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Abstract This study examined the spatial distri-
bution and social inequalities in COVID-19 vac-
cine coverage among children aged 5-11 in Brazil.
First and second dose vaccine coverage was calcu-
lated for all Brazilian municipalities and analyzed
by geographic region and deciles based on human
development index (HDI-M) and expected years
of schooling at 18 years of age. Multilevel mod-
els were used to determine the variance partition
coefficient, and bivariate local Moran’s I statistic
was used to assess spatial association. Results
showed significant differences in vaccine coverage
rates among Brazilian municipalities, with lower
coverage in the North and Midwest regions. Mu-
nicipalities with lower HDI and expected years of
schooling had consistently lower vaccine cover-
age rates. Bivariate clustering analysis identified
extensive concentrations of municipalities in the
Northern and Northeastern regions with low vac-
cine coverage and low human development, while
some clusters of municipalities in the Southeast
and South regions with low coverage were located
in areas with high HDI-M. These findings high-
light the persistent municipal-level inequalities in
vaccine coverage among children in Brazil and
the need for targeted interventions to improve
vaccine access and coverage in underserved areas.
Key words COVID-19, Vaccination coverage,
Immunization, Spatial analysis, Children

Resumo O estudo analisou a distribuigdo es-
pacial e as desigualdades sociais na cobertura
vacinal para COVID-19 entre criangas de 5 a
11 anos no Brasil. As coberturas vacinais foram
calculadas para os municipios brasileiros e ana-
lisadas por regido geogrdfica e decis com base no
Indice de Desenvolvimento Humano (IDH-M) e
expectativa de escolaridade aos 18 anos. Modelos
multiniveis foram usados para determinar o co-
eficiente de parti¢do da varidncia, e a estatistica
local bivariada de Moran I foi usada para avaliar
a associagdo espacial. Os resultados mostraram
diferengas significativas nas taxas de cobertura
vacinal entre os municipios, com menor cobertu-
ra nas regides Norte e Centro-Oeste. Municipios
com menor IDH e anos de escolaridade esperados
apresentaram menores taxas de cobertura vaci-
nal. A andlise de agrupamento bivariado iden-
tificou extensas concentragdes de municipios nas
regides Norte e Nordeste com baixa cobertura va-
cinal e baixo desenvolvimento humano, enquan-
to alguns aglomerados de municipios nas regioes
Sudeste e Sul com baixa cobertura localizavam-se
em dreas com alto IDH-M. Essas descobertas des-
tacam as desigualdades persistentes em nivel mu-
nicipal na cobertura vacinal entre criangas e a ne-
cessidade de intervengdes para melhorar o acesso
e a cobertura vacinal em dreas mais vulnerdveis.

Palavras-chave COVID-19, Cobertura vacinal,
Imunizagio, Andlise espacial, Criangas
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Introduction

The COVID-19 pandemic has brought unprece-
dented disruption to the lives of billions of people
around the world. Since its emergence in 2019,
it has caused around seven million deaths and
remains a significant public health threat'. In
addition to its high mortality rate, the virus has
been linked to several negative health outcomes
for survivors. These can include long-term respi-
ratory, psychological, musculoskeletal, neurolog-
ic, and cardiovascular complications, which can
have a profound impact on their quality of life%

While the risk of severe illness and death
from COVID-19 is higher among older adults
and those with underlying health conditions, the
disease has also had a serious impact on children.
From March 2020 to March 3, 2023, more than
10,260 children between the ages of 5 and 11
have been hospitalized due to COVID-19 in Bra-
zil. Among them, 2,514 required intensive care,
and 467 deaths have been registered’.

The administration of vaccines, including
for children, is critical in the fight against the
COVID-19 pandemic. In Brazil, two vaccines
have been approved for children aged 5 to 11
years old. In December 2021, the National Health
Surveillance Agency (ANVISA) authorized the
BNT162b2 vaccine, a mRNA vaccine developed
by Pfizer-BioNTech, for use in this age group. The
following month, authorization for the use of the
CoronaVac vaccine, an inactivated-virus vaccine
developed by Sinovac Life Sciences, was extend-
ed to children and adolescents between 6 and 17
years old who were not immunocompromised*.
Despite extensive evidence demonstrating the
safety and efficacy of vaccines against serious
outcomes caused by COVID-19°7, childhood
vaccination in Brazil only began on January 14,
2022. The federal government held an unprece-
dented and heavily criticized public consultation
to guide the Ministry of Health's decision regard-
ing the acquisition and purchase of pediatric
vaccines. During this time and in the following
months, intense campaigns of disinformation
and discouragement of childhood vaccination
took place in the country®.

Organized anti-vaccination movements, both
inside and outside the country, have contributed
to vaccine hesitancy, which, combined with oth-
er structural factors, has hindered broad vaccine
coverage in Brazil. According to the World Bank,
Brazil is one of the countries with the highest in-
come inequality in the world® and, despite hav-
ing a public and universal health system, has a

history of significant health disparities, including
disparities in access to healthcare'’. Furthermore,
the country has recently experienced an econom-
ic crisis, reduced budgets for social programs,
and adoption of austerity measures that have re-
duced public investment in health!!.

International studies have identified inequal-
ities in vaccination coverage against COVID-19
in children aged 5 to 11 years. In the United States
(US), during the first three months of the vacci-
nation campaign, significant racial, educational,
and geographic disparities in vaccination cover-
age were observed >4, A recent study by Singh
et al. (2022)" that analyzed data from the first
quarter of 2022 in the US also found a positive
association between a child’s likelihood of be-
ing vaccinated and their parents’ education and
income. In Brazil, a previous study has already
identified significant area-level disparities in re-
lation to COVID-19 lethality and diagnostic test-
ing performance’®. It is crucial to extend the anal-
ysis of social inequalities in vaccination against
COVID-19 in Brazil, given the country’s history
of social inequalities, high burden of COVID-19,
and mismanagement of the pandemic'.

The aim of the present study is to analyze the
COVID-19 vaccination coverage among children
aged 5 to 11 years old in Brazil in 2022. The study
investigated the association between vaccination
coverage and municipal socioeconomic vari-
ables, and explored regional clusters of high or
low coverage. Additionally, the study identified
the geographic units that explain most of the out-
come variability.

Methods
Data sources

Vaccine data

We obtained the data from the National Im-
munization Program Information System (SI-
PNI) available on the OPENDATASUS platform
to determine the 2022 coverage of COVID-19
vaccinations in the 5 to 11-year-old population
in the 5,570 Brazilian municipalities. The vaccine
doses administered between epidemiological
weeks 3 (beginning January 16, 2022) and 49 (be-
ginning December 4, 2022) were included in our
calculations. The SI-PNI is the official database
of the Brazilian Ministry of Health that records
all vaccine doses administered in the country,
including COVID-19 vaccines, and is used to
monitor vaccination coverage and support the



development of immunization strategies. This
database consists of anonymous records, includ-
ing date and location of vaccine administration,
vaccine type, dose type, and residency informa-
tion of the vaccinated individuals by municipal-
ity and state.

Individuals that had more than six notifica-
tions in the database or lacked a unique identifier
were excluded from the analysis. Records that
lacked information on gender, vaccine admin-
istration date, municipality, or state were also
removed. These excluded values are considered
recording errors or incomplete records, and were
therefore discarded to ensure the accuracy of our
analysis.

To determine the vaccine dose (first or sec-
ond), we utilized the order of administration
instead of the date recorded by SI-PNI. The data
was organized by epidemiological week, order
of vaccine administration (dose one; dose two),
municipality (n = 5,570), state (n = 26), and re-
gion (n = 5). Using these groups, we calculated
the cumulative number of doses administered to
residents of each municipality, state, and region.
The vaccine coverage data utilized in this study
can be found at https://github.com/Covid19br/
dados-vacinas.

Population data

The population data for children aged 5 to 11
years old by municipality, state, and region of res-
idence was obtained from the Ministry of Health
of Brazil (estimated in partnership with the Bra-
zilian Institute of Geography and Statistics). To
calculate the vaccine coverage, we divided the
number of vaccinated individuals as recorded
in SI-PNI by the resident population in this age
group in each municipality, as provided by the
Ministry of Health.

Municipal socioeconomic data

The Municipal Human Development Index
(HDI-M) and the expected years of schooling
at 18 years were obtained for all 5,565 Brazilian
municipalities in existence at the time of the
2010 National Census. The census was the pri-
mary source of socioeconomic data used in our
study and was the most recent available. These
indicators were calculated in collaboration with
the United Nations Development Program, the
Brazilian Institute of Applied Economic Re-
search, and the José Pinheiro Foundation. The
calculation of the HDI-M followed the same
three dimensions of the global HDI - health, ed-
ucation, and income - and reflected local social

progress and development (the higher the value,
the greater the social development). However, it
adapted the global methodology to the Brazilian
context and the availability of national indicators.
Further information can be found at http://www.
atlasbrasil.org.br/. The expected years of school-
ing at 18 years of age refers to the average number
of years of formal education that a cohort of chil-
dren starting school is anticipated to complete by
the time they reach 18 years of age, assuming that
the current standards of education are upheld
throughout their academic journey.

Data analysis

Initially, we calculated the central tendency
and dispersion measures of the coverage of the
first and second doses of the vaccine. The statis-
tics included the minimum and maximum values
of vaccine coverage in Brazilian municipalities,
the median, the 5th and 95th percentiles, and
the standard deviation. Subsequently, the vaccine
coverage was described for each region of Bra-
zil, decile of the HDI-M, and decile of expected
years of schooling at 18. In all cases, the estimates
of the first dose application were calculated for
2022 for the months of March (two months af-
ter the start of the national vaccination cam-
paign for children), July (six months after), and
December (eleven months after). In the case of
the second dose, the estimates presented were for
the months of May (two months after the second
dose was applied to the first children), September
(six months after), and December (nine months
after). To monitor the speed of vaccination, the
vaccine coverage was also presented according
to each of the epidemiological weeks included in
the study. Vaccine coverage was limited to 100%
of the population.

To assess the persistence of lower vaccination,
we identified the 557 municipalities (10%) with
the lowest coverage for the first dose in March
2022 and the 557 municipalities with the lowest
coverage for the second dose in May 2022. We
then checked whether these municipalities still
had the lowest vaccination rates in the country
after nine (first dose) to eleven months (second
dose), or if they had moved to higher positions in
terms of vaccination coverage.

Our data was organized into hierarchical
groups, with municipalities as level 1, states as
level 2, and regions as level 3. The Brazilian states
and regions are presented in Figure 1. We used
multilevel linear models to determine the pro-
portion of variation at each geographic level -
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Figure 1. Brazilian states and regions.

Source: Authors.

municipalities, states, and regions. The variation
in vaccine coverage (y) for municipality i in state
j in region k was modeled as y,, = B, + (v, + v,
+e,.), where v, represents the random effect as-
sociated with regions, v,, represents the random
effect related to states, and e, represents the re-
sidual error for municipality i in state j. To deter-
mine the contribution of each level to the overall
variation in vaccine coverage, we calculated the
variance at each level (between-municipalities,
between-states, and between-regions) and di-
vided it by the total variance of the three levels.
These analyses were performed using Stata 15.1
software.

Exploratory spatial analysis was performed
to identify regional differences in first and sec-
ond dose vaccination coverage in December
2022 across municipalities. We also performed
spatial statistical analysis to detect spatial clus-
ters of high and low vaccination coverage during
the same period, based on the similarity of each
municipality with its neighbors and the level of

significance. We used the global Moran’s I sta-
tistic to assess the presence of spatial clustering
in the dataset, and the local univariate Moran’s I
statistic to identify clusters'®. We classified mu-
nicipalities with vaccination coverage similar to
that of their neighbors and above the average as
“high-high’, and those with coverage below the
average but still similar to the neighborhood as
“low-low”. Municipalities with vaccination cov-
erage different from the neighborhood and with
coverage both above and below the average were
classified as “high-low” and “low-high”, respec-
tively.

To assess the spatial association between
vaccination coverage and the Municipal Human
Development Index (HDI-M) and the expected
years of schooling at 18, we used the bivariate
local Moranss I statistic’®. These analyses capture
the relationship between a municipality’s vari-
able and the average of its neighbors for another
variable. We classified municipalities with high
and low vaccination coverage located in regions



with socioeconomic indicators above or below
the average as “high-high” and “low-low”, respec-
tively. Municipalities with vaccination coverage
different from the neighborhood, and with so-
cioeconomic indicators above or below the aver-
age, were classified as “high-low” and “low-high”,
respectively. Municipalities without a defined
neighborhood were classified as “isolated”.

We evaluated the level of significance for the
spatial association analyses with 999 simula-
tions of the distribution by random permutation
among the values, using a cutoff value of 0.05.
Municipalities that fell outside the significance
level were classified as “not significant”. We used
the R language in version 4.2.3 from the interface
RStudio version 2023.03.1, Build 446 for spatial
analysis, including the rgeoda package in version
0.0.10.4 for spatial autocorrelation index and
the package ggplot2 in version 3.2.0 for plotting
choropleth maps. All analyzed data is public and
anonymized, and there was no need for ethical
research committee approval.

Results

During the analyzed period, 23,675,171 doses of
the COVID-19 vaccines were administered to
children aged 5 to 11 in Brazil, resulting in a vac-
cination coverage rate of 69.5% for the first dose
and 46.1% for the second dose in December 2022.
In the same month, half of the municipalities had
population coverage equal to or greater than
75.0% of dose one and 53.4% of dose two. The
regional distribution of vaccinations was signifi-
cantly unequal among Brazilian municipalities,
as shown by the dispersion measures presented
in Table 1. Additionally, the observed standard
deviation remained relatively unchanged from
March to December 2022.

Significant differences in vaccination cov-
erage among Brazilian municipalities were ob-
served when they were grouped according to
their HDI-M and expected years of schooling
at 18 years old. These differences existed in the
application of both doses and throughout the an-
alyzed period but were more pronounced in the
second dose and the initial months of the onset
of vaccination. Two months after the start of the
vaccination campaign (March 2022), the decile
with the highest HDI-M reached a coverage rate
of 57.7% for the first dose, while the decile with
the lowest HDI-M was at 47.0% (Table 1). The
inequality was even greater when analyzing the
two-month period after the start of the second

dose campaign (May 2022), with coverage rates
of 39.4% and 26.0% in the highest and lowest
HDI-M deciles, respectively. By December 2022,
vaccination coverage was still 13.5% higher in the
municipalities with the highest HDI-M for the
first dose and 34.9% higher for the second dose
(8.5 and 13.3 percentage points (p.p.), respective-
ly).

The differences were even more pronounced
when the municipalities were grouped according
to the expected years of schooling at 18 years old.
When analyzing the application of the second
dose we observed that the municipalities with
the highest values of expected schooling had vac-
cination coverage 20.7 percentage points higher
in May 2022 and 22.7 p.p. higher in December
(Table 1). In all periods, the lowest vaccination
coverage values were observed in the North and
the highest in the Southeast region of the coun-
try. In the case of the second dose coverage, mu-
nicipalities in the Southeast had a 156.8% higher
coverage rate in May 2022 and 101.5% higher in
December 2022.

The choropleth map of the first dose vaccine
coverage showed higher coverage in the mu-
nicipalities of the Southern, Southeastern, and
Northeastern regions of the country, with a con-
centration of municipalities with low coverage in
the Northern region and some parts of the North-
east and Midwest. Additionally, inter-municipal
contrasts were observed within some states (Fig-
ure 2). The second dose vaccine coverage map
indicated that municipalities with rates below
50% were mainly concentrated in the Northern
and Midwest regions, as well as in specific areas
of the other regions (Supplementary Figure 2B).
Univariate clustering analysis confirmed the con-
centration of low COVID-19 vaccine coverage
(below average), with emphasis on the Northern,
Midwest, and Northeast regions for both vaccine
doses (Figure 3).

The bivariate clustering maps revealed ex-
tensive concentrations of municipalities in the
Northern and Northeastern regions that had low
vaccine coverage and were located in areas of
low HDI-M for both the first and second doses
against COVID-19. In the Southeast and South
regions, particularly in the states of Sdo Paulo,
Parana, Santa Catarina, Rio Grande do Sul and
Minas Gerais, some clusters of municipalities
with low vaccine coverage were located in areas
with high HDI-M (Figure 4 A-B). There were
similarities in the analysis between vaccination
coverage and expected years of schooling at 18
years of age, adding some states in the Midwest
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Table 1. COVID-19 vaccine coverage (%) in Brazilian municipalities among the pediatric population (5 to 11
years of age) by Municipal Human Development Index (HDI-M), expected years of schooling, and region of the

country. Brazil, 2022.

Dose 1 Dose 2

March July December May September December
Minimum 2.4 3.8 4.2 0.4 1.1 1.2
Maximum 100.0 100.0 100.0 100.0 100,0 100.0
Standard deviation 20.5 204 20.1 20.5 21.6 219
5Sth percentile 24.4 32.5 35.7 9.9 16.,4 17.7
Median 60.8 71.4 75.0 40.7 51.4 53.4
95th percentile 92.9 100.0 100.0 76.6 89.3 92.1
HDI-M (deciles)
1 (lowest) 47.0 58.7 63.0 26.0 36.4 38.1
2 51.9 63.2 67.4 29.2 39.1 40.9
3 53.2 64.0 68.2 30.4 40.2 41.9
4 55.8 67.0 71.3 34.2 44.7 46.8
5 55.0 66.6 70.8 33.6 44.0 46.0
6 50.3 60.8 65.0 31.2 41.0 43.0
7 57.8 68.1 72.0 39.8 49.9 52.1
8 57.8 68.4 72.4 36.1 46.1 48.2
9 54.9 65.8 70.5 35.7 46.1 48.5
10 (highest) 57.7 67.4 71.5 394 49.1 51.4
Expected years of schooling at 18 (deciles)
1 (lowest) 40.2 51.4 55.3 22.7 31.7 334
2 49.0 59.9 64.1 29.3 39.4 41.3
3 50.2 61.5 65.6 29.7 39.6 41.4
4 50.2 61.3 65.5 28.8 38.9 40.6
5 54.1 65.4 69.8 314 41.9 43.9
6 53.5 65.9 69.4 314 41.7 43.7
7 56.2 66.9 71.0 34.1 43.9 45.9
8 59.5 69.8 74.1 40.7 51.0 534
9 60.4 70.6 74.7 41.8 52.1 54.5
10 (highest) 62.0 71.6 75.7 43.4 53.6 56.1
Region
North 345 45.8 50.8 16.2 25.2 27.0
Northeast 55.7 66.8 71.0 32.6 42.9 44.7
Southeast 61.3 72.3 76.5 41.6 52.1 54.4
South 55.0 64.5 68.1 35.6 45.2 47.5
Midwest 40.3 50.7 55.1 20.7 30.7 32.5

Source: Authors.

with low vaccination coverage and low expect-
ed years of schooling at 18 (Figure 4 C-D). In
contrast, states such as Piaui, Paraiba, Ceara,
Pernambuco and Bahia showed clusters of mu-
nicipalities with high vaccine coverage located in
areas of low HDI-M and low expected years of
schooling at 18.

The observed gradient of lower coverage
among municipalities with the lowest HDI-M,
lowest expected schooling at 18 years old, and
located in the North and Midwest regions was

evident in all the epidemiological weeks of 2022,
as seen in Figure 5. In addition to the low vaccine
coverage, particularly for the second dose, there
is a distinct pattern of inequalities that remains
consistent throughout the year.

The multilevel regression models showed
that municipalities were the main source of vari-
ation in vaccine coverage. It was also observed
that there were no important differences in the
VPC estimates throughout the year or according
to the dose administered. The between-munici-
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Figure 2. COVID-19 vaccination coverage (%) of the first dose (A) and second dose (B) in Brazilian municipalities
among the pediatric population (5 to 11 years old) in December 2022. Brazil, 2022.

Source: Authors.

Not significant (3770)

@ High-High (709)

® Low-Low (905)

#» Low-High (118)
High-Low (60)
Isolated (2)

® NA(6)

Global Moran's I: 0.46

Not significant (3619)

@ High-High (724)

® Low-Low (1034)

© Low-High (134)
High-Low (51)
Isolated (2)

® NA(6)

Global Moran's I: 0.46

Figure 3. Univariate spatial association patterns in COVID-19 vaccination coverage (%) of first dose (A) and
second dose (B) clusters in Brazilian municipalities in the pediatric population (5 to 11 years old) in December

2022. Brazil, 2022.

Source: Authors.

pality variation ranged from 59.5% (second dose,
December 2022) to 67.7% (first dose, December
2022) of the total variation. Table 2 presents the
variance estimates for each period and vaccine
dose.

Discussion

This study reports six main findings regarding
childhood vaccination against COVID-19 in
Brazil. Firstly, large regional disparities in vac-
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Figure 4. Patterns of bivariate spatial association between first dose COVID-19 vaccination coverage (%) and
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expected years of schooling at 18 (EYS18) (C); and second dose vaccination coverage (% ) and expected years of
schooling at 18 (EYS18) (D) in Brazilian municipalities in the pediatric population (5 to 11 years old) in December

2022. Brazil, 2022.

Source: Authors.

cination coverage were observed during the first
year of the vaccination campaign. Specifically,
municipalities with the worst socioeconomic in-
dicators had lower vaccination rates. Secondly,
greater differences between municipalities were
observed in the application of the second dose.
Thirdly, worst vaccination coverage was mainly
observed in the North and Midwest regions of
the country. Fourthly, spatial analysis revealed
municipal clusters demonstrating a correlation
between immunization coverage and socioeco-
nomic indicators. Fifthly, the municipalities with

the lowest vaccination coverage at the beginning
of the campaign remained mostly unchanged
at the end of the year, indicating that these ar-
eas were not sufficiently prioritized and were left
behind. Finally, multilevel analysis revealed that
the majority of the variability in vaccination out-
comes occurred at the municipal level.
Increasing vaccination coverage against
COVID-19 for children aged 5 to 11 is crucial
for public health. Although this age group is less
susceptible to severe illness compared to adults
and the elderly, children can still experience se-
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rious outcomes such as multisystem inflamma-
tory syndrome, hospitalization, and even death®.
Moreover, children contribute to community
transmission of the virus®, making it essential
that they are a priority in vaccination campaigns
against COVID-19.

However, in several countries, vaccination
coverage among children has been low. For exam-
ple, in Italy, about four months after the start of
the vaccination campaign, only 34% of children
aged 5 to 11 had received their primary vaccine

cycle®®. In Australia, as of the end of September
2022, only 51.3% of children had received the first
dose of the vaccine, and 40.4% had received the
second dose”. In the United States, as of February
15, 2023, first dose coverage was 39%, and sec-
ond dose coverage was 32%. In Brazil, as of De-
cember 2022 - eleven months after the start of the
campaign, vaccination coverage was 69.5% and
46.1% for the first and second doses, respectively.

In addition to the low national averages, our
study identified that vaccination rates have been
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Table 2. Variance estimates, standard errors and
variance partition coefficient (VPC) in vaccine
coverage against COVID-19 in pediatric population
(5-11 years-old). Brazil, 2022.

Dose 1 Dose 2
May
Region
VE (SE) 118.35 116.90
% VPC 20.1% 23.2%
State
VE (SE) 103.93 87.42
% VPC 17.6% 17.3%
Municipality
VE (SE) 367.56 300.5
% VPC 62.3% 59.5%
September
Region
VE (SE) 100.84 120.81
% VPC 16.6% 20.8%
State
VE (SE) 98.71 92.36
% VPC 16.3% 15.9%
Municipality
VE (SE) 406.38 367.58
% VPC 67.1% 63.3%
December

Region
VE (SE) 98.01 120.37
% VPC 15.9% 20.0%
State
VE (SE) 100.37 94.26
% VPC 16.3% 15.6%
Municipality
VE (SE) 416.34 387.82
% VPC 67.7% 64.4%

VPC: variance partition coefficient; VE: variance estimate; SE:
standard error

Source: Authors.

highly uneven within Brazil, which is consistent
with what has been observed in other countries.
In Australia, vaccination coverage varied sub-
stantially across the country, with differences of
up to 400% between different locations™. A sim-
ilar pattern was seen in the United States, where
lower vaccination coverage was observed in areas
with greater vulnerability, particularly among
black and Hispanic children compared to white
children'>".

Such inequalities emerge from multiple fac-
tors that involve different dimensions, such as the
public policies implemented on the subject, the

availability of health infrastructure, the logisti-
cal challenges faced?, and the economic and so-
cial conditions of the population®. Studies have
shown that low income, lower educational lev-
els, and geographic barriers affect access to vac-
cines?. In areas with greater poverty, there may
be a lower supply of health services and greater
difficulty in accessing them?®, which can hinder
the use of health services or force people to travel
long distances in search of care®*. In addition,
lower family education and income have been
associated with a lower likelihood of childhood
immunization® due to greater objective difficul-
ties in prioritizing vaccination, accessing health
services, or receiving adequate information on
the importance of childhood vaccination within
certain population groups®.

In the context of COVID-19 vaccination, a
strong disinformation campaign has contributed
to increased vaccine hesitancy among parents of
children aged 5 to 11 years*. A study conduct-
ed in Canada found that a significant proportion
of parents downplayed the risk of COVID-19
in their children**. Moreover, even among
some parents who have been vaccinated against
COVID-19 themselves, concerns about potential
side effects have led to hesitancy in vaccinating
their children. Doubts about vaccine safety and
efficacy have also been identified as reasons for
vaccine hesitancy®. Studies have shown that vac-
cine hesitancy is more common among less edu-
cated and Black parents®.

Our research also revealed lower COVID-19
immunization rates in the North and Midwest
regions of Brazil. Historically, the North region
has had the poorest indicators of population cov-
erage of primary care, provision of doctors, nurs-
es, and hospital beds in the country®. It also has
the highest concentration, along with the North-
east, of states with poor social and economic
indicators such as income, education, and pov-
erty”. This combination of poor healthcare infra-
structure and low socioeconomic indicators may
have influenced the lower vaccination coverage
observed in our study. Despite having some indi-
cators of low social development, the Northeast
region exhibited higher rates of child immuniza-
tion against COVID-19. This may be attributed
to the proactive role played by state governments
in the region in formulating and executing poli-
cies to combat the pandemic™®.

One of the novel findings from our study is
that almost all municipalities with the worst vac-
cination coverage at the beginning of the cam-
paign were also among those with the lowest



number of children immunized at the end of the
analyzed period. This result suggests several pos-
sible explanatory hypotheses. Firstly, there may
have been inadequate monitoring of regional and
socioeconomic inequalities in vaccination by the
federal government and states. Without sufficient
concern for possible inequalities and a political
will to address them, no information was pro-
duced to help guide equitable actions. Moreover,
there seems to have been a lack of technical and
financial support for municipalities with worse
indicators, which may have contributed to the
persistence of inequalities in immunization cov-
erage. The combination of these factors created a
scenario of national disarticulation in the vacci-
nation campaign, exacerbated by repeated delays
in the acquisition of vaccine supplies and prob-
lems in the organization of the immunization
campaign by the federal government™.

The present study has limitations that should
be acknowledged. Firstly, the data on adminis-
tered vaccine doses were obtained from the SI-
PNI, which experienced problems in recording
and transmitting data from municipalities during
the pandemic, resulting in data lags and discrep-
ancies. However, it is important to note that the
SI-PNI is Brazil’s official system for registering
immunizations and has been widely used for de-
cades, so it is considered a reliable source of data
despite the challenges encountered during the
pandemic. A second limitation is that the munic-
ipal socioeconomic data used in the study were
obtained from the 2010 census, which is now
over a decade old. Additionally, the projections of
resident population in each municipality during
intercensal years, such as those included in this
study, are based on the numbers obtained in the
previous census. Therefore, there may be over
or underestimation of residents in the munic-
ipalities, as well as changes in educational level
and social development that have occurred since

2010. However, the grouping of municipalities
into deciles in the analysis helped to minimize
the impact of these potential fluctuations.

In conclusion the inequalities in vaccination
coverage should not be viewed as individual de-
cisions isolated from the broader social, cultural,
economic, and health determinants. In the case
of COVID-19, factors such as delays in vaccine
procurement, logistical challenges, lack of coor-
dination, discouragement of childhood vacci-
nations, and childism have exacerbated existing
inequalities.

To increase vaccination coverage in a country
with significant social and health disparities, lim-
ited public budgets, and facing strong anti-vac-
cination campaigns, it is necessary to strengthen
the public health system, expand social invest-
ments, and move beyond traditional vaccination
campaigns. It is crucial to identify and acknowl-
edge existing inequalities and barriers to health-
care access in order to implement policies and
actions that can adapt services to address this
reality. Information systems need to include data
that allow people to track inequalities in real-time
and make it easy to synthesize and publish infor-
mation. Research needs to be conducted to better
understand the reasons for vaccine hesitancy and
the role of health services in low immunization
rates. Primary care, healthcare professionals, and
the community need to work together to imple-
ment strategies that are consistent with local real-
ities. An intersectoral and transdisciplinary effort
must be made to monitor and counter false, inac-
curate, or out-of-context information, and robust
and widespread campaigns to disseminate scien-
tific information and combat misinformation are
needed. Tackling inequalities cannot be a one-off
effort and must be a top priority on the country’s
political agenda. The pursuit of equity should be
at the forefront of the design of all public policies
to avoid promoting reverse equity.
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