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Abstract

Background Low polio vaccine coverage can result in the spread of Poliovirus to areas free from viral circulation. 
This study analyzed the temporal trends and spatial distribution of polio vaccine coverage in one year-old children in 
Brazil, between 2011 and 2021. Methods: This was an ecological, time-series study (2011 to 2021) with annual vaccine 
coverages against poliomyelitis, extracted from the Information System of the National Immunization Program from 
the 26 States and the Distrito Federal (DF). The percentage reductions in vaccination coverage in Brazil and in the 
Regions were calculated. Prais-Winsten regression models were used to analyze time series for the Regions and States, 
and spatial analysis identified the distribution of clusters (high-high; low-low; high-low and low-high) of vaccination 
coverages across Brazilian municipalities, using a 5% significance level. Results: From 2011 to 2021, the coverage of 
polio vaccines decreased by 29,9%. There was a progressive increase observed in clusters resulting in low vaccination 
coverages (140 low-low Brazilian municipalities in 2011 vs. 403 in 2021), mostly reported in the North and Northeast 
regions of the country. There was a downward trend in vaccination coverages in 24 of the 26 States and DF (p ≤ 0.05). 
Conclusions: The reduction in polio vaccine coverage, as observed in the North and Northeast regions of Brazil, may 
favor the spread of Poliovirus. Therefore, vaccination strategies should be prioritized for children residing in areas with 
sharp and recurrent declines in vaccination coverages, including travelers, migrants, and refugees.

Highlights
 • Clusters with low coverage of the poliovirus vaccine were concentrated in the North and Northeast regions of 

Brazil;
 • Poliomyelitis vaccination strategies in Brazil should be directed, in particular, to areas that present a marked 

and continuous decrease in vaccine coverage;
 • Travelers, migrants and refugees should also be included in polio vaccination strategies in Brazil.
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Background
�e Poliovirus, an Enterovirus of the Picornaviridae 

family, was responsible for thousands of cases of polio-

myelitis worldwide until the 1960s [1, 2]. Also popularly 

known as polio or infantile paralysis, the transmission of 

Poliovirus occurs through direct contact of the suscep-

tible individual with feces or secretions eliminated from 

the mouth of sick individuals [2–4]. As for the clinical 

manifestations, they can range from asymptomatic and 

mild forms, characterized by fever, malaise and headache, 

to severer forms, which includes acute �accid paralysis 

and meningitis [1, 4].

Since 1988, there has been an intensi�cation of immu-

nization strategies against poliomyelitis, conducted 

mainly by the Global Polio Eradication Initiative (GPEI), 

with the ample distribution of two polio vaccines: the 

oral polio vaccine (OPV) and the inactivated polio vac-

cine (IPV) [2, 4]. �e incorporation of these vaccines by 

health systems was responsible for a 99% reduction in 

the global rate of poliomyelitis world-wide, from 350,000 

annual cases until the end of the 20th century [5] to 175 

cases in 2019 [6]. In 1994, the Region of the Americas 

was the �rst to be declared polio-free, and in 2020, the 

African Continent was certi�ed polio-free following mas-

sive vaccination campaigns conducted by the GPEI [1, 7].

However, despite the success of immunization strate-

gies that interrupted the autochthonous transmission 

of wild poliovirus type 2 (WPV-2) and wild poliovirus 

type 3 (WPV-3) around the world, wild poliovirus type 1 

(WPV-1) continues to circulate in Afghanistan and Paki-

stan [8]. In these countries, political and economic insta-

bility serves as a barrier to immunization actions against 

poliomyelitis and makes epidemiological surveillance of 

acute �accid paralysis di�cult, an essential strategy for 

early identi�cation of the circulation of Poliovirus in the 

community [5, 6, 9].

It is noteworthy that sick travelers, migrants or refu-

gees from these countries can spread WPV-1 to territo-

ries that are free of WPV-1 of this virus [10]. Added to 

this is the fact that low OPV coverage, in addition to the 

increased number of individuals susceptible to Poliovi-

rus in certain areas, increases the chances of outbreaks 

of acute �accid paralysis caused by circulation of vaccine-

derived Poliovirus 2 (cVDPV2) [2, 11]. In 2020, 1,056 

cVDPV2 cases were detected in Afghanistan, Pakistan, 

Chad and the Democratic Republic of Congo, represent-

ing triple the number of cVDPV2 cases from the previ-

ous year [7, 8]. Recently, travelers on international �ights 

were responsible for the spread of cVDPV2 to the United 

Kingdom of Great Britain, Northern Ireland and the 

United States of America [10, 12].

�e possibility of the dissemination of Poliovirus 

becomes even more worrisome when we evaluate the 

vaccination coverage of Latin American countries, once 

considered free of Poliovirus [13]. In 2019, the aver-

age coverage of OPV e IPV vaccines in children under 

one year of age in Latin America was 87% and only 13 

countries achieved their target established by the World 

Health Organization (WHO) of 95%, a situation that 

has been exacerbated by the COVID-19 pandemic [13]. 

Under this scenario, the Regional Certi�cation Com-

mission classi�ed as an elevated risk for poliomyelitis 

in Latin American countries that account for the worst 

immunization indicators: Bolivia, Brazil, Ecuador, Guate-

mala, Haiti, Paraguay, Suriname and Venezuela [13].

Brazil has one of the most complete immunization 

programs in the world, widely recognized for its immu-

nization strategies that have ensured the reduction in 

incidence rates and deaths from diseases such as measles, 

poliomyelitis and whooping cough [14, 15]. It is notewor-

thy that for the prevention of poliomyelitis, the Brazilian 

National Immunization Program o�ers, free of charge, 

the OPV and IPV vaccines, and has established an annual 

target of 95% vaccination coverage of the eligible popu-

lation, as recommended by the WHO [15]. However, 

the national reduction in vaccination coverage rates, in 

recent years, has resulted in a serious problem for herd 

immunity and the risk of resurgence of diseases once 

controlled or eradicated [16–18]. Additionally, in Brazil 

the coverage of vaccines recommended for childhood is 

not homogeneous, and areas with low vaccine coverage 

are commonly seen in the North and Northeast regions 

of the country [17, 19].

�e identi�cation of areas with low coverage of OPV 

and IPV vaccines is seen as a priority at spearheading 

direct immunization actions at reducing the risk in coun-

tries with Poliovirus circulation [7]. In this sense, spatial 

analysis can identify areas with a high number of children 

susceptible to Poliovirus. It can also provide health policy 

managers with ample information for drafting recom-

mendations as to the necessary health policy priorities 

and strategies aimed at maintaining territories free from 

viral circulation [20]. Spatial analysis has many advan-

tages compared to other methods commonly adopted 

for the analysis of vaccination coverage, which includes, 

the ability to visually represent the location of areas with 

the worst vaccination coverage indicators, using Geo-

graphic Information System tools [21]. It is noteworthy 

that through spatial analysis, it is possible to identify 
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municipalities with low vaccination coverage that are 

close to other municipalities with the same behavior by 

forming clusters or spatial clusters with low vaccination 

coverage [21]. �ese low vaccination coverage spatial 

clusters represent the accumulation of susceptible indi-

viduals and, therefore, increased risk for the circulation 

of the infectious disease which is also preventable by vac-

cination in a given territory [14, 21].

In addition to identifying spatial clusters with a high 

number of children susceptible to poliomyelitis, this 

study analyzed temporal variations in annual coverage of 

polio vaccines in children under one year of age, in Brazil, 

from 2011 to 2020. �e present study advanced, by iden-

tifying for the �rst time, temporal trends over a period 

of 11 years, as well as the spatial distribution of annual 

coverage of polio vaccines in children under one year of 

age in Brazil.

Materials and methods
Study design

�is was an ecological and time series study with data 

obtained from the National Immunization Program 

Information System (SI-NIP, available at http://tab-

net.datasus.gov.br/cgi/dhdat.exe?bd_pni/cpnibr.def ) 

(Sistema de Informação do Programa Nacional de Imu-

nizações, SI-PNI).

Context

�e SI-NIP provides coverage for all vaccines recom-

mended by the National Immunization Program (NIP - 

Programa Nacional de Imunizações, PNI) in Brazil [14, 

22]. It is noteworthy that for the prevention of poliomy-

elitis, the NIP o�ers free OPV and IPV vaccination, rec-

ommended for the primary vaccination schedule, which 

consists of three doses of IPV (2, 4 and 6 months) and 

two boosters with OPV (15 months and at 4 years of age) 

[23]. In this study, we chose to evaluate information from 

children under one year of age due to the importance of 

early vaccination for individuals and collective protection 

against Poliovirus.

SI-NIP provides three indicators of polio vaccine cov-

erage in Brazil [23]:

1) Poliomyelitis vaccine in children under one year of 

age: corresponds to the proportion of children under 

one year of age, residing in a speci�c place and period, 

who have completed the primary vaccination schedule 

(three doses of vaccine against poliomyelitis, at 2, 4 and 

6 months);

2) Coverage of the �rst Polio Vaccine booster (1 year 

of age): corresponds to the proportion of children aged 

12 months, living in a speci�c place and period, who 

received their �rst booster with the vaccine against polio-

myelitis at 12 months;

3) Coverage of the second Polio Vaccine booster (4 

years): corresponds to the proportion of children, aged 4, 

living in a speci�c place and period, who received their 

second vaccine against poliomyelitis booster.

For all three indicators above, NIP established a 95% 

target coverage of the eligible population, as recom-

mended by the WHO [15].

Data collection

In this study, annual Polio Vaccine coverage was 

extracted in children under one year of age according 

to the following strati�cation: (i) polio vaccine coverage 

from the �ve Brazilian regions (North, Northeast, South, 

Southeast and Midwest); (ii) polio vaccine covered from 

the 26 Brazilian States and Distrito Federal (DF); and (iii) 

polio vaccine coverage in the 5,570 Brazilian municipali-

ties between 2011 and 2021 (Fig. 1S).

�e SI-NIP calculation of the annual Polio Vaccine cov-

erage, in children under one year of age, was done using 

the following formula [23]:

 

Numberoflastdosesofvaccinationschedule

Numberoflivebirths
× 100

�e following vaccines can be administered as the third 

dose as part of the primary polio vaccine schedule, and, 

therefore, compose the numerator of the formula above: 

IPV, OPV, Hexavalent (DTP, Hepatitis B, Haemophilus 

in�uenzae type B and IPV), or Pentavalent (DTPa, Hae-

mophilus in�uenzae type B and IPV) [23]. Furthermore, 

the numbers of live births in the period were extracted 

from the National Information System on Live Births 

(Sistema de Informações sobre Nascidos Vivos, SINASC).

Figure 2S presents the supplementary material formu-

las for calculating polio vaccine coverage (�rst and sec-

ond boosters) (Fig. 2S).

Data analysis and processing

For the descriptive analysis, the annual coverage of polio 

vaccine, in children under one year of age, according to 

geographic region and year (2011–2021), were evaluated.

�e annual coverage of polio vaccine, in children under 

one year of age, was represented in bar graphs, while the 

annual reduction of polio vaccine coverage in children 

under one year of age, from 2012 onwards, with reference 

to the year 2011, was represented by continuous lines.

In order to analyze the spatial distribution of vaccine 

coverage, a spatial analysis was performed, consider-

ing the coverage of polio vaccine, in children under one 

year of age, as an independent variable according to each 

year of the evaluated period. Five regions of the coun-

try (North, Northeast, Midwest, Southeast and South), 

comprising 26 States and the DF, and the 5,570 Brazilian 

municipalities, were the dependent study variables [24].

http://tabnet.datasus.gov.br/cgi/dhdat.exe?bd_pni/cpnibr.def
http://tabnet.datasus.gov.br/cgi/dhdat.exe?bd_pni/cpnibr.def
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For the descriptive spatial analysis part of this study, 

thematic maps were constructed from the digital notes 

of the 5570 Brazilian municipalities, represented by color 

scales and the coverage of the primary vaccination sched-

ule against poliomyelitis. Polio vaccine coverage in chil-

dren under one year of age was categorized as ideal (≥ to 

95%), medium (between 80% and 94.9%) or low (≤ 80%), 

according to the strati�cation proposed from a previous 

study [25]. �e QGIS software (version 3.18.3) was used 

to create the maps.

Next, spatial data analysis techniques were used, con-

sidering the digital meshes of the Brazilian munici-

palities. To verify whether municipalities with similar 

vaccination coverage formed clusters or spatial clusters, 

Global Moran’s I was calculated, which ranges from − 1 to 

+ 1 with positive values indicating direct autocorrelation 

and negative values indicating inverse autocorrelation 

[26]. Spatial autocorrelation is interpreted according to 

the Global Moran’s I as weak (Moran’s I < 0.3), moderate 

(Moran’s I ≥ 0.3; < 0.7) or strong (Moran’s I ≥ 0.7) [26].

From the accessed cartographic base of Brazilian 

municipalities, as viewed on the IBGE website, and using 

two Geographic Information Programs Systems, carto-

grams were prepared to present the clusters with a sta-

tistical signi�cance of p < 0.05. Using these cartograms 

(LISA Cluster Map type), low-low spatial clusters (dark 

blue) were displayed, formed by municipalities with low 

vaccination coverage and surrounded by municipali-

ties with low vaccination coverage; high-high (dark red 

color), formed by municipalities with high vaccination 

coverage and surrounded by municipalities that also dis-

played similar behavior; high-low (municipalities with 

high vaccination coverage surrounded by those with low 

coverage), and low-high (municipalities with low cover-

age surrounded by municipalities with high coverage) 

[26].

In this study, the Moran’s I signi�cance level of 95% was 

considered after 999 permutations [26], that is, the areas 

with statistically signi�cant spatial correlations were 

those with a p-value less than or equal to 0.05 after the 

999 random permutations for both Indices. �e GeoDa 

software (version 1.20.0.8) [27] was used for this analysis.

Trend analysis

�e trends analysis of polio vaccine coverage in children 

under one year of age during the years 2011 to 2021 was 

evaluated using the Prais-Winsten autoregressive mod-

els [28]. �is regression model was chosen because it 

allows for the correction of the autocorrelation of time 

series studies. �e following dependent variables were 

adopted: (i) vaccination coverage against poliomyelitis 

by states and the DF; (ii) vaccination coverage by the 5 

Brazilian regions, and (iii) vaccination coverage against 

poliomyelitis in Brazil. �e independent variables were 

the studied years.

To avoid variance heterogeneity of the residuals gath-

ered from the time series regression analysis, the polio 

vaccine coverages were transformed to logarithmic scale 

[28].

After pre-processing data, the annual percent change 

(APC) was calculated for all trend analyzes performed. 

�e APC calculation was performed using the formula 

below, where the slope (beta) refers to b1 of the Prais-

Winsten regression [28]:

 APC =
[

−1 + 10b1
]

× 100%

To calculate the 95% con�dence intervals (95%CI) of the 

APC measurements, the following formula was used:

 
CI95% =

[

−1 + 10b1min.
]

× 100%;
[

−1 + 10b1max.
]

× 100%

�e values of the slopes (b1) of the Prais-Winsten regres-

sion and standard errors (ep) were generated by the Sta-

tistical Software for professionals (Stata), version 16.0. In 

the formula, the Student’s t-test (represented by t) was 

also adopted, which corresponded to 10 degrees of free-

dom (t = 2.228 for the eleven-year period under analysis).

�e trend was considered increasing when the p-value 

was less than 0.05 and the regression coe�cient was pos-

itive. �e trend was decreasing when the p-value was less 

than 0.05 and the regression coe�cient was negative, and 

a stationary trend was considered when the p-value was 

greater than 0.05 [28].

Ethical aspects

�is study was approved by the Board of Ethics Commit-

tee of Universidade Federal de Minas Gerais, in accor-

dance with CAAE: 51609221.4.0000.5149.

Results
Descriptive analysis

Between 2011 and 2021, in Brazil, polio vaccine coverage 

in children under one year of age decreased from 100% to 

2011 to 70.1% in 2021. In the 11 years considered in this 

study, there was a reduction in coverage of the polio vac-

cine in children less than one year of age observed in the 

�ve Regions of the country (Fig. 1).

By 2015, Brazil and all regions had achieved the cov-

erage targets for the Polio Vaccine in children under one 

year of age. However, in 2016, only the Midwest Region 

achieved the polio vaccine coverage target and, as of 

2016, no region reached the coverage target for this vac-

cine (Fig. 1).

In the period from 2011 to 2021, there is a progres-

sive worsening of vaccination coverage in Brazilian 
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municipalities. (Fig. 2). �e descriptive spatial analysis of 

the annual coverage of the polio vaccine – First Booster 

(�rst year) of the polio vaccine – Second Booster (fourth 

year), is presented as supplementary material (Figs.  3S 

and 4S).

Spatial analysis

We observed a progressive increase in low-low clusters 

formed by municipalities with low vaccination coverage 

surrounded by other municipalities with low vaccination 

coverage most of which are clusters located in the North 

and Northeast regions of the country (Fig. 3).

High-high clusters, formed by municipalities with 

high vaccination coverage rates and surrounded by 

municipalities that also demonstrated the same behav-

ior, were more frequent in the Midwest, Southeast and 

South regions during the periods covering 2014 to 2016. 

From 2017 onwards, the high-high clusters were pre-

dominantly located in the Southeast and South regions 

(Fig.  3). During the periods 2011 to 2016 and 2021, 

weak spatial autocorrelations were identi�ed, with the 

Moran’s I from 0.059 to 0.260, while in the period from 

2017 to 2020, moderate spatial autocorrelations were also 

observed. �e spatial analysis of coverage of the polio 

Fig. 1 Annual evolution and percentage reduction in coverage (%) of the polio vaccine in children less than one year of age by Region in Brazil, 2011–
2021. (*) Years in which the target for polio vaccine coverage were achieved

 



Page 6 of 12Silva da et al. BMC Public Health         (2023) 23:1359 

vaccine – First Booster (�rst year) of the polio vaccine 

– Second Booster (fourth year) was presented as supple-

mentary material (Figs. 5 and 6 S).

Trend analysis

�e trend analyses suggested that the overall vaccination 

coverage in Brazil and in the �ve Regions of the country 

resulted in decreasing trends in polio vaccine coverage 

in children less than one year of age (p < 0.05). As for the 

26 states and the DF, only the DF, Mato Grosso do Sul 

and Ceará presented a stationary trend for polio vaccine 

coverage in children less than one year of age (p > 0.05) 

(Table 1).

Trend analysis of annual coverage of polio vaccine – 

First Booster (�rst year) of Polio vaccine was presented as 

supplemental material (Table 1 S).

Fig. 2 Annual evolution of coverage (%) of the polio vaccine, in children under one year old, in Brazil, according to the coverage strata of the 5570 mu-
nicipalities, 2011–2021
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Discussion
�e national target of 95% coverage of the polio vaccine 

in children under one year of age was achieved by 2014. 

From 2014 to 2021, coverage progressively declined from 

100% to 2014 to 70.1% in 2021. Polio vaccine coverage in 

children under one year of age in Brazil and the forma-

tion of low-low spatial clusters from years 2011 to 2021 

accounts for the high number of children susceptible to 

Fig. 3 LISA Cluster Map presenting the distribution of statistically significant spatial clusters of polio vaccine coverage in children less than one year of 
age, Brazil, 2011–2021
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poliomyelitis, principally in the North and Northeast 

regions of the country.

In Brazil, a country with the largest population of chil-

dren under four years of age in Latin America [14], the 

historic reduction in vaccination coverage, especially 

from 2016 to present [15, 25], may have been exacer-

bated by the COVID-19 pandemic contributing to an 

increase in the number of children who failed to receive 

the vaccination against polio. Many factors, contextual 

and individual, contributed to the drop in coverage of 

vaccines recommended during childhood, among them 

include social and cultural aspects that a�ect vaccine 

acceptance, the introduction of several vaccines to the 

national vaccination schedule within a short time period, 

the perception by parents and family members that infec-

tious diseases do not represent a risk for children, since 

many of these diseases are under control or have been 

eliminated, and the inconsistency in the availability of 

immunobiologicals at Primary Care services [15, 18, 

29–31].

In this study, we chose municipalities as the spatial unit 

of analysis because they represented the lowest level of 

separate data available by the National Immunization 

Program Information System (SI-NIP) [23]. At the state 

level, the highest unit of analysis, vaccination coverage is 

obtained from the average coverage of municipal vacci-

nations, therefore, may su�er interference from extreme 

values of vaccination coverage, especially in states that 

exibit high municipal heterogeneity of vaccination cover-

age [32]. In this sense, the spatial analysis of vaccination 

coverage, taking municipalities as units of analysis, can 

help identify municipalities that demonstrate low vac-

cination coverage in a prompt or sustained manner dur-

ing the evaluated period, leading to the accumulation of 

Table 1 Trends in polio vaccine coverage in children less than one year of age by Regions and States. National Immunization Program, 
Brazil, 2011–2021
Variable p-value Beta Standard error APC CI* (95%) MIN CI* (95%) MAX Tendency

Brazil < 0.001 -0.0144941 0.0024098 -3.28 -4.47 -2.08 Descending

Midwest 0.004 -0.0135034 0.0034616 -3.06 -4.77 -1.32 Descending

Distrito Federal 0.100 -0.0094936 0.0051871 -2.16 -4.73 0.48 Stationary

Goiás < 0.001 -0.0168363 0.0019491 -3.80 -4.76 -2.84 Descending

Mato Grosso < 0.001 -0.0132844 0.0022782 -3.01 -4.14 -1.87 Descending

Mato Grosso do Sul 0.116 -0.0128708 0.0074109 -2.92 -6.54 0.84 Stationary

Northeast 0.003 -0.0155539 0.0039049 -3.52 -5.43 -1.57 Descending

Alagoas 0.038 -0.0086579 0.0035534 -1.97 -3.74 -0.17 Descending

Bahia < 0.001 -0.0188339 0.0027208 -4.24 -5.57 -2.90 Descending

Ceará 0.117 -0.0116937 0.0067500 -2.66 -5.97 0.77 Stationary

Maranhão < 0.001 -0.0243640 0.0035292 -5.46 -7.15 -3.73 Descending

Paraíba 0.005 -0.0148852 0.0040216 -3.37 -5.34 -1.36 Descending

Pernambuco 0.001 -0.0189313 0.0040422 -4.27 -6.23 -2.26 Descending

Piauí 0.006 -0.0127025 0.0036016 -2.88 -4.66 -1.07 Descending

Rio Grande do Norte 0.008 -0.0146934 0.0043629 -3.33 -5.47 -1.14 Descending

Sergipe < 0.001 -0.0159123 0.0024582 -3.60 -4.81 -2.37 Descending

North < 0.001 -0.0186644 0.0024734 -4.21 -5.41 -2.98 Descending

Acre 0.001 -0.0202941 0.0041902 -4.57 -6.59 -2.49 Descending

Amapá 0.002 -0.0312336 0.0070288 -6.94 -10.24 -3.52 Descending

Amazonas 0.013 -0.0147130 0.0047336 -3.33 -5.65 -0.95 Descending

Pará 0.001 -0.0253333 0.0048172 -5.67 -7.97 -3.31 Descending

Rondônia 0.038 -0.0150380 0.0061858 -3.40 -6.42 -0.29 Descending

Roraima 0.033 -0.0212162 0.0084243 -4.77 -8.80 -0.56 Descending

Tocantins < 0.001 -0.0071584 0.0012669 -1.63 -2.27 -0.99 Descending

Southeast 0.002 -0.0137303 0.0032653 -3.11 -4.72 -1.48 Descending

Espírito Santo < 0.001 -0.0138493 0.0015487 -3.14 -3.91 -2.37 Descending

Minas Gerais 0.001 -0.0102284 0.0019434 -2.33 -3.30 -1.35 Descending

Rio de Janeiro 0.003 -0.0301750 0.0073272 -6.71 -10.15 -3.14 Descending

São Paulo < 0.001 -0.0107252 0.0019775 -2.44 -3.42 -1.44 Descending

South < 0.001 -0.0078418 0.0012614 -1.79 -2.42 -1.15 Descending

Paraná < 0.001 -0.0093604 0.0014038 -2.13 -2.83 -1.42 Descending

Rio Grande do Sul < 0.001 -0.0081588 0.0017614 -1.86 -2.74 -0.97 Descending

Santa Catarina < 0.001 -0.0067342 0.0013021 -1.54 -2.19 -0.88 Descending

Note: *CI – Con�dence interval of Annual Variation (%)
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at-risk children, thus compromising the scope of control 

or the elimination of a vaccine-preventable infectious 

disease.

�e existence of clusters of municipalities reporting 

low vaccination coverage surrounded by municipali-

ties also with low vaccination coverage (low-low) dem-

onstrates that this is not an isolated problem across the 

nation’s cities, highlighting the common di�culties faced 

by cities and local health departments to achieve vaccine 

coverage goals as recommended by the NIP. Clusters of 

municipalities exhibiting low coverage surrounded by 

municipalities with high coverage (low-high) and clus-

ters of municipalities with high coverage surrounded by 

municipalities with low coverage are strong candidates 

for intervention by state and regional policy makers with 

the intended aim of strengthening the health care net-

work at these locations.

It is noteworthy to report here that the coverage of the 

polio vaccine in children less than one year of age was not 

homogeneous across Brazilian states and regions during 

the evaluated period. �e North and Northeast regions, 

which have the worst social and economic indicators in 

the country [18, 32], presented the worst indicators of 

polio vaccine coverage in children less than one year of 

age during the evaluated study period. �us, these indi-

cators favored the formation of pockets of individuals 

susceptible to Poliovirus in these regions. In Brazil, the 

regional inequality of human development and health 

indicators is historical [33, 34]. �e Southeast, South 

and Mid-West regions boast a greater Municipal Human 

Development Index (MHDI) than their neighbors to the 

North and Northeast regions [34]. �e MHDI is an indi-

cator comprised of three dimensions: longevity, educa-

tion and income, which can vary from 0 to 1. A national 

study has suggested a trend towards a reduction in polio 

vaccine coverage in children less than one year of age 

between 2006 and 2016 and the formation of clusters 

by municipalities with low vaccination coverage located 

in the North and Northeast regions, corroborating our 

results and reinforcing the historical discrepancy in vac-

cination coverage between the �ve regions of Brazil [18, 

19].

Furthermore, Northern regional states of the coun-

try have some particularities, among them, are inhab-

itants which reside along riverbanks and who require 

small wooden boats for mobility and must navigate aver-

age distances of to 60 km, for 4 h, to access the nearest 

health care facilities [35]. �e States of Acre and Ama-

zonas, both located in the North Region, have the largest 

riverside populations in Brazil [36]. It is also noteworthy 

that some municipalities in these states have territo-

rial extension that surpass some Brazilian states, with 

the concentration of health services being observed 

in municipalities that are on the banks of large rivers, 

leaving the population that lives far from them uncovered 

[37]. It is also noteworthy that some municipalities in 

these states have territorial extension that surpass some 

Brazilian states, with the concentration of health services 

being observed in municipalities that are on the banks 

of large rivers, leaving the population that lives far from 

them uncovered [35, 38]. In addition to the geographical 

barriers, the extensive cross-border territory also poses 

challenges and, since 2016, the Northern region has 

received approximately 260,000 Venezuelan refugees who 

entered Brazil through the city of Pacaraíma, the Vene-

zuelan-Brazilian border located in the Brazilian state of 

Roraima [39]. �e political and economic instability in 

Venezuela has compromised the population’s access to 

employment, health services and housing, triggering the 

migratory �ow of Venezuelans to Latin American coun-

tries, especially to Brazil [39].

It is also worth noting that, during the COVID-19 

pandemic, immunization strategies against poliomyeli-

tis were interrupted in these countries, especially those 

immunization strategies that were done door-to-door [6, 

7]. �is interruption, even for a short period of time, has 

compromised polio vaccine coverage and represents a 

barrier to achieving a Polio Free World by 2026, a target 

set out in the Polio Eradication Strategy 2022–2026 [6, 7].

In this context, migratory movements, combined with 

low vaccination coverage, civil war, economic and politi-

cal instability in Pakistan and Afghanistan, the last bas-

tions of the WP1 strain in the world [6], can contribute to 

the spread of Poliovirus to the rest of the world, a�ecting 

countries with low vaccination coverage and high risk of 

cVDPV emergence or importation of Poliovirus, among 

them, Brazil.

Limitations

Some limitations of this study must be considered. First, 

this study was subject to information bias, since the 

researchers did not have access to quality-controlled 

SI-NIP information records. However, the SI-NIP con-

stitutes an important o�cial source of information. 

Coordinated by the Ministry of Health, the SI-NIP is 

technically solid and, over the last 40 years, has allowed 

the monitoring of vaccination coverage and provides 

technical assistance at the federal, state and municipal 

levels for guidance and decision-making necessary for the 

best choose health strategy practices aimed at preventing 

infectious diseases [15]. Second, considering that in this 

study the coverage of vaccination against poliomyelitis 

according to a birth cohort was not evaluated, the results 

may be subject to the in�uences of the context, lifestyles 

and behaviors from that period, since the data were ana-

lyzed over a single, historic moment. �e cohort design, 

although it has several advantages, adequately considers 

children who were vaccinated in a timely manner (up to 5 
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years of age). Considering the importance of the immune 

status and the production of antibodies against the Polio-

virus in one-year old children, due to the greater risk of 

a severe sequelae caused by the Poliovirus, the authors 

decide to continue with a cross-sectional design, con-

sidering as adequately vaccinated, those children who 

had received their scheduled vaccinations at one year 

of age. In addition, this study was done with the entire 

target population of the polio vaccine in children under 

one year of age, using the SI-NIP, which is considered a 

reliable o�cial source of vaccine coverage data in Brazil, 

with generalizations taken as relatively safe estimates. 

Another limitation of this study is that vaccination cov-

erage was obtained using the indirect method, in which 

the administered doses of the vaccines were obtained 

from more than one data source and depend on the qual-

ity of the registration of doses administered by the health 

professional.

Contributions

�is study may contribute to the identi�cation of terri-

tories that presented unsatisfactory indicators on vacci-

nation coverage targeting poliomyelitis in Brazil, which 

highlights the urgent need to prioritize vaccination 

strategies and e�orts at increasing coverage to vulner-

able populations from these regions. In addition to the 

territories that reported vaccine coverage against polio-

myelitis below the 95% target, those with a sharp drop in 

vaccination coverage in the evaluated period should also 

be prioritized. In this sense, vaccination strategies that 

address both the resident inhabitants and the population 

of travelers, migrants and refugees should be given full 

priority in these territories.

Conclusion
Over the period spanning 2011 to 2021, there was an 

observed downward trend in polio vaccine coverage in 

eight Brazilian states and a progressive increase in spa-

tial clusters with low vaccine coverage located particu-

larly in the North and Northeast regions of the country. 

Immunization strategies and public policies aimed at 

reducing inequalities of vaccination coverage in the 

country are essential to halt the preventable burden of 

polio and achieve the goal of immunization in relation to 

the 2030 Agenda for Sustainable Global Goals. Further-

more, improvement of polio vaccine coverage indicators 

is essential to prevent the reintroduction of Poliovirus in 

Brazil.
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