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ABSTRACT

Objectives No consensus exists about the best COVID-19
vaccination strategy to be adopted by low-income and
middle-income countries. Brazil adopted an age-based
calendar strategy to reduce mortality and the burden on
the healthcare system. This study evaluates the impact of
the vaccination campaign in Brazil on the progression of
the reported COVID-19 deaths.

Methods This ecological study analyses the dynamic of
vaccination coverage and COVID-19 deaths in hospitalised
adults (=20 years) during the first year of the COVID-19
vaccination roll-out (January to December 2021) using
nationwide data (DATASUS). We stratified the adult
population into 20-49, 50-59, 60-69 and 70+ years. The
dynamic effect of the vaccination campaign on mortality
rates was estimated by applying a negative binomial
regression. The prevented and possible preventable deaths
(observed deaths higher than expected) and potential
years of life lost (PYLL) for each age group were obtained
in a counterfactual analysis.

Results During the first year of COVID-19 vaccination,
266153517 doses were administered, achieving 91%
first-dose coverage. A total of 380594 deaths were
reported, 154091 (40%) in 70+ yearsand 136 804

(36%) from 50-59 or 20-49 years. The mortality rates of
70+ decreased by 52% (rate ratio [95% CI]: 0.48 [0.43-
0.53]) in 6 months, whereas rates for 2049 were still
increasing due to low coverage (52%). The vaccination
roll-out strategy prevented 59618 deaths, 53 088 (89%)
from those aged 70+ years. However, the strategy did not
prevent 54797 deaths, 85% from those under 60 years,
being 26 344 (45%) only in 20-49, corresponding to 1 589
271 PYLL, being 1 080 104 PYLL (68%) from those aged
20-49 years.

Conclusion The adopted aged-based calendar
vaccination strategy initially reduced mortality in the
oldest but did not prevent the deaths of the youngest

as effectively as compared with the older age group.
Countries with a high burden, limited vaccine supply and
young populations should consider other factors beyond
the age to prioritise who should be vaccinated first.

INTRODUCTION
The COVID-19 pandemic imposed unprec-
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= We evaluated the impact of the COVID-19 vacci-
nation strategy in Brazil on the number of reported
deaths during the campaign’s first year. In 2021,
266 153 517 COVID-19 vaccine doses were ad-
ministered in adults with 91% vaccination coverage
(first dose).

= The vaccination strategy followed an age calendar
and prioritised the high-risk groups, and following
an age-based calendar, the mortality rates of the el-
derly population decreased earlier than those of the
young population.

= Alternative strategies to an age-based calendar
are necessary for countries with low resources and
young populations. These strategies should consid-
er the local burden, vaccination supply and speed,
vaccine hesitancy and socioeconomic vulnerability.

= Non-pharmacological interventions that may affect
the progression of deaths and mortality rates were
not considered in the analysis.

= This ecological study analysed notified data in the
SIVEP-Gripe (Sistema de Informagéo de Vigildncia
Epidemioldgica da Gripe, which limits the assess-
ment of all COVID-19 deaths and excess mortality
in the country.

different states, with distinct patterns and
burdens due to the disparities in health assis-
tance, income and a lack of a unified national
strategy to face the pandemic.! > With the
emergence and dominance of SARS-CoV-2
Variants of Concern (VOC)® at the end of
2020, characterised by high transmissibility,*
immune escape’ ° and increased disease
severity, substantial pressure was imposed on
the health system. At the beginning of 2021,
when the vaccination campaign started in the
country, a new surge—the second COVID-19
Gamma wave—was still rampant, with higher
mortality than the first.”

Countries have used different strategies
to define who vaccinates first.” ® Several

Dr Fernando A Bozza: edented challenges worldwide. In 2020, the studies evaluated the impact of vaccination
bozza.fernando@gmail.com pandemic in Brazil quickly spread across the = campaigns on infections, hospitalisations
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and saving lives principally in high-income countries.

In Brazil, the National Immunization Program (PNI),
responsible for providing the vaccination guidelines, is
part of the Brazilian universal health system (Sistema Unico
de Saide—SUS) and has been recognised as a model of
vaccination campaigns and population adhesion world-
wide." The Brazilian COVID-19 vaccination campaign,
which started on 17 January 2021, prioritised high-risk
groups and considered an age-based calendar beginning
with the elderly (85 years or more)."” Vaccine distribu-
tion accomplished the national guidelines centralising
the distribution of vaccine doses to the states and
municipalities.

It is still unclear how to best prioritise groups for mass
vaccination during pandemics/outbreaks such as COVID-
19, especially in low- and middle-income countries
(LMICs) with a high burden of the disease and a young
population."*® Hence, we performed an ecological
study to evaluate the impact of the vaccination campaign
in Brazil on the progression of the reported COVID-19
deaths. We estimated the number of prevented and
possible preventable deaths during the campaign strati-
fied by age groups.

METHODS

Study design and participants

We conducted an ecological study to analyse the progres-
sion of reported COVID-19 deaths and mortality rates
before and during the first year of the vaccination
campaign roll-out in Brazil.

Daily data on reported deaths were obtained from
the Influenza Epidemiological Surveillance Information
System (Sistema de Informagdo de Vigilancia Epidemiologica
da Gripe, SIVEP-Gripe), a nationwide surveillance open-
access database used to monitor severe acute respiratory
infections in Brazil. SIVEP-Gripe has been the primary
source of reported COVID-19 deaths in the country. This
database covers all Brazilian municipalities; however,
in-hospital people belong to 80% of these municipali-
ties, where those territories correspond to 96% of Brazil’s
population.” Each register contains information about
the individual’s demographics, self-reported symptoms,
comorbidities, hospital and intensive care unit (ICU)
admission and ventilatory support, in-hospital outcome
(death or discharge) and dates of symptom onset, hospital
admission and ICU admission. We included all adult
participants (=20 years old) with SARS-CoV-2 confirmed
infection (Reverse transcription polymerase chain reac-
tion [RT-PCR] or clinical-epidemiological criteria) whose
death was reported between 26 February 2020 and 31
December 2021.

Daily data on COVID-19 vaccination coverage were
obtained from the Brazilian National Immunization
Program database (SI-PNI). The SI-PNI contains infor-
mation on the individual’s demographics (age, sex and
place of residence), vaccine dose and platform and place
and date of dose administration. We included all doses

(first, second or single) administered to adults (=20 years
old) between 17 January 2021 (the start of the vaccina-
tion campaign) and 31 December 2021. Finally, we used
the 2020 population estimates provided by the Brazilian
Ministry of Health stratified by age.

Data were publicly available, anonymised and de-identi-
fied. Following ethically agreed principles on open data,
this analysis did not require ethical approval in Brazil.
Information on the data sources is shown in online
supplemental table 1.

Patient and public involvement
No patient was involved.

COVID-19 vaccination campaign roll-out in Brazil

On 17 January 2021, the Brazilian PNI initiated the vacci-
nation campaign for COVID-19. Vaccine doses were
freely distributed to states and municipalities, which
managed the administration according to the avail-
ability of resources. The COVID-19 vaccination campaign
strategy followed a national age-based calendar during
the whole period, with some local adaptations. It started
in parallel vaccinating those aged 90+, Indigenous indi-
viduals, healthcare workers and high-risk groups based on
comorbidities and then followed an exclusively age-based
calendar. Four vaccine platforms were considered in the
country: two doses of Sinovac-CoronaVac, ChAdOx1-S/
nCoV-19 (Oxford-AstraZeneca) or BNT162b2 (Pfizer/
BioNTech), or Ad26.COV2.S (Janssen) single-dose.

Outcomes

Our primary outcome was the estimated number of
prevented COVID-19 deaths. Secondary outcomes
comprise possible preventable deaths, the potential years
of life lost (PYLL), the mortality rates per 100000 popu-
lation and the first-dose and second or single-dose vacci-
nation coverage. All quantities, rates and estimates were
evaluated temporally for the whole country and stratified
by age groups; no further stratification was performed.

Data analysis

We described continuous variables using medians and
interquartile ranges (IQRs) or means and standard
deviations (SDs) when applicable and frequencies and
proportions for categorical variables. The analysis was
prespecified, and the sample size was pragmatic (SIVEP-
Gripe database). All analyses considered complete data,
and no imputation of missing values was performed.

We evaluated the progression of COVID-19 deaths
before and during the vaccination campaign (26 February
2020 to 31 December 2021) for the whole country and
stratified by age groups. We generated the time series of
daily reported deaths and mortality rates using the 15-day
moving average to reduce the effects of variability in the
notification process. Changes in the representativeness of
age groups in the deaths were assessed by calculating the
proportion of each group in the daily count. In addition,
vaccination coverage of at least one dose (‘partially vacci-
nated’) and two or single doses (‘fully vaccinated’) was
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calculated as the number of doses divided by the corre-
sponding estimated population.

To estimate the impact of the vaccination campaign
strategy on the evolution of daily reported mortality rates
for each age group (20-49, 50-59, 60-69 and 70+), we
performed a three-stage analysis.

First, we estimated the dynamic effects of the vaccination
campaign to examine howage-specific death rates deviated
from the national average before and after the onset of
the vaccination campaign. The national average is repre-
sented by the national age-adjusted mortality COVID-19
rates in Brazil as a surrogate of the pandemic progres-
sion in the country during the vaccination campaign. We
compared the daily mortality rates of each age group and
the national age-adjusted mortality COVID-19 rates using
rate ratios (RR). Afterwards, we applied a negative bino-
mial regression model. The response variable (y;) was the
monthly COVID-19 reported deaths, and the covariates
were the age group (xag,:), the period indicator (Xperiod,:) »
separated into indicators, one for each month, their inter-
action (Xage,t X Xperiod,e) and the population (Xpopuiation) aS
the offset variable. To obtain the dynamic effects for each
age group, we used the national average as the reference.
The effect was calculated as the exponentiated coefficient
of the interaction terms, defined as the RR and their
corresponding 95% confidence intervals (CIs). The nega-
tive binomial regression model is represented as follows:

Iny, = Bo+p Xage,t + Bprm'od,t + B3 Xage,t}

1
Xperiod,t + offset (xpopulalion) 1)

where ¢ represents the monthly observations and 5y, 31,
B9 and fg are regression coefficients. Additionally, a sensi-
tivity analysis is performed by exchanging the national
average as a reference to the older and younger (70+ and
20-49) age groups.

Subsequently, we quantified the impact of the vaccina-
tion strategy in terms of prevented and possible prevent-
able deaths for each age group using a counterfactual
analysis.'” Using a linear regression model, we predicted
the mortality rate of an age group (response variable, y;)
based on the national age-adjusted mortality rates in the
country (predictor variable, x;)."” The model is expressed
by:

yi= Bo+B1xi+¢; (2)

where ¢; denotes the error term, 7 is the daily observa-
tions of the target age group and 3y and f3] are regression
coefficients. Although the national age-adjusted mortality
rates in the country do not strictly represent a scenario
without vaccination, we could obtain the number of
expected deaths considering this progression as being
the dynamic pandemic progression and the vaccination
roll-out as the speed and effectiveness in the decrease of
deaths for each age group.

We considered the start of the vaccination roll-out
as the date of intervention onset (17 January 2021).
Hence, we fit the model using data prior to the vaccina-
tion roll-out to obtain the predicted mortality rates for

each age group in the following period. We multiplied
the predicted mortality rates by the total population to
obtain the number of expected deaths. When comparing
the number of expected to observe deaths for each age
group, we considered ‘prevented deaths’ as when the
observed deaths were lower than the expected deaths;
otherwise, we considered ‘possible preventable deaths’.

Furthermore, we estimated the corresponding number
of prevented and preventable PYLL for each age group,
considering the midpoint of each age group and a life
expectancy of 76 years for Brazil in 2019.'® All analyses
were performed in R 4.2.1. We followed Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) recommendations.

Role of the funding source

The funders had no role in any decision about the manu-
script. All authors had full access to all the data in the
study. SA, PM, FB and LSLB verified the data, and all
authors approved the final version of the manuscript for
publication.

RESULTS
Age-adjusted mortality and vaccine coverage in the first year
of vaccine roll-out
From 26 February 2020 to 31 December 2021, 565 774
COVID-19 deaths were reported (figure 1A). Most of
these comprised those aged 70 years or older (253 092,
45%), and one-third were those aged under 60 years
(figure 1B). The daily average mortality rates per 100 000
population were the highest between March and May 2021
for all most of the age groups and occurred during the
dominance of VOC Gamma (online supplemental figure
1A and online supplemental table 2). When comparing
the proportion of reported deaths (figure 1C), the 70+
age group showed a decrease since March 2021, 2months
after the vaccination roll-out start, being the lowest in
May to June 2021, almost 50% lower compared with the
pre-vaccination period. During this period, the propor-
tion of deaths related to 20-49 and 50-59 years increased.
However, in late 2021, there was a gradual reduction in
the proportion of deaths related to those under 60 years.
With respect to the vaccination roll-out, 266153517
vaccine doses for COVID-19 were administered in adults
(220 years old) in 2021, with 137644737 (51.66%) first
doses and 128508780 (48.34%) second or single doses.
At the end of 2021, the national first-dose vaccination
coverage for adults was 90.7%, with 86.74% for 20-49
years, 94.75% for 50-59 years, 100.78% for 60-69 years
and 99.59% for 70+ years (online supplemental tables
3 and 4). The progression of vaccination coverage rates
was different for each age group due to the campaign
strategy (figure 1D). Brazil achieved 75% vaccination
coverage in August 2021, 6 months after the vaccination
roll-out. In the same period, the 70+ group had 98% first-
dose coverage, whereas the 20-49 group presented 52%
coverage (online supplemental table 3). We observed
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Figure 1 Progression of COVID-19 reported deaths and the vaccination roll-out in Brazil: (A) daily number of reported deaths

(15-day moving average, left y-axis) and first dose vaccine coverage (right y-axis) from 26 February 2020 to December 2021;
yellow shaded areas display the period of Variants of Concern dominance (50% of samples using oubreak.info/GISAID data)

for Gamma (15 February 2021) and Delta (11 August 2021)—vertical dashed lines indicate the start of the vaccination roll-out
in Brazil and the 75% first vaccination coverage of adult population, respectively; (B) daily number reported deaths stratified

by age group in 2021; (C) daily proportions of deaths reported for each age group (number of deaths/total number of deaths

per day); (D) first dose vaccination coverage stratified by age group—vertical dashed lines refer to the start of the vaccination
campaign for each age group, the horizontal dashed line indicates the 75% vaccination coverage target by the WHO.

that the oldest group (70+) already had more than 90%
vaccination coverage by the end of March 2021. Similar
behaviour for the second or single dose was observed

(online supplemental figure 2 and online supplemental
table S4).

Vaccination effect on mortality rates

To assess the impact of the vaccination campaign strategy
on reducing mortality rates, we compared the mortality
rates for each age group with the national age-adjusted
mortality rates in the country (figure 2A and online
supplemental figure 1A). The 70+ group showed the
highest mortality rates in the whole period (RR>1).
However, 6 months later the vaccination roll-out started,
the mortality rates reduced from 3.84 deaths per 100000
population (RR: 6.16) in January 2021 to 3.31 deaths per
100000 (RR: 3.11) in June 2021 (online supplemental
table 2). In the same period, the 20-49 age group showed
an increase in mortality rates (RR: 0.21 in January 2021
and 0.58 in June 2021) compared with the national age-
adjusted mortality rates. After September 2021, the RR
for all age groups returned to similar levels to those seen
before vaccination (online supplemental table 2).

We estimated the dynamic effect of age-specific death
rates and how they deviated from the national average
using a negative binomial regression model to evaluate
the association between the reported deaths, age group
and the period indicator (figure 2B). When analysing the
temporal progression of the RR stratified by age group
(online supplemental table 5), the 70+ age group had
the lowest rates in June 2021 (RR [95% CI]: 0.48 [0.43 to
0.53]), which evidenced a 52% decrease in the number
of deaths in 5 months. With regard to age groups 50-59
and 60-69, we estimated a decrease in death rates of
15% and 30% (RR [95% CI]: 0.85 [0.75 to 0.96] and RR
[95% CI]: 0.70 [0.63 to 0.71], respectively) for at least
4 and 6 months in the first year of vaccination (online
supplemental table 5).

When performing the sensitive analysis (online supple-
mental figure 3 and online supplemental tables S6 and S7),
the extreme age groups (20—49 and 70+) display a similar
behaviour from those age groups obtained from the
dynamic effect when comparing to the national average
(figure 2B). Furthermore, evaluating the before and after
the vaccination campaign (reference December/20) was
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Figure 2 The impact of the COVID-19 vaccination campaign in reported deaths stratified by age groups: (A) rate ratios
comparing daily mortality rates stratified by age group with the national mortality rate; (B) estimated effect of the vaccination
campaign in each age group. Effects were obtained as the rate ratio and their respective 95% Cls. The vertical dashed line
refers to the start of the vaccination campaign on 17 January 2021. Our analysis considered 6 months before the vaccination
roll-out as the baseline period and used the national mortality rates as a reference in a negative binomial regression model.

evidenced a rise on the mortality rates (online supple-
mental figure 1B and online supplemental table S8)
after the start of the vaccination campaign which became
increasingly higher for younger age groups (20-49 and
50-59). In June there was a second increase that was not
repeated for the older age groups (60-69 and 70+).

Number of prevented and possible preventable deaths and
potential years of life lost

We quantified the number of prevented and possible
preventable deaths in each age group during the vacci-
nation roll-out (figure 3). We estimated that vaccination
prevented 59618 deaths compared with the expected
deaths in the first year of vaccination roll-out (table 1).
Of these, 89% were prevented in those aged 70 years or
more (53 088), followed by those aged 60-69 years (6032,
10%), which achieved high vaccination coverage earlier
than younger age groups (figure 1D).

We considered possible preventable deaths when
the number of observed deaths was higher than those
expected if each age group followed the progression of
the national age-adjusted mortality rates in the country
(figure 3, table 1). Despite the considerable number
of deaths prevented, we estimated 54797 potentially
preventable deaths in the same period. More than 85%
of possible preventable deaths comprised those under
60 years old, half of them corresponding to those aged
20-49 years (26 344, 48%), which achieved late vaccina-
tion coverage compared with older groups (figure 1D).

In addition, we estimated the impact of the vaccination
roll-out in terms of the PYLL. The vaccination strategy
prevented 371 894 PYLL, especially for those aged 60
years or older. However, it was not able to prevent 1 589

271 PYLL, composed mainly of those aged 20-49 years
(68%) (table 1).

DISCUSSION

We evaluated the impact of the COVID-19 vaccination
strategy in Brazil on the number of reported deaths during
the campaign’s first year by analysing the progression of
vaccination coverage and reported deaths and model the
prevented and possible preventable deaths. In prioritising
the vaccination of high-risk groups, the mortality rates of
the elderly population reduced earlier compared with the
young population, especially in a period of high burden
due to the introduction of new VOCGs. After 6 months of
vaccination roll-out, the vaccination coverage for those
aged 70+ years was 98% compared with only 52% for the
age group 20—49, which resulted in a reduction of 44%
and the mortality rates in the 70+ yearsand for those aged
20-49 were still increasing due to the low coverage. At the
end of 2021, the first dose coverage achieved 91%, and
the estimated number of prevented deaths was 59618.
However, the delay in the vaccination of younger ages
may have resulted in an expressive number of deaths that
could be prevented in this group.

Brazil was one of the epicentres of COVID-19 deaths in
2020, which intensified in a second and larger surge at
the beginning of 2021 when the COVID-19 vaccination
campaign started.” The first months comprised limited
vaccine dose availability until May 2021. The strategy
prioritised the immunisation of high-risk groups (ie,
Indigenous, healthcare workers and comorbidities) and
older ages, intending to reduce the burden of deaths and
overload over the health system. This strategy resulted in
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Figure 3 Estimated prevented and possible preventable deaths stratified by age group. For each age group (coloured lines),
the predicted deaths (black lines) were obtained whether that age group followed the national age-adjusted mortality rates. Grey
lines correspond to the fitted linear model. Predicted deaths were estimated from the period when 10% of first-dose vaccination
coverage was achieved for each age group. Prevented deaths (green-shaded area) were obtained if observed deaths were
lower than predicted, and possible preventable deaths (red-shaded area), if the number of observed deaths was higher than
predicted. The vertical dashed lines refer to the start of the vaccination campaign on 17 January 2021.

a rapid decrease in mortality rates in the country, driven
mainly by those aged 70+, which displayed the highest
number of prevented deaths (53 088) in the period. The
strategy successfully prevented deaths in the older popu-
lation; however, the major drawback was the expressive
number of deaths in those aged <60 years old. Although
non-pharmacological interventions (NPIs) such as social
distancing and masks mandates have been implemented

in Brazil, there was not a coordinated and unified guide-
line at the national level. Due to the country heteroge-
neity, municipalities applied NPIs under different flags,
butnotwith a high degree of adherence; despite this when
the vaccination campaign began none NPIs continued.
Except for those with high-risk conditions, vaccination
for younger groups started only 4-6months after vacci-
nation for older groups, during the third surge of deaths

Table 1 Comparison between observed and predicted deaths during the vaccination campaign in Brazil in 2021, stratified by
age group

Age group
Results 20-49 50-59 60-69 70+ Total
Observed deaths 65582 67991 86126 145812 365511
Expected deaths 39393 48098 85064 197777 370332
Prevented deaths 155 343 6032 53088 59618
Possible preventable deaths 26344 20236 7094 1123 54797
Prevented PYLL*t 6355 7203 66352 291984 371894
Preventable PYLL*T 1080104 424956 78034 6177 1589271

Prevented deaths were obtained if observed deaths were lower than predicted, and possible preventable deaths, were obtained if the number

of observed deaths was higher than predicted.

*PYLL was calculated using the average age for each group and a life expectancy of 76 years for Brazil in 2020.
1The denominator is the adult population of Brazil for this age group=151778738.

PYLL, potential years of life lost.
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(July 2021). Although mortality risks for this population
are lower compared with the elderly, Brazil is composed
mainly of young people. At the end of 2021, 86 834 deaths
were reported for the 20-49 age group, where 66692
(77%) occurred during the vaccination roll-out period.
The trend of mortality for the younger started to decrease
in July 2021 and was more pronounced in September
2021, when vaccination coverage of this population was
higher than 75%. Our analysis did not discriminate
between prioritised high-risk groups from those individ-
uals that following the age-based calendar in the vacci-
nation campaign, since this is a low percentage of doses
from these groups, especially those based on comorbidi-
ties lower than 10%, hence notsignificantly impacting the
results or the progression of the vaccination campaign.

We estimated that the vaccination strategy prevented
59618 deaths, composed mainly of those aged 60-69 or
70+ years. However, 54797 possible preventable deaths of
those aged 50-59 or 20—49 years occurred, corresponding
to a potential savings of 1 589 271 PYLL, 68% from 20 to
49 years. These results align with previous studies that iden-
tified a reduction in deaths and hospitalisations due to
vaccination in high-income countries.* " A recent Brazilian
study obtained 303 129 prevented deaths in the period from
17 January 2021 to 31 January 2022, with 61% from those
aged >60and 7% for the 20-39 age group.'’ Our estimates
were obtained using a counterfactual analysis in which the
control group represented the progression of national age-
adjusted mortality rates during the vaccination campaign.
Although it does not represent a scenario strictly without
vaccination, we could obtain the number of expected
deaths considering the dynamics in pandemic progression
and the vaccination roll-out as the speed and effectiveness in
the decrease of deaths for each age group. Hence, we were
able to evaluate the results from the age-based calendar
strategy and quantify the number of prevented and possible
preventable deaths for each age group during the first year
of the vaccination campaign.

Latin America was highly affected by the pandemic, the
continent with the highest number of deaths per capita,
with limited access to vaccine doses.’ ?' In Brazil, the
availability of vaccine doses at the beginning of the vacci-
nation roll-out was low due to the national government’s
late negotiation for vaccine purchases, global demand
and the high concentration of doses in rich countries.'”**
The concern with respect to vaccine hesitancy, encour-
aged by the country’s leadership and polarised political
environment, was not confirmed by previous evidence
and high vaccination coverage was achieved."” *** The
urgency of vaccination also refers to better use of a
common resource, including access to vaccines, prior-
itising care for those most affected, that is, where the
epidemic is behaving most intensely.*’

Recently, the WHO revised the initial recommenda-
tion of prioritising the years of life saved to reduce
deaths and disease burden, especially in scenarios of
limited access to vaccines.? In Brazil, due to the low
availability of vaccine doses at the start of the roll-out,

a strategy that followed an age-based calendar also
prioritising high-risk groups was adopted. Our results
demonstrated that the strategy protected the oldest.
However, it could not significantly prevent the deaths
of the youngest. These findings raise concerns about
whether the age-based calendar is the best strategy
for countries with low-resource settings and a young
population.”® Should alternative strategies prior-
itise locals with high burden and increase the years
of life saved in locations with limited healthcare
resources and socioeconomic vulnerability? Alterna-
tive strategies to the age-based calendar have been
proposed pointing out the importance of considering
the burden, age distribution, vaccination supply and
speed, hesitancy and socioeconomic vulnerability to
promote a better and more equitable decision-making
process.'* 17 2 272 Other model approaches, such as
agent-based or deterministic compartmental models,
may also assess the potential gains of alternative strat-
egies.'” 1°

The findings of this study should be interpreted in
light of some potential limitations. First, we analysed
data notified in the SIVEP-Gripe, which consists of
cases reported by the surveillance system. This limits
the assessment of all COVID-19 deaths and excess
mortality in the country. However, the SIVEP-Gripe
has been one of the country’s central repositories of
COVID-19 epidemiological data, with high informa-
tion coverage.” Second, stringent policies and actions,
as well as personal behaviour risk, may affect the
progression of deaths and mortality rates and were
not considered in the analysis. Third, although the
vaccination roll-out started at the same time across
the country, regional differences can indeed impact
the vaccine coverage speed due to limited access or
the age composition of certain locations."” Fourth,
we did not take into account for previous infection,
once the elderly had the highest rate of infection early
in the pandemic, the natural immunity in this group
might have also contributed to the same protection
observed against death. Furthermore, the study has
strengths: this is a nationwide data analysis of a large
LMIC with a high burden of COVID-19; we estimate
the dynamic impact of the vaccination programme in
four age groups considering an average behaviour,
which allows the assessment and understanding of the
vaccination roll-out within the country.

CONCLUSION

Our findings indicate that the vaccination campaign was
able to prevent more than 59000 deaths in Brazil, especially
for the older population. However, the delay in the vacci-
nation of younger ages may have resulted in an expressive
number of deaths that could be prevented in this group.
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