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Abstract

such as cervical cancer.

This study aimed to identify the associations between socioeconomic factors, the social environment, and human
papillomavirus (HPV) vaccine coverage among adolescents in the state of Minas Gerais (MG), Brazil. This ecologi-

cal study utilized secondary data from 853 municipalities in MG, covering female adolescents from 2014 to 2022

and male adolescents from 2017 to 2022, as provided by the information system of the National Immunization Pro-
gram. Spatial statistical analysis was conducted to assess spatial dependence and identify spatial clusters of munici-
palities with high and low HPV vaccine coverage. The first and second dose coverage among male adolescents

in most municipalities in MG was classified as very low (< 50%) or low (>50% to < 80%). Among female adolescents,
the majority of coverage rates were adequate (= 80%) or low (= 50% to < 80%). Socioeconomic factors, area-specific
factors, and their interactions may influence HPV vaccination rates. The disparities in vaccination coverage rates
observed across the state highlight the need for targeted interventions to increase coverage and reduce health issues,
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Introduction
Human papillomavirus (HPV) is a virus that infects the
skin and mucous membranes (oral, genital and anal) and
is the most prevalent sexually transmitted infection (STI)
in the world; more than 200 viral subtypes that cause this
infection have been identified [1, 2]. The World Health
Organization (WHO) estimates that 14 million new HPV
infections arise every year worldwide, that the risk of an
individual being subjected to one or more types of HPV
throughout their life is greater than 80%, and that two-
thirds of women worldwide acquire an HPV infection
within two years of becoming sexually active [1, 2].

In the Brazilian population, the incidence of this infec-
tion is high and varies greatly depending on the region,
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with its highest incidence occurring in the Northeast
region [3]. The viral subtypes of HPV considered high
risk are 16 and 18, both of which are associated with one
of the main causal factors for the development of cervi-
cal cancer and are responsible for more than 70% of cases
of this cancer. These and other viral subtypes of HPV
are also associated with the development of other types
of cancer, such as those of the vagina, vulva, anus, penis,
and oropharynx [2, 4, 5].

The WHO recognizes cervical cancer and HPV-related
diseases as global public health problems and recom-
mends the inclusion of the HPV vaccine as a global strat-
egy in national vaccination programs, aiming to reduce
the incidence of new cases of this disease neoplasia, as
well as related cancers [2, 6].

In this scenario, the HPV vaccine is part of immuniza-
tion programs in several countries. The National Immu-
nization Program (PNI) calendar started to include
Brazil in 2014 [2, 7, 8]. One of the public health strategies
adopted for the global elimination of cervical cancer is
expected to achieve, by the year 2030, the following goals:
90% coverage of the HPV vaccine for girls up to 15 years
of age; 70% for cancer screening, carried out correctly
through Pap smears; and 90% for women diagnosed with
the disease treated correctly and early [6].

Currently, the Brazilian Unified Health System
(SUS) offers the human papillomavirus 6, 11, 16 and 18
(recombinant) vaccine HPV4, which is recommended
for girls and boys aged 9 to 14 years. The adopted regi-
men consisted of two doses applied six months apart [9].
However, despite the SUS providing the vaccine free of
charge, its coverage is below the expected target, far from
the ideal of 80% for the full-dose schedule [10].

Data from the Ministry of Health (MS), via the PNI,
revealed that the coverage of the second dose of the
HPV4 vaccine in 2014 in girls aged 9 to 14 was 64.59%. In
2015, this percentage fell to 44.75% [9, 11], and in 2017,
after the introduction of the HPV4 vaccine for boys, con-
sidering the second dose, the coverage was 10.41% for
girls and 9. 65% for boys [9, 11].

In general, vaccine acceptability is a complex process
that can be affected by several factors. In 2014, the Stra-
tegic Advisory Group of Experts (SAGE) [12] developed
a model organized into three main domains: 1. Contex-
tual influences—historical, sociocultural, environmental,
health system/institutional, economic or political factors;
2. Individual and group influences—raising from per-
sonal perceptions of the vaccine or influences from the
social environment; and 3. The questions were specific to
the vaccines and directly related to their characteristics
or the vaccination process. He also defined the term “vac-
cine hesitancy” as the delay in accepting or refusing vac-
cination, despite the availability of services to do so.

Page 2 of 11

In the context of adolescence, there are many changes
in human development, such as physiological, psycho-
logical and social changes [3], which may explain the low
vaccination coverage among this population. Following
the theoretical model described by Beharry and collabo-
rators [13], this phenomenon can be justified by reasons
grouped into three major organizational levels, namely,
reasons related to the user/patient (adolescent) them-
selves, reasons related to professionals who provide care
to adolescents and reasons related to the organization of
the health service and social structures. A study carried
out in Minas Gerais, a state in the southeastern region
of Brazil, showed that factors in the social environment,
such as violence rates in municipalities, can interfere
with HPV vaccine coverage among adolescents [14].

Geographic heterogeneity in factors related to popu-
lation characteristics (such as ethnicity, age and educa-
tion level) and the context in which people live (such as
neighborhood-level deprivation and proximity to health
services) can help to explain disparities in vaccination
coverage, in addition to identifying at-risk populations
that require specific interventions [15, 16].

The present study hypothesized that sociodemographic
and social environmental factors may be associated with
meeting the PNI goals for the HPV vaccine.

Given the above, this study aimed to identify the asso-
ciation between socioeconomic factors and the social
environment and HPV vaccine coverage rates in adoles-
cents in the state of Minas Gerais, Brazil.

Methods

This is an ecological study carried out with secondary
data from the State of Minas Gerais, Brazil, for girls from
2014 to 2022 and boys from 2017 to 2022; the data were
generated by the National Immunization Program Infor-
mation System (SI-PNI) and are available at <http://tab-
net.datasus.gov.br/cgi/dhdat.exe?bd_pni/cpnibr.def>,
about the HPV vaccine.

The State of Minas Gerais comprises 853 municipali-
ties; the state with the largest number of municipali-
ties in Brazil is distributed across a territory of 586,514
km2, with an estimated population of 20,539,989 inhab-
itants in 2022 [17]. Considering its territorial basis for
health planning, the state divides its territory into 14
expanded health regions according to demographic,
socioeconomic, geographic, sanitary, and epidemiologi-
cal characteristics; the provision of health services; and
the relationships between municipalities. The regions are
as follows: South; South Center; Center; Jequitinhonha;
West; East; Southeast; North; Northwest; Southeast;
North East; South Triangle; Northern Triangle; and Steel
Valley.


http://tabnet.datasus.gov.br/cgi/dhdat.exe?bd_pni/cpnibr.def
http://tabnet.datasus.gov.br/cgi/dhdat.exe?bd_pni/cpnibr.def

Luvisaro et al. BMC Infectious Diseases (2025) 25:34

The State of Minas Gerais is also divided into 19
Regional Health Superintendences (SRS) and 9 Regional
Health Management (GRS) states. Municipalities are
delimited based on cultural, economic and social iden-
tities; shared communication networks; and transport
infrastructure, with the purpose of integrating the organ-
ization and planning of health actions and services.

Data collection

Outcome

The HPV vaccine, the dependent variable of this study
and made available by the PNI, is recommended for girls
and boys aged 9 to 14 years. For the public in question,
the threatening vaccine is administered on a two-dose
schedule. As of 2016, the Ministry of Health adopted the
calculation by age cohort as a methodology for evaluating
vaccination coverage of the HPV vaccine. This method of
calculation considers the cumulative doses since the year
the vaccine was implemented for each cohort, consider-
ing that the scheme comprises two doses, which can be
applied in different years. The coverage calculation was
carried out in a similar way for both the first and second
doses and was compared with the target stipulated by the
PNI (80%) [18].

To calculate vaccination coverage (VC), cohorts were
defined from 9 to 15 years of age for the female popula-
tion and from 11 to 15 years for the male population vac-
cinated in the state of Minas Gerais. The second dose
of the vaccine was evaluated in the population up to 15
years of age of both sexes according to the cohort moni-
toring strategy followed by the PNI [19]. The VC calcula-
tions were carried out according to the following criteria:
population aged 9 years: vaccinated population aged 9
years in 2021; population aged 10 years: population vac-
cinated aged 9 years in 2020 added to the population vac-
cinated aged 10 years in 2021; population aged 11 years:
sum of populations vaccinated at 9 years of age in 2019;
population at 10 years old in 2020; population at 11 years
old in 2021; population aged 12: sum of populations vac-
cinated at 9 years of age in 2018; population at 10 years
old in 2019; population at age 11 in 2020; and population
at 12 years of age in 2021. This procedure was carried out
successively for the population vaccinated at 13, 14 and
15 years of age. When calculating the doses applied, the
first and second doses were considered for females and
males, respectively.

VC was categorized according to the following criteria
established by the PNI: greater than or equal to 80% for
immunobiologicals administered to adolescents; very low
(0% to <50%); low (>50% and lower than the target); and
adequate (> the target).

The VC content of each mixture was classified into
three categories according to the dose. A VC percentage
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less than 50% was classified as “very low”. If the observed
value was equal to or greater than 50% of the target,
which is 80%, it was categorized as “Low”. When the per-
centage is equal to or greater than 80%, “adequate”

Explanatory variables

As independent variables of this study, the sociodemo-
graphic variables of the municipalities were adopted
(population, number of families with an income of up to
half a minimum wage, percentage of the poor popula-
tion in unique registration, proportion of the population
served by the family health strategy, and urbanization
rate).

Data analysis and processing

Initially, multivariate linear regression was applied [20].
For the modeling process, the backward method was
adopted based on theoretical criteria. The multicollinear-
ity condition number was also used to identify the collin-
earity of the explanatory variables included in the model,
as this test shows collinearity of the explanatory variables
when their value is greater than 30. The multicollinear-
ity condition number is more appropriate than the VIF
(Variance Inflation Factor). This is because the condition
number assesses the numerical stability of the entire set
of explanatory variables, while the VIF examines the col-
linearity of each variable individually. In global spatial
models, where the relationship between variables can be
more complex and interdependent, the condition num-
ber makes it possible to identify multicollinearity prob-
lems on a broader level, capturing interactions that the
VIF may not adequately detect.

The OLS model provides estimates of spatial depend-
ence diagnoses through Tests Langrange multipliers,
which shows the need to consider models that incorpo-
rate spatial effects.

Subsequently, models with global spatial effects were
constructed that consider spatial effects, namely, spatial
lag and spatial error. Using Lagrange multiplier tests,
the model that presented the highest likelihood-like
value and lowest Akaike information criterion (AIC) and
Schwarz Bayesian criterion values was considered the
like model [20, 21].

The spatial lag model does not attribute ignored spatial
autocorrelation to the response variable. In this model,
spatial autocorrelation is incorporated as a component of
the model itself. The spatial error model considers spatial
effects as noise, that is, a factor to be removed, since the
effects of spatial autocorrelation are associated with the
error term.

Finally, the Global Moran index was used to assess
whether the spatial autocorrelation of the residues had



Luvisaro et al. BMC Infectious Diseases (2025) 25:34

been eliminated [20]. Geoda software (version 1.20.0.8)
was used for the analysis of this study.

Ethical approval

Due to the nature of this study of using freely acces-
sible data, available from the Information Technology
Department of the Brazilian National Health System
(Datasus), it was not necessary to submit the present
study to the Research Ethics Committee in accordance
with Resolution 466/2012 of the National Brazilian
Health Council.

Table 1 Vaccination coverage between males (2016-2022) and
females (2014-2022) after the first and second doses of the HPV
vaccine, Minas Gerais, Brazil

Dose Applied doses Population VC (%)
Male
1adose 408,461 811,437 50.3%
22 dose 340,742 955,215 35.7%
Female
12 dose 664,709 775425 85.7%
22 dose 634,453 912,920 69.5%

VCVaccination coverage

D2_Female

D2_Male

D1_Female

D1_Male
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Results

In the 853 municipalities of the state of Minas Gerais,
in the first dose, 408,461 vaccines were administered
among 811,437 male children and adolescents, result-
ing in a VC of 50.3%.

Among female children and adolescents, 85.7% of the
participants were vaccinated, for a total of 664,709 vac-
cinations administered to a population of 775,425. At
the second dose, of which 955,215 were male children
and adolescents, 340,742 received the vaccine, resulting
in a VC of 35.7%.

A total of 634,453 female children and adolescents
received the dose out of a population of 912,920, with a
final coverage of 69.5% (Table 1).

Coverage in the first and second doses among males
in most of the 853 municipalities in the state of Minas
Gerais was considered very low (34.8% dose 1 and
74.9% dose 2) or low (55.5% dose 1 and 24.3% dose 2).
Among females, the highest percentages were for ade-
quate (77.5% dose 1 and 48.5% dose 2) or low (21.6%
dose 1 and 46.2% dose 2). The data can be seen in Fig. 1.

Figure 2 and Supplementary Material 1 show the vac-
cination coverage figures for the first and second doses
given by the Regional Health Units (URS)(in Portu-
guese—Unidades Regionais de Saude), as well as the
number and percentage of municipalities in each of the

48,5

00

77,5

100

% municipalities in the state of Minas Gerais

m Verylow mLow

Adequate

Fig. 1 Percentages of vaccination coverage categories between sexes for the first and second doses of the vaccine among municipalities in Minas

Gerais, Brazil. Note: n: 853 municipality; D1= Dose 1; D2= Dose 2
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Legend
First dose vaccination coverage in males
B 31.9%-38.9%
B 38.9% - 45.8%
[ 45.8%- 52.8%
[ 52.8%-59.8%

Second dose vaccination coverage in males
W 23.1% - 27.8%
B 27.8% - 32.6%
3 32.6%-373%
[ 373%-421%

100 200

300 400 km

Fig.2 .

URSs that were classified as ‘adequate’ in relation to the
vaccination target for both sexes.

Among vaccinated males, the URS of Itabira had the
highest VC, at 59.75 (Fig. 1A). However, only 4 (16.67%)
of the municipalities belonging to the URS had an ade-
quate level for the first dose. For the first dose among
females (Fig. 2B), the highest vaccination coverage was in
the URS of Uberlandia, at 98.14%; however, 11 (61.11%)
of the municipalities were vaccinated at or above 80%.
Regarding the second dose (Fig. 2C), the URS that pre-
sented the highest VC for men was Ponte Nova, with
42.07. However, one (3.33%) municipality reached the
adequacy target. With respect to the second dose applied
to females (Fig. 2D), the highest VC concentration was
observed in the URS of Alfenas, for which 78.46 and 15
municipalities achieved the target, representing 62.50%
of the URS.

Table 2 and Supplementary Material 2 shows that
the OLS model for the first male dose has a portion of
spatial correlation that can improve the model, with
Moran’s global index equal to 0.0534. Lagrange multipli-
ers were significant, indicating that spatial models should
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Legend

First dose vaccination coverage in females
W 66.1% - 74.1%
BB 74.1% - 82.1%
[ 82.1% - 90.1%
[ 90.1% - 98.1%

Second dose vaccination coverage in females
B 51.3%-58.1%
I 58.1% - 64.9%
3 64.9%- 71.7%
3 71.7%- 78.5%

100 200 300 400 km

be estimated (p value<0.001). Among the two spatial
models, spatial error was the best, with lower AIC and
Schwarz criterion values and higher R2 and logarithm of
likelihood values (Supplementary Material 2).

According to the best model obtained, the area of the
municipality significantly decreased the value of vaccina-
tion coverage (p value<0.05). The urbanization rate was
also significantly different: the higher the urbanization
rate was, the lower the VC values were. The proportion
of families served by the family strategy was significant,
demonstrating that the greater their proportion in the
municipality was, the greater the VC values were.The
effect of the second dose on males did not change com-
pared to that of the first dose.

The global Moran’s index showed a value of 0.06 and
the Lagrange multipliers were significant, leading to an
improvement in the model through spatial correlations.
The value of 0.06 suggests weak spatial autocorrelation,
but the significance of the Lagrange multipliers indi-
cates that there is a relevant spatial dependence that
should be considered in the model. The model with
the best indicators was Spatial Error, which means that
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Table 2 OLS, spatial error and spatial lag models for the first and second doses to males
Fisrt dose Second dose
Models oLs Spatial Error Spatial Lag oLS Spatial Error Spatial Lag
Coef p-value Coef p-value Coef p-value Coef p-value Coef p-value Coef p-value
Variables
AREA_KM2 ~ —-0.0023  0.0003 -0.0022  0.0022 -0.0019  0.0018 -0.0017 <0.001 -0.0016 0.0030 —0.0014 0.0015
D1_male 0.0012 0.0730 0.0010 0.1346 0.0012 0.0716 0.0006 0.1169 0.0006 0.1226 0.0007 0.0812
N_min -0.0009  0.0367 -0.0007  0.1020 -0.0008  0.0417 —-0.0006 0.0707 —0.0005 0.0912 —0.0006 0.0505
P_single —0.1060  0.0429 -0.0303 06113 -0.0646  0.2083 —0.0658 0.0886 —0.0166 0.7089 —0.0428 0.2571
P_strategy  0.1632 0.0006 0.1505 0.0013 0.1549 0.0008 0.1500 <0.001 0.1312 <0.001 0.1374 <0.001
Rate_Urb -0.1441  0.0017 -0.1667  0.0004 —0.1403  0.0019 -0.1424 <0.001 -0.1557 <0.001 -0.1355 <0.001

Area_KM2: area per square kilometer; D1_male: first dose of vaccine for the female population; N_min: number of families with an income of up to half the minimum
wage; P_single: percentage of the population with a single registration; P_ strategy: proportion of the population served by the family health strategy; Rate_Urb:

urbanization rate

incorporating the spatial dependence structure into the
model’s errors improved the quality of the analysis. This
model considers that the errors are not independent,
but spatially correlated, which is important in analyses
where geographical location can influence the results
(Supplementary Material 2). The significant coefficients
included the following variables: area, proportion of
families served by the family strategy and urbanisation
rate (Table 2). The significant coefficients found in the
model indicate the relationships between the variables
analysed, as follows:

Area: There is an inverse relationship with VC, sug-
gesting that the larger the area, the lower the VC. This
may indicate that larger municipalities, in terms of area,
have more stability or less variation in the observed
characteristics.

Proportion of families served by the family strategy:
This has a direct relationship with the VC, suggesting
that the greater the coverage by the family strategy, the
greater the municipality’s VC. This may indicate that the

expansion of family strategy coverage is associated with
variations in the health characteristics of municipalities.

Urbanisation rate: Also inversely related to VC, sug-
gesting that more urbanised municipalities tend to have
lower VC, which may indicate greater homogeneity or
less variation in more urbanised municipalities.

Table 3 and Supplementary Material 3 shows a higher
spatial correlation for the first dose given to girls, with
an overall Moran’s index of 0.0814. Although the value
is not extremely high, it still points to a relevant spa-
tial autocorrelation that justifies spatial modelling.
Among the spatial models, Spatial Error again showed
the best results, with the lowest AIC and Schwarz cri-
terion values and the highest R* and log-likelihood
values. showed the best results, with the lowest AIC
(Akaike Information Criterion) and Schwarz criterion
values, as well as the highest R? and log-likelihood val-
ues, indicating that this model better explains the vari-
ations observed in the data(Supplementary Material
3). In this model, the coefficients of all the variables

Table 3 OLS, spatial error and spatial lag models for the first and second doses to females

Fisrt dose Second dose
Models oLS Spatial Error Spatial Lag OoLS Spatial Error Spatial Lag
Coef p-value Coef p-value Coef p-value Coef p-value Coef p-value Coef p-value
Variables
AREA_KM2  —-0.0027  0.0004 —0.0025  0.0048 —0.0024 0.0011 -0.0023  0.0012 —0.0022  0.0075 —0.0021  0.0025
D1_female  0.0026 0.0016 0.0020 0.0106 0.0026 0.0011 0.0019 0.0034 0.0016 00117 0.0019 0.0023
N_min -0.0018  0.0004 —0.0014  0.0066 —0.0018  0.0003 —0.0016  0.0009 —-0.0013  0.0057 —-0.0016  0.0007
P_single 0.1550 0.0168 03512 0.0000 0.1937 0.0022 0.1036 0.0844 0.2330 0.0009 0.1246 0.0353
P_strategy 0.1747 0.0028 0.1466 0.0101 0.1507 0.0078 02182 0.0001 0.1899 0.0004 0.1976 0.0002
Rate_Urb —0.0446 04310 -0.1059  0.0671 -0.0564  0.3069 -0.1134  0.0313 -0.1576  0.0035 -0.1163  0.0245

Area_KM2: area per square kilometer; D1_female: first dose of vaccine for the female population; N_min: number of families with an income of up to half the
minimum wage; P_single: percentage of the population with a single registration; P_ strategy: proportion of the population served by the family health strategy;

Rate_Urb: urbanization rate
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were statistically significant (p-value <0.05), with the
exception of the urbanisation rate. For the area of the
municipality and the number of families earning just
one minimum wage, the coefficients indicated that the
higher the observed values, the lower the CV in the
municipalities. For the variables opposite-sex popula-
tion and proportion of families served by the Family
Strategy programme, the higher the observed values,
the higher the CV for the first dose in females.

The coefficients are interpreted as follows: Area of
the municipality and number of families earning only
one minimum wage: The higher these values, the lower
the VC for the first dose applied to women. This sug-
gests that larger municipalities, with more low-income
families, have less variation in the application of the
first dose.

Population of opposite sex and proportion of fami-
lies served by the Family Strategy Programme: The
higher the values for these variables, the higher the
VC for the first dose. This may indicate that the pres-
ence of a larger population of the opposite sex and the
greater coverage of the Family Strategy programme are
associated with greater variability in the application of
the first dose in women.

For the second dose applied to women, the adjust-
ment results showed that the Spatial Error model was
the best. Lower fit values were obtained for the AIC
and Schwarz criteria and higher results for the log-
likelihood and R2 (Supplementary Material 3). Unlike
what was found for the first dose, all the coefficients
were significant: Municipal Area, Number of House-
holds earning a Minimum Wage and Urbanisation
Rate: These coefficients indicate that the higher these
values, the lower the VC for the second dose. This sug-
gests less variability in the application of the second
dose in larger, more urbanised municipalities with a
greater number of low-income families. Regarding the
variables Opposite Sex Population, Percentage of Poor
Population and Proportion of Families Served by the
Family Strategy Programme: The higher these vari-
ables, the higher the VC for the second dose. This may
reflect challenges in equitable coverage of the second
dose in contexts with greater poverty and greater pres-
ence of people of the opposite sex. The results indi-
cate that spatial dependence is an important factor in
analysing the distribution of vaccine doses, especially
between the different demographic and socioeconomic
characteristics of the municipalities. The use of the
Spatial Error Model makes it possible to capture these
spatial correlations and provide a more robust analy-
sis, highlighting patterns that can guide more targeted
and effective public health policies (Table 3).
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Discussion

This study showed that the incidence of HPV infection,
which occurred during both the first and second doses
among male adolescents in most municipalities in the
state of Minas Gerais, was considered very low (<50%)
or low (>50% to<80%). Among female adolescents, the
highest percentages were adequate (>80%) or low (>50%
to < 80%).

In Brazil, the HPV vaccine faces challenges, such as
changes in the target population and in the vaccination
schedule over time, and it is currently offered free of
charge in the SUS for individuals aged 9 to 14 years based
on a scheme of two doses, with an application interval of
six months [22].

Since their licensing in 2006, HPV vaccines have been
progressively introduced in many countries. European
countries started their vaccination schedule earlier in
their immunization programs, and in some of them, HPV
vaccination programs were successful from the beginning
and maintained high vaccination coverage. However, in
other regions, such as Japan, Ireland and Denmark, there
has been a significant decrease in VC since the introduc-
tion of the vaccine [23].

In Brazil, coverage rates are not very different from
those in these countries, and at the beginning of the vac-
cine introduction campaign, 87% of Brazilian municipali-
ties reached the recommended target in the first dose in
2014, but only 32% of them reached the recommended
target in the second dose [9, 11]. This scenario of falling
global VC, including that of the HPV vaccine, has been
worrying to health managers on a universal scale [24].

The introduction of a new vaccine to the population
can contribute to vaccine hesitancy [25] and, conse-
quently, interfere with VL. However, other factors, as
highlighted by Beharry and collaborators [13], can also
contribute to adolescents’ VC. In this scenario, adoles-
cents rarely attend health services and rarely engage in
health promotion activities, both due to the characteris-
tics of biopsychosocial development and because of the
lay understanding that the age group has “good health”
and would not benefit from medical consultations. rou-
tine [26, 27]. Furthermore, many adolescents (and fam-
ily members) are not aware of the need for vaccination in
their age group [28]; for example, the lack of health edu-
cation at school, where adolescents spend a large part of
their time, also contributes to a lack of this knowledge or
greater care.

Vaccination against HPV has proven to be crucial in
the prevention of cervical cancer, one of the leading
causes of mortality among women worldwide. Interna-
tional studies, such as those conducted by the WHO and
the Centers for Disease Control and Prevention (CDC)
in the United States, have demonstrated that the vaccine
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is highly effective in reducing infections by HPV strains
responsible for approximately 70% of cervical cancer
cases. Countries that have implemented widespread vac-
cination programs, like Australia, which aims to elimi-
nate cervical cancer by 2035, have seen a significant
decrease in the incidence of this disease. Moreover, the
HPV vaccine is widely recognized as cost-effective, as it
prevents HPV infection, reducing the need for expensive
treatments for cancer and pre-cancerous lesions, while
also lowering the social and public health costs associ-
ated with the disease [6, 12].

Another relevant factor for vaccinating adolescents is
professionals, especially ESF professionals, as not every-
one is prepared to address the idiosyncrasies of adoles-
cence [27]. Furthermore, not everyone encourages the
updating of adolescents’ vaccination schedules when they
attend health care services [28]. They also use the myth of
the father or guardian’s need to offer care/interventions,
not guaranteeing the adolescent’s rights.

Finally, it is known that there are intrinsic reasons
for the organization of the health system and the social
constructions that can impede the path of adolescents
to primary care centers [27]. This factor deserves much
attention, especially in a country such as Brazil, where
61% of children and adolescents live in conditions of
socioeconomic vulnerability.

The role of the COVID-19 pandemic in reducing VC in
children and adolescents cannot be ignored [29-32]. A
study carried out with another immunobiological agent,
exclusively for the adolescent population in Minas Ger-
ais, showed that in 2020, the VC for this immunobiologi-
cal agent was 52.28% for the first dose and 25.69% for the
second dose [33].

Another finding of this study was that, in relation to
males, for both the first and second doses, the higher the
urbanization rate was, the lower the VC values were. For
females, for area and number of families with a minimum
wage, the coefficients indicate that the higher the values
observed are, the lower the VC in the municipalities. For
the variable population of the opposite sex and propor-
tion of families served by the ESE, the higher the values
observed were, the greater the VC was at the first dose.

In the U.S., a study on the association between HPV
vaccination, income and type of health care (with health
insurance and/or without) produced similar results. A
study showed that adolescents from low-income families
without health insurance were more likely to start the
HPYV vaccination process [34].

Work carried out in Brazil showed that HPV vaccine
coverage increased in the population who lived only with
their mother and had a higher level of education [35].

These findings emphasize that, in the absence of uni-
versal public policies, adolescents in a context of greater

Page 8 of 11

social vulnerability will have reduced access to vaccina-
tion and will be more subject to health problems, such as
cervical cancer [35].

In this sense, the ESF, first named the Family Health
Program (FHP), officially implemented in the Brazilian
territory in 1994, represents a milestone in the history
of health policies in Brazil, as it reorganized the health
care model [36]. In Minas Gerais, the proportion of the
population served in ESF units was 72.3% in 2013, and
in 2019, it was 73.0% [37]. However, Minas Gerais has
its own complexities. In this sense, through the Primary
Health Care Secretariat of the Ministry of Health, in May
2019, and with updates to the publication of Ordinance
No. 397/GM/MS, of March 16, 2020, the Ministry of
Health launched the Health in the Hour Program, which
provides for the extension of opening hours at UBS in
municipalities that join the program, enabling easier
access for the population to services offered in primary
care, including immunization actions [25, 38].

Finally, this work demonstrated that, in relation to
the proportion of families served by the ESF, the higher
their proportions in the municipality were, the greater
the VC values for the first and second doses of the HPV
vaccine. The second dose applied to females, the area of
the municipality, the number of families with a minimum
wage and the urbanization rate indicated that the higher
the VC values were in the second dose, the lower they
were. However, the larger the population of the opposite
sex, the greater the percentage of the “poor” population
in the single registry and the greater the proportion of
families served by the family strategy, the greater the VC
in the second dose.

A study by Staples et al. [39] revealed contrasting
effects of area-level socioeconomic factors on the initia-
tion and completion of the HPV vaccine among adoles-
cents, with regions with the lowest coverage rates being
less populated, less educated, and having a lower median
family income and higher rates of poverty and unemploy-
ment [39]. Among male adolescents, those in these areas
had a significantly lower density of primary care provid-
ers [39].

Other studies have shown that area-level characteris-
tics such as ethnic composition, population density, sex
distribution, area-level socioeconomic status, geographic
location, and local health services are associated with
geospatial patterns of HPV vaccination coverage in dif-
ferent populations [39, 40]. As in this study, the work
of Grampos et al. showed that the least disadvantaged
regions recorded the highest vaccination completion
rates, which is consistent with an analysis of secondary
data from the 2012 and 2013 NIS-Teen survey. These
findings demonstrate that boys who lived in high-pov-
erty areas were more likely to complete the vaccination
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schedule than boys in low-poverty areas were [41], which
is justified by the fact that this more vulnerable popula-
tion is covered by the health system more effectively.

Nevertheless, in relation to geographic location, stud-
ies show that less economically disadvantaged places
have more actions related to neighborhood safety; con-
sequently, programs aimed at public health, such as the
ESE, are more active and subsidize actions aimed at vac-
cination programs, which favor higher HPV vaccine rates
[42, 43].

The limitations of this study are related to the inaccu-
racy of the use of secondary data regarding VC calcula-
tions and data on individual characteristics. On the other
hand, the study advances by comparing the cumulative
vaccination coverage of the HPV vaccine in multiple
cohorts of adolescents to socioeconomic factors and the
social environment in the state of Minas Gerais. It is also
worth highlighting the innovation of this study regard-
ing adolescent health and vaccination, a topic that is still
scarce in the Brazilian and global literature.

Conclusion

This study demonstrated that socioeconomic factors,
geographical area and their interactions can influence
HPV vaccination efficacy. The disparities found in this
study related to VC rates throughout the state of Minas
Gerais demonstrate the need to implement interven-
tion actions aimed at this population to increase VC and,
consequently, reduce health problems, such as cervical
cancer.

Acknowledgements

For the support in carrying out this study — to the Vaccination Research and
Studies Observatory of the School of Nursing of the Federal University of
Minas Gerais (OPESV—EEUFMG) and the State Department of Health of Minas
Gerais (SES-MG).

Clinical trial number
Not applicable.

Authors’ contributions

BMOL- (DESIGN OF THE STUDY, EXTRACTION OF DATA, ANALYSIS AND INTER-
PERETATION, WRITING OF THE ARTICLE, FINAL APPROVAL OF THE VERSION TO
BE SUBMITTED;AIl authors reviewed the manuscript); TPRS- (DESIGN OF THE
STUDY, EXTRACTION OF DATA, ANALYSIS AND INTERPERETATION, WRITING
OF THE ARTICLE, FINAL APPROVAL OF THE VERSION TO BE SUBMITTED;AII
authors reviewed the manuscript); JDG- (STUDY DESIGN, ANALYSIS AND
INTERPRETATION, ARTICLE WRITING, FINAL APPROVAL OF THE VERSION TO

BE SUBMITTED;AIl authors reviewed the manuscript); MLF- (STUDY DESIGN,
ANALYSIS AND INTERPRETATION, ARTICLE WRITING, FINAL APPROVAL OF THE
VERSION TO BE SUBMITTED;All authors reviewed the manuscript); LMDN-
(STUDY DESIGN, ANALYSIS AND INTERPRETATION, ARTICLE WRITING, FINAL
APPROVAL OF THE VERSION TO BE SUBMITTED;AIl authors reviewed the
manuscript); LPG- (STUDY DESIGN, ANALYSIS AND INTERPRETATION, ARTICLE
WRITING, FINAL APPROVAL OF THE VERSION TO BE SUBMITTED;All authors
reviewed the manuscript); FPM- (DESIGN, CONCEPTION OF THE STUDY, WRIT-
ING OF THE ARTICLE, FINAL APPROVAL OF THE VERSION TO BE SUBMITTED;AII
authors reviewed the manuscript).

Funding
Not applicable.

Page 9 of 11

Data Availability

Data are provided in the manuscript in the methodology session, secondary
data from the State of Minas Gerais, Brazil, for girls from 2014 to 2022 and boys
from 2017 to 2022; the data were generated by the National Immunization
Program Information System (SI-PNI) and are available at <http://sipni.datasus.
gov.br/,>, about the HPV vaccine.

Declarations

Ethics approval and consent to participate

Because it is non -nominal public data, available by Datasus, it was not
necessary to approve the study project by a research ethics committee.

All procedures performed in studies involving human participants were in
compliance with the ethical standards of the institutional research committee,
as well as with the 1964 Helsinki declaration and with its later amendments or
comparable ethical standards.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 30 January 2024 Accepted: 22 November 2024
Published online: 07 January 2025

References

1. Skeate Joseph G, et al. Current therapeutic vaccination and immu-
notherapy strategies for HPV-relateddiseases. HUMAN VACCINES &
IMMUNOTHERAPEUTICS. 2016 [cited 2022 Oct 26];12:1418-1429. https://
doi.org/10.1080/21645515.2015.1136039. Available from: https.//www.
tandfonline.com/doi/epdf/https://doi.org/10.1080/21645515.2015.11360
39?needAccess=true

2. Guide to introducing HPV vaccine into national immunization pro-
grammes [bibliography on the Internet]. WHO: [publisher unknown];
2016 [cited 2022 Oct 26]. 104 p. Available from: https://iris.who.int/
handle/10665/253123

3. ColpaniVerodnica, et al. Prevalence of human papillomavirus (HPV) in Bra-
zil: : A systematic review and meta-analysis. Human Papillomavirus (HPV).
2020 Feb 21 [cited 2023 Nov 24];2(15):1-34. https://doi.org/10.1371/journ
al.pone.0229154. Available from: https://journals.plos.org/plosone/article/
file?id=https://doi.org/10.1371/journal.pone.0229154&type=printable

4. Bedell Sarah L, et al. Cervical Cancer Screening: : Past, Present, and Future.
Sexual Medicine Reviews. 2020 Janeiro [cited 2023 Nov 211;,8:28-37.
https://doi.org/10.1016/j.5xmr.2019.09.005. Available from: https://pub-
med.ncbi.nlm.nih.gov/31791846/.

5. Instituto Nacional de Cancer José Alencar Gomes da Silva, compiler.
Estimativa 2020: :Incidéncia de Cancer no Brasil [bibliography on the
Internet]. INCA: [publisher unknown]; 2019 [cited 2022 Nov 22]. 122
p. Available from: https://www.inca.gov.br/sites/ufu.stiinca.local/files/
media/document/estimativa-2020-incidencia-de-cancer-no-brasil. pdf

6. WHO, compiler. IMMUNIZATION AGENDA 2030: A global strategy to
leave no one behind [bibliography on the Internet]. WHO: [publisher
unknownl; 2020 April [cited 2022 Oct 26]. 60 p. Available from: https://
cdn.who.int/media/docs/default-source/immunization/strategy/ia2030/
ia2030-draft-4-wha_b8850379-1fce-4847-bfd1-5d2c9d9e32f8.pdf?
sfvrsn=5389656e_69&download=true

7. BruniLaia, et al. Global estimates of human papillomavirus vaccination
coverage by region and income level: a pooled analysis. Lancet Glob
Health. 2016 Julho [cited 2022 Oct 26];4:453-463. https://doi.org/10.
1016/52214-109X(16)30099-7. Available from: https://pubmed.ncbi.nlm.
nih.gov/27340003/.

8. Ferlay Jacques, et al. Cancer incidence and mortality worldwide: : sources,
methods and major patterns in GLOBOCAN 2012. Int J Cancer. 2015
Marco [cited 2022 Oct 24];136:359-386. https://doi.org/10.1002/ijc.29210.
Available from: https://pubmed.ncbi.nim.nih.gov/25220842/.


http://sipni.datasus.gov.br/
http://sipni.datasus.gov.br/
https://doi.org/10.1080/21645515.2015.1136039
https://doi.org/10.1080/21645515.2015.1136039
https://doi.org/10.1080/21645515.2015.1136039?needAccess=true
https://doi.org/10.1080/21645515.2015.1136039?needAccess=true
https://iris.who.int/handle/10665/253123
https://iris.who.int/handle/10665/253123
https://doi.org/10.1371/journal.pone.0229154
https://doi.org/10.1371/journal.pone.0229154
https://doi.org/10.1371/journal.pone.0229154&type=printable
https://doi.org/10.1016/j.sxmr.2019.09.005
https://pubmed.ncbi.nlm.nih.gov/31791846/
https://pubmed.ncbi.nlm.nih.gov/31791846/
https://www.inca.gov.br/sites/ufu.sti.inca.local/files/media/document/estimativa-2020-incidencia-de-cancer-no-brasil.pdf
https://www.inca.gov.br/sites/ufu.sti.inca.local/files/media/document/estimativa-2020-incidencia-de-cancer-no-brasil.pdf
https://cdn.who.int/media/docs/default-source/immunization/strategy/ia2030/ia2030-draft-4-wha_b8850379-1fce-4847-bfd1-5d2c9d9e32f8.pdf?sfvrsn=5389656e_69&download=true
https://cdn.who.int/media/docs/default-source/immunization/strategy/ia2030/ia2030-draft-4-wha_b8850379-1fce-4847-bfd1-5d2c9d9e32f8.pdf?sfvrsn=5389656e_69&download=true
https://cdn.who.int/media/docs/default-source/immunization/strategy/ia2030/ia2030-draft-4-wha_b8850379-1fce-4847-bfd1-5d2c9d9e32f8.pdf?sfvrsn=5389656e_69&download=true
https://cdn.who.int/media/docs/default-source/immunization/strategy/ia2030/ia2030-draft-4-wha_b8850379-1fce-4847-bfd1-5d2c9d9e32f8.pdf?sfvrsn=5389656e_69&download=true
https://doi.org/10.1016/S2214-109X(16)30099-7
https://doi.org/10.1016/S2214-109X(16)30099-7
https://pubmed.ncbi.nlm.nih.gov/27340003/
https://pubmed.ncbi.nlm.nih.gov/27340003/
https://doi.org/10.1002/ijc.29210
https://pubmed.ncbi.nlm.nih.gov/25220842/

Luvisaro et al. BMC Infectious Diseases

20.

21.

22.

(2025) 25:34

Brasil. Secretdria de Vigilancia em Satde. Departamento de vigilancia de
doengas transmissiveis. Coordenacao geral do programa de nacional de
Imunizacées. 2022 [citado 26 de outubro de 2022]. NOTA TECNICA n°®
29/2022 -Saude amplia vacinagdo contra meningite e HPV; entenda o
que muda — Portugués (Brasil). Disponivel em: https://saude.es.gov.br/
Media/sesa/Orient. Cidadao/INFORMES_TECNICOS_IMUNIZACOES/3.1 -
NOTA TECNICA N° 29 2022 - Ampliacio da oferta da vacina HPV quadriva-
lente para meninos de 9 a 14 anos de idade.pdf

Secretaria de Vigilancia em Saude, compiler. MINISTERIO DA SAUDE Sec-
retaria de Vigilancia em Satde Departamento MANUAL DE VIGILANCIA
EPIDEMIOLOGICA DE EVENTOS ADVERSOS POS-VACINAGAO [bibliogra-
phy on the Internet]. 4th ed. Brasil: [publisher unknownl; 2021 [cited 2022
Oct 24]. 342 p. Available from: https:.//www.gov.br/saude/pt-br/centr
ais-de-conteudo/publicacoes/svsa/vacinacao-imunizacao-pni/manual _
eventos-_adversos_pos_vacinacao_4ed_atualizada.pdf

. Moro Adriana, et al. COBERTURAS VACINAIS DO PAPILOMA VIRUS

HUMANO NO CONTEXTO BRASILEIRO. Papiloma Virus Humano. 2017
Dec 20 [cited 2023 Oct 171;6:124-132. https://doi.org/10.24302/sma.v6i2.
1528. Available from: https://www.periodicos.unc.br/index.php/sma/artic
le/view/1528

WHO, compiler. APPENDICES TO THE REPORT OF THE SAGE WORKING
GROUP ON VACCINE HESITANCY [bibliography on the Internet]. WHO:
[publisher unknown]; 2014 [cited 2023 Oct 16]. 111 p. Available from:
https://terrance.who.int/mediacenter/data/sage/SAGE_Docs_Ppt_Oct20
14/9_session_vaccine_hesitancy/Oct2014_session9_vaccine_hesitancy_
annexes.pdf.

Beharry Meera S. MD, et al. Adolescent Immunization Update. Adolescent
Immunization. 2011 September [cited 2023 Oct 16];30:787-790. https://
doi.org/10.1097/INF.Ob013e31822d70be. Available from: https://journals.
Iww.com/pidj/citation/2011/09000/adolescent_immunization_update.
15.aspx

Luvisaro Bianca Maria Oliveira, et al. Fatores ambientais associados a
cobertura da vacina contra o papilomavirus humano em adolescentes:
analise de 2016 a 2020. Papiloma Virus Humano. 2022 [cited 2023 Nov
24];30:1-9. https://doi.org/10.1590/1518-8345.6285.3804. Available from:
https://www.scielo.br/j/rlae/a/PdMhv8Gt6q9d7P6INGHhYQw/?lang=pt#
Tsui Jennifer, et al. Exploring the role of neighborhood sociodemo-
graphic factors on HPV vaccine initiation among low-income, ethnic
minority girls. National Library of Medicine. 2013 August [cited 2023 Nov
24];15:732-740. https://doi.org/10.1007/510903-012-9736-x. Available
from: https://pubmed.ncbi.nlm.nih.gov/23081659/.

Kurani Shaheen, et al. Socioeconomic disadvantage and human papil-
lomavirus (HPV) vaccination uptake. National Library of Medicine. 2022
Jan 24 [cited 2023 Nov 22];40:471-476. https://doi.org/10.1016/j.vacci
ne.2021.12.003. Available from: https://pubmed.ncbi.nim.nih.gov/34916
103/.

IBGE. Panorama do Censo 2022. Gov.br: Instituto Brasileiro de Geografia
e Estatistica; 2023 [cited 2023 Nov 20]. Available from: https://cens02022.
ibge.gov.br/panorama/.

Ministério da Satde, compiler. GUIA DE VIGILANCIA EM SAUDE [bibliogra-
phy on the Internet]. 6th ed. Gov.br: Secretaria de Vigildncia em Satde e
Ambiente; 2023 [cited 2023 Nov 20]. 456 p. Available from: https.//www.
gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/svsa/vigilancia/
guia-de-vigilancia-em-saude-volume-1-6a-edicao/view

OPAS, compiler. Metodologia para o célculo de cobertura da vacina con-
tra 0 HPV na Regido das Américas [bibliography on the Internet]. PAHO:
OPAS; 2019 [cited 2023 Nov 20]. 24 p. Available from: https://iris.paho.org/
handle/10665.2/51663

Anselin Luc, editor. Exploring Spatial Data with GeoDaTM : A Workbook
[bibliography on the Internet]. The University of Edinburgh: Copyright;
2005 [revised 2005 Mar 6; cited 2023 Nov 20]. 244 p. Available from:
https://www.geos.ed.ac.uk/~gisteac/fspat/geodaworkbook.pdf

da Cunha Ménica Duarte. “Estatistica espacial na investigacdo epidemi-
olégica de fatores associados a deteccéo de casos de hanseniase no Rio
de Janeiro"[Tese on the Internet]. [place unknownl: Escola Nacional de
Saude Publica Sergio Arouca; 2012 [cited 2023 Nov 21]. 129 p. Available
from: https://pesquisa.bvsalud.org/portal/resource/pt/tes-5092 Douto-
rado em Ciéncias na area de Epidemiologia em Saude Publica.

Brasil. Ministério da Saude. Secretéria de Vigilancia em Saude. Departa-
mento de vigilancia de doengas transmissiveis. Coordenacao geral do
programa de nacional de Imunizacées. 2022. NOTA TECNICA no 29/2022

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Page 10 of 11

-Satide amplia vacinagdo contra meningite e HPV; entenda o que muda
— Portugués (Brasil).

Karafillakis Emilie, et al. HPV vaccination in a context of public mistrust
and uncertainty: : a systematic literature review of determinants of HPV
vaccine hesitancy in Europe. National Library of Medicine. 2019 [cited
2023 Nov 211;15:1615-1627. https://doi.org/10.1080/21645515.2018.
1564436. Available from: https://pubmed.ncbi.nim.nih.gov/30633623/.
Larson Heidi J, et al. Understanding vaccine hesitancy around vaccines
and vaccination from a global perspective: a systematic review of pub-
lished literature, 2007-2012. National Library of Medicine. 2014 Apr 17
[cited 2023 Nov 21];32:2150-2190. https://doi.org/10.1016/j.vaccine.2014.
01.081. Available from: https://pubmed.ncbi.nim.nih.gov/24598724/.
Domingues Carla Magda Allan Santos, et al. 46 anos do Programa
Nacional de Imunizagdes: uma histéria repleta de conquistas e desafios

a serem superados. Cadernos de Saude Publica. 2020 [cited 2023 Nov
211;36:1-17. https://doi.org/10.1590/0102-311X00222919. Available from:
https://www.scielo.br/j/csp/a/XxZCT7tKQjP3VopCyywtXMx/#

Vieira Roberta Peixoto, et al. Participation of adolescents in the Family
Health Strategy from the theoretical-methodological structure of an
enabler to participation. Revista Latino-americana de Enfermagem. 2014
[cited 2023 Nov 21];22:309-316. https://doi.org/10.1590/0104-1169.3182.
2417. Available from: https://www.scielo.br/j/rlae/a/wPqQ9twwVzfw5
WOScPYszx/?lang=en#

Assis Simone Gongalves, Avanci Joviana Quintas, Duarte Cristiane S. Ado-
lescéncia e salide coletiva: entre o risco e o protagonismo juvenil. Ciéncia
& Saude Coletiva. 2015 novembro [cited 2023 Nov 13];,20:3296. https://
doi.org/10.1590/1413-812320152011.19942015. Available from: https://
www.scielo.br/j/csc/a/qYVh4 WdYpjYF7VdjQcNgc3G/#

de Carvalho Ayla Maria Calixto, de Aradjo Telma Maria Evangelista.
Fatores associados a cobertura vacinal em adolescentes. Acta Paulista

de Enfermagem. 2010 [cited 2023 Out 16];23:796-802. https://doi.org/
10.1590/50103-21002010000600013. Available from: https://www.scielo.
br/j/ape/a/7rLy7dZs6 WgrYpJ86kTk8bb/#

Chandir Subhash, et al. Impact of COVID-19 pandemic response on
uptake of routine immunizations in Sindh, Pakistan: An analysis of provin-
cial electronic immunization registry data. National Library of Medicine.
2020 Oct 21 [cited 2023 Out 16];38:7146-7155. https://doi.org/10.1016/].
vaccine.2020.08.019. Available from: https://pubmed.ncbi.nlm.nih.gov/
32943265/.

Mansour Ziad, et al. Impact of COVID-19 pandemic on the utilization of
routine immunization services in Lebanon. National Library of Medicine.
2021 Feb 17 [cited 2023 Nov 23];16 https://doi.org/10.1371/journal.pone.
0246951, Available from: https://pubmed.ncbi.nim.nih.gov/33596271/.
Bramer Cristi A, et al. Decline in Child Vaccination Coverage During the
COVID-19 Pandemic: Michigan Care Improvement Registry, May 2016-
May 2020. National Library of Medicine. 2020 May 22 [cited 2023 Nov
71,69:630-631. https://doi.org/10.15585/mmwr.mmé6920e 1. Available
from: https://pubmed.ncbi.nlm.nih.gov/32437340/.

Da Silva Tércia Moreira Ribeiro, et al. Impact of the COVID-19 Pandemic
on Human Papillomavirus Vaccination in Brazil .. National Library of Medi-
cine. 2022 [cited 2023 Nov 71,67 https://doi.org/10.3389/ijph.2022.16042
24. Available from: https://pubmed.ncbi.nlm.nih.gov/35431762/.
Luvisaro Bianca Maria Oliveira, et al. Environmental factors associated
with human papillomavirus vaccine coverage in adolescents: 2016-2020
analysis. Revista Latino-americana de Enfermagem. 2022 [cited 2023 Nov
8];30:1-9. https://doi.org/10.1590/1518-8345.6285.3804. Available from:
https://www.scielo.br/j/rlae/a/PdMhv8Gt6q9d7PENGHhYQw/#

Dorell Christina G, et al. Human papillomavirus vaccination series initia-
tion and completion, 2008-2009:. National Library of Medicine. 2011
novembro [cited 2023 Nov 8];128:830-9. https://doi.org/10.1542/peds.
2011-0950. Available from: https://pubmed.ncbi.nlm.nih.gov/22007006/.
Cury Alexandre Faisal, et al. Vaccination coverage rates and predictors of
HPV vaccination among eligible and noneligible female adolescents at
the Brazilian HPV vaccination public program:. BMC Public Health. 2020
Apr 06 [cited 2023 Nov 8];20:1-12. https://doi.org/10.1186/512889-020-
08561-4. Available from: https://bmcpublichealth.biomedcentral.com/
articles/https://doi.org/10.1186/512889-020-08561-4

Macinko James, Harris Matthew J. Brazil's family health strategy-
-delivering community-based primary care in a universal health

system :. National Library of Medicine. 2015 Jun 04 [cited 2023 Nov


https://saude.es.gov.br/Media/sesa/Orient
https://saude.es.gov.br/Media/sesa/Orient
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/svsa/vacinacao-imunizacao-pni/manual_eventos-_adversos_pos_vacinacao_4ed_atualizada.pdf
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/svsa/vacinacao-imunizacao-pni/manual_eventos-_adversos_pos_vacinacao_4ed_atualizada.pdf
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/svsa/vacinacao-imunizacao-pni/manual_eventos-_adversos_pos_vacinacao_4ed_atualizada.pdf
https://doi.org/10.24302/sma.v6i2.1528
https://doi.org/10.24302/sma.v6i2.1528
https://www.periodicos.unc.br/index.php/sma/article/view/1528
https://www.periodicos.unc.br/index.php/sma/article/view/1528
https://terrance.who.int/mediacenter/data/sage/SAGE_Docs_Ppt_Oct2014/9_session_vaccine_hesitancy/Oct2014_session9_vaccine_hesitancy_annexes.pdf
https://terrance.who.int/mediacenter/data/sage/SAGE_Docs_Ppt_Oct2014/9_session_vaccine_hesitancy/Oct2014_session9_vaccine_hesitancy_annexes.pdf
https://terrance.who.int/mediacenter/data/sage/SAGE_Docs_Ppt_Oct2014/9_session_vaccine_hesitancy/Oct2014_session9_vaccine_hesitancy_annexes.pdf
https://doi.org/10.1097/INF.0b013e31822d70be
https://doi.org/10.1097/INF.0b013e31822d70be
https://journals.lww.com/pidj/citation/2011/09000/adolescent_immunization_update.15.aspx
https://journals.lww.com/pidj/citation/2011/09000/adolescent_immunization_update.15.aspx
https://journals.lww.com/pidj/citation/2011/09000/adolescent_immunization_update.15.aspx
https://doi.org/10.1590/1518-8345.6285.3804
https://www.scielo.br/j/rlae/a/PdMhv8Gt6q9d7P6jNGHhYQw/?lang=pt#
https://doi.org/10.1007/s10903-012-9736-x
https://pubmed.ncbi.nlm.nih.gov/23081659/
https://doi.org/10.1016/j.vaccine.2021.12.003
https://doi.org/10.1016/j.vaccine.2021.12.003
https://pubmed.ncbi.nlm.nih.gov/34916103/
https://pubmed.ncbi.nlm.nih.gov/34916103/
https://censo2022.ibge.gov.br/panorama/
https://censo2022.ibge.gov.br/panorama/
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/svsa/vigilancia/guia-de-vigilancia-em-saude-volume-1-6a-edicao/view
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/svsa/vigilancia/guia-de-vigilancia-em-saude-volume-1-6a-edicao/view
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/svsa/vigilancia/guia-de-vigilancia-em-saude-volume-1-6a-edicao/view
https://iris.paho.org/handle/10665.2/51663
https://iris.paho.org/handle/10665.2/51663
https://www.geos.ed.ac.uk/~gisteac/fspat/geodaworkbook.pdf
https://pesquisa.bvsalud.org/portal/resource/pt/tes-5092
https://doi.org/10.1080/21645515.2018.1564436
https://doi.org/10.1080/21645515.2018.1564436
https://pubmed.ncbi.nlm.nih.gov/30633623/
https://doi.org/10.1016/j.vaccine.2014.01.081
https://doi.org/10.1016/j.vaccine.2014.01.081
https://pubmed.ncbi.nlm.nih.gov/24598724/
https://doi.org/10.1590/0102-311X00222919
https://www.scielo.br/j/csp/a/XxZCT7tKQjP3V6pCyywtXMx/
https://doi.org/10.1590/0104-1169.3182.2417
https://doi.org/10.1590/0104-1169.3182.2417
https://www.scielo.br/j/rlae/a/wPqQ9twwVzfw5
https://doi.org/10.1590/1413-812320152011.19942015
https://doi.org/10.1590/1413-812320152011.19942015
https://www.scielo.br/j/csc/a/qYVh4
https://www.scielo.br/j/csc/a/qYVh4
https://doi.org/10.1590/S0103-21002010000600013
https://doi.org/10.1590/S0103-21002010000600013
https://www.scielo.br/j/ape/a/7rLy7dZs6
https://www.scielo.br/j/ape/a/7rLy7dZs6
https://doi.org/10.1016/j.vaccine.2020.08.019
https://doi.org/10.1016/j.vaccine.2020.08.019
https://pubmed.ncbi.nlm.nih.gov/32943265/
https://pubmed.ncbi.nlm.nih.gov/32943265/
https://doi.org/10.1371/journal.pone.0246951
https://doi.org/10.1371/journal.pone.0246951
https://pubmed.ncbi.nlm.nih.gov/33596271/
https://doi.org/10.15585/mmwr.mm6920e1
https://pubmed.ncbi.nlm.nih.gov/32437340/
https://doi.org/10.3389/ijph.2022.1604224
https://doi.org/10.3389/ijph.2022.1604224
https://pubmed.ncbi.nlm.nih.gov/35431762/
https://doi.org/10.1590/1518-8345.6285.3804
https://www.scielo.br/j/rlae/a/PdMhv8Gt6q9d7P6jNGHhYQw/
https://doi.org/10.1542/peds.2011-0950
https://doi.org/10.1542/peds.2011-0950
https://pubmed.ncbi.nlm.nih.gov/22007006/
https://doi.org/10.1186/s12889-020-08561-4
https://doi.org/10.1186/s12889-020-08561-4
https://doi.org/10.1186/s12889-020-08561-4

Luvisaro et al. BMC Infectious Diseases (2025) 25:34

37.

38.

39.

40.

41.

42.

43.

71,372:2177-81. https://doi.org/10.1056/NEJMp1501140. Available from:
https://pubmed.ncbi.nlm.nih.gov/26039598/.

Giovanella Ligia, et al. The Family Health Strategy coverage in Brazil: what
reveal the 2013 and 2019 National Health Surveys. National Library of
Medicine. 2021 Jun 14 [cited 2023 Nov 7];26:2543-2556. https://doi.org/
10.1590/1413-81232021266.1.43952020. Available from: https://pubmed.
ncbi.nim.nih.gov/34133633/.

Ministério da Satde, editor. INSTRUTIVO DE ADESAO AO PROGRAMA
SAUDE NA HORA [bibliography on the Internet]. gov.br: Ministério da
Saude; 2019 [cited 2023 Nov 24]. 15 p. Available from: https://www.gov.
br/saude/pt-br/composicao/saps/saude-na-hora/publicacoes/instrutivo
programasaudenahora.pdf/view

Staples Jeanine N, et al. Exploring sociodemographic and geospatial vari-
ation in human papillomavirus vaccination uptake in Virginia. National
Library of Medicine. 2021 Sep 07 [cited 2023 Nov 22];39:5385-5390.
https://doi.org/10.1016/j.vaccine.2021.07.079. Available from: https://
pubmed.ncbi.nim.nih.gov/34384637/.

Kurani Shaheen, et al. Socioeconomic disadvantage and human papil-
lomavirus (HPV) vaccination uptake. National Library of Medicine. 2022
Jan 24 [cited 2023 Nov 22];40:471-476. https://doi.org/10.1016/j.vacci
ne.2021.12.003. Available from: https://pubmed.ncbi.nim.nih.gov/34916
103/.

Henry Kevin A, et al. Area-based socioeconomic factors and Human
Papillomavirus (HPV) vaccination among teen boys in the United States.
National Library of Medicine. 2017 Jul 14 [cited 2023 Nov 22];18:19.
https://doi.org/10.1186/512889-017-4567-2. Available from: https://
pubmed.ncbi.nim.nih.gov/28709420/.

Tsui Jennifer, et al. Exploring the role of neighborhood sociodemo-
graphic factors on HPV vaccine initiation among low-income, ethnic
minority girls. National Library of Medicine. 2013 August [cited 2023 Nov
23];15:732-40. https://doi.org/10.1007/510903-012-9736-x. Available
from: https://pubmed.ncbi.nlm.nih.gov/23081659/.

Do Elizabeth K, et al. Area-Level Variation and Human Papillomavirus
Vaccination among Adolescents and Young Adults in the United States: A
Systematic Review. Cancer Epidemiology, Biomarkers & Prevention. 2021
Jan 11 [cited 2023 Nov 24];30:13-21. https://doi.org/10.1158/1055-9965.
Available from: https://aacrjournals.org/cebp/article/30/1/13/72977/
Area-Level-Variation-and-Human-Papillomavirus

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11


https://doi.org/10.1056/NEJMp1501140
https://pubmed.ncbi.nlm.nih.gov/26039598/
https://doi.org/10.1590/1413-81232021266.1.43952020
https://doi.org/10.1590/1413-81232021266.1.43952020
https://pubmed.ncbi.nlm.nih.gov/34133633/
https://pubmed.ncbi.nlm.nih.gov/34133633/
https://www.gov.br/saude/pt-br/composicao/saps/saude-na-hora/publicacoes/instrutivoprogramasaudenahora.pdf/view
https://www.gov.br/saude/pt-br/composicao/saps/saude-na-hora/publicacoes/instrutivoprogramasaudenahora.pdf/view
https://www.gov.br/saude/pt-br/composicao/saps/saude-na-hora/publicacoes/instrutivoprogramasaudenahora.pdf/view
https://doi.org/10.1016/j.vaccine.2021.07.079
https://pubmed.ncbi.nlm.nih.gov/34384637/
https://pubmed.ncbi.nlm.nih.gov/34384637/
https://doi.org/10.1016/j.vaccine.2021.12.003
https://doi.org/10.1016/j.vaccine.2021.12.003
https://pubmed.ncbi.nlm.nih.gov/34916103/
https://pubmed.ncbi.nlm.nih.gov/34916103/
https://doi.org/10.1186/s12889-017-4567-2
https://pubmed.ncbi.nlm.nih.gov/28709420/
https://pubmed.ncbi.nlm.nih.gov/28709420/
https://doi.org/10.1007/s10903-012-9736-x
https://pubmed.ncbi.nlm.nih.gov/23081659/
https://doi.org/10.1158/1055-9965
https://aacrjournals.org/cebp/article/30/1/13/72977/Area-Level-Variation-and-Human-Papillomavirus
https://aacrjournals.org/cebp/article/30/1/13/72977/Area-Level-Variation-and-Human-Papillomavirus

	Association between contextual factors and vaccine coverage against human papilomavirus in adolescents in the state of Minas Gerais, Brazil: global spatial regressions
	Abstract 
	Introduction
	Methods
	Data collection
	Outcome
	Explanatory variables
	Data analysis and processing
	Ethical approval

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


