154,595⋅4–169,433⋅8) 35,093⋅7 (31,420⋅9–38,707⋅5)
50–59 years 24,234,960 190,931⋅9 (185,403⋅6–197,265⋅6) 58,311⋅7 (55,346⋅5–61,277⋅0)
60–69 years 17,295,908 249,724⋅3 (246,192⋅3–254,204⋅2) 108,441⋅5 (106,344⋅1–110,538⋅9)
70–79 years 9,416,919 119,119⋅4 (117,944⋅3–121,547⋅0) 65,898⋅9 (64,762⋅37–67,035⋅4)
80–89 years 3,761,197 20,507⋅2 (20,323⋅2–21,479⋅8) 12,314⋅2 (11,858⋅9–12,759⋅5)
≥ 90 years 856,211 1,856⋅1 (1,837⋅1–2,076⋅1) 1,235⋅3 (1,132⋅3–1,338⋅33)
≥ 20 years 153,748,413 875,486⋅5 (843,383⋅0–915,709⋅4) 303,129⋅4 (284,019⋅1–321,681⋅5)

Individuals fully vaccinatedb

20–29 years 34,069,012 44,486⋅3 (39,933⋅0–49,346⋅8) 5,906⋅9 (3,059⋅6–8,583⋅5)
30–39 years 34,259,369 132,291⋅0 (128,878⋅3–138,320⋅0) 20,852⋅1 (18,088⋅89–23,629⋅1)
40–49 years 29,854,837 196,781⋅1 (195,074⋅2–203,222⋅8) 41,847⋅1 (39,778⋅5–44,560⋅0)
50–59 years 24,234,960 235,022⋅3 (234,898⋅4–241,530⋅5) 68,241⋅6 (67,241–71,132⋅8)
60–69 years 17,295,908 137,469⋅8 (136,689⋅35–144,380⋅3) 62,659⋅0 (60,814⋅0–65,566⋅6)
70–79 years 9,416,919 72,460⋅7 (72,369⋅4–77,411⋅4) 44,431⋅1 (42,293⋅2–46,784)
80–89 years 3,761,197 19,175⋅0 (19,069⋅3–22,225⋅7) 16,469⋅1 (14,573⋅5–18,171⋅0)
≥ 90 years 856,211 3,451⋅1 (3,461⋅2–3,691⋅7) 3,731⋅1 (3,100⋅3–4,235⋅5)
≥ 20 years 153,748,413 841,137⋅68 (838,011⋅6–880,129⋅4) 264,138⋅4 (257,949⋅5–282,663⋅8)

Individuals boosted-vaccinatedc

20–29 years 34,069,012 6,641⋅0 (6,107⋅3–7,404⋅9) 802⋅3 (−121⋅2 to 2,249⋅9)
30–39 years 34,259,369 12,951⋅7 (8,625⋅9–19,948⋅3) 2,116⋅3 (−187⋅7 to 2,591⋅7)
40–49 years 29,854,837 15,155⋅8 (9,141⋅4–18,285⋅1) 3,744⋅6 (745⋅32–4,144⋅14)
50–59 years 24,234,960 19,138⋅1 (12,657⋅7–23,588⋅6) 6,456⋅3 (2,463⋅6–10,416⋅0)
60–69 years 17,295,908 7,486⋅3 (7,334⋅6–7,818⋅1) 2,490⋅9 (1,800⋅4–3,181⋅3)
70–79 years 9,416,919 1,834⋅7 (1,809⋅6–2,014⋅5) 755⋅1 (380⋅9–1,129⋅28)
80–89 years 3,761,197 12,516⋅3 (6,591⋅8–16,728⋅5) 8,777⋅8 (5,335⋅7–9,635⋅5)
≥ 90 years 856,211 2,062⋅8 (1,344⋅3–7,372⋅8) 2,781⋅2 (1,860⋅5–2,928⋅3)
≥ 20 years 153,748,413 77,787⋅0 (51,612⋅8–97,161⋅27) 27,924⋅89 (13,717⋅00–39,558⋅95)

Data are the number of outcomes averted with 95% CI presented in parentheses. aIndividuals at least partially vaccinated were those who received one or more doses of any
two-dose COVID-19 vaccine. bIndividuals who were fully vaccinated were those who completed the vaccine schedule. cIndividuals who received the booster dose (i.e., 3rd
dose).

Table 1: Estimated outcomes averted through COVID-19 mass vaccination program by the vaccination status and age group, Brazil January 31, 2021,
to January 31, 2022.

Articles
higher in the states with higher COVID-19 incidence
rates, specifically in the 20- to 59-year-old group in the
states from the Midwest and South regions and in the
≥60-year-old group in the states from the North region.3

To the best of our knowledge, this is the first study
to provide comprehensive estimates of the number of
severe cases and deaths averted by the COVID-19
vaccination campaign in Brazil. Nevertheless, our
study has some limitations. First, there is an inherent
limitation in using secondary data, and the rate differ-
ences between the unvaccinated and vaccinated pop-
ulations rely on observational data. To control for
confounding, we stratified the data by date and age.
However, we do not have information on other vari-
ables, such as socioeconomic variables, comorbidities,
COVID-19 testing rate and positivity, health-seeking
behaviour, and adoption of preventive strategies (e.g.,
www.thelancet.com Vol 17 January, 2023
social distancing, mask use) that may differ between
the comparison groups. However, the databases we
used are the best available evidence on both COVID-
19 outcomes and vaccination and were largely used
in many studies during the pandemic in
Brazil.7,8,25,27–33 The analysis here does not consider
stratification by sex for two main reasons, first, given
the absence of difference observed in the interim
analysis, and second, previous ecological studies with
similar methodology in other countries did not
choose to sex-stratify.19 A second methodological
limitation is that our analysis does not incorporate
the indirect effects of the vaccination campaign that
might have benefited the unvaccinated individuals
due to the reduction of transmission rates. Vaccines
can affect not only an individual’s susceptibility to
infection but also reduce symptomatic infection, the
5
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State

Acre

Alagoas

Amazonas

Amapá

Bahia

Ceará

Distrito Federal

Espírito Santo

Goiás

Maranhão

Minas Gerais

Mato Grosso do Sul

Mato Grosso

Pará

Paraíba

Pernambuco

Piauí

Paraná

Rio de Janeiro

Rio Grande do Norte

Rondônia

Roraima

Rio Grande do Sul

Santa Catarina

Sergipe

São Paulo

Tocantins

aIndividuals at least partially
cIndividuals who received th

Table 2: Estimated COVID

Fig. 2: Comparison of cumulative COVID-19 outcomes observed in the presence of vaccination campaign (in blue) and predicted COVID-19
outcomes in the absence of vaccination (in red) in Brazil⋅ January 2021 to January 2022. (a) COVID-19 severe cases; (b) COVID-19 deaths.
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likelihood of progression to severe disease and death,
and may also decrease the transmissibility
potential.34–36 Given the preliminary evidence for the
transmission-blocking effects of the current COVID-
Estimated population Individuals at least partially
vaccinateda

Individual

Averted severe cases Averted deaths Averted se

559,201 3,185⋅7 1,103⋅0 3,060⋅7
2,284,354 13,013⋅9 4,505⋅9 12,503⋅3
2,672,986 15,227⋅9 5,272⋅5 14,630⋅5
552,340 3,146⋅6 1,089⋅5 3,023⋅2

10,669,688 60,785⋅1 21,046⋅3 58,400⋅3
6,568,565 37,421⋅0 12,956⋅7 35,952⋅9
2,256,510 12,855⋅3 4,451⋅0 12,350⋅9
2,973,566 16,940⋅3 5,865⋅4 16,275⋅7
5,151,411 29,347⋅5 10,161⋅3 28,196⋅1
4,680,216 26,663⋅1 9,231⋅8 25,617⋅0
15,977,820 91,025⋅5 31,516⋅7 87,454⋅2
2,017,276 11,492⋅4 3,979⋅1 11,041⋅5
2,475,387 14,102⋅2 4,882⋅7 13,548⋅9
5,758,306 32,805⋅0 11,358⋅4 31,517⋅9
2,883,545 16,427⋅5 5,687⋅8 15,783⋅0
6,805,645 38,771⋅7 13,424⋅3 37,250⋅5
2,288,668 13,038⋅5 4,514⋅4 12,526⋅9
8,397,724 47,841⋅8 16,564⋅7 45,964⋅7

13,066,646 74,440⋅6 25,774⋅3 71,520⋅0
2,557,213 14,568⋅4 5,044⋅1 13,996⋅8
1,256,434 7,157⋅9 2,478⋅3 6,877⋅0
427,856 2,437⋅0 843⋅0 2,341⋅0

8,655,734 49,311⋅6 17,073⋅7 47,376⋅9
5,466,747 31,144⋅0 10,783⋅3 29,922⋅1
1,637,385 9,328⋅1 3,229⋅7 8,962⋅1

34,544,205 196,798⋅2 68,139⋅5 189,077⋅0
1,089,560 6,207⋅2 2,149⋅1 5,963⋅6

vaccinated were those who received one or more doses of the COVID-19 vaccine. bIndivid
e booster dose (i.e., 3rd dose).

-19 outcomes averted through mass vaccination program by the vaccination
19 vaccines, our results may have underestimated
the effects of vaccination on averting severe cases and
deaths from COVID-19.37 Still, they do provide a
lower bound of the disease burden averted by the
s fully vaccinatedb Individuals boosted-vaccinatedc

vere cases Averted deaths Averted severe cases Averted deaths

961⋅1 283⋅0 101⋅6
3,926⋅3 1,156⋅2 415⋅0
4,594⋅3 1,353⋅0 485⋅7
949⋅3 279⋅5 100⋅3

18,339⋅1 5,400⋅7 1,938⋅7
11,290⋅1 3,324⋅8 1,193⋅5
3,878⋅5 1,142⋅1 410⋅0
5,110⋅9 1,505⋅1 540⋅3
8,854⋅2 2,607⋅5 936⋅0
8,044⋅3 2,369⋅0 850⋅4
27,462⋅8 8,087⋅6 2,903⋅3
3,467⋅3 1,021⋅1 366⋅5
4,254⋅7 1,252⋅9 449⋅7
9,897⋅4 2,914⋅7 1,046⋅3
4,956⋅2 1,459⋅5 523⋅9
11,697⋅6 3,444⋅8 1,236⋅6
3,933⋅7 1,158⋅4 415⋅8

14,434⋅0 4,250⋅7 1,525⋅9
22,459⋅0 6,614⋅0 2,374⋅3
4,395⋅3 1,294⋅4 464⋅6
2,159⋅5 635⋅9 228⋅3
735⋅0 216⋅0 77⋅0

14,877⋅5 4,381⋅3 1,572⋅8
9,396⋅2 2,767⋅1 993⋅3
2,814⋅3 828⋅8 297⋅5
59,374⋅9 17,485⋅5 6,276⋅9
1,872⋅7 551⋅5 197⋅9

uals who were fully vaccinated were those who completed the vaccine schedule.

status and state, Brazil January 31, 2021, to January 31, 2022.
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Fig. 3: Rate difference of averted COVID-19 severe cases and deaths between vaccinated and unvaccinated individuals in Brazilian states
in the population between 20 and 59 years, from January 31, 2021, to January 31, 2022. Data are the mean daily rate difference per
100,000 population. (a) Individuals at least partially vaccinated were those who received one or more doses of the COVID-19 vaccine. (b)
Individuals who were fully vaccinated were those who completed the vaccine schedule. (c) Individuals who received the booster shot.

Articles
mass vaccination campaign.37–40 Furthermore, we did
not assess the effects of infection with specific
SARS-CoV-2 variants, mainly because genomic sur-
veillance is not widely adopted or regularly per-
formed in Brazil, or of the impact of lockdowns,
which were not uniformly recommended and did
www.thelancet.com Vol 17 January, 2023
not occur with any geographic or temporal consis-
tency throughout Brazil. Future work should
disentangle the direct and indirect effects of vacci-
nation on other crucial outcomes, such as the
economic benefits and the number of disability-
adjusted life years averted.
7

www.thelancet.com/digital-health


Fig. 4: Rate difference of averted COVID-19 severe cases and deaths between vaccinated and unvaccinated individuals in Brazilian states
in the population ≥60 years, from January 31, 2021, to January 31, 2022. Data are the mean daily rate difference per 100,000 population.
(a) Individuals at least partially vaccinated were those who received one or more doses of the COVID-19 vaccine. (b) Individuals who were fully
vaccinated were those who completed the vaccine schedule. (c) Individuals who received the booster shot.
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