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ORIGINAL ARTICLE

ABSTRACT

Objective: To analyze the clusters and their social determinants associated with vaccination against human papillomavirus (HPV) in 
the State of Minas Gerais, Brazil. Methods: Ecological study, carried out in 853 municipalities of Minas Gerais, Brazil. The K-means 
algorithm was used for clustering analysis. The calculation of vaccination coverage (VC) of the HPV vaccine, for males and females, 
age group 9 to 14 years, between 2014 and 2022, and socioeconomic indicators were considered. Results: Males had the lowest 
proportion of municipalities in Minas Gerais achieving the VC target. Of the 5 Clusters generated, Cluster 1 (259 municipalities) 
showed high urbanization and high VC, but with challenges for male adherence. Cluster 2 (178 municipalities) identified low VC 
and high poverty, with limited access to health. Cluster 3 (166 municipalities) presented high VC and lower vulnerability, consisting 
of municipalities with high vaccination uptake and socioeconomic conditions, indicating effective health policies. In Cluster 4 (166 
municipalities), public health weaknesses and the need for targeted interventions were identified. Cluster 5 (84 municipalities) 
presented high urbanization and inequality, but with a large disparity between urbanization and vaccination adherence. Conclusion: 
Thus, this study identified that high urbanization, lower vulnerability and greater access to health services are factors that can positively 
impact vaccine adherence by adolescents.
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INTRODUCTION

The carcinogenic role of human papillomavirus (HPV) 
in the development of malignant tumors, such as cervical 
cancer, anogenital tract cancer, and head and neck cancer, 
is scientifically proven and recognized worldwide, with pri-
mary prevention occurring through HPV vaccines1,2.

The World Health Organization (WHO) recommended 
the implementation of HPV vaccination programs around 
the globe. The first country to introduce the HPV vaccine 
into its immunization program was Australia, followed 
by the United States, Canada, and the United Kingdom in 
2006. Subsequently, several European countries also in-
troduced the HPV vaccine3. However, the HPV vaccine has 
faced challenges such as changes in the target population 
and the vaccination schedule over time. Currently, the tar-
get audience for this vaccine is adolescents of both female 
and male sexes, and the age range for HPV vaccination is 
between 9 and 14 years, with variations in this window 
across different immunization programs. However, in any 
country worldwide, the target audience remains under 15 
years of age2. 

Public concern, as well as the concern of the target au-
dience and their guardians, regarding adverse reactions to 
vaccines has threatened their introduction and successful 
coverage rates in some countries. Several factors associated 
with little knowledge and attitudes towards HPV vaccination, 
such as low parental education levels, lack of participation 
in health education activities about HPV, low perception of 
disease risk, and limited knowledge of the efficacy and safe-
ty of HPV vaccines, have been documented as reasons for 
non-adherence (or low adherence) to immunization2,4,5. 

In this context, population analyses using aggregated 
data contribute to the understanding of the social or struc-
tural determinants associated with vaccination coverage (VC) 
in a geographical area, especially when it involves a specific 
population, such as the target group for HPV vaccination5-7. 

Thus, family conditions and access to public services 
serve as indicators of the socioeconomic status of a lo-
cation, allowing for inferences such as: more urban mu-
nicipalities have a higher chance of achieving the desired 
coverage since they provide greater dissemination of infor-
mation about vaccination campaigns, and also offer more 
structured health services, such as vaccine availability5,7.

In light of the above, the objective of this study was 
to analyze the possible clusters and their social determi-
nants associated with HPV vaccination in the state of Minas 
Gerais, Brazil.

METHODS

Design
This is an epidemiological study with an ecological de-

sign and spatial analysis using aggregated historical data, 
with the units of analysis being the 853 municipalities in 
the state of Minas Gerais, Brazil. The analysis aims to iden-
tify patterns of clustering (clusters) of municipalities with 
similar characteristics in terms of HPV VC and associated 
socioeconomic factors.

The state of Minas Gerais consists of 853 municipali-
ties, located in an area of 586,513.984 km², with a popu-
lation of 20,539,989 inhabitants in the year 2022 and an 
urbanized area of 4,699.69 km² 8. Its territory is divided 
into 19 Regional Health Superintendencies and nine Re-
gional Health Management offices, which are responsible 
for coordinating health policies and actions within their 
areas of coverage9,10.

It is noteworthy that the units of analysis in this study 
were the aggregated VC of municipalities in the state of 
Minas Gerais for adolescents aged 9 to 14 who received 
the first and second doses of the HPV vaccine from 2014 
to 2022. Variables related to socioeconomic indicators and 
access to health care were considered (Chart 1).

Chart 1. Description of variables related to vaccination coverage, socioeconomic indicators, access to health care, urbanization 
rates, and geographic variables among adolescents residing in municipalities in the state of Minas Gerais from 2014 to 2022.

Indicators related to vaccination 
coverage, socioeconomic indicators, 
and geographic variables

Description of variables Data source

Vaccination coverage (VC)

Proportion of vaccinated male and female 
adolescents with the 1st and 2nd doses. Until the 
year 2023, the target was 80%; starting in 2024, it 
increased to 90% when a single-dose scheme was 
adopted 12.

National Immunization Program Information 
System (SI-PNI). Population estimates were 
calculated based on data from the Brazilian 
Institute of Geography and Statistics (IBGE) 
and adjusted by the Secretariat of Health 
Surveillance and Environment.

Sociodemographic indicators, access 
to health care, and urbanization rate

Percentage of the population living in poverty 
in the Unified Registry; number of families with 
an income of up to half the minimum wage; 
proportion of the population covered by the Family 
Health Strategy (FHS); urbanization rate (%).

Brazilian Institute of Geography and Statistics 
(IBGE) and João Pinheiro Foundation. 

Geographic variables Territorial area of the municipalities (in km²) Brazilian Institute of Geography and Statistics 
(IBGE).

*Municipalities with very low vaccination coverage (0–49%), low (50–79%), and adequate (≥80%).

http://www.scielo.br/rbepid
https://doi.org/10.1590/1980-5497202600XX


www.scielo.br/rbepid

Clusters and social determinants associated with vaccination against HPV in Minas Gerais. Rev Bras Epidemiol. 2026; 29: e260009 3

https://doi.org/10.1590/1980-549720260009

For the calculation of VC, data were extracted from the 
National Immunization Program Information System (SI-
PNI) using a time frame between 2014 and 2022, and the 
socioeconomic indicators were obtained from the Brazilian 
Institute of Geography and Statistics (IBGE) and the João 
Pinheiro Foundation. Population estimates were calculated 
based on data from IBGE and adjusted by the Secretariat of 
Health Surveillance and Environment.

The Ministry of Health has adopted the accumulated 
method for evaluating the vaccination coverage (VC) of the 
HPV vaccine since its implementation in 2014, using the cu-
mulative approach for both the first dose (D1) and second 
dose (D2) in the numerator, and for the denominator, the 
population recommended for vaccination. In the numera-
tor, the doses administered, recorded in the National Im-
munization Program Information System (SIPNI), were in-
cluded according to age and sex. In the denominator, the 
population of girls and boys recommended for vaccination 
each year was included, accumulated since the vaccine’s 
implementation year (2014), estimated by the Ministry of 
Health (2000 to 2021 — preliminary estimates prepared by 
the Ministry of Health/SVSA/DAENT/CGIAE), by sex and age 
group. This method for monitoring HPV vaccination cover-
age was adopted until the year 202311. 

This study considered a two-dose scheme of the HPV 
vaccine for the age group of 9 to 14 years, with a VC target 
of 80%, as recommended by the Ministry of Health until the 
year 2023. The municipalities were classified based on vac-
cination coverage as very low (0–49%), low (50–79%), and 
adequate (≥80%)12.

Spatial analysis was conducted to identify and eval-
uate the clusters of vaccinated individuals and possible 
social factors associated with HPV vaccination coverage. 
The K-means13 algorithm was applied to group municipali-
ties based on similar characteristics related to vaccination 
coverage and socioeconomic indicators. To minimize the 
influence of municipalities with extremely low or high pop-
ulations on the K-means centroids, all continuous variables 
used in the analysis were normalized. Normalization stan-
dardizes the scale of the variables and reduces the impact 
of extreme values in the distance calculations.

To determine the ideal number of clusters (k), the Elbow 
Method 14, was used, which evaluates the sum of squared 
distances within each cluster. 

Each cluster was analyzed in relation to socioeconomic 
indicators (percentage of the population living in poverty in 
the Unified Registry, number of families with an income of 
up to half the minimum wage), access to health care (pro-
portion of the population covered by the Family Health 
Strategy [FHS]), urbanization rate [%], and VC). Descriptive 
tables were generated to compare the means and standard 
deviations of the variables in each cluster. For spatial statis-
tical analysis, Stata version 16.0 and GeoDa version 1.20.0.8 
software were used to represent the geographic distribu-
tion of the clusters in the state of Minas Gerais, Brazil. 

Ethical aspects
This study is part of a larger project entitled Evaluation 

of Action Research for Increasing Vaccination Coverage among 
Adolescents in the State of Minas Gerais, Brazil, approved 
by the Research Ethics Committee (CEP), in accordance 
with resolution 466/2012 of the National Health Coun-
cil15, Certificate of Presentation for Ethical Review (CAAE) 
69731923.1.0000.5149.

Data availability statement: All datasets supporting 
the results of this study are available upon request to the 
corresponding author.

RESULTS

This study considered a two-dose scheme of the HPV 
vaccine for the age group of 9 to 14 years, with a vaccina-
tion coverage target of 80%, as recommended by the Min-
istry of Health until the year 2023. It is noteworthy that, in 
2024, the Ministry of Health recommended a single dose of 
the HPV vaccine for the age group of nine to 14 years, with 
a vaccination coverage target of 90%12. 

It was found that, for male adolescents, 9.73% of munic-
ipalities in Minas Gerais achieved the vaccination coverage 
target (>80%) for the first dose of the HPV vaccine, and only 
0.82% reached this target for the second dose. For female 
adolescents, 77.49% of municipalities achieved the target for 
the first dose and 48.53% for the second dose. Regarding 
overall coverage, it was noted that, for the first dose, 37.51% 
of municipalities in Minas Gerais achieved adequate cover-
age, and for the second dose (D2), only 9.96% (Figure 1).

Table 1 shows that the average municipal area was 
687.6 km², with an average target male population for the 
second dose of 1,120 and a female population of 1,070. 
The average number of families with an income of half the 
minimum wage was 2,312, and the average percentage of 
the population living in poverty in the Unified Registry was 
26.5%. The average proportion of the population served 
by the FHS was 92.5%, and the urbanization rate was 
77.4% (Table 1).

Figure 1. Percentage of municipalities with vaccination 
coverage for the HPV vaccine (1st and 2nd doses — D1 
and D2), Minas Gerais, 2014 – 2022*.
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The analysis using K-means generated five clusters (C1 
to C5) (Table 2 and Figure 2), which included group munic-
ipalities with similar characteristics regarding VC, socio-
economic indicators, urbanization, and access to health 
care (proportion of the population covered by the FHS). 
Cluster 1 consisted of 259 municipalities with advanced ur-
banization and relatively balanced VC, but with challenges 
for male adherence. The average VC for the first dose was 
59.5% for boys, 98.8% for girls, and an overall coverage of 
78.4%. When analyzing the second dose, these numbers 
drop dramatically; 42.4% for boys and 82.1% for girls, re-
sulting in an overall average of 61.6%

Regarding the environmental variables, the mean ter-
ritorial area is 534.525 km², with an average of 1,473.49 
families earning an average of up to one minimum wage, 
an average of 18.62% of the population living in poverty, an 
average of 92.90% with access to the Family Health Strate-
gy (FHS), and an average urbanization rate of 85.02%. 

Cluster 2 (Table 2 and Figure 2) consisted of 178 mu-
nicipalities with low VC, high poverty, and limited access 
to health care. It showed an average VC below expecta-
tions, especially for the first dose for boys (56.3%) and girls 
(95.1%), with an overall coverage of 74.9%. For the second 
dose, values were similar to those in Cluster 1, but with a 
slight decrease in the overall average (61.3%).

Cluster 3 (Table 2 and Figure 2), in turn, was character-
ized by 166 municipalities with high VC and lower vulnera-
bility, consisting of municipalities with good socioeconomic 
indicators and high vaccination adherence, indicating ef-
fective health policies. Cluster 4 (Table 2 and Figure 2) was 
characterized by 166 municipalities with weaknesses in 

public health and a high need for targeted interventions. 
It showed low VC for boys (39.4%) and girls (71.2%) for the 
first dose, and for the second dose, the rates were even 
lower for boys (27.7%) and girls (57.1%).

Finally, Cluster 5 (Table 2 and Figure 2) was composed 
of 84 urbanized municipalities with high inequality, char-
acterized as highly urbanized municipalities but with a 
significant disparity between urbanization and vaccina-
tion adherence.

Figure 2 shows the spatial distribution of the clusters in 
the state of Minas Gerais, Brazil.

 
Figure 2. Spatial distribution of vaccination coverage 
(VC) of the vaccine against human papillomavirus 
(HPV), socioeconomic indicators, access to health and 
urbanization (clusters C1 to C5), Minas Gerais. 2022*.

Table 2. Description of clusters per área, vaccination coverage of the vaccine against the human papillomavirus 
(HPV) in boys and girls, socioeconomic variables, access to health and urbanization, Minas Gerais, Brazil. 

Cluster
Area 
(km²)

Boys Girls General N. of Families 
with na income 

of half the 
minimm wage 

% Poor 
population in 

the Unified 
Registration

% 
Population 
with access 

to health

Urbanization 
rate (%)D1 D2 D1 D2 D1 D2

C1 534.525 59.499 42.458 98.7883 82.1461 78.4246 61.5926 1,473,49 18.6255 92.307 85.0282
C2 702.186 56.2631 42.4495 95.1109 81.789 74.8643 61.3177 1,665,11 39.5348 98.9212 63.9725
C3 399.745 80.0405 59.3445 122.162 107.008 100.259 82.2286 938.277 29.8704 98.5846 71.619
C4 908.524 39.4332 27.6849 71.2389 57.1134 54.7961 41.9215 1,905,34 28.2889 96.5353 77.5948
C5 1,260,84 45.7724 31.6746 79.2571 62.9499 62.1113 46.9371 9,788,29 12.6252 59.7048 93.6537

*Cluster (C1 to C5): municipalities with similar characteristics regarding VC of the vaccine against HPV, socioeconomic indicators, access to health 
and urbanization.

Variables Mean Deviation Minimum Q1 Median Q3 Maximum

Area (km2) 687.6 965.8 3.6 196.7 363.8 729.8 10,727,1

Average number of families with an 
income of half the minimum wage 2,312,0 5,692,0 78.0 664.0 1,140,0 2,135,0 122,308,0

Average percentage of the poor 
population in the Unified Registration 26.5 13.6 3.3 15.3 23.8 36.3 73.2

Average proportion of the population 
served by the Family Health Strategy 92.5 14.3 27.8 91.3 100.0 100.0 100.0

Urbanization rate 77.4 14.8 19.6 66.7 78.3 90.6 100.0

Table 1. Description of socioeconomic variables, urbanization, and access to health care, Minas Gerais, Brazil, 2022.
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DISCUSSION

The results of the cluster analysis on HPV vaccination 
coverage in Minas Gerais, Brazil, revealed significant dis-
parities in vaccination adherence among different popula-
tion groups and regions of the state. These findings reflect 
the complex interaction between socioeconomic, geo-
graphic, and structural factors that directly influence the 
HPV vaccination coverage goal. 

Male VC shows the lowest rates, with only 9.73% of mu-
nicipalities reaching the target for the first dose and 0.82% 
for the second dose. For girls, although the rates are better, 
there are still significant gaps, with 77.49% and 48.53% of 
municipalities reaching the target for the first and second 
doses, respectively. 

Regarding the analysis of the clusters (C1 to C5), this 
study found that Cluster 1 revealed municipalities with high 
urbanization and relatively balanced VC, but with challeng-
es in HPV vaccine adherence among boys. This discrepancy 
between the sexes may be related to cultural factors and 
the perception of HPV risk, which is traditionally associated 
with female health. Authors confirm that campaigns aimed 
at the male audience have less reach due to the perceived 
lower prioritization of this vaccine for boys16. 

A study conducted in Brazil that evaluated HPV vaccina-
tion coverage among boys from 2017 to 2022 identified a 
decrease in the uptake of vaccination among boys during 
the assessed period, leading to VC rates well below the tar-
gets set by the National Immunization Program (PNI)17. The 
lack of educational programs targeted at boys and their 
families is one of the factors contributing to the decreased 
intention to vaccinate and highlights the need for interven-
tions that consider cultural and gender barriers to increase 
vaccination adherence18.

An integrative review identified that girls tend to get 
vaccinated against HPV more than boys, and the dissem-
ination of information about the consequences of HPV in 
females, such as cervical cancer, may have contributed 
to the lack of awareness regarding the availability of the 
vaccine for both sexes, resulting in lower vaccination cov-
erage among male adolescents19. Furthermore, a study on 
HPV VC in the Northeast region of Brazil from 2013 to 2021 
identified that VC for males was lower than for females in 
all states and for both doses20.

In this study, Cluster 2 identified municipalities with low 
VC and high poverty, with limited access to health care and 
low adherence to vaccination campaigns. Cluster 4 also 
showed low adherence and structural weaknesses. The low 
VC may be associated with logistical barriers and access to 
health care, which are widely discussed in the literature 
on health inequalities21. A study that evaluated HPV VC in 
Brazil identified that social inequalities can lead to inequity 
in access to HPV vaccination, such as lack of urbanization, 
poor income distribution, and lack of access to health ser-
vices, interfering with development and directly harming 

the health status of adolescents22. Another study found 
similar results, showing that individuals living in more de-
prived areas had a lower likelihood of starting and com-
pleting the HPV vaccination schedule 23.

Cluster 3, composed of municipalities with high VC and 
lower social vulnerability, confirms the importance of fa-
vorable socioeconomic indicators, high urbanization rates, 
and efficient access to the FHS. An analysis of HPV VC con-
ducted in the state of Paraná, Brazil, identified a positive 
relationship between VC, socioeconomic indicators, and in-
come; thus, the higher the socioeconomic level of the pop-
ulation, the better the health indicators24. Consistent with 
these findings, a study in the United States identified that 
in areas with access to routine health care, individuals aged 
9 to 26 who were eligible for HPV vaccination were more 
likely to start the vaccination schedule25.

Cluster 5 included urbanized municipalities, but with 
high social inequality and low VC. Despite urbanization, the 
absence of effective public policies for vulnerable groups 
results in low vaccination rates. This outcome reaffirms 
that families most affected by the lack of infrastructure 
and access to health care may reside in cities in slum areas 
or metropolitan regions26. Regarding urbanization, a study 
conducted in the United States identified a lower likelihood 
of HPV vaccination in suburban and rural areas 7. A study in 
Forlì, northern Italy, found that the presence of a vaccina-
tion center in less urbanized areas significantly increased 
the likelihood of acceptance of all available vaccines com-
pared to areas without a vaccination center or in more ur-
banized areas that have a vaccination center27.

The results of the cluster analysis underscore signif-
icant disparities in HPV VC in Minas Gerais, highlighting 
that socioeconomic factors, access to health care, urban-
ization, and information acquisition play determining 
roles in adherence to the HPV vaccine. In this sense, the 
process of urbanization, coupled with an individual’s im-
proved socioeconomic status, facilitates greater access 
to health services. It also enables better access to infor-
mation about the importance of preventing HPV-related 
infections and the benefits of vaccination, which conse-
quently reflects in higher vaccination adherence and in-
creased coverage.

In this study, a lower percentage of municipalities in the 
state of Minas Gerais was found to reach the VC target for 
the HPV vaccine among males. It was also identified that 
higher urbanization, lower social vulnerability, and greater 
access to health services are factors that can positively im-
pact adolescents’ adherence to the HPV vaccine.

Although there have been improvements in some mu-
nicipalities with more favorable conditions, the low vac-
cination coverage among boys, the discrepancy between 
doses, and the structural weaknesses in public health in 
vulnerable areas highlight the urgent need for targeted in-
terventions for the eligible population for HPV vaccination, 
taking into account social determinants. 
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The greater vulnerability observed in clusters 4 and 5 
revealed the influence of social and logistical barriers, es-
pecially in regions with larger territorial extent and lower 
population density. Conversely, the positive results in clus-
ters 1 and 3 reinforce that investments in health infrastruc-
ture, social policies, and community mobilization strategies 
can significantly increase VC.

Based on this evidence, it is recommended to prioritize 
vulnerable municipalities in awareness campaigns, im-
prove vaccination logistics, and expand the FHS in remote 
areas. Additionally, continuous monitoring of vaccine hesi-
tancy and the development of public policies that integrate 
educational actions, reduce social inequalities, and ensure 
universal access to vaccination are essential.

In this study, the main limitations are related to the use 
of secondary data for calculating HPV VC, socioeconomic 
indicators, access to health care, and urbanization rates. 
Furthermore, as this is an ecological study, the findings do 
not necessarily imply that the same association occurs at 
the individual level. Nevertheless, the importance of us-
ing a rigorous methodology is emphasized, along with the 
significance of employing spatial multivariate models and 
research that relates VC to socioeconomic indicators and 
geographic variables, facilitating better planning of target-
ed actions to regain vaccination coverage.

It can be concluded that the results of this study rein-
force the importance of intersectoral approaches to ensure 
health equity, contributing to the expansion of HPV VC and 
the reduction of related disease incidence in the state of 
Minas Gerais, Brazil.
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RESUMO

Objetivo: Analisar os clusters e seus determinantes sociais associados à vacinação contra o papilomavírus humano (HPV) no estado 
de Minas Gerais, Brasil. Métodos: Estudo ecológico, realizado nos 853 municípios de Minas Gerais, Brasil. O algoritmo K-means foi 
utilizado para a análise dos clustering. Considerou-se o cálculo da cobertura vacinal (CV) da vacina HPV, para o público masculino 
e feminino, faixa etária de nove a 14 anos, entre 2014 e 2022, e os indicadores socioeconômicos. Resultados: O sexo masculino 
apresentou a menor proporção de municípios de Minas Gerais com alcance de meta de CV. Dos cinco clusters gerados, o 1 (259 
municípios) apresentou alta urbanização e CV alta, mas com desafios para a adesão masculina. O cluster 2 (178 municípios), identificou 
baixa CV e alta pobreza, com acesso limitado à saúde. O cluster 3 (166 municípios) apresentou alta CV e menor vulnerabilidade, 
sendo constituído por municípios com elevada adesão vacinal e condições socioeconômicas, indicando políticas de saúde efetivas. 
No cluster 4 (166 municípios), foram identificadas fragilidades em saúde pública e necessidade de intervenções direcionadas. O cluster 
5 (84 municípios) apresentou alto urbanismo e desigualdade, mas com grande disparidade entre urbanização e adesão à vacinação. 
Conclusão: Assim, este estudo identificou que alta urbanização, menor vulnerabilidade e maior acesso aos serviços de saúde são 
fatores que podem impactar positivamente a adesão à vacina pelos adolescentes. 
Palavras-chave: Vacinas contra papilomavirus. Adolescente. Determinantes sociais da saúde. Cobertura vacinal. Vacinação.
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