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Introduction: The coronavirus disease (COVID)-19 has had a great impact on several aspects related to the 
population’s health, including the vaccination adherence rate. This study describes how childhood vaccination 
coverage (CVC) in Brazil was affected by the pandemic in the period from 2020 to 2022 and explores the 
relationship between this data and the Human Development Index (HDI), and the number of votes received in the 
government with a right-wing political ideology. 
Methods: An ecological analysis of CVC was carried out including 12 vaccines. The HDI was evaluated consid-
ering the HDI-General, HDI-Income, HDI-Longevity, and HDI-Education. The percentage of valid votes received 
by the former president (right-wing political ideology) was also obtained. Spearman correlation tests were 
applied to compare markers. 
Results: During the period analyzed, it was observed a linear growth trend in CVC between 2015 and 2018 
regarding all vaccines. However, from 2018 onwards, after the presidential elections in Brazil, the CVC reduced 
significantly, showing an even more pronounced decrease with the start of the COVID-19 pandemic. This 
reduction in CVC observed for some vaccines was related to the higher percentage of votes for the government 
with a right-wing political ideology, especially in relation to the BCG (bacillus Calmette and Guerin) and 
pentavalent (protecting against diphtheria, tetanus, pertussis, hepatitis B, and Haemophilus influenzae type b 
bacteria) vaccines. In addition, when analyzing the HDI, it was observed that the lowest values of this indicator 
were associated with a more expressive reduction in CVC, mainly related to yellow fever, pentavalent, 10-valent 
pneumococcal conjugate, Human rotavirus, and triple viral (protecting against measles, mumps, and rubella – 
MMR) vaccines. 
Conclusion: Although Brazil has a successful and exemplary record in combating several diseases, mainly due to 
the high rate of CVC, the continuous reduction in this coverage must be thoroughly evaluated by health 
managers.   

1. Introduction 

Created in 1973, the National Immunization Program of the Brazil-
ian Unified Health System is coordinated by the Ministry of Health in 
conjunction with the municipal and state health departments [1]. It is 
recognized worldwide for its relevant intervention in public health, 
contributing to the decrease in infant mortality and improving the life 

expectancy of the Brazilian population [1]. It is responsible for distrib-
uting vaccines to the whole Brazilian population, presents a successful 
history, and has well-succeeded experiences in terms of national vacci-
nation campaigns [1–3]. Through this program, Brazil managed to 
eliminate and control several diseases and, due to its action, the epide-
miological profile of vaccine-preventable diseases was greatly impacted 
in the country [3]. Considered a reference in other countries as one of 
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the largest vaccination programs in the world, the National Immuniza-
tion Program provides, free of charge, ~ 45 immunobiological agents for 
different age groups [3–5]. However, since 2017, the levels of vaccine 
doses applied have decreased and, as a consequence, childhood vacci-
nation coverage in the vaccination calendar has shown a sharp drop. 
This scenario was worsened by the coronavirus disease (COVID)-19 
pandemic [6–8]. 

With the outbreak of the COVID-19 pandemic, several preventive 
measures were applied in an attempt to stop the propagation of the se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [9–11]. 
The development of new vaccines was among these measures [12,13]. 
Therefore, in January 2021, the Brazilian National Health Surveillance 
Agency granted emergency approval to the CoronaVac vaccine, devel-
oped by the Chinese pharmaceutical company Sinovac in partnership 
with the Butantan Institute, and to the Covishield vaccine, produced by 
the pharmaceutical company Serum Institute of India, in partnership 
with AstraZeneca/Oxford University and Oswaldo Cruz Foundation 
[14]. Those vaccines were distributed and applied following a list of 
priority groups defined by the Ministry of Health [15,16], and from 
February 2021 onwards, other vaccines started to be used in Brazil, such 
as the Comirnaty vaccine, produced by the North American pharma-
ceutical industry Pfizer, in partnership with the German biotechnology 
laboratory BioNTech [17]. Even, the Flu vaccination was able to pro-
mote better outcomes among patients hospitalized due to COVID-19, 
mainly in patients who received both vaccines – against Flu and 
COVID-19 [18]. 

Even facing an optimistic scenery as a result of the COVID-19 vac-
cines, the pandemic provoked interruptions in non-emergency health 
services, including immunization services with a consequent reduction 
in vaccination coverage mainly among children [19–23]. This fact might 
have been worsened by the population’s reluctance to seek health ser-
vices due to the risk of contamination by the new virus (SARS-CoV-2) in 
health units or when sharing means of transport to these locations [24]. 
Other factors might also have influenced the decrease in vaccine 
coverage in Brazil, including the dissemination of political and defam-
atory news about ineffective medicines and dubious treatments for the 
management of respiratory disease and about the development, origin, 
and implementation of COVID-19 vaccines [10,11,16,25–27]. This 
created distrust in society, regarding how to act in relation to the new 
vaccines, and also generated uncertainty in relation to other vaccines 
already included in the Brazilian vaccination calendar [7,28–32]. 

In such a context, official data published by the United Nations 
Children’s Emergency Fund (UNICEF), the Pan American Health Orga-
nization (PAHO), and the World Health Organization (WHO), demon-
strated that 23 million children did not receive basic vaccines from 
routine health services in 2020. This was the highest number since 2009, 
and was up 3.7 million from 2019 figures, which resulted in a growing 
number of children at risk of devastating, but avoidable diseases 
[33,34]. Due to the reduction in vaccination coverage in Brazil, in May 
2022, PAHO classified the country as a place at high risk for the rein-
troduction of eradicated diseases such as polio. These reports reinforce 
the urgency of investigating and synthesizing the reasons why the 
effectiveness of the Brazilian National Immunization Program decreased 
sharply before, during, and after the COVID-19 pandemic, more spe-
cifically when observing the childhood vaccination calendar, with the 
purpose of developing plans and methods to recover the history of 
successful experiences in campaigns that the Brazilian Unified National 
Health System (SUS, Sistema Único de Saúde) has provided to the 
population [1]. Thus, it seems relevant to highlight that the data pre-
sented and analyzed, as well as the considerations in this article, add 
invaluable information to support issues related to health policies, 
mainly public ones, aiming at the guidance of the vaccination strategies 
in Brazil. 

Taking that into consideration, this study aimed to verify the prob-
able increase in hesitancy with the childhood vaccination schedule 
during the COVID-19 pandemic in Brazil among the Brazilian 

population, from 2015 to 2022, and associate these values with the 
Brazilian Human Development Index (HDI) by federative unit and with 
political issues associated with the Brazilian federal government. 

2. Methods 

This study developed an epidemiological analysis of the ecological 
character of data from the Brazilian Health Ministry available on Tab- 
Net – a generic public domain tabulator that allows quick organiza-
tion of data according to the desired search. Tab-Net was developed by 
Data-SUS (Department of Informatics of the Brazilian Unified National 
Health System) to gather information from the SUS databases (https 
://datasus.saude.gov.br/acesso-a-informacao/imunizacoes-desde 
-1994/; accessed on 25th April 2023) [35]. Its immunization informa-
tion platform has been collecting and storing information such as 
vaccination coverage data, number of doses applied, and dropout rate 
since 1994. This study obtained data on childhood vaccination coverage 
(CVC) based on three analysis periods with data found on the govern-
ment platform regarding vaccination: (period 1) 2018 and 2015 (pre- 
pandemic period with a government during a left-wing political ideol-
ogy), (period 2) 2020 and 2018 (pre-pandemic period with a govern-
ment during a right-wing political ideology), and finally (period 3) 2022 
and 2020 (pandemic period with a government during a right-wing 
political ideology). 

Among the immunizers, the following vaccines were investigated 
considering CVC: (i) BCG (bacillus Calmette and Guerin) vaccine, (ii) 
DTP [triple bacterial vaccine to prevent diphtheria, tetanus, and 
pertussis] vaccine, (iii) yellow fever vaccine, (iv) hepatitis B vaccine, (v) 
meningococcal C conjugate vaccine, (vi) pentavalent (protecting against 
diphtheria, tetanus, pertussis, hepatitis B, and Haemophilus influenzae 
type b bacteria) vaccine, (vii) 10-valent pneumococcal conjugate [pro-
tecting against the invasive pneumococcal disease, pneumonia, and 
acute otitis media caused by Streptococcus pneumoniae of serotypes 1, 4, 
5, 6B, 7F, 9V, 14, 18C, 19F, 23F, and serotype 19A (cross protection)] 
vaccine, (viii) oral poliovirus vaccine, dose 1 (15 months old), (ix) oral 
poliovirus vaccine – booster dose (four years old), (x) Human rotavirus 
vaccine, (xi) tetravalent (protecting against diphtheria, tetanus, 
pertussis, and meningitis) vaccine, and (xii) triple viral vaccine (pro-
tecting against measles, mumps, and rubella – MMR) vaccine. The CVC 
(%) of each vaccine was obtained from 2015 to 2022 and by the 
federation unit (States and Federal District) in Brazil. The change in CVC 
by periods was also presented, that is, period 1, period 2, and finally 
period 3 as previously described. 

The HDI values considering the country and its federative units were 
evaluated using four markers: (i) HDI-General, (ii) HDI-Income 
(dimension: decent standard of living; indicator: gross national income 
per capita), (iii) HDI-Longevity (dimension: long and healthy life; indi-
cator: life expectancy at birth), and (iv) HDI-Education (dimension: 
knowledge; indicator: expected years of schooling and average years of 
schooling). The dataset was obtained from the Atlas Brasil webpage 
(https://www.atlasbrasil.org.br/ranking; accessed on 25th April 2023) 
[36], which stores data from the Brazilian Institute of Geography and 
Statistics that portray sustainable human development and inequalities 
in Brazil. The HDI values presented in the study refer to 2021, which is 
the last year with data stored by the system. In addition, the percentage 
(%) of valid votes in 2018 and 2022 for the government with a right- 
wing political ideology was obtained, for both rounds of the presiden-
tial elections in Brazil, that is, the first and second rounds. The data 
containing the number of valid votes was obtained in accordance with 
data provided by the Brazilian Superior Electoral Court. These data were 
used to evaluate whether the ideological dispute, the discourses against 
the COVID-19 vaccination, and the political measures by the federal 
government through right-wing political ideology to manage the health 
crisis and to perform vaccination might have influenced the vaccination 
situation in the country, that is, the CVC reduction according to the 
childhood vaccination calendar. The data about HDI and percentage (%) 
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of valid votes in the presidential elections in Brazil are presented ac-
cording to the population of the country and its federative units. 

As for HDI (General, Education, Income, and Longevity) in the year 
2021 and the percentage (%) of valid votes for the government with a 
right-wing political ideology in the years 2018 and 2022, they were 
correlated with the CVC reduction for different vaccines in the Brazilian 
federative units. 

The statistical analysis was done using the Statistical Package for the 
Social Science software (IBM SPSS Statistics for Macintosh, version 
27.0). The Spearman correlation tests were applied to compare HDI 
(General, Education, Income, and Longevity) in the year 2021 and the 
percentage (%) of valid votes for a government with a right-wing po-
litical ideology with CVC rates. To evaluate the possible CVC reduction 
rate, two moments were chosen in our study: (moment 1 – equal to 
period 2) decrease/increase of the adhesion in the vaccination calendar 
(pre-pandemic period and government with a right-wing political ide-
ology) between the periods from 2020 to 2018 – aiming to evaluate only 
the influence of the ideological dispute, the discourses against the 
COVID-19 vaccination, and the political measures of the federal gov-
ernment to manage the health crisis and perform vaccination; and 
(moment 2 – equal to period 2 plus period 3) decrease/increase of the 
adhesion in the vaccination calendar (pre-pandemic and pandemic pe-
riods and government with a right-wing political ideology) between the 
periods from 2022 to 2018 – aiming to investigate the influence of a 
right-wing political ideology as described above and the outbreak of the 
COVID-19 pandemic. 

In the Spearman correlation, it was considered the following cut-off 
points: (i) ± 0.90–1.0, very high positive–negative correlation index; (ii) 
± 0.70–0.90, high positive–negative correlation index; (iii) ±

0.50–0.70, moderate positive–negative correlation index; (iv) ±

0.30–0.50 low positive–negative correlation index; and (v) 0.00–0.30, 
insignificant positive–negative correlation index. An alpha error of 0.05 
was employed in the statistical analysis. Our research group used a 
statistical approach similar to that used in two previous studies, namely, 
one of them associated the number of deaths of patients undergoing 
hospital treatment for acute respiratory syndrome caused by COVID-19 
in Brazil and the HDI, while the other associated the number of deaths 
due to the clinical evolution of cystic fibrosis [Online Mendelian In-
heritance in Man (OMIM) no 219700] and HDI [37,38]. 

The graphical presentation was elaborated using GraphPad Prism 
version 8.0.0 for Mac, GraphPad Software, San Diego, CA, USA, accessed 
on April 25th, 2023 at: https://www.graphpad.com. Also, XY graphs 
were used to describe the relation between the CVC reduction/increase 
for the different vaccines and the years of data analyzed. In addition, the 
correlation matrix graph was used to present correlations by the feder-
ative unit in Brazil, between a) HDI-General, HDI-Education, HDI- 
Income, HDI-Longevity and the CVC reduction/increase for different 
vaccines, b) percentage (%) of valid votes and CVC reduction/increase 
for different vaccines, and c) HDI and percentage (%) of valid votes. 

The data used in our study are publicly available. As it is anonymous, 
this is a study exempt from consent since it does not present any risk to 
research participants and was approved by the Research Ethics Com-
mittee of the São Francisco University [Certificate of Presentation of 
Ethical Review no 67241323.0.0000.5514]. 

3. Results 

3.1. Childhood vaccination coverage in Brazil 

Although twelve different vaccines were included in the study, three 
of them were not used in the final analysis [DTP (missing data from 2017 
to 2020, and vaccination instructions changed for adults and pregnant 
women), oral poliovirus vaccine – booster dose (four years old) (missing 
data from 2015 and 2016 – despite the motivation for the first dose, the 
booster dose is currently available for application in health units), and 
tetravalent vaccine (data described only for the years 2015 and 2016, 

with complete data for the triple viral (MMR) vaccine only in the 
following years)]. The CVC evolution for the remaining vaccines is 
shown in Fig. 1 and Supplementary Tables 1-9. In Fig. 1, the data por-
trays CVC according to the total population of the country and by year of 
analysis. Therefore, it was observed that in the period under evaluation, 
the CVC was practically linear from 2015 to 2018 for all vaccines, except 
for yellow fever, which presented increased coverage. However, in 
2018, after the presidential elections in Brazil, a reduction in CVC was 
observed, which worsened after the COVID-19 pandemic outbreak. 
Curiously, after 2021, a slight increase in the CVC was observed. 

When considering all vaccines, few showed values over than 95% 
CVC in the period investigated. These vaccines were (2015) BCG vac-
cine, meningococcal C conjugate vaccine, 10-valent pneumococcal 
conjugate vaccine, oral poliovirus vaccine dose 1, and Human rotavirus 
vaccine; (2016) BCG and pentavalent vaccines; (2017) BCG vaccine; and 
(2018) BCG and pentavalent vaccines. In the period from 2018 to 2022, 
no vaccine presented values over than 95% CVC (Fig. 1). Data referring 
to each federative unit in the country and by year of evaluation are 
presented in Supplementary Tables 1-9. 

3.2. Overview of reduction in childhood vaccination coverage in Brazil 

The study evaluated the CVC reduction/increase in periods 1 
(2018–2015), 2 (2020–2018), and finally, 3 (2022–2020). In period 1 
investigated, a decrease in CVC was observed for all vaccines [BCG, 
hepatitis B, meningococcal C conjugate, 10-valent pneumococcal con-
jugate, oral poliovirus vaccine dose 1, Human rotavirus, and triple viral 
(MMR)], except for pentavalent and yellow fever vaccines, which fol-
lowed an increasing trend reaching of, respectively, 1.03% and 13.19% 
(Figs. 1 and 2). The greatest decrease in CVC occurred in period 1 for 
meningococcal C conjugate vaccine (-9.70%), oral poliovirus vaccine 
dose 1 (-8.75%), and 10-valent pneumococcal conjugate vaccine 
(-7.81%) when pre-pandemic period with a government with left-wing 
political ideologies was in force (Figs. 1 and 2). In period 2 investi-
gated, a decrease in CVC was observed for all vaccines, with a greater 
decrease in CVC for the hepatitis B vaccine (–22.63%), the BCG vaccine 
(–22.58%), and the Human rotavirus vaccine (-13.99%) when pre- 
pandemic period with a government with right-wing political ideolo-
gies was in force (Figs. 1 and 2). Next, a slight increase in CVC was 
observed in period 3 for four vaccines [hepatitis B (16.60%), BCG 
(12.67%), yellow fever (3.00%), and oral poliovirus vaccine dose 1 
(0.33%)], and a slight decrease for the other ones [pentavalent (-0.62%), 
meningococcal C conjugate (-0.69%), 10-valent pneumococcal conju-
gate (-0.70%), Human rotavirus (-1.41%), and triple viral (MMR) 
(-3.44%)] (Figs. 1 and 2) when pandemic period with a government with 
right-wing political ideologies was in force. 

3.3. Correlation between childhood vaccination coverage reduction and 
HDI (General, Education, Income, and Longevity) and the percentage (%) 
of valid votes for a government with right-wing political ideologies 

Table 1 shows the HDI values and its components, as well as the 
percentage (%) of valid votes for ae government with right-wing polit-
ical ideologies in the presidential elections (both rounds of the 2018 and 
2022 elections) according to the federative units of the country. Table 2 
presents the decreased/increased CVC values (%) in Brazil considering 
the different vaccines investigated and the moments selected for the 
study [Moment 1 (M1): from the year 2020 to the year 2018 (equal to 
period 2) and Moment 2 (M2): from the year 2022 to the year 2018 
(equal to period 2 plus period 3)]. 

The Spearman correlation matrix between the percentage (%) of 
votes for right-wing political ideology and the CVC variation (%) per 
vaccine included in the study is shown in Fig. 3, while the correlation 
between the HDI values and its components with the CVC variation (%) 
is shown in Fig. 4. Positive correlation values indicate that the increase 
in the percentage (%) of votes or the HDI were responsible for the 
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Fig. 1. Childhood vaccine coverage in Brazil considering the vaccines evaluated in the study. Each line indicates a vaccine and its evolution within the study period 
regarding vaccination coverage. The image shows a 95% coverage (horizontal broken line), which indicates one of the main metrics to evidence the vaccination 
campaign’s success. Axis x shows the evaluation years and the following markers (continuous lines): (2018) presidential elections in Brazil; (2020) outbreak of the 
coronavirus disease (COVID)-19 pandemic in Brazil; and (2022) new presidential elections in Brazil. The data were obtained from the Data-SUS (Department of 
Informatics of the Brazilian Unified National Health System) to generate information from the Brazilian Unified Health System database (https://datasus.saude.gov. 
br/acesso-a-informacao/imunizacoes-desde-1994/; accessed on April 25th, 2023). 10-valent pneumococcal conjugate vaccine provides protection against the 
invasive pneumococcal disease, pneumonia, and acute otites media caused by Streptococcus pneumoniae of serotypes 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, 23F, and 
serotype 19 (cross protection). 

Fig. 2. Variation of the vaccination coverage (%) regarding the vaccines evaluated in the study. The data are presented by periods, as follows: (period 1) 2018 to 
2015 (pre-pandemic period with a government with a left-wing political ideology), (period 2) 2020 to 2018 (pre-pandemic period with a government with a right- 
wing political ideology), and finally (period 3) 2022 to 2020 (pandemic period with a government with a right-wing political ideology). In this graph, negative values 
indicate that the difference between the years was associated with a decrease in the childhood vaccination coverage, that is, the initial values were higher than those 
observed in the other years (2018, 2020, and 2022). The data are presented using the percentage (%) of change in vaccination coverage between years. The green 
color indicates an increase in vaccination coverage; the red color indicates a decrease in vaccination coverage. The data were obtained from the Data-SUS 
(Department of Informatics of the Brazilian Unified National Health System) to generate information from the Brazilian Unified Health System database (https 
://datasus.saude.gov.br/acesso-a-informacao/imunizacoes-desde-1994/; accessed on April 25th, 2023). Pentavalent vaccine provides protection against diph-
theria, tetanus, pertussis, hepatitis B, and Haemophilus influenzae type b bacteria; 10-valent pneumococcal conjugate vaccine provides protection against the invasive 
pneumococcal disease, pneumonia, and acute otitis media caused by Streptococcus pneumoniae of serotypes 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, 23F, and serotype 19 
(cross protection); triple viral vaccine provides protection against measles, mumps and rubella − MMR. (For interpretation of the references to color in this figure 
legend, the reader is referred to the web version of this article.) 
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increase in the CVC reduction. 
Regarding the percentage of votes obtained in the presidential 

elections in Brazil, the following data presented a statistically significant 
correlation (Fig. 3):  

a) 1st round – 2022 with BCG vaccine − M2 [P-value = 0.046; CC =
0.388 (95%CI = (-)0.001 to 0.676) – low correlation index];  

b) 1st round – 2018 with the yellow fever vaccine − M2 [P-value =
0.017; CC = 0.457 (95%CI = 0.081 to 0.789) – low correlation 
index];  

c) 2nd round – 2018 with the yellow fever vaccine − M2 [P-value =
0.048; CC = 0.385 (95%CI = (-)0.006 to 0.674) – low correlation 
index];  

d) 1st round – 2022 with the yellow fever vaccine − M2 [P-value =
0.009; CC = 0.494 (95%CI = 0.129 to 0.741) – low correlation 
index];  

e) 2nd round – 2022 with the yellow fever vaccine − M2 [P-value =
0.008; CC = 0.498 (95%CI = 0.133 to 0.734) – low correlation 
index];  

f) 1st round – 2018 with the pentavalent vaccine − M1 [P-value =
0.016; CC = (-)0.459 (95%CI = (-)0.720 to (-)0.083) – low correla-
tion index];  

g) 2nd round – 2018 with the pentavalent vaccine − M1 [P-value =
0.005; CC = (-)0.524 (95%CI = (-)0.759 to (-)0.168) – moderate 
correlation index];  

h) 1st round – 2022 with the pentavalent vaccine − M1 [P-value =
0.010; CC = (-)0.485 (95%CI = (-)0.736 to (-)0.118) – low correla-
tion index];  

i) 2nd round – 2022 with the pentavalent vaccine − M1 [P-value =
0.013; CC = (-)0.471 (95%CI = (-)0.727 to (-)0.098) – low correla-
tion index]. 

As for the HDI and its components, the following data presented a 
statistically significant correlation (Fig. 4):  

a) HDI-Longevity with yellow fever vacccine − M1 [P-value = 0.004; CC 
= (-)0.537 (95%CI = (-)0.767 to (-)0.186) – moderate correlation 
index];  

b) HDI-General with the pentavalent vacccine − M1 [P-value = 0.003; 
CC = (-)0.554 (95%CI = (-)0.777 to (-)0.210) – moderate correlation 
index];  

c) HDI-Income with the pentavalent vacccine − M1 [P-value = 0.005; 
CC = (-)0.528 (95%CI = (-)0.721 to (-)0.173) – moderate correlation 
index];  

d) HDI-Education with the pentavalent vacccine − M1 [P-value =
0.025; CC = (-)0.430 (95%CI = (-)0.703 to (-)0.049) – low correla-
tion index];  

e) HDI-Longevity with the 10-valent pneumococcal conjugate vaccine 
− M2 [P-value = 0.019; CC = 0.449 (95%CI = 0.072 to 0.714) – low 
correlation index];  

f) HDI-General with the Human rotavirus − M1 vaccine [P-value =
0.015; CC = (-)0.465 (95%CI = (-)0.724 to (-)0.714) – low correla-
tion index];  

g) HDI-Income with the Human rotavirus vaccine − M1 [P-value =
0.038; CC = (-)0.402 (95%CI = (-)0.685 to (-)0.014) – low correla-
tion index]; 

Table 1 
Percentage (%) of votes for a government with a right-wing political ideology in the 2018 and 2022 presidential elections in Brazil and Human Development Index and 
its components in 2021 according to Brazilian federative units (States and Federal District).  

States and Federal District*** 2018* election 2022* election Human Development Index** 

1R 2R 1R 2R General Income Education Longevity 

11 Rondônia  62.24  72.18  64.36  70.66  0.700  0.677  0.694  0.731 
12 Acre  62.24  77.22  62.50  70.30  0.710  0.655  0.692  0.788 
13 Amazonas  43.48  50.27  42.81  48.90  0.700  0.641  0.720  0.744 
14 Roraima  62.97  71.55  69.57  76.08  0.699  0.680  0.673  0.745 
15 Pará  36.19  45.19  40.27  45.25  0.690  0.645  0.686  0.744 
16 Amapá  40.74  50.20  43.41  51.36  0.688  0.648  0.647  0.778 
17 Tocantins  44.64  48.98  44.00  48.64  0.731  0.684  0.732  0.779 
21 Maranhão  24.28  26.74  26.02  28.86  0.676  0.603  0.716  0.715 
22 Piauí  18.76  22.95  19.90  23.14  0.690  0.649  0.698  0.726 
23 Ceará  21.74  28.89  25.38  30.03  0.734  0.658  0.766  0.784 
24 Rio Grande do Norte  30.21  36.59  31.02  34.90  0.728  0.692  0.680  0.819 
25 Paraíba  31.30  35.02  29.62  33.38  0.698  0.653  0.669  0.779 
26 Pernambuco  30.57  33.50  29.92  33.07  0.719  0.647  0.721  0.797 
27 Alagoas  34.40  40.08  36.05  41.32  0.684  0.630  0.679  0.748 
28 Sergipe  27.21  32.46  29.16  32.79  0.702  0.662  0.684  0.764 
29 Bahia  23.41  27.31  24.31  27.88  0.691  0.648  0.659  0.772 
31 Minas Gerais  48.31  58.19  43.60  49.80  0.774  0.718  0.762  0.846 
32 Espírito Santo  54.76  63.06  52.23  58.04  0.771  0.715  0.742  0.864 
33 Rio de Janeiro  59.79  67.95  51.09  56.53  0.762  0.759  0.758  0.769 
35 São Paulo  53.00  67.97  47.71  55.24  0.806  0.771  0.839  0.810 
41 Paraná  56.89  68.43  55.26  62.40  0.769  0.744  0.780  0.785 
42 Santa Catarina  65.82  75.92  62.21  69.27  0.792  0.759  0.790  0.827 
43 Rio Grande do Sul  52.63  63.24  48.89  56.35  0.771  0.767  0.750  0.797 
50 Mato Grosso do Sul  55.06  65.22  52.70  59.49  0.742  0.733  0.741  0.751 
51 Mato Grosso  60.04  66.42  59.84  65.08  0.736  0.720  0.758  0.730 
52 Goiás  57.24  65.52  52.16  58.71  0.737  0.714  0.778  0.721 
53 Federal District  58.37  69.99  51.65  58.81  0.814  0.821  0.817  0.803 

1R, first round; 2R, second round. 
* , Data regarding to the percentage of valid votes were obtained from the official data set published by the Superior Electoral Court of Brazil. 
** , This dataset were obtained from the Atlas Brasil webpage (https://www.atlasbrasil.org.br/ranking; accessed on April 25th, 2023). The HDI values considering 

the country and its federative units were evaluated using four markers: (i) HDI-General, (ii) HDI-Income (dimension: decent standard of living; indicator: gross national 
income per capita), (iii) HDI-Longevity (dimension: long and healthy life; indicator: life expectancy at birth), and (iv) HDI-Education (dimension: knowledge; indi-
cator: expected years of schooling and average years of schooling). 

*** , numeric codes represent the codes used by the Brazilian Institute of Geography and Statistics. 
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h) HDI-Education with the Human rotavirus vaccine − M1 [P-value =
0.005; CC = (-)0.523 (95%CI = (-)0.758 to (-)0.167) – moderate 
correlation index];  

i) HDI-General with the triple viral (MMR) vaccine − M1 [P-value =
0.018; CC = (-)0.451 (95%CI = (-)0.716 to (-)0.075) – low correla-
tion index];  

j) HDI-Income with the triple viral (MMR) vaccine − M1 [P-value =
0.029; CC = (-)0.421 (95%CI = (-)0.696 to (-)0.036) – low correla-
tion index];  

k) HDI-Education with the triple viral (MMR) vaccine − M1 [P-value =
0.033; CC = (-)0.411 (95%CI = (-)0.691 to (-)0.026) – low correla-
tion index]. 

4. Discussion 

The results reported in this article emphasize a growing concern 
regarding the evident deterioration of the globally recognized success 
history of childhood vaccination programs in Brazil, even before the 
COVID-19 pandemic onset in the country. The analyzed data revealed 
that several types of recognized vaccines that eradicated several diseases 
recorded a noticeable decrease in CVC, mainly after the election of right- 
wing political ideology in the Federal government and the COVID-19 
outbreak, which generated a public health emergency in Brazil. 

In the first months of the pandemic, Brazil already occupied the top 
positions in the number of confirmed cases and deaths due to COVID-19 
and, following international protocols, social distancing was adopted 

throughout the country. However, adherence was partial, which re-
flected a scenario of conflicts between government authorities [mayors, 
governors, and president], in which the federal government aimed to 
return to routine as it did not consider it necessary to stop activities and 
social isolation [39]. As a consequence of this new virus, Brazil faced a 
health crisis that generated an increase in unemployment, an overload of 
health systems, and an increase in poverty [11,40]. Associated with this, 
Brazil did not have sufficient resources to diagnose the population, 
which may also have contributed to cases of underreporting, thus 
fostering a panorama of uncertainty regarding the real incidence and 
mortality rates in the country [40,41]. 

Faced with so many uncertainties, epidemiological divergences, 
political conflicts, and a long waiting time for the federal government to 
recognize the seriousness of the situation, the result could not be 
different: failures in the implementation of public policies aimed at 
controlling the disease (COVID-19). However, we cannot just hold the 
authorities responsible, given that part of the Brazilian population also 
contributed to the spread of fake news, in addition to the fact that there 
was low adherence by citizens to security measures [39,40]. With the 
development of vaccines, hope was reborn for a moment [10,40], but 
other challenges were to come: the scientific community developed a 
vaccine against COVID-19 in record time, but some conventional steps 
were skipped [as the objective was to immunize the population against 
the virus as quickly as possible], but not everyone supported such a 
measure, especially the former president, who claimed: I was already 
infected and I have antibodies. So, what’s the point of taking the 

Table 2 
Reduction in childhood vaccination coverage (%) in Brazil considering the different vaccines evaluated in the study and the selected moments (2020–2018 and 
2022–2018)*,**.  

M1 (moment 1 – equal to period 2) decrease/increase of the adhesion in the vaccination calendar (pre-pandemic period and government with a right-wing political 
ideology) between the periods from 2020 to 2018 – aiming to evaluate only the influence of the ideological dispute, the discourses against coronavirus disease 
(COVID)-19 vaccination, and the political measures of the federal government to manage the health crisis and perform vaccination; M2 (moment 2 – equal to period 2 
plus period 3) decrease/increase of the adhesion in the vaccination calendar (pre-pandemic and pandemic periods and government with a right-wing political ide-
ology) between the periods from 2022 to 2018 – aiming to investigate the influence of a right-wing political ideology as described above and the outbreak of the 
COVID-19 pandemic; BCG, Calmette and Guérin bacillus vaccine; YF, yellow fever vaccine; HB, hepatitis B vaccine; MC, meningococcal C conjugate vaccine; penta, 
pentavalent (protecting against diphtheria, tetanus, pertussis, hepatitis B, and Haemophilus influenzae type b bacteria) vaccine; 10P, 10-valent pneumococcal conjugate 
[protecting against the invasive pneumococcal disease, pneumonia, and acute otitis media caused by Streptococcus pneumoniae of serotypes 1, 4, 5, 6B, 7F, 9V, 14, 18C, 
19F, 23F, and 19A (cross protection)] vaccine; Polio, oral poliovirus vaccine dose 1; Rota, Human rotavirus vaccine; MMR, Triplice Viral (protecting against measles, 
mumps, and rubella) vaccine. 
*Data were obtained from Data-SUS (Department of Informatics of the Brazilian Unified National Health System) to generate information from the data basis of the 
Brazilian Unified Health System (https://datasus.saude.gov.br/acesso-a-informacao/imunizacoes-desde-1994/; accessed on April 25th, 2023). 
**Values marked in grey indicate that there was an increase in childhood vaccination coverage in the period evaluated. The data were presented in this format to favor 
the understanding of the correlation analysis between the markers. 
***Numeric codes represent the codes used by the Brazilian Institute of Geography and Statistics. 
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vaccine? [10]. 
The former president also contributed to the spread of fake news and, 

using various media outlets, stated that he would not vaccinate his 
daughter. On several occasions, he questioned the effectiveness of vac-
cines and the scientific evidence for their commercialization, in addition 
to not supporting the recommendations proposed by the WHO [42,43], 
such as social isolation and the use of masks [10]. This type of behavior 
from a government authority may have influenced the Brazilian pop-
ulation’s vaccine hesitancy in recent times, considering that this phe-
nomenon includes cultural, religious, and political issues and disbelief in 
medicine. However, it is worth highlighting the need for educational 
awareness among the Brazilian people, considering that denial is often 
motivated by erroneous interpretations of the safety of vaccines [26,42]. 

The misuse of social media leads to the spread of anti-vaccine 
movements, in which there are those who believe that the pharmaceu-
tical industry only aims for profit and does not care about the side effects 

resulting from vaccination [26]. The former president also contributed 
by instilling fear in people, in which he exposed that empty coffins were 
being buried and that COVID-19 was nothing more than the flu [10]. It is 
suggested that the Brazilian population is influenced by fake news and in 
the literature, it was mentioned that hesitancy to vaccinate children is 
greater among young mothers and fathers with a low educational level 
[11,44]. Thus, the speeches and attitudes of a former governor who 
minimized the pandemic, associated with a low degree of education and 
prolonged exposure to social media can be considered factors that drive 
low adherence to vaccination, as there are supporters of the former 
president who reproduced his speeches and behaviors [44]. 

One study specifically analyzed the impact of COVID-19 on CVC in 
Brazil and its findings confirmed the results reported in our study, 
showing that the pandemic had a negative impact on CVC [8]. The re-
sults of the presidential election in Brazil also contributed to the pop-
ulation’s low adherence to vaccination campaigns against COVID-19, 

Fig. 3. Correlation matrix between the percentage (%) of votes for the government with a right-wing political ideology in Brazil and the variation of the childhood 
vaccination coverage (%) regarding the vaccines evaluated in this study. Positive correlation values indicate that the increase in the percentage (%) of votes was 
responsible for a greater reduction in the childhood vaccination coverage. Data acquisition: The data regarding the percentage of valid votes were obtained according 
to the official data published by the Brazilian Superior Electoral Court. Data on the childhood vaccination coverage were obtained from the Data-SUS (Department of 
Informatics of the Brazilian Unified National Health System) to generate information from the Brazilian Unified Health System database (https://datasus.saude.gov. 
br/acesso-a-informacao/imunizacoes-desde-1994/; accessed on April 25th, 2023). The statistical analysis was carried out using the Spearman correlation test. In the 
Spearman correlations, it was considered the following cut-off points: (i) ± 0.90–1.0, very high positive–negative correlation index; (ii) ± 0.70–0.90, high pos-
itive–negative correlation index; (iii) ± 0.50–0.70, moderate positive–negative correlation index; (iv) ± 0.30–0.50 low positive–negative correlation index; and (v) 
0.00–0.30, insignificant positive–negative correlation index. A 0.05 alpha error was used in the statistical analysis. Significant values were described in the text. M1 
(moment 1 – equal to period 2) decrease/increase of the adhesion in the vaccination calendar (pre-pandemic period and government with a right-wing political 
ideology) between the periods from 2020 to 2018 – aiming to evaluate only the influence of the ideological dispute, the discourses against the coronavirus disease 
(COVID)-19 vaccination, and the political measures of the federal government to manage the health crisis and perform vaccination; M2 (moment 2 – equal to period 2 
plus period 3) decrease/increase of the adhesion in the vaccination calendar (pre-pandemic and pandemic periods and government with a right-wing political 
ideology) between the periods from 2022 to 2018 – aiming to investigate the influence of a right-wing political ideology as described above and the outbreak of the 
COVID-19 pandemic; BCG, Calmette and Guérin bacillus vaccine; YF, yellow fever vaccine; HB, hepatitis B vaccine; MC, meningococcal C conjugate vaccine; penta, 
pentavalent (protecting against diphtheria, tetanus, pertussis, hepatitis B, and Haemophilus influenzae type b bacteria) vaccine; 10P, 10-valent pneumococcal con-
jugate [protecting against the invasive pneumococcal disease, pneumonia, and acute otitis media caused by Streptococcus pneumoniae of serotypes 1, 4, 5, 6B, 7F, 9V, 
14, 18C, 19F, 23F, and 19A (cross protection)] vaccine; Polio, oral poliovirus vaccine dose 1; Rota, Human rotavirus vaccine; Triplice viral [protecting against 
measles, mumps, and rubella − MMR] vaccine; 1R, first; 2R, second round. (For interpretation of the references to color in this figure legend, the reader is referred to 
the web version of this article). 
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since the former president neglected the severity of the disease, 
disseminated the use of non-validated medications to treat it, and did 
not invest in public health policies [11]. As a result of the government’s 
negationist attitude, the population started to doubt the effectiveness of 
vaccines and CVC rates dropped even before the pandemic period and 
during the pandemic period remained low over time [8,45]. 

Within such context, it was verified that the 10-valent pneumococcal 
conjugate vaccine, which was pre-qualified by the WHO in 2009 [46] 
and included in the Brazilian vaccination calendar for all children under 
two years old in 2010 [47], showed Brazil as a pioneer in its vaccination 
calendar with 95% related CVC. However, in 2022, its coverage 
decreased to ~ 80%. Data collected in Finland, where the same vaccine 
was introduced in their National Vaccination Program in 2010, showed 
a great positive impact of this vaccine, with efficacy estimated to be ~ 
93% [48,49]. Likewise, in the Netherlands, the 10-valent pneumococcal 

conjugate vaccine is highly efficient regarding its action in the protec-
tion of children below five years old against pneumococcal diseases, 
with limited serotype substitution after the substitution of the 7-valent 
pneumococcal conjugate with the 10-valent pneumococcal conjugate 
vaccine [50]. These findings reveal the importance of this vaccine, since 
pneumococcal infections are a serious public health issue around the 
world, causing high morbidity and mortality in small children who 
suffer from diseases such as pneumonia, meningitis, and sepsis, which 
might result in up to a million deaths in children below five years old 
[51,52]. 

Before the COVID-19 pandemic onset and during the COVID-19 
pandemic, the pentavalent and triple viral (MMR) vaccines also recor-
ded a significant decrease in application. When analyzing the pentava-
lent vaccine data, for example, evidence showed that the chances of 
getting pertussis up to 2018 were higher. However, one study showed 

Fig. 4. Correlation Matrix between the Human Development Index [HDI (General) and its components: HDI-I (Income), HDI-E (Education), and HDI-L (Longevity) 
and the variation in childhood vaccination coverage (%) for the vaccines evaluated in the study. Positive correlation values indicate that increased HDI percentage 
was responsible for a greater reduction in the childhood vaccination coverage. Significant values were described in the text. Data acquisition: The data set was 
obtained from the Atlas Brasil webpage (http://www.atlasbrasil.org.br/ranking; accessed on April 25th, 2023). Data referring to the vaccination coverage rates were 
obtained from the Data-SUS (Department of Informatics of the Brazilian Unified National Health System) to generate information from the Brazilian Unified Health 
System database (https://datasus.saude.gov.br/acesso-a-informacao/imunizacoes-desde-1994/; accessed on April 25th, 2023). The statistical analysis was carried 
out using the Spearman correlation test. In the Spearman correlations, it was considered the following cut-off points: (i) ± 0.90–1.0, very high positive–negative 
correlation index; (ii) ± 0.70–0.90, high positive–negative correlation index; (iii) ± 0.50–0.70, moderate positive–negative correlation index; (iv) ± 0.30–0.50 low 
positive–negative correlation index; and (v) 0.00–0.30, insignificant positive–negative correlation index. A 0.05 alpha error was used in the statistical analysis. M1 
(moment 1 – equal to period 2) decrease/increase of the adhesion in the vaccination calendar (pre-pandemic period and government with a right-wing political 
ideology) between the periods from 2020 to 2018 – aiming to evaluate only the influence of the ideological dispute, the discourses against the coronavirus disease 
(COVID)-19 vaccination, and the political measures of the federal government to manage the health crisis and perform vaccination; M2 (moment 2 – equal to period 2 
plus period 3) decrease/increase of the adhesion in the vaccination calendar (pre-pandemic and pandemic periods and government with a right-wing political 
ideology) between the periods from 2022 to 2018 – aiming to investigate the influence of a right-wing political ideology as described above and the outbreak of the 
COVID-19 pandemic; BCG, Calmette and Guérin bacillus vaccine; YF, yellow fever vaccine; HB, hepatitis B vaccine; MC, meningococcal C conjugate vaccine; penta, 
pentavalent (protecting against diphtheria, tetanus, pertussis, hepatitis B, and Haemophilus influenzae type b bacteria) vaccine; 10P, 10-valent pneumococcal con-
jugate [protecting against the invasive pneumococcal disease, pneumonia, and acute otitis media caused by Streptococcus pneumoniae of serotypes 1, 4, 5, 6B, 7F, 9V, 
14, 18C, 19F, 23F, and 19A (cross protection)] vaccine; Polio, oral poliovirus vaccine dose 1; Rota, Human rotavirus vaccine; Triplice viral [protecting against 
measles, mumps, and rubella − MMR] vaccine. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of 
this article). 
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that the vaccination hesitation became a relevant factor in the signifi-
cant increase of babies and children at high risk of being affected by 
pertussis. It has been suggested that there is a higher probability of 
children with pertussis not having been vaccinated, rather than having 
only been partly vaccinated, which might result in a worrying trend 
called “intentional childhood unvaccination”. The existence of such a 
phenomenon might be explained by several factors including philo-
sophical, religious, or personal beliefs, cultural norms, lack of vaccina-
tion schedule, and hesitation related to vaccine suppliers [53]. All these 
factors suggest that there might have been a decrease in the pertussis 
CVC during the pandemic in Brazil. When analyzing the pandemic im-
pacts on the triple viral (MMR) vaccine scheme in the country, it seems 
relevant to emphasize that children’s vaccination was negatively 
affected. A UNICEF report from 2019 warned the community that over 
20 million children worldwide had not been properly vaccinated, which 
raised concern about the appearance of measles cases since this disease 
could be easily prevented by vaccination. One evident example of this 
concern was observed in Argentina, where there was a measles outbreak 
in late August 2019, indicating evidence of a possible vaccination hes-
itation and that the CVC reduction has created risk for the population 
[54]. 

Other vaccines reported, such as pentavalent/hexavalent (protecting 
against diphtheria, tetanus, pertussis, poliomyelitis, Haemophilus influ-
enzae type b bacteria, and hepatitis B), measles and BCG vaccines 
already showed CVC reduction in some Latin-American countries even 
before the pandemic, showing that adherence the vaccination calendar 
is a dynamic and multifactorial process, and the COVID-19 pandemic 
reinforced a worse scenario in vaccination adherence [7]. It seems 
relevant to mention that the data found in Latin America are similar to 
the findings from Europe and the United States of America since the 
COVID-19 pandemic promoted a reduction in vaccination coverage 
regarding vaccines included in the childhood vaccination calendar 
[19,55]. 

Unlike the other vaccines, the yellow fever vaccine presented a sig-
nificant CVC increase during the COVID-19 pandemic, with only a slight 
reduction during period 2, where the unique factor evaluated was the 
change to a right-wing political ideology in the Federal government in 
Brazil. This fact might be associated with the intensification of vacci-
nation due to the re-emergence of the yellow fever virus in Brazil, along 
with the increased number of cases in humans and epizootic diseases in 
non-human apes [56]. In addition, the mandatory to present proof of 
vaccination (International Certificate of Vaccination and Prophylaxis) to 
travel to some countries contributed to the increase in vaccination [57]. 
Although some tropical areas are free of this disease transmission, the 
virus might still find favorable ecological conditions for its propagation, 
which might include high population density, environmental factors, 
and the competence of the disease vector [58]. Thus, aiming to prevent 
the risk of introduction or reintroduction of the virus in other places, the 
WHO International Health regulations recommend this vaccine to any 
person traveling to areas at risk for yellow fever, except for those with 
counterindication as reported in the literature [59]. 

Although there is no doubt that vaccinating a great part of the 
population can protect the whole group due to “flock immunity” or 
“collective immunity”, which reduces the circulation of the pathogen 
among immunized individuals, such process has been harmed by the 
unjustified increase in resistance to vaccination. This results in low 
vaccination rates, mainly regarding childhood vaccination [60,61]. In 
addition to the pandemic impact, other factors affecting Latin America 
include the high birth rate, lack of access to health services, and lack of 
resources in the health area [7]. 

Vaccines have been used safely for a long time and since they have 
practically extinguished several diseases, some people consider their use 
unnecessary. The absence of diseases prevented by these vaccines made 
most people ignore their importance, while the lack of trust in their 
effects generated fear in relation to the diseases that vaccines prevent 
[62]. Moreover, parents tend to worry about the number of vaccines 

applied in a single visit to the health service, which might provoke 
(expected) side effects. Such concern might lead to refusal or delay in 
complying with full coverage of the childhood vaccination calendar 
[63]. Thus, how can we evaluate accurately the sharp decrease in the 
vaccination coverage in Brazil? 

Some factors were identified that may explain the childhood vacci-
nation decrease in a country considered a model of vaccination coverage 
such as Brazil. They can be described as follows: a) the COVID-19 
pandemic has exponentially increased childhood vaccination hesita-
tion, mainly due to the influence of a political-ideological anti-vaccine 
movement; b) widespread publication and circulation of fake news, 
causing disinformation, mainly regarding side effects associated with 
the vaccination, which resulted in the creation of official agencies 
directing to the WHO and the European Center for Disease Prevention 
and Control to prevent disinformation; c) personal beliefs mainly asso-
ciated with previous experiences with different vaccines; d) concern 
about the risks and benefits of vaccination, mainly due to lack of 
knowledge about this topic; and e) barriers associated to religion, 
gender, socioeconomic, and cultural conditions [16,31,63–72]. In this 
sense, it was interesting to notice that many times the vaccine became a 
victim of its own success since illnesses that became rare or absent were 
thought to make the vaccination unnecessary. Thus, considering the 
scenario presented, it is fundamental to elaborate and implement stra-
tegies seeking to broaden the efforts of government agencies along with 
society to prevent the vaccination hesitation from scaring the popula-
tion. Adopting guidelines of coordinated response between the govern-
ment agencies is necessary to provide planning, set schedules, and broad 
and suitable dissemination of information. Such guidelines should be 
expanded aiming to strengthen epidemiological surveillance, guarantee 
access to vaccination, and strengthen the ability of states and munici-
palities to keep the CVC all over the country. In addition, public health 
experts, medical doctors, and individuals who defend vaccination must 
unite to fight the dissemination of misinformation and correct false 
statements, mainly those found online. The social media companies can 
also help to stop misinformation, by implementing and applying policies 
that limit the dissemination of this type of information on their plat-
forms [73]. 

5. Conclusions 

Although Brazil has kept a successful and exemplary history of 
combat to several diseases, mainly as a result of the CVC efficiency, the 
steady decrease in this coverage must be thoroughly analyzed by public 
health managers in the country. Many factors might be associated with 
the reduction in the adhesion to children’s vaccination, they might 
include socioeconomic and political issues. Thus, public health man-
agers must be attentive to the need to promote information to guide the 
population, mainly parents and guardians of young children, aiming to 
prevent worse health conditions from affecting this age group. 
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Ministério da Saúde. https://www.gov.br/saude/pt-br/assuntos/noticias/2021/ 
janeiro/entenda-a-ordem-de-vacinacao-contra-a-covid-19-entre-os-grupos-priori 
tarios. Accessed 2 Aug 2023. 

[16] Boschiero MN, Palamim CVC, Marson FAL. The hindrances to perform the COVID- 
19 vaccination in Brazil. Hum Vaccin Immunother. 17:3989–4004. 

[17] Comirnaty bivalente (Pfizer) — Agência Nacional de Vigilância Sanitária - Anvisa. 
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