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Objectives: to analyze a decade of spatio-temporal behavior of pertussis in Brazil and its 
epidemiological characteristics.

Methods: ecological time series study of pertussis cases and deaths from the Notifiable Diseases 
Information System in Brazil (2010-2019). The method of generalized linear analysis of Prais-Winsten 
and the Kernel analysis were used.

Results: 32,849 cases were reported, of which 466 (1.42%) evolved to death, with a prevalence of 
1.63/100,000 inhabitants and a mortality rate of 0.023/100,000 inhabitants. In the temporal analysis, 
the cyclical behavior of pertussis was evidenced, with trend variations in the period in 2014. Most cases 
occurred in children under 1 year of age (60.16%, p<0.01), sex female (55.28%, p=0.066) and white 
(48.42%, p=0.14). The largest share of deaths was in children aged <1 year (98.07, p<0.01), females 
(56.01%, p=0.066) and whites (43.78%, p=0.14). In the Kernel of prevalence, the South, Southeast and 
Northeast regions stood out with high density; while for mortality, the Southeast and Northeast stood out.

Conclusions: the cyclical behavior of pertussis was observed, with a decreasing trend in recent 
years and the concentration of cases in children. This reinforces the importance of strengthening the 
population’s immunization process.
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Introduction

Pertussis is an acute infectious disease, of compulsory 
notification and reemerging, of global distribution, which 
is caused by the bacterium Bordetella pertussis. It mainly 
affects the respiratory tract of human beings, who are 
the only natural reservoir.1,2 Despite being a vaccine-
preventable disease by the pentavalent vaccine (DTP + 
Hib + Hep.B), it is still considered a public health problem 
because it is responsible for significant infant morbidity 
and mortality.1,3,4

According to the World Health Organization (WHO), 
it is estimated that around 30-50 million cases and 300,000 
deaths are reported worldwide per year, the majority of 
which involving children under six months of age and 
infants; it may manifest in its severe form and culminate 
in the negative outcome of death.5

Furthermore, for Trevizan e Coutinho6 e Bricks,7 the 
increase in cases of pertussis is particularly important, 
once it is possible to identify that its prevalence is 
concentrated in children under one year of age (about 
70% of cases), and it also occurs more frequently in three-
month-old children, as they have not yet received all three 
doses of the vaccine. From a clinical perspective, the main 
symptom presented is a persistent cough which lasts from 
10 to 14 days, in addition to paroxysmal cough, vomiting, 
cyanosis and the presence of leukocytosis above 20,000 
cells/mm, presented by the laboratory test.2,4

Historically, the coverage expansion of the triple 
bacterial and tetravalent vaccines from the 1990s onwards 
contributed significantly to the reduction in the prevalence 
of pertussis in the country, from 10.6 cases per 100 
thousand inhabitants (inhab) at the beginning of the decade 
to 0.32/100 thousand inhab, once the vaccination coverage 
increased from 70% to over 95%. However, in 2011 
there was an unexpected and sudden increase in pertussis 
cases, which remained through 2013 and 2014. Studies 
indicate that this increase was probably due to better 
laboratory diagnosis with the introduction of biomolecular 
techniques, the improvement of health surveillance, the 
decrease in immunity conferred by the vaccine and the 
increase in asymptomatic carriers.3,8

Thus, the reemergence of this disease is considered 
a public health problem in Brazil, because it was once a 
controlled disease with the vaccine available for free in the 
Unified Health System (SUS), but it remains an important 
cause of morbidity and mortality, especially in children 
under one year of age.2,8

Given the above, this article is justified due to the 
need for updates on the scope of scientific productions 
on pertussis and its geographical distribution in Brazil. 
In addition, it seeks to support the decision-making 

process of public health managers in the formulation and 
implementation of strategies to control its cases in the 
country’s priority areas. Thus, this study aims to analyze 
a decade of the spatiotemporal behavior of pertussis in 
Brazil and its epidemiological characteristics.

Methods

This is an ecological time series epidemiological study, 
based on secondary data obtained from the Notifiable 
Diseases Information System (SINAN – Portuguese 
acronym) of the SUS Department of Informatics (DataSUS 
– Portuguese acronym), referring to pertussis cases and 
deaths in Brazil from 2010 to 2019; such information is 
available in the “Epidemiological and Morbidity” tab.9

Data referring to the population are based on 
population estimates made by the Brazilian Institute of 
Geography and Statistics (IBGE – Portuguese acronym), 
available in DataSUS under the tab “Demographics and 
Socioeconomics of the resident population”.9 For the 
tabulation of cases, the variable “Federative Unit (FU) 
of residence” was selected for the row section and, in 
the column section, the other variables were selected. 
Regarding the information on deaths, the same methods 
were applied, adding the filter of “deaths” in the variable 
of “evolution of the case” in the section “available 
selections” on the website.9

Geographically, Brazil is located in South America and 
has a territorial area of 8,510,345,538 km2. It is currently 
administratively divided into 5,570 municipalities, 
26 states and the Federal District, distributed in five 
geographic regions (North, Northeast, Southeast, 
South and Midwest), with an estimated population of 
211,755,692 inhab for the year 2020.10

The variables selected for the study were: year, sex, age 
group, race/color, pregnant woman, confirmation criteria, 
case evolution, geographic region and FU, according to 
the place of residence and deaths. This selection aimed to 
analyze the behavior of the disease in the studied localities 
in a sociodemographic manner. Subsequently, data were 
organized in Microsoft Office Excel 2016® spreadsheets 
and analyzed in TerraView 4.2.2, QGIS 3.12.2 and R 3.6.3 
software with the prais package.

The absolute and relative frequencies of each variable 
were calculated, as well as the prevalence rate and the 
mortality coefficient by sex (male and female) and by 
the total number of cases, both per 100,000 inhab. In 
addition, the Chi-Square test was used to verify statistical 
associations between the different categories of variables, 
with a statistical significance level of 5% (p<0.05) being 
adopted to characterize the epidemiological scenario of 
pertussis in Brazil (Table 1).
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Table 1

Epidemiological characterization of pertussis cases and deaths. Brazil, 2010 to 2019.

Variables
Cases Deaths

p
n % n %

Sex

Male 14676 44.68 205 43.99

0.066*Female 18159 55.28 261 56.01

Ignored 14 0.04 - -

Age group  

Ignored/blank 41 0.12 - -

<0.01*

<1 year 19762 60.16 457 98.07

01-04 5201 15.83 5 1.07

05-09 2784 8.48 1 0.21

10-14 1573 4.79 2 0.43

15-19 527 1.60 - -

20-39 2033 6.19 - -

40-59 775 2.36 1 0.21

60-64 64 0.19 - -

65-69 46 0.14 - -

70-79 28 0.09 - -

80 years and over 15 0.05 - -

Race/color  

Ignored/blank 5559 16.92 104 22.32

0.14*

White 15904 48.42 204 43.78

Black 900 2.74 12 2.58

Asian 134 0.41 1 0.21

Brown-skinned 10100 30.75 137 29.40

Indigenous 252 0.77 8 1.72

Confirmation criterion  

Ignored/blank 231 0.70 3 0.64

<0.01*
Laboratory 11233 34.20 229 49.14

Clinical-epidemiological 4718 14.36 53 11.37

Clinical 16667 50.74 181 38.84

Case evolution  

Ignored/blank 2379 7.24 - -

NA**
Cure 29879 90.96 - -

Death by the notified injury 466 1.42 - -

Death from another cause 125 0.38 - -

Pregnant  

Ignored/blank 274 0.83 - -

NA**

1st Quarter 14 0.04 - -

2nd Quarter 45 0.14 - -

3rd Quarter 42 0.13 - -

Gestational age unknown 7 0.02 - -

No 2169 6.60 - -

Not applicable 30298 92.23 466 100.0

General total 32849 100.0 466 100.0  

Source: Ministry of Health/Health Surveillance Secretariat - SINAN Net.
*Chi-square test; **Not applicable.
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During the first stage of the process, the statistical 
analysis sought to carry out a study of the temporal trend 
of the prevalence rate and the mortality rate per 100,000 
inhabitants in order to analyze the temporal evolution 
of these indicators over the period studied. In order to 
achieve the goal numbers, the Prais-Winsten generalized 
linear regression analysis model was used, in which years 
of study were considered as independent variables (X) 
while prevalence and mortality rates were considered as 
dependent variables (Y). A logarithmic transformation 
was performed to smooth the Y values so that the model 
could accurately detect the variations and estimate the 
values of b1. After finding the values of b1, in order to 
obtain the rates of change, the values were applied to the 
following formula11,12:

From the analysis of the change rate, it is possible to 
infer that a trend is increasing when the rate of change is 
positive (+), decreasing when the rate is negative (-) or 
stationary when there is no significant difference between 
the value obtained and zero.11,12 Then, confidence intervals 
(CI) were calculated, applying the following formula:

Minimum b and maximum b values were obtained 
through the CI generated by the R software during the 
statistical analysis and then applied to the formula. The values 
of minimum b and maximum b correspond, respectively, to 
the minimum and maximum points of the CI.

During the second stage of the study, the spatial 
analysis sought to provide a visualization of the geographic 
distribution of the disease in the country, measuring its 
properties and relationships, enabling the visualization 
of existing patterns.13 The use of Geographic Information 
Systems (GIS) has proved to be an important tool for the 
monitoring and control of diseases, as it contributes to 
the prevention of diseases and injuries, allows for the 
evaluation of the control measures used and guarantees 
updated information on the epidemiological situation and 
the distribution in the geographic space.14

In this study, the Kernel density tool was used as a 
strategy to enable the visualization and analysis of the 
behavior of density patterns and spatialization of cases 
and deaths from pertussis in Brazil. This is a method of 
statistical analysis that allows the estimate of density 
curves and their convertion into continuous surface data 
through the interpolation of point data per unit area.

The Kernel density estimator is calculated according 
to the Silverman equation,15 in which is χ is the coordinate 
vector that represents the location of the analyzed point; n 
is the total number of analyzed points; h is the bandwidth; 

K is the Kernel function; and Xi is the vector of the i-th 
coordinate which represents each analyzed point in 
relation to the estimated one.

By concept, a surface that is smoothly curved can 
be fitted over each point, the value of the surface being 
highest at its location and decreasing with increasing 
distance from the point until it reaches zero at the end of 
the search radius. The density in each output raster cell 
is calculated by adding the values of all Kernel surfaces 
where they overlap the center of the raster cell. 

The free license QGIS software was used to calculate 
the Kernel maps by applying the heatmap tool and the quartic 
function of Silverman.15 The stratification of the classes for 
the distribution maps and Kernel occurred by quantile.

Results

Within the period from 2010 to 2019, 32,849 cases and 
466 deaths from pertussis were identified in Brazil, with 
an average prevalence of 1.63 cases per 100,000 inhab and 
an average mortality rate of 0.023 deaths/100,000 inhab.

In the generalized linear regression analysis of Prais-
Winsten, it was observed that the percentage of annual 
increase in the pertussis prevalence rate in Brazil, within the 
analyzed period, was estimated at 2.52% (CI95%=0.3-4.7) in 
male individuals (showing an increase tendency). Regarding 
females, the tendency was similar, with a percentage increase 
in 7.7% (CI95%=5.3-10), as well as for both male and 
female individuals, showing a percentage increase in 5.06% 
(CI95%=2.8 - 7.3) (Figure 1).

Still in Figure 1, one can see that the temporal trend of 
the prevalence rate by sex and the total number of cases show 
a varied behavior over the years. The chart demonstrates the 
cyclical behavior of pertussis, once it is possible to notice that 
there is a trend of increasing prevalence between the years 
2010 to 2014, then the scenario changes in the following 
couple of years until 2016, when there is an increase in this 
rate again, which soon decreases again in the following years 
(from 2018 to 2019).

Regarding the percentage of anual decrease in the 
mortality rate, it was estimated at -48.8% (CI95%=-
51.6 to -46.0) in male individuals with a tendency to 
further decrease. The analysis for females also showed a 
decreasing trend of -14.4% (CI95%=-16.5 to -12.4), and 
the total number of deaths decreased in -28.9% (CI95%=-
30.9 to -26.83). The cyclical behavior of pertussis in 
terms of deaths can also be noticed; even though there 
was a general decrease trend in the period, it is observed 
that there were years marked by an increase, followed 
by a decrease in the aforementioned rate. The peak for 
the pertussis mortality rate occurred in 2014 (Figure 2).
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Figure 1

Time series of the prevalence rate according to the variables sex and total number of pertussis cases. Brazil, 2010 to 2019.

Source: Ministry of Health/Health Surveillance Secretariat - SINAN Net.
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Time series of the mortality coefficient according to the variables sex and total number of deaths from pertussis. Brazil, 2010 to 2019.

Source: Ministry of Health/Health Surveillance Secretariat - SINAN Net.
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Table 1 presents an assessment of the epidemiological 
characterization of pertussis cases and deaths in the country: 
the majority occurred in female individuals (55.28%), under 
one year of age (60.16%) and of white race/color (48.42%). 
The most used confirmation criterion was the clinical one 
(50.74%); the criterion of being pregnant did not apply in most 
cases (92.23%); most cases evolved to cure (90.96%), while 466 
(1.42%) individuals had death as a result of the reported disease.

Regarding the epidemiological characterization of deaths 
from pertussis in Brazil, it was found that the majority were female 
(56.01%), under one year of age (98.07%), of white race/color 
(43.78%), the confirmation criterion were lab tests (49.14%) and 
the pregnant criterion did not apply to any cases (Table 1).

It is worth noting that the Chi-square association test showed 
significance between the characterization variables and the 
situation of the individuals for the age group (p<0.01) and for 
the confirmation criterion (p<0.01). Concerning the age group, 
there was a high number of cases and deaths in children under 
one year of age. For the other variables, there was no statistically 
significant association, and concerning the case evolution and 
pregnant women, there was no application of the test, because 
for these variables there are no data on deaths in any categories.

As shown in Table 2, it was observed that the Brazilian 
geographic region of residence that registered the most cases 
and deaths from pertussis in the studied period was the Southeast 
region (42.28% and 53.86%, respectively), followed by Northeast 

Table 2

Distribution of pertussis cases and deaths according to region and state of residence. Brazil, 2010 to 2019.

Regions/UF of residence
Cases Deaths

n % Prevalence* n % CM*

North 1841 5.60 1.07 33 7.08 0.019

Rondônia 225 0.68 1.32 7 1.50 0.041

Acre 127 0.39 1.59 2 0.43 0.025

Amazonas 666 2.03 1.73 13 2.79 0.034

Roraima 96 0.29 1.89 2 0.43 0.039

Pará 376 1.14 0.46 6 1.29 0.007

Amapá 129 0.39 1.71 2 0.43 0.026

Tocantins 222 0.68 1.49 1 0.21 0.007

North east 8124 24.73 1.46 87 18.67 0.016

Maranhão 421 1.28 0.61 11 2.36 0.016

Piauí 734 2.23 2.30 3 0.64 0.009

Ceará 437 1.33 0.49 7 1.50 0.008

Rio Grande do Norte 567 1.73 1.68 6 1.29 0.018

Paraíba 136 0.41 0.35 7 1.50 0.018

Pernambuco 3458 10.53 3.74 27 5.79 0.029

Alagoas 621 1.89 1.89 8 1.72 0.024

Sergipe 49 0.15 0.22 1 0.21 0.005

Bahia 1701 5.18 1.15 17 3.65 0.011

Southeast 13888 42.28 1.64 251 53.86 0.030

Minas Gerais 2170 6.61 1.05 28 6.01 0.014

Espírito Santo 3049 9.28 7.97 11 2.36 0.029

Rio de Janeiro 1008 3.07 0.61 30 6.44 0.018

São Paulo 7661 23.32 1.75 182 39.06 0.042

South 6669 20.30 2.31 60 12.88 0.021

Paraná 2900 8.83 2.63 33 7.08 0.030

Santa Catarina 1211 3.69 1.80 11 2.36 0.016

Rio Grande do Sul 2558 7.79 2.30 16 3.43 0.014

Midwest 2327 7.08 1.53 35 7.51 0.023

Mato Grosso do Sul 572 1.74 2.18 7 1.50 0.027

Mato Grosso 405 1.23 1.25 8 1.72 0.025

Goiás 588 1.79 0.90 6 1.29 0.009

Distrito Federal 762 2.32 2.68 14 3.00 0.049

Total 32849 100.0 1.63 466 100.0 0.023

Source: Ministry of Health/Health Surveillance Secretariat - SINAN Net. 
*Por 100,000 inhabitants.
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(24.73 % and 18.67%, respectively), South (20.30% and 12.88%, 
respectively), Midwest (7.08% and 7.51%, respectively) and 
North (5.60% and 7.08%, respectively).

Regarding the prevalence of the disease according to 
the geographic regions in Brazil, the South region stood 
out with 2.31 cases per 100 thousand inhab, followed 
by the Southeast (1.64/100 thousand inhab), Mid-West 
(1.53/100 thousand inhab), Northeast (1.46/100 thousand 
inhab) and North (1.07/100 thousand inhab). Regarding 
the mortality rate, the Southeast region had a mortality 
of 0.03 deaths per 100,000 inhab, while the other regions 
had an MR of 0.02 deaths per 100,000 inhab (Table 2).

Regarding the analysis by FU, Espírito Santo stood 
out with the highest prevalence in the studied period 
(7.97/100 thousand inhab), followed by Pernambuco 
(3.74/100 thousand inhab), Federal District (2.68/100 
thousand inhab), Paraná (2.63/100 thousand inhabitants) 
and Rio Grande do Sul (2.30/100 thousand inhabitants). 
In contrast, the five FUs with the lowest prevalence were 
Sergipe (0.22/100,000 inhab), Paraíba (0.35/100,000 
inhab), Pará (0.46/100,000 inhab), Ceará (0.49/100 
thousand inhab) and Rio de Janeiro (0.61/100 thousand 
inhab) (Table 2).

Concerning mortality rates, it was found that the FUs 
with the highest ones were Distrito Federal (0.059/100,000 
inhab), São Paulo (0.042/100,000 inhab), Rondônia 
(0.041/100,000 inhab), Roraima (0.039/100,000 inhab.) 
and Amazonas (0.034/100 thousand inhab); the lowest ones 
were found in Sergipe (0.005/100,000 inhab), Tocantins 
(0.007/100,000 inhab), Pará (0.007/100,000 inhab), Ceará 
(0.008/100,000 inhab) and Goiás (0.009/100,000 inhab) 
(Table 2).

As for the Kernel density maps of pertussis prevalence 
rates (Figure 3 A-A) and total cases (Figure 3 A-B), the 
concentration of areas with a higher density is observed 
in states in the South, Southeast and Northeast regions. It 
is also worth mentioning the presence of a cluster of high 
concentration of cases in the coastal area of Pernambuco 
and on the borders with the states of Paraíba and Alagoas, as 
well as in Espírito Santo, São Paulo, Paraná, Santa Catarina 
and part of Rio Grande do Sul. In the Kernel map with the 
total number of cases (Figure 3 A-B), there was a similarity 
when compared with the prevalence rate map, having the 
Federal District and the border between Piauí and Maranhão 
in addition to the FUs mentioned above (Figure 3 A-A).

In the spatial analysis of mortality, high-density pertussis 
mortality clusters were observed in São Paulo (Southeast) 
and Pernambuco (Northeast), and a medium-density cluster 
was found in Tocantins (North). In the spatialization of the 
absolute frequency of deaths, a concentration of high-density 
clusters was observed in Pernambuco (Northeast), Federal 
District (Midwest), São Paulo (Southeast) and Rio de Janeiro 
(Southeast), while Rio Grande Sul (South), Paraná (South) 

and Amazonas (North) showed medium and low density 
clusters (Figure 3 B).

Comparing the prevalence rate (Figure 3 A-A) and the 
mortality rate maps (Figure 3 B-A) for pertussis, it was 
observed that the states of Pernambuco and São Paulo are 
present in both maps with high-density clusters for both 
indicators. When assessing the maps of total cases (Figure 
3 A-B) and total deaths (Figure 3 B-B), it was observed 
that the areas in common were São Paulo, Espírito Santo, 
Distrito Federal, Pernambuco, Paraná and Rio Grande do 
Sul. In both maps, the North region presented clusters of 
medium and low density.

Discussion

The present study presents data on an increase in pertussis 
cases in Brazil from 2010 to 2014, which was followed 
by a downward trend in the following years. This may 
be related to the improvement of diagnosis confirmation 
mechanisms in laboratories, through the introduction of 
biomolecular techniques in the routine of such institutions, 
which brought quick and accurate confirmation; also, the 
heterogeneous vaccination coverage and the temporal 
behavior of the disease itself.16-18 The decrease, in turn, 
may be related to the introduction of the dT vaccine for 
pregnant women and healthcare professionals, as well 
as the strengthening of chemoprophylaxis measures for 
suspected cases and the epidemic cycle of the disease.18

In addition, pertussis has a cyclic behavior: it presents 
itself in epidemic peaks every three to five years among the 
population, which may explain its temporal variation,1 as 
identified in this study. Another factor that strengthens the 
occurrence of pertussis cases is the incompleteness of the 
vaccination schedules of pregnant women, compromising the 
natural passive immunization of babies through the placenta 
and the need to comply with the recommended number of 
doses for children.17

The prevalence of pertussis in children and adolescents 
may be related to the non-compliance with the immunization 
schedules among this group, causing a deficiency in immunity 
and favoring the spread of the bacillus responsible for the 
disease.19 According to the epidemiological bulletin,1 from 
2010 to 2014, there was a significant increase in the number of 
pertussis cases in children aged one to nine years, who should 
be completely immunized according to the aforementioned 
vaccination schedule; such data denote an important public 
health problem which requires special attention.19

Another concern for health authorities is that pertussis 
is still a cause of infant morbidity and mortality, as 
children under one year of age are the most susceptible 
group to the disease. This is because children under one 
year of age have not yet completed the recommended 
doses of the vaccine, in addition to having their immune 
system still under development19 and, as shown in this and 
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other studies, most cases and deaths from pertussis occur 
in this age group. Considering that the only reservoir 
of the disease is the human being, it is understood that 
transmission to babies occurs through people who are 
close, which highlights the need for immunization as a 
way to protect the whole population.20

Furthermore, despite advances in filling out notification 
forms and health information systems, there is a problem with 
the high percentage of ignored participants in some variables, 
as seen in this study regarding race/color. Such situation 
may occur due to the lack of knowledge or unpreparedness 
of health professionals on the relevance of such information 
for health management and research.21

It was noticed that, although pertussis has a heterogeneous 
geographic distribution in Brazil, there is a greater 
concentration of the disease in the Southeast, Northeast and 
South regions, which corroborates the results from another 
study,18 and it may be associated with the population and 
climatic characteristics of these regions.22,23 A survey carried 
out between 2006 and 2013,24 reported the Southeast and 
Northeast regions to be areas with the highest lethality for 
pertussis, where most deaths happened with children under 
one year of age, while the South had a lower lethality; such 
findings corroborate the results of the current research.

Regarding the Southeast region, such data can be 
explained by its tropical weather and how much it varies 
throughout the year; however, during spring and summer 
periods, the region reaches peaks above 30°C, which 
favors the development of the bacteria, in addition to its 
population density.16,25 One the other hand, the Northeast 
region presents a humid coastal climate, with high 
temperatures which enables the development of bacteria, 
in addition to being a very touristic region, a fact that can 
contribute to the proliferation of Bordetella pertussis16,26

Regarding the South region, it may be related to 
its subtropical climate and the occurrence of cases in 
adolescents and adults who might have reduced their 
vaccine protection over time, which favors the circulation 
of bacteria among the population, mainly affecting 
children who have not yet completed their vaccination 
schedule.6,26 The North region presents probably the 
lowest record in the study, which is probably associated 
with its lower population density, since although it is the 
largest region in the country, a major part of its territory 
is occupied by the Amazon Forest,16,26 in addition to the 
underreporting of cases and deaths.

In a study on Hospitalizations for Conditions 
Sensitive to Primary Care (ICSAP -Portuguese acronym) 
of children under one year of age in São Paulo, between 
2008 and 2014,27 significant numbers of hospitalizations 
for pertussis were evidenced, and the need for greater 
attention to this disease was emphasized. Hence, although 
it has a different object of study, the work emphasizes the 

importance of expanding care with the immunization of 
adults and children, as the disease can present a worse 
scenario, with the need for hospitalization and, in the 
worst of the outcomes, evolve to death.

One of the limitations of this research is the possibility 
of reproducing biases present in the notifications of cases and 
deaths recorded in SINAN, which may not reliably express 
the country’s reality on the increase, decrease and stability 
of cases and deaths from pertussis. Thus, studies that also 
dealt with pertussis in Brazil were searched in the literature 
to support the interpretation and discussion of these results.

The study shows the need for expansion of healthcare 
actions as well as surveillance for the identification, 
diagnosis and treatment of the disease in a timely manner, 
in order to avoid death outcome. Furthermore, it is 
necessary to enhance the performance of the National 
Immunization Program to expand vaccination within 
the target population and/or ensure that the vaccination 
schedule is complete,3,5,8,28 given the current scenario of 
expansion of the anti-vaccination movement in the world.29

Finally, from the time-space analyzes carried out, it was 
possible to observe the behavior of pertussis in the country, 
marked by fluctuations in the increases and decreases in 
prevalence and mortality rates over time, usually every three 
or five years, which displays the cyclical presentation of the 
disease. In addition, despite a downward trend in these rates 
in recent years, it is important to strengthen the attention of 
health authorities and the population to pertussis, in order to 
avoid a new increase in cases and deaths in the country from 
a vaccine-preventable disease.
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