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ABSTRACT 

Objective: To describe vaccination coverage indicators and the risk of transmission of vaccine-preventable diseases. Methods: 
This is a descriptive ecological study whose unit of analysis consists of the municipalities of the 1st Health Region of the state 
of Pernambuco. The methodology proposed by the Ministry of Health and prepared in 2016 was used to classify the risk of 
vaccine-preventable diseases and data were collected from the Information System of the National Immunization Program of the 
State. Variables related to the vaccination status of the basic vaccines for children under two years of age (vaccination coverage, 
abandonment rate and homogeneity of vaccination coverage) and the risk of vaccine-preventable diseases were described through 
the distribution of absolute and relative frequencies and means. Results: Of the twenty municipalities analyzed, 20% (n=4) were 
at very high risk, 55% (n=11) were at high risk, 15% (n=3) were at intermediate risk and 10% (n=2) were at very low risk. The 
Tetra viral, Rotavirus and Meningococcal C vaccines had the lowest coverage values in the region: 25% (n=5) of the municipalities 
reached the goal of homogeneity of vaccination coverage between vaccines and 20% (n=4) of the municipalities scored zero 
on this indicator. The Rotavirus, Pentavalent and Poliomyelitis vaccines had the highest abandonment rates. Conclusion: The 
municipalities analyzed fall into the categories of very high and high risk and present low rates of vaccination coverage, thus 
showing that there is an inversely proportional relationship between risk and indicators.

Descriptors: Epidemiology, Descriptive; Vaccination Coverage; Immunization; Risk.

RESUMO

Objetivo: Descrever os indicadores de cobertura vacinal e o risco de transmissão de doenças imunopreveníveis. Métodos: 
Estudo ecológico descritivo, tendo como unidade de análise os municípios da 1ª Região de Saúde do estado de Pernambuco. 
Utilizou-se a metodologia proposta pelo Ministério da Saúde, elaborada no ano de 2016, para classificação de risco de doenças 
imunopreveníveis, e coletaram-se os dados no Sistema de Informações do Programa Nacional de Imunizações do estado. 
Descreveram-se as variáveis referentes à situação vacinal das vacinas básicas para os menores de dois anos de idade (cobertura 
vacinal, taxa de abandono e homogeneidade da cobertura vacinal) e o risco de transmissão de doenças imunopreveníveis a 
partir da distribuição de frequências absolutas, relativas e médias. Resultados: Dos vinte municípios analisados, 20% (n=4) 
apresentaram a classificação de risco muito alto, 55% (n=11) tiveram risco alto, 15% (n=3) apresentaram risco médio e 10% (n=2) 
classificaram-se com risco muito baixo. As vacinas tetra viral, rotavírus e meningocócica C apresentaram os menores valores 
de cobertura na região: 25% (n=5) dos municípios alcançaram a meta da homogeneidade da cobertura vacinal entre vacinas e 
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20% (n=4) dos municípios estão com esse indicador zerado. As vacinas rotavírus, pentavalente e poliomielite apresentaram as 
maiores taxas de abandono. Conclusão: Nos municípios analisados há um enquadramento nas categorias de risco muito alto 
e alto, além de baixos indicadores de cobertura vacinal, evidenciando que há uma relação inversamente proporcional entre o 
risco e os indicadores.  

Descritores: Epidemiologia Descritiva; Cobertura Vacinal; Imunização; Risco.

RESUMEN 

Objetivo: Describir los indicadores de cobertura de vacunación y el riesgo de transmisión de enfermedades inmunoprevenibles. 
Métodos: Estudio ecológico descriptivo que tiene como la unidad de análisis los municipios de la 1ª Región de Salud del estado 
de Pernambuco. Se utilizó la metodología propuesta por el Ministerio de la Salud elaborada en el año de 2016 para la clasificación 
de riesgo de enfermedades inmunoprevenibles y se recogieron los datos del Sistema de Informaciones del Programa Nacional 
de vacunas del estado. Se describieron las variables referentes a la situación de vacunación de las vacunas básicas para los que 
tienen menos de dos años de edad (cobertura de vacunación, tasa de abandono y homogeneidad de la cobertura de vacunación) 
y el riesgo de transmisión de enfermedades inmunoprevenibles a partir de la distribución de frecuencias absolutas, relativas y 
medias. Resultados: De los veinte municipios analizados, el 20% (n=4) presentaron la clasificación de riesgo muy alto, el 55% 
(n=11) tuvieron riesgo alto, el 15% (n=3) presentaron riesgo medio y el 10% (n=2) se han clasificado de riesgo muy bajo. Las 
vacunas tetra viral, rotavirus y la antimeningocócica C presentaron los valores más bajos de la cobertura en la región: el 25% 
(n=5) de los municipios han alcanzado la meta de la homogeneidad para la cobertura de vacunación entre vacunas y el 20% 
(n=4) de los municipios tiene cero para ese indicador. Las vacunas rotavirus, pentavalente y poliomielitis presentaron las más 
altas tasas de abandono. Conclusión: Hay un encuadramiento de las categorías de riesgo muy alto y alto en los municipios 
analizados, además de bajos indicadores de cobertura de vacunación con la evidencia de una relación inversamente proporcional 
entre el riesgo y los indicadores.   

Descriptores: Epidemiología Descriptiva; Cobertura de Vacunación; Inmunización; Riesgo.

INTRODUCTION

Vaccination is an essential element in the right to health and a component of governmental responsibility which 
– in its broad concept – constitutes a duty of the Brazilian Government. Thanks to immunization, about 2.5 million 
deaths per year are prevented, thus showing that properly protected children tend to have a healthier development(1).

Immunization practices are important activities of primary care offered by the Family Health Strategy and thus 
help in the sharing of responsibilities and work as a health promoting agent that acts favorably on the quality of life 
of individuals. They bring to light the potentiality of immunization activities as a health-promoting tool as they are 
closely linked to improved quality of life by strengthening the immune system and mitigating the risks of acquiring and 
transmitting communicable diseases. Therefore, the role of health professionals working in this area is fundamental 
to guaranteeing the population’s quality of life as the population considers them the main and most reliable source 
of information(2).

In addition, vaccination is a cost-effective and efficient public health tool, and its impact on public health features 
several important issues, such as increased life expectancy (the advent of vaccination has been able to mitigate 
mortality, which had significant figures back in time), the eradication of certain diseases (such as smallpox) and the 
guarantee of social and economic benefits(3).

In Brazil, the National Immunization Program (Programa Nacional de Imunização – PNI) was instituted in 1973 
and two years later its technical operating standards were formalized(4). Routine vaccination, the National Vaccination 
Day, periodic campaigns and surveillance system are strategies directed by the PNI to tackle vaccine-preventable 
diseases(5).

Maintaining coverage high in the estimated standards and homogeneity lead to the effectiveness of vaccines 
at the individual and collective levels and constitute a good public health indicator capable of overcoming the social 
gap often created by the health system itself(6).

Since the 1990s the behavior of vaccination coverage in Brazil has been positive, a result of the population’s 
acceptance of vaccination and the success of the PNI. However, the strengthening of the anti-vaccine movement is 
undeniable and it contributes to the decrease of vaccine coverage and favors the reintroduction of already eradicated 
vaccine-preventable diseases(7-9). Although still incipient in Brazil, this movement diminishes the importance of 
immunization and generates negative information (especially on social media) on the theme and makes the population 
hesitate to vaccinate children(8).
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In 2010, the Ministry of Health (MoH) conducted a national study with the methodological proposal of monitoring, 
analyzing and evaluating vaccine coverage and hence identifying the risks of transmission of vaccine-preventable 
diseases. The proposal was updated in 2016 with indicators that reflect vaccination coverage and with the stratification 
of the risk of disease transmission in the municipalities(5,10).

With the current scenario of resurgence of vaccine-preventable diseases, the anti-vaccine movement and the 
abandonment of multidose regimens by the population induce behaviors and attitudes that increase the risk of 
transmission of these diseases, both individually and in the social and community networks of the individual(11).

In this context, this study made it possible to describe vaccination coverage indicators and the risk of transmission 
of vaccine-preventable diseases.

METHODS

This is a descriptive ecological study whose unit of analysis was the 1st Health Region of the state of Pernambuco 
(1ª Região de Saúde do estado de Pernambuco – 1ªRS/PE), which is composed of nineteen municipalities plus 
the state district of Fernando de Noronha, as shown in Figure 1. This region was chosen because it is the most 
populous region in the state and has several health care technologies (Primary Health Care; Outpatient and Hospital 
Care; Urgency and Emergency; Psychosocial Care and Health Surveillance). In addition, it is a region of expressive 
migration, which represents a challenge for local public health regarding the control of and access to demographic 
and epidemiological data of these individuals(12-14).

Figure 1 -. Geographic location of the 1st Health Region of the State of Pernambuco State, 2017.
Legend: Plano Diretor de Regionalização/Secretaria Estadual de Saúde de Pernambuco-SES/PE, 2011(13).

Information was obtained through secondary data from the Information System of the National Immunization 
Program (Sistema de Informação do Programa Nacional de Imunizações - SI- PNI) of the state of Pernambuco and 
DATASUS (http://datasus.saude.gov.br/). The information obtained was standardized according to the research 
objective and the eligibility criteria following the computation of the variables for further descriptive analysis using 
the distribution of absolute, relative and mean frequencies. The year 2017 was chosen because it was the last year 
with full information and data entry was closed on the DATASUS website(15).

Vaccines recommended for children under two years of age were included, as per the 2018 schedule: pentavalent 
(three doses), injectable polio (three doses), 10-valent pneumococcal (two doses), human rotavirus (two doses), 
meningococcal C (two doses), triple viral, tetra viral, and hepatitis A(16).

In view of the paradigm shift regarding the birth process, in which women’s autonomy and protagonism lost their 
place to obstetric techniques and hospitalization, the BCG (Bacillus Calmette-Guérin) and hepatitis B vaccines were 
excluded from the study(17). These vaccines are recommended at birth and because many municipalities do not have 
childbirth care there is an intermunicipal displacement of pregnant women. This phenomenon may interfere with the 
masking of the actual coverage for these vaccines in the municipalities(18).

The yellow fever vaccine was also not included because the state of Pernambuco is not an area where this 
vaccine is recommended. The booster shots of the vaccines analyzed were not included as the basic regimen – and 
not booster shots – is used for the analysis of susceptibles(19).

The risk of transmission of vaccine-preventable diseases is the dependent variable described in the study. The 
following independent variables were used: vaccine coverage (VC), which consists of the percentage of vaccinated 
people in the target population for each vaccine; the abandonment rate (AR), which is an indicator applied to 
immunobiologicals with a multi-dose regimen and represents user adherence to the vaccination system(13); and vaccine 

1st Health Region
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coverage homogeneity (VCH) between vaccines, which measures the proportion of vaccines within a geographic 
context that achieves adequate and high coverage(20).

VC rates calculated by the MoH for each municipality were used and the mean regional VC rates were calculated 
using the rates of the municipalities. Vaccine goals consist of 90% for human rotavirus and 95% for pentavalent, 
polio, 10-valent pneumococcal, meningococcal C (conjugate), triple viral, tetra viral and hepatitis A. Three vaccination 
coverage classifications are proposed: low (<goal), adequate (≥goal to ≤120%) and high (>120%). The following 
stratification was used for the abandonment rate: low (<5%), medium (≥5% to ≤10%) and high (>10%)(13).

VCH was calculated for each municipality by summing the vaccines with adequate and high VC and dividing the 
total by the number of total vaccines analyzed and multiplying the result by 100. The calculation of the AR considered 
the difference between the number of first doses and the number of last doses divided by the number of first doses 
and multiplying the result by 100(13).

According to Resolution CIB/PE No. 3.013 of June 8, 2017, which approves guidelines, objectives, indicators 
and goals for the state of Pernambuco, the indicator of vaccine coverage homogeneity between vaccines for children 
under two years of age should reach at least 75%(21). Thus, the classification of the methodology used by the MoH 
for this indicator was adapted because the state of Pernambuco adopts the proportion of 75% of this resolution(21): 
low (<75%) and adequate (≥75%).

The descriptive risk analysis did not include the size of the population of the municipalities because the Brazilian 
Institute of Geography and Statistics (Instituto Brasileiro de Geografia e Estatística - IBGE) currently uses population 
estimates, which makes these data unreliable for each municipality(22).

Risk stratification was as follows: very high risk when VCH <75% and AR ≥10% or when municipalities have 
no vaccination records; high risk when VCH <75%; medium risk when VCH ≥75% to <100% and VC below the 
recommended for polio, triple viral, tetra viral or pentavalent; low risk when VCH ≥75% to 100% and adequate VC 
for polio, triple viral and tetra viral; and very low risk when VCH is 100%(13).

Excel (Microsoft Excel) version 2013 and TabWin (Ministry of Health), version 4.15 were used to build the 
database and analyze the data. The study complied with the ethical considerations proposed by Resolution No. 466 
of the National Health Council (Conselho Nacional de Saúde – CNS) of December 12, 2012 and was submitted to 
and approved by the Research Ethics Committee (Approval No. 3.075.787).

RESULTS

The triple viral (114.7%), pneumococcal (102.7%), polio (99.5%), pentavalent (99.4%) and hepatitis A (96.8%) 
vaccines presented adequate mean regional VC. However, the mean rates of tetra viral (79.6%), rotavirus (85.1%) and 
meningococcal C (94.6%) vaccines were below the regional target and reflect the higher percentage of municipalities 
with very low and low VC, as shown in Figure 2.

Figure 2 - Distribution of the municipalities (n and %) according to the classification of the vaccine coverage for eight 
vaccines in the 1st Health Region of the state of Pernambuco, 2017. 
Source: SIPNI: Sistema de Informação do Programa Nacional de Imunização; DATASUS: Departamento de Informática do 
Sistema Único de Saúde
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Fernando de Noronha and Ilha de Itamaracá achieved adequate and high VC – respectively – for all vaccines. 
In the descriptive analysis of VCH between the vaccines, 25% (n=5) of the municipalities reached the target of 75% 
advocated by Resolution CIB/PE No. 3.013 of June 8, 2017(21), as shown in Figure 3.

Figure 3 - Vaccine coverage homogeneity between vaccines in the 1st Health Region of the state of Pernambuco, 
2017.
Legend: SIPNI: Sistema de Informação do Programa Nacional de Imunização; DATASUS: Departamento de Informática do 
Sistema Único de Saúde

The regional AR was 5.34% and is considered a medium AR according to the MoH parameters. The municipalities 
of Gloria do Goitá (16.21%), Camaragibe (13.55%) and Moreno (11.83%) presented the highest mean AR. In addition, 
45% of the municipalities presented medium AR and 40% presented low AR, with Fernando de Noronha district 
exhibiting the lowest mean AR in the region.

In the 1ª RS/PE, the meningococcal C vaccine was the one with the largest proportion (70%) of municipalities 
with low abandonment rates in municipalities in contrast to the rotavirus vaccine (20%), as shown in Figure 4.

Figure 4 - Distribution of the municipalities (n and %) of the 1st Health Region according to abandonment rates for 
five vaccines. Pernambuco, 2017. 
Source: SIPNI: Sistema de Informação do Programa Nacional de Imunização; DATASUS: Departamento de Informática do 
Sistema Único de Saúde
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The risk of vaccine-preventable disease transmission for each municipality was categorized using the independent 
variables, as shown in Figure 5.

Figure 5 - Risk of transmission of vaccine-preventable diseases in the municipalities of the 1st Health Region of the 
state of Pernambuco, 2017.
Source: TabWin version 4.15

DISCUSSION

The results found in the present study corroborate the idea that the PNI still faces important challenges, especially 
local ones, in the fight against vaccine-preventable diseases. The mean rates of VC in the 1ª RS/PE were low for 
some vaccines, especially for the tetra viral, which has been on the National Immunization Schedule since 2013 to 
alleviate complications, severe cases and deaths from chickenpox and to prevent measles, rubella and mumps(23).

A study conducted in the state of Ceará showed that some of its municipalities also presented low coverage 
for the triple viral (measles, rubella and mumps) vaccine and had confirmed cases of measles in 2015(24). There 
are some justifications for the emergence of these outbreaks, which refer precisely to the importation of cases, the 
high transmissibility of these diseases and the lack of homogeneity of vaccine coverage, thereby making part of the 
population susceptible(25).

Not only Brazil, but other countries also still face endemic diseases against which the tetra viral vaccine protects 
(measles, rubella, mumps and chickenpox). In Europe, in 2017, Italy and Romania were the leading countries in 
number of measles cases. In addition, Italy and Austria are the leading countries in number of positive cases of rubella, 
which make health authorities in the countries receiving these importations aware of their vaccination coverage and 
the risk of circulation of these diseases(26).

In contrast to the results of the present study regarding the tetra viral vaccine coverage, Cuba, since the 
implementation of the Immunization Program in 1962 (when morbidity and mortality rates were high for vaccine-
preventable diseases), has improved its vaccine indicators. In 2016, measles and rubella coverage reached 100% 
and incidence and mortality rates were zero(27).

With regard to homogeneity in the 1ª RS/PE, few municipalities had adequate and high VC for all the vaccines 
analyzed. Therefore, there is a need for immunization and surveillance strategies in municipalities with low VC in 
order to avoid an unfavorable epidemiological scenario(28). This indicator is commonly used in Brazil to analyze the 
achievement of vaccine coverage targets within a geographical context(13).  
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An important aspect that is linked to low vaccination coverage is the geographical inequality regarding the 
distribution of immunobiologicals, as shown by data from a study conducted in 49 African countries using surveys. 
The study allowed the visualization of the places with the poorest resources and the development of equitable 
distribution strategies to ensure better health outcomes for African children(29).

Some vaccines stood out in relation to the abandonment rate in this study. These included the rotavirus, pentavalent, 
polio, 10-valent pneumococcal and meningococcal C vaccines. The vaccine abandonment rate is analyzed in order 
to explore which factors potentiate this indicator(30).

In a prospective cohort study conducted in São Luís, Maranhão, the factors related to the abandonment rate 
indicator were: low levels of maternal education; unplanned and teenage pregnancy; late presentation to prenatal 
care; increased number of siblings at home; lack of outpatient and or hospital care; and unavailability of vaccines 
in health care facilities(30).

To better understand the factors involved in the abandonment rate, another study analyzed electronic medical 
records of children under two years of age belonging to a micro area of the municipality of Rio de Janeiro and found 
that the 10-valent pneumococcal and meningococcal C vaccines were the ones with the highest abandonment rate(31), 
a finding that is in contrast to the findings in the present study.

Research has found that the vaccination process is characterized as a phenomenon that also encompasses 
social factors and that there are other barriers to access to immunobiologicals, such as post-vaccination reactions 
(pain and fever) and caregiver unemployment(32).

In the present study, the highest abandonment rate was for the rotavirus vaccine. The cause of rotavirus diarrhea 
is still a current public health issue that causes problems mainly for children under the age of five worldwide(33). 
Therefore, efforts are needed in vaccine strategies to mitigate the abandonment rate for this vaccine in the analyzed 
region given the impact that the disease has on child health(33).

World Health Organization data on the pentavalent vaccine, for which the abandonment rate was the second 
largest in this study and which is a conjugated vaccine against diphtheria, tetanus, pertussis, hepatitis B, and 
Haemophilus influenzae type b (Hib) strains, indicate that 1 out of every 10 children worldwide did not receive the 
first dose of DTP (diphtheria, tetanus and pertussis) vaccine, and worldwide coverage of this vaccine was 86%. The 
third dose of this vaccine is considered an indicator of childcare coverage assessment(34).

With regard to pertussis, which is one of the diseases against which the pentavalent vaccine prevents, a study 
conducted in Minas Gerais showed an increase in its incidence from 2005 to 2014 as a result of vaccination coverage 
below 90% and therefore below the goal advocated by the MoH. This represents an alert for possible outbreaks in 
children since contact occurs directly(35).

As for diphtheria, the state of Roraima reported five cases of diphtheria, from 1989 to 2017 – all of them in the 
capital Boa Vista – due to the low vaccination coverage and lack of homogeneity(36). In Pernambuco, in 2015 alone, 
eleven cases of diphtheria were confirmed and were distributed in the municipalities of Chã Grande, Salgueiro, 
Recife and Jaboatão dos Guararapes(37). This confirms the importance of completing the vaccination schedule for 
children, who are more vulnerable to severe cases.

Child health is a priority strategy in the health agenda. The integral promotion of their health has as its main goal 
the reduction of morbidity and mortality, which still affect this public. Thus, immunization practices, with the guarantee 
of high coverage, decreased abandonment rates and, consequently, decreased risk of transmission, are closely 
associated with the achievement of this goal as it is an essential element of growth and development in childhood(38).

An important point to be discussed refers to the continuing education of professionals who carry out immunization 
activities as the population considers them the main source of information and which interferes with the vaccination 
coverage and the health-disease process in children(2,39). One study pointed out that most primary care professionals 
could not adequately answer which vaccines should be administered at certain ages, thereby showing that the training 
process should be continuous(39).

Complete dependence on adults is a feature that makes the children’s health-disease process a priority for both 
their guardians and direct caregivers and for policies targeted at this public. Thus, the actions and strategies must 
be intra and intersectoral and should include health protection and promotion actions in order to mitigate risks and 
vulnerabilities and ensure a harmonious and healthy development(40).

The joint analysis of vaccine indicators allowed a better understanding of the real vaccination scenario of the 
places. Constant evaluations and strategic actions are needed to change the epidemiological risk profile(13) of the 
municipalities of the 1ª RS/PE. This requires joint efforts (by the various social sectors involved) in the planning and 
incorporation of effective and, especially, universal measures(35).
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CONCLUSION 

The municipalities analyzed fall into the categories of very high and high risk and present low rates of vaccination 
coverage, thus showing that there is an inversely proportional relationship between risk and indicators.
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