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Summary
Background There is limited information on the inequity of access to vaccination in low-and-middle-income coun-
tries during the COVID-19 pandemic. Here, we described the progression of the Brazilian immunisation program
for COVID-19, and the association of socioeconomic development with vaccination rates, considering the potential
protective effect of primary health care coverage.

Methods We performed an ecological analysis of COVID-19 immunisation data from the Brazilian National Immu-
nization Program from January 17 to August 31, 2021. We analysed the dynamics of vaccine coverage in the adult
population of 5,570 Brazilian municipalities. We estimated the association of human development index (HDI) lev-
els (low, medium, and high) with age-sex standardised first dose coverage using a multivariable negative binomial
regression model. We evaluated the interaction between the HDI and primary health care coverage. Finally, we com-
pared the adjusted monthly progression of vaccination rates, hospital admission and in-hospital death rates among
HDI levels.

Findings From January 17 to August 31, 2021, 202,427,355 COVID-19 vaccine doses were administered in Brazil. By
the end of the period, 64¢2% of adults had first and 31¢4% second doses, with more than 90% of those aged
≥60 years with primary scheme completed. Four distinct vaccine platforms were used in the country, ChAdOx1-S/
nCoV-19, Sinovac-CoronaVac, BNT162b2, Ad26.COV2.S, composing 44¢8%, 33¢2%, 19¢6%, and 2¢4% of total doses,
respectively. First dose coverage differed between municipalities with high, medium, and low HDI (Median [inter-
quartile range] 72 [66, 79], 68 [61, 75] and 63 [55, 70] doses per 100 people, respectively). Municipalities with low
(Rate Ratio [RR, 95% confidence interval]: 0¢87 [0¢85-0¢88]) and medium (RR [95% CI]: 0¢94 [0¢93-0¢95]) develop-
ment were independently associated with lower vaccination rates compared to those with high HDI. Primary health
care coverage modified the association of HDI and vaccination rate, improving vaccination rates in those municipali-
ties of low HDI and high primary health care coverage. Low HDI municipalities presented a delayed decrease in
adjusted in-hospital death rates by first dose coverage compared to high HDI locations.
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Interpretation In Brazil, socioeconomic disparities negatively impacted the first dose vaccination rate. However, the
primary health care mitigated these disparities, suggesting that the primary health care coverage guarantees more
equitable access to vaccines in vulnerable locations.
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Research in context

Evidence before this study

We searched PubMed for nationwide studies on esti-
mating the association of social vulnerability, inequity,
and human development with COVID-19 vaccine cover-
age, focusing on low-income and middle-income coun-
tries (LMICs). We searched for studies published in
English, from database inception to February 25, 2022,
using the following search terms: “SARS-CoV-2” OR
“COVID-19” OR “COVID” AND “vaccination” OR “cover-
age” OR “uptake” OR “vaccination campaign” AND
“inequity” OR “socioeconomic” OR “human develop-
ment”. Four out of five studies used national or regional
data from high-income counties. Two studies from the
UK analysed cohorts with people over 50 or 70 years
old and focused on estimating the association of social
vulnerability aspects such as race, skin colour or ethnic-
ity, and living in deprived areas with vaccine uptake.
Similarly, one study from Israel analysed differences in
vaccine rates among distinct socioeconomic statuses
and ethnicity. One study from the US analysed the dif-
ferences in vaccine coverage among social vulnerability
at the municipality and county levels. Regarding LMICs,
we found one study on Bangladesh that describes the
vaccination campaign in the country, however it was
not an ecological design, nor it estimated the associa-
tion of inequity and vaccination rates directly. Hence,
there is scarce information on the inequity of access to
COVID-19 vaccination in LMICs.

Added value of this study

We performed an ecological analysis of nationwide
COVID-19 immunisation data from the Brazilian National
Immunization Program (PNI). The PNI is part of the Bra-
zilian Universal Healthcare system (SUS) and has been
recognised as a model of vaccination campaigns and
population adhesion, being present in all 5,570 munici-
palities. During the first seven months of the COVID-19
vaccination campaign, more than 200 million doses
were administered with distinct rates throughout the
country. We observed that municipalities with low
human development index (HDI) were associated with
decreased first dose vaccination rates compared to
those with higher HDI. The primary health care cover-
age was associated with increased first dose rates in
those municipalities with low HDI, thus reducing the dif-
ference among locations. In addition, the progression of
the pandemic control was slower in municipalities with
low HDI compared to highly developed locations.

Implications of all the available evidence

Socioeconomic disparities have impacted the distribu-
tion, access, and administration of COVID-19 vaccine
doses worldwide, especially in low-and-middle-income
countries. In Brazil, municipalities with low socioeco-
nomic development showed decreased first dose vacci-
nation rates compared to highly developed locations.
This low vaccination coverage may be related to limited
access to vaccination by socially vulnerable populations.
Universal healthcare coverage, with the presence of pri-
mary health care in vulnerable communities and cost-
free vaccination, is a major driving force guaranteeing
equitable access to vaccines by vulnerable populations
and effective control of the pandemic.
Introduction
Vaccine inequity has contributed to prolonging the pan-
demic burden and generating new variants of concern
(VoC).1,2 Limited access to COVID-19 vaccines by
vulnerable populations has marked the vaccination cam-
paign globally.3 High-income countries have concen-
trated dose acquisition, and poor nations are still
struggling to provide their population with access to vac-
cines and immunisation capacity. Although much has
been discussed about differences in access to vaccines
between rich and poor countries,4 limited information
www.thelancet.com Vol 14 October, 2022
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is available on the inequity of access to vaccination
within countries, especially from Low-and-Middle-
Income countries (LMIC).

Socioeconomic determinants and the way healthcare
systems are organised may impact vaccination coverage.
Additionally, the vaccination progression variability
may result in delayed mitigation or control of the dis-
ease. Access to vaccines is a function of complex chains,
including the production, distribution, and administra-
tion of this often-scarce resource.5 Characterising poten-
tial differences in access to vaccines and identifying
their underlying mechanisms is essential to guarantee
equitable access to vaccination among nations or within
their territory.

Brazil is an upper-middle-income country with a het-
erogeneous population distribution over an extensive
territorial area. The country has substantial inequalities
and other socioeconomic vulnerabilities. The presence
of a decentralised, universal public health system (Sis-
tema �Unico de Sa�ude − SUS) has been an essential fac-
tor in reducing inequities and providing the most
vulnerable population with access to healthcare resour-
ces.6−8 The system’s operation is driven mainly by the
primary health care (PHC) services at the municipali-
ties, such as the family health strategy (FHS), which is
the main primary health program policy adopted. How-
ever, there are still challenges in guaranteeing universal
coverage over the country.8

The National Immunization Program (PNI) is part
of the SUS and has been recognised as a model of vacci-
nation campaigns and population adhesion.9,10 Immu-
nisation actions are included in prevention activities
developed by the PHC, such as managing vaccination
rooms and staffing, administering vaccine doses, and
reporting and monitoring of adverse events. However,
the COVID-19 vaccination campaign has posed new
challenges. The campaign started without a nationally
coordinated strategy, aiming for a speedy vaccination
roll-out, and faced a high burden of the pandemic
simultaneously to its execution.

It is unclear whether socioeconomic disparities have
affected the vaccination rates in Brazil. We hypothesise
that municipalities with low socioeconomic develop-
ment had an increased hurdle in the progression of the
vaccination campaign. Here, we described the progres-
sion of the Brazilian immunisation program for
COVID-19, the association of socioeconomic develop-
ment with vaccination rates and the potential protective
effect of primary health care coverage.
Methods

Study design and participants
We performed an ecological study to analyse COVID-19
immunisation data from the Brazilian National Immu-
nization Program Information System (Sistema de
www.thelancet.com Vol 14 October, 2022
Informaç~ao do Programa Nacional de Imunizaç~ao [SI-
PNI]). The SI-PNI is the main data repository of vaccine
doses administered in Brazil. Each record contains
information on the person’s demographics (age, sex
and place of residence), vaccine platform, dose, date of
dose administration, place of administration.11

Socioeconomic, demographic, and PHC of Brazilian
municipalities was obtained from three public sources
(Appendix 2 p 2). The Human Development Index
(HDI) data were obtained from the 2010 Brazilian pop-
ulation census. We used PHC coverage data immedi-
ately before the pre-pandemic period (December/2019).
The PHC has the Family Health Strategy (FHS) as its
national expansion policy.12 In this model, FHS teams
provide healthcare services to 2000−4000 individuals
across a geographic area. In 2019, 98% of the munici-
palities adopted the FHS model, 60¢0% of households
were enrolled in the FHS, and the population coverage
was 62¢6% corresponding to 131,201 million people.13

The PHC coverage is measured by a national, standar-
dised metric used to distribute resources, guide the
organization of primary care teams, and monitor evolu-
tion of primary care health infrastructure.14 It is
expected that each “family-health unit” can attend, or
cover, 3450 individuals in their catchment area. Hence,
the metric corresponds to the proportion of the munici-
pality population covered by the FHS and FHS-equiva-
lent teams.15,16 Data were obtained from the Ministry of
Health’s e-Gestor Atenç~ao B�asica database. Finally, we
used 2020 Population estimates provided by the Health
Surveillance Secretary from the Brazilian Ministry of
Health stratified by age, sex, and municipality.17
Other data sources
We obtained data on hospitalised adult (≥20 years old)
patients with COVID-19 registered in the Influenza Epi-
demiological Surveillance Information System (Sistema
de Informaç~ao de Vigilância Epidemiol�ogica da Gripe,
SIVEP-Gripe).18 The SIVEP-Gripe is a nationwide sur-
veillance database used to monitor severe acute respira-
tory infections (SARI) in Brazil since 20090s H1N1
pandemic and currently is one of the main notification
repositories for COVID-19. We analysed patient demo-
graphics (age, sex and place of residence), symptom
onset, date of the outcome, and the outcome status
(death or discharge). A detailed description of the
SIVEP-Gripe dataset was provided elsewhere.18,19

All data were already de-identified and publicly
available. Following ethically agreed principles on
open data, this analysis did not require ethical
approval in Brazil.
Study population
We analysed all vaccination records from January 17, the
start of the COVID-19 vaccination campaign, to August
3
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31, 2021, before the start of booster doses administra-
tion. To describe the progression of the vaccination pro-
gram, we considered first, second and single doses
administered within the study period. We included
COVID-19 adult hospital admissions and in-hospital
deaths data from the same analysis period.
COVID-19 immunisation in Brazil
The Brazilian national immunisation program (PNI)
launched the COVID-19 vaccination campaign on Janu-
ary 17, 2021. The PNI distributed free doses of COVID-
19 vaccines on a populational-basis to states and then to
the municipalities that managed the local vaccination
program in accordance with the available resources.
The program followed a national age-based calendar
during the whole period, with some local adaptions. It
started in parallel vaccinating indigenous, healthcare
workers and those aged 90+, then followed exclusively
age-based calendar. By the end of April 2021, when
almost all elderlies presented fully first dose coverage
and the age allowed to vaccinate was 60−64 years, indi-
viduals with some comorbidities aged 55−59 years, and
Down Syndrome, patients under chronic renal replace-
ment therapy and pregnant women with any comorbid-
ity, independent of age, were considered eligible for
vaccination. Some other groups, such as those working
on schools, also were prioritized later on, always in par-
allel with the age-based calendar. Four vaccine plat-
forms 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.
Outcome
Our primary outcome is the first dose vaccine coverage
at the municipal level measured as the rate of first doses
applied per 100 people standardised by age and sex. The
standardisation used the Brazilian population as refer-
ence. The secondary outcomes are the proportion of
people with at least one dose or fully vaccinated, hospital
admissions and in-hospital deaths rates per 100,000
population, and the hospital admissions and in-hospital
deaths rates per 1000 doses administered at the munici-
pal level. All rates in the secondary outcomes were also
standardised by age and sex.
Socioeconomic vulnerability and human development
index
We considered the municipality-level Human Develop-
ment Index (HDI) as a surrogate measure of socioeco-
nomic development (Appendix 2 p 3). The HDI is a
well-established international metric for human devel-
opment and wellbeing conditions, favouring compara-
tive studies with other countries. In addition, it is
available at the municipality level in Brazil, being used
to guide local policies. The HDI is composed of three
main aspects of a location’s development: Education,
Income and Longevity. We classified municipalities in
three main levels of HDI, according to the terciles of its
distribution - Low: HDI lower than the first tercile;
Medium: HDI between the first and second terciles;
High: HDI greater than the third tercile. Classifying the
municipalities using the terciles resulted in more bal-
anced groups compared to the traditional HDI strata,
which is divided in five groups based on equally dis-
tance HDI ranges.20 (Appendix 2 p 3).
Data analysis
The analysis was pre-specified, and the sample size was
pragmatic. Data were described using medians and
interquartile range (IQR) or means and standard devia-
tions (SDs) for numeric variables and frequency and
proportions for categorical variables. We performed the
analysis considering complete data, and no missing
value imputation was performed.

Our main analysis was conducted in three parts.
First, we analysed the daily progression of the COVID-
19 pandemic burden (hospital admissions per 100,000
population) and the vaccination coverage. We calculated
the vaccination coverage as the number of individuals
with a least one dose ("Partially vaccinated") and those
with two doses or a single dose ("Fully vaccinated") for
the whole country and stratified per age group, state,
and platform.

Secondly, we estimated the association of HDI and
the vaccination rates using a multivariable Negative
Binomial regression model. The dependent variable
was the standardised first dose vaccination rate, and the
main exposure of interest was the human development
index (considering High HDI as reference). As covari-
ates, we considered the municipality’s population size,
the population density, the degree of urbanisation, the
GINI index, the distance to the State capital (in kilo-
metres, measured as the linear distance between the
municipalities’ and their state capitals’ administrative
seats), and the rate of COVID-19 hospital admissions in
2020 (previous to the start of the vaccination rollout)
(Appendix 2 p 4), the five Brazilian macroregions
(North, Northeast, Central-West, Southeast, and South)
and the Primary healthcare coverage. A pre-specified
interaction term for the HDI level and the PHC cover-
age was included. Numerical covariates − population,
distance to the State capital, and the GINI index - were
modelled using restricted cubic splines or using the log
transformation when applicable (Appendix 2 p 5). Mar-
ginal means were estimated to evaluate the interplay
between HDI level and the PHC coverage using aver-
ages as the representative values for the other covariates
(an “average municipality”).21

Thirdly, we compared the monthly vaccination rates
and the COVID-19 pandemic stratified by HDI level
www.thelancet.com Vol 14 October, 2022
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from January to August 2021. To evaluate the pandemic
progression related to first dose vaccination, we esti-
mated the ratios between the standardised hospital
admissions and in-hospital deaths rates and the standar-
dised first dose rates for each municipality and month.
We computed the average standardised rates per 1000
doses for each month and stratified by the HDI level
and their 95% confidence intervals (95% CI). Using a
random-effects log-linear model (Appendix 2 p 6), we
estimated each HDI level’s average percentage growth
rate (AGPR). The response variable was the standar-
dised rate per 1000 doses, the predictor was the month,
and the random intercept was the municipality. The
APGR was obtained from the interaction term between
the HDI level and the month.

We performed three sensitivity analyses to evaluate
the estimates of our negative binomial model. First, we
evaluated the association between the continuous HDI
measure and the standardised first dose rates adjusted
by the same covariates. Second, we estimated the asso-
ciation of HDI levels and the standardised first dose
rates including the healthcare workers rates per
10,000 population for each municipality in January
2021 as a covariate (data was obtained from the
National Registry of Health Facilities - CNES). Third,
using the main model, we estimated the association of
HDI levels and standardised first dose rates for the
subset of doses administered in those older than
60 years old that were eligible by the age-based calen-
dar. The former two analysis were performed to
observe the estimated association without the effect of
potential priority groups in the vaccination campaign.
A significance level of 0.05 was considered for statisti-
cal tests. All the analysis was performed in R 4.2.1. We
followed STROBE recommendations.
Role of the funding source
The funders had no role in any decision about the man-
uscript. All authors had full access to all the data in the
study, LSLB, SA, BR, and OTR verified the data, and all
authors approved the final version of the manuscript for
publication
Results

COVID-19 and vaccination in Brazil
The number of vaccine doses for COVID-19 adminis-
tered, reported by the Brazilian Immunisation program,
between January 17, 2021, and August 31, 2021, reached
203,492,355 doses. After removing records with uniden-
tified information on the city of residence and consider-
ing only first, second and single doses, 202,427,355
doses remained. Out of these, 135,921,791 (67%) doses
corresponded to first, 61,668,575 (30%) to second and
4,836,989 (3%) to single doses (Appendix 2 p 7). Four
www.thelancet.com Vol 14 October, 2022
distinct vaccine platforms were used in the country,
ChAdOx1-S/nCoV-19, Sinovac-CoronaVac, BNT162b2,
and Ad26.COV2.S (Janssen), composing 44¢8%, 33¢2%,
19¢6%, and 2¢4% of total doses, respectively (Appendix
2 p 8).

We display an overview of the immunisation pro-
gram and the pandemic progression in Brazil in
Figure 1. The overall first doses coverage was 64¢2%
and second or single doses coverage was 31¢4% by the
end of Aug 2021 (Figure 1A). The proportion of adults
(≥20 years old) with at least one dose was 85%
(129,540,717/151,778,738). Most elders were already
fully vaccinated (all age strata over 60 years old with a
second dose coverage >=90%, Figure 1B, Appendix 2 p
9). The administration of doses differed geographically
(Figure 1C, Appendix 2 p 9): Northern states presented
the lower standardised first dose rates (Par�a = 54¢9
doses per 100 people), compared to higher rates in
the Southern states (S~ao Paulo = 73¢0 doses per 100
people).

The progression of first doses administration also
differed in terms of platforms (Figure 1D). The vacci-
nation started with the administration of Sinovac-Coro-
naVac and gradually increased in number of doses over
the first three months. From March to April 2021, the
pace of first dose administration decelerated, with a
higher presence of ChAdOx1-S/nCoV-19 compared to
Sinovac-CoronaVac. Later, the progression of first
doses resumed, with a higher administration of
BNT162b2 doses. Ad26.COV2.S doses were less
expressive than in June and July 2021 compared to
other platforms. In August 2021, approximately 31¢
7 million doses were administered, of which 62% from
BNT162b2 and 28% were from Sinovac-CoronaVac
(Appendix 2 p 8).
Vaccination and inequity, the association of HDI and
vaccine rates
We described the municipality’s socioeconomic charac-
teristics and standardised first dose rates (Table 1). The
final sample considered 5565 out of 5570 (99%) munici-
palities after excluding five with missing HDI values.
The Northeast (32%) and Southeast (30%) regions con-
centrated the majority of municipalities in Brazil. One-
quarter of municipalities have more than 25,000 inhab-
itants. Overall, the median municipal HDI is 0.66
(IQR: 0.60, 0.72), and the median standardised first
dose rate is 68 (IQR: 61, 75) doses per 100 people.

Low HDI municipalities had lower median standar-
dised first dose coverage compared to those with
medium and high HDI (63 [IQR: 55, 70] vs 68 [IQR: 61,
75] and 72 [IQR: 66, 79] doses per 100 people; Table 1).
Municipalities with low and medium HDI had similar
PHC coverage, higher than in high HDI locations
(median 95% [IQR: 63%, 100%]). Low HDI municipali-
ties were mainly located in the North and Northeast
5



Figure 1. Number of COVID-19 hospital admissions, vaccine coverage and doses administered in Brazil from January 17 to August
31, 2021 (yellow-shaded area): (A) Daily number of hospital admissions per 100,000 population and vaccine coverage using the Bra-
zilian estimated population in 2020; (B) Vaccine coverage per age and sex; (C) Age-and-sex adjusted first doses rates per 100 people
per state; (D) Distribution of vaccine platforms administered per month (first doses include single doses). Reference dates are Febru-
ary 15, 2021, for Gamma variant dominant, and July 01, 2021, for delta variant dominance.

Figure 2. Distribution of first dose rates per 100 people per municipality (N = 5,565) stratified by Human Development Index [HDI]
(A − violin plots) and including estimated population and macroregion (B − bee swarm plots). HDI levels were defined based on ter-
ciles of the Health Development Index (HDI) − Low: HDI < first tercile; Medium: first tercile ≤ HDI < second tercile; High: HDI ≥ sec-
ond tercile. Circle size represents the population of each municipality, coloured by microregion. Solid black lines represent median
values.
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Characteristics Overall,

N = 5565&
Low HDI*,

N = 1864

Medium HDI*,

N = 1860

High HDI*,

N = 18411

Population (number of inhabitants), median (IQR) 11,668 (5444, 25,677) 12,652 (6708, 21,478) 8,854 (4648, 19,631) 15,253 (5315, 45,041)

< 5,444 (Q1), N (%) 1392 (25%) 329 (18%) 592 (32%) 471 (26%)

5444 to 11,665 (Q2) 1390 (25%) 538 (29%) 515 (28%) 337 (18%)

11,665 to 25,663 (Q3) 1390 (25%) 643 (34%) 396 (21%) 351 (19%)

25,663 to 12,325,232 1,393 (25%) 354 (19%) 357 (19%) 682 (37%)

Population density (inhabitants per Km2) 25 (12, 56) 22 (10, 45) 19 (9, 38) 40 (20, 103)

Proportion of self-reported skin colour (%)C, median (IQR)

White 42 (26, 67) 25 (18, 34) 43 (29, 64) 69 (54, 82)

Black or Brown 56 (31, 72) 73 (64, 79) 55 (34, 69) 30 (17, 45)

Asian 0¢73 (0¢39, 1¢25) 0¢90 (0¢53, 1¢51) 0¢77 (0¢41, 1¢28) 0¢56 (0¢29, 0¢97)
Indigenous 0¢06 (0¢01, 0¢14) 0¢04 (0¢01, 0¢13) 0¢06 (0¢02, 0¢16) 0¢07 (0¢03, 0¢13)

Region, N (%)

North 449 (8¢1%) 257 (14%) 171 (9¢2%) 21 (1¢1%)

Northeast 1794 (32%) 1424 (76%) 340 (18%) 30 (1¢6%)

Central-West 466 (8¢4%) 21 (1¢1%) 275 (15%) 170 (9¢2%)

Southeast 1668 (30%) 142 (7¢6%) 657 (35%) 869 (47%)

South 1188 (21%) 20 (1¢1%) 417 (22%) 751 (41%)

State capital, N (%) 27 (0¢5%) 0 (0%) 0 (0%) 27 (1¢5%)

Distance to State Capital (Km), median (IQR) 227 (122, 359) 220 (116, 354) 221 (128, 337) 249 (121, 383)

Degree of Urbanisation

Rural 3363 (60%) 1498 (80%) 1200 (65%) 665 (36%)

Semi-Urban 746 (13%) 220 (12%) 282 (15%) 244 (13%)

Urban 1456 (26%) 146 (7¢8%) 378 (20%) 932 (51%)

GINI Index, median (IQR) 0¢50 (0¢46, 0¢55) 0¢53 (0¢50, 0¢57) 0¢50 (0¢45, 0¢54) 0¢47 (0¢43, 0¢51)
Human Development Index (HDI), median (IQR) 0¢66 (0¢60, 0¢72) 0¢58 (0¢56, 0¢60) 0¢67 (0¢64, 0¢69) 0¢73 (0¢72, 0¢76)
Primary health care coverage (%), median (IQR) 100 (96, 100) 100 (100, 100) 100 (100, 100) 100 (78, 100)

First doses rate per 100 people#, median (IQR) 68 (61, 75) 63 (55, 70) 68 (61, 75) 72 (66, 79)

COVID-19 statistics, median (IQR)

Before the vaccination start (2020)

Adult Hospital admission rate per 100,000 population#,

median (IQR)

188 (97, 321) 138 (67, 241) 164 (90, 287) 273 (161, 425)

Adult In-hospital deaths rate# per 100,000 population#,

median (IQR)

65 (32, 112) 56 (25, 104) 60 (29, 107) 79 (44, 124)

At the end of the period (Aug, 2021)

Adult Hospital admission rate per 100,000 population#,

median (IQR)

671 (390, 1089) 409 (260, 619) 660 (426, 986) 1085 (742, 1469)

Adult In-hospital deaths rate# per 100,000 population#,

median (IQR)

227 (135, 340) 154 (93, 239) 227 (146, 326) 318 (217, 419)

Table 1: Sociodemographic characteristics per municipality stratified by levels of Health Development Index (N = 5565).
& Five out of 5570 municipalities showed missing HDI values.

* HDI levels were defined based on terciles of the Health Development Index (HDI) − Low: HDI < first tercile; Medium: first tercile ≤HDI < second

tercile; High: HDI ≥ second tercile.
C Proportion of self-reported skin colour at municipality level obtained from the 2010 Brazilian population Census.
# Rates were standardised by age and sex using the overall Brazilian population.

Abbreviations: Q1, first quartile; Q2, second quartile (median); Q3, third quartile; IQR, Interquartile range (first quartile to third quartile).
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regions (1681/1864, 90%) and the largest municipali-
ties, mostly from the South and Southeast regions
(1620/1841, 88%), including all the State capitals, pre-
sented the highest HDIs (Figure 2, Appendix 2 pp 10-
14). COVID-19 hospital admission and in-hospital death
rates adjusted by age and sex were mostly concentrated
in high HDI municipalities (Table 1).
www.thelancet.com Vol 14 October, 2022
Association between vaccination rates per HDI level
We used the negative binomial regression model to esti-
mate the association between human development with
the standardised first dose rates. Municipalities with
medium (RR [95% CI]: 0¢94 [0¢93-0¢95]) or low (RR
[95% CI]: 0¢87 [0¢85-0¢88]) HDI were associated with
decreased rates compared to those with high HDI,
7



Figure 3. First doses rates per 100 people according to Health Development Index (HDI) and Primary healthcare coverage estimated
from marginal means. First doses rates per 100 people (y-axis) were estimated as marginal means for different Primary healthcare
coverage stratified by Human Development Index (HDI) level and according to representative values of other covariates (“average
municipality”). Predictions were obtained from the negative binomial regression model.
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considering the average PHC coverage (92¢7%), after
adjusting by population, distance to capital and region
(Appendix 2 pp 15-16). The interaction term represents
the association of HDI level, and the vaccination rate is
modified by PHC coverage. Municipalities from the low
HDI group perform more similar to high HDI levels as
the PHC coverage increases (a 2-percentage point
increase in doses per each PHC coverage additional 10-
percentage point). For instance, the adjusted predictions
from marginal means (Figure 3, Appendix 2 pp 16-18)
indicate that when PHC coverage was at 50%, the low
and medium HDI levels presented approximately 19%
and 5% less first doses (RR [95% CI]: 0¢81 [0¢78-0¢84]
and 0¢95 [0¢92-0¢97], respectively), compared to the
high HDI municipalities, respectively; however, those
differences reduce when PHC coverage increases, e.g.,
at 100% coverage, there were 12% less first doses (RR
[95% CI]: 0¢88 [0¢86-0¢89]) in low compared to the
high HDI level. The main findings did not change in
the three sensitivities analyses (Appendix 2 pp 19-24).

Temporal differences in vaccination rates and
COVID-19 progression per HDI level
The HDI levels presented different monthly progres-
sions and growths regarding the standardised first dose
rates, COVID-19 hospital admissions and in-hospital
deaths rates per 1000 doses (Figure 4). From January to
April 2021, the progression of the standardised first
dose rates was similar among levels (Figure 4A). How-
ever, by August 2021, municipalities with low HDI pre-
sented a lower average first dose rate than those with
medium or high HDI (78¢4 vs 87¢9 and 91¢2 standar-
dised first doses rates per 100 people; Appendix 2 p 25).
Furthermore, we evaluated the progression of standar-
dised average hospital admissions and in-hospital deaths
rates per 1000 doses. From January to August 2021, there
were 1,080,422 hospital admissions and 349,350 in-hospi-
tal deaths in Brazil. Although these rates decreased
throughout the period for all levels, low HDI municipali-
ties presented a lower average reduction rate for in-hospital
deaths per 1000 doses (�33¢4%%, 95%CI: �35¢2%, �31¢
6%) compared to those with medium (-36¢6%, 95%CI:
-38¢3%, -34¢9%) or high HDI (-39¢8%, 95%CI: -41¢4%,
-38¢1%, pinteraction<0¢001; Appendix 2 p 26).
Discussion
We analysed the COVID-19 vaccination coverage pro-
gression in all 5570 Brazilian municipalities throughout
the first seven months of the national vaccination cam-
paign. At the end of this period, more than 200 million
doses were administered, but vaccination coverage
www.thelancet.com Vol 14 October, 2022



Figure 4. Progression of monthly rates of standardised vaccine first doses, hospital admissions and in-hospital deaths per 1000
doses administered per Human Development Index level. Values (y-axis) correspond to average age-and-sex-adjusted rates for all
municipalities (N = 5565) and their respective 95% confidence intervals: (A) cumulative first doses per 100 people; (B) Hospital
admissions per 1000 doses administered (month of symptoms onset); and (C) in-hospital deaths per 1000 (month of outcome).
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differed across the country. Municipalities with low
HDI were associated with decreased first dose coverage
and presented a slower progression in pandemic control
than highly developed locations. Furthermore, in
municipalities with low HDI, the primary care coverage
was associated with an increased first dose coverage.

A few studies have analysed national data to deter-
mine social and economic factors related to differences
in vaccine coverage.22−25 These studies are limited to
high-income countries or specific age groups. However,
those analyses would be essential in low-income coun-
tries, where socioeconomic differences are expected to
be more significant. Our study was the first to analyse
the dynamics and inequity of vaccine coverage using
nationwide data from a large LMIC. HDI was used as a
surrogate measure of social vulnerability and poverty,
an internationally accepted and comparable metric, and
available for all Brazilian municipalities. National vacci-
nation data were analysed dynamically and adjusted by
age and sex for each municipality throughout the study
period. Modelling the association of human develop-
ment and vaccination coverage, we identified that
municipalities with low development were associated
with lower vaccination coverage after seven months
compared to highly developed locations, after adjusting
for population size, distance to State capitals, and
region. Those differences were also observed dynami-
cally, in which municipalities with low development
presented a lower monthly coverage rate growth than
highly developed locations.

One potential factor in explaining the observed dif-
ference across HDI is the logistic of dose distribution to
the municipalities. The National authority centralised
the distribution of vaccine doses to the states and then
to the municipalities. The differences in vaccine cover-
age remained after adjusting for the distance to state
capitals, which were the main entrance hubs of vaccine
doses. Another potential factor for low vaccination
www.thelancet.com Vol 14 October, 2022
coverage is vaccine hesitancy, a significant factor in
high-income countries,26 particularly for a more vulner-
able population. In Brazil, there was a large concern
regarding a potential impact of COVID-19 vaccine hesi-
tancy leveraged by the country’s leadership and political
polarity.27 However, surveys conducted previous to the
COVID-19 vaccination program start showed a high
willingness to take a COVID-19 vaccine in Brazil,28 sim-
ilar as described in other LMIC.29,30 Additionally, we
observed a high average vaccination coverage in the
country with low hesitancy.31

Another factor to explain differences among munici-
palities are the role of primary health care teams on the
management and administration of vaccine doses. For
instance, the PNI demands PHC units to have vaccina-
tion rooms and supports the access to equipment and
trained personnel for vaccine administration, including
a cold-chain that is important to manage new vaccine
platform technologies, such as the BNT162b2 (Pfizer/
BioNTech). The PHC coverage metric used in this study
is based on the catchment area of FHS teams, thus rep-
resenting the coverage from a theoretical demand of a
population within a municipality. Thus, we cannot
ascertain directly the access and engagement of the pop-
ulation, nor performance of PHC services. Nevertheless,
increased PHC coverage has been associated with better
health outcomes in several domains.16 Here, it was asso-
ciated with higher vaccination coverage in low HDI
municipalities, suggesting that investments in primary
health care might support for a better structure and
organisation of the vaccination program, guaranteeing
equitable access to vaccines by vulnerable populations
and effective control of the pandemic.

The vaccination campaign progression was not
steady over the first seven months. Although there was
a slow increase in vaccine coverage in the first three
months, there was a deacceleration in vaccine adminis-
tration between March and April 2021. The shortage of
9
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inputs and supplies for vaccines impacted the produc-
tion of new doses of Sinovac−CoronaVac and ChA-
dOx1-S/nCoV-19, the main platforms used in the
country at this period and produced by the Butatan
Institute and FIOCRUZ. The vaccine campaign
regained momentum with the arrival of BNT162b2
doses after May 2021. From this moment, the adminis-
tration of doses began to differ between locations, poten-
tially indicating logistic challenges from the handling of
this vaccine platform. Therefore, low HDI municipali-
ties showed lower vaccination rates compared to higher
HDI from May to August 2021. To understand the chal-
lenges in the start of the vaccination rollout during the
pandemic, we restricted the analysis to the initial phase,
when the system was under high pressure to vaccinate
the maximum of individuals in a short time aiming to
reduce the burden of disease and the impacts in mortal-
ity for the Brazilian population.19

Additionally, we observed that hospital admission
and in-hospital deaths rates adjusted by doses decreased
over the seven months. Low HDI municipalities showed
a slower decrease in in-hospital death rates compared to
higher developed locations. However, the interpretation
should be cautious. Due to the ecological design, we
cannot infer that the reduction in COVID-19 hospital
admissions and in-hospital deaths is only due to the vac-
cination. In addition, we analysed the vaccination rates
at municipal level, and to estimate the direct impact of
the vaccination program on the control of the pandemic
requires additional information (e.g., the follow-up vac-
cinated people, testing data, the vaccine platform used,
different doses and time from vaccination) and specific
study designs, such as a counterfactual analysis.

The findings of this study have to be interpreted in
light of some additional limitations. First, this is an eco-
logical analysis and we cannot translate these findings
directly to the individuals in each one of the municipali-
ties. We aggregated the data at the municipal level, so
did not consider inequities within each municipality;
even in high HDI locations, vulnerable populations
might have difficulties accessing vaccination. Second,
the process of notifying vaccine doses, hospital admis-
sions and in-hospital deaths may be different among
municipalities. For instance, low-resource locations
may have higher delays or issues in releasing data in
the systems compared to more developed municipali-
ties. However, we exported the data on January 14,
2022, which minimised any potential delay from data
from August 2021.32 Third, the proportion of priority
groups for the vaccination schedule at municipal level
might be correlated with HDI, which could led to over-
or under-estimation of the association between vaccina-
tion efficiency and HDI. However, the Brazilian pro-
gram in the study period was mainly based on age, and
our sensitivity analysed yielded comparable results.
Finally, we have no data on the supply of doses at the
municipal level, nor additional local strategies for
vaccination, such as the use mobile units, adapted pla-
ces for vaccination beyond the PHC structure, such as
churches and sports clubs, and active vaccination pro-
grams during weekends, additional efforts that some
municipalities organised during 2021 in Brazil.

Our finding indicates that low socioeconomic devel-
opment was associated with decreased first dose vacci-
nation rates in Brazil, a large LMIC with significant
inequality. Additionally, it reinforces the power of the
universal healthcare coverage, with the presence of pri-
mary health care in vulnerable communities and cost-
free vaccination, as a major component guaranteeing
equitable access to vaccines by vulnerable populations
and effective control of the pandemic.
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