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Abstract

Pertussis is an acute respiratory infection with worldwide distribution that can be prevented through immunization and represents a 
significant risk to child health. This study aimed to analyze the spatiotemporal distribution of pertussis in Minas Gerais between 2014 
and 2024, identifying high-risk areas and the temporal dynamics of the disease. This was a population-based ecological study using 
secondary data from the Minas Gerais Health Surveillance Portal. Generalized Additive Models (GAM) and spatial scan statistics were 
applied to detect spatiotemporal clusters. In Minas Gerais, 2,161 cases of pertussis were confirmed, with an average incidence of 1.95 
per 100,000 inhabitants. The highest incidences were observed in the Central (6.47/100,000), Southern (3.86/100,000), and Northern 
Triângulo (2.42/100,000) macro-regions. The GAM-based graphical analysis revealed a decline in risk between 2015 and 2021, followed 
by a resurgence beginning in 2022. High-risk clusters were identified at different time points, particularly in 2024, involving the Northern, 
Northwestern, Jequitinhonha, Central, Western, Southern, Southwestern, and Central-Southern macro-regions. The study identified a 
cyclical and heterogeneous pattern of pertussis in Minas Gerais, with recrudescence after 2022 and high-risk clusters in vulnerable 
regions. These findings reinforce the need for continuous and georeferenced surveillance, with a focus on socioeconomically vulnerable 
areas, to prevent disease reemergence and support effective public health policies.
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Graphical Abstract

Epidemiological Surveillance of pertussis in Minas Gerais: temporal trends 
and spatial patterns (2014–2024)

Highlights

• After a decline be-
tween 2015 and 2021,
there was a marked re-
surgence of pertussis cas-
es starting in 2022, with
two major high-risk clus-
ters identified in 2024.
• The macro-regions
Central (6.47), South
(3.86), and Northern
Triângulo (2.42) report-
ed the highest incidence
rates.
• The reemergence of
the disease may be as-
sociated with decreased
vaccination coverage
and socioeconomic fac-
tors.
• High-risk clusters are
observed in both the
northern and southern
macro-regions of the
state.
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INTRODUCTION

Pertussis is an acute infection caused by the bac-
terium Bordetella pertussis. This respiratory-trans-
mitted disease, present worldwide, is preventable 
by immunization and poses a significant risk to child 
health. It primarily affects the respiratory system, 
including the trachea and bronchi, and manifests 
as episodes of dry coughing. Transmission occurs 
mainly through direct contact between an infected 
individual and a susceptible one, via droplets ex-
pelled when coughing, speaking, or sneezing1.

Between 1990 and 2019, a global decline in 
age-standardized incidence and mortality rates was 
observed; however, regions such as Sub-Saharan 
Africa, North America, Western Europe, and Aus-
tralia showed upward trends2. In Brazil, the expan-
sion of vaccination coverage with the tetravalent 
and DTP vaccines reduced incidence from 10.6 per 
100,000 inhabitants in 1990 to 0.32 per 100,000 in 
2010. Nevertheless, the disease resurged between 
2011 and 2014 (peak of 4.2/100,000), followed by 
a gradual decline until 2018 (1.0/100,000)3.

Between 2018 and 2021, the states of São Pau-
lo, Pernambuco, Paraná, and Minas Gerais record-
ed the highest numbers of pertussis notifications. 
Among the confirmed cases during this period, Per-
nambuco, São Paulo, and Minas Gerais accounted 
for 25%, 17%, and 11% of the total, respectively, 
with a national incidence of 0.4 cases per 100,000 
inhabitants1. From 2019 to 2023, all 27 federative 
units reported and confirmed cases of the disease, 
with Pernambuco showing the highest number of 
confirmations, followed by Minas Gerais, São Paulo, 
Paraná, Rio Grande do Sul, and Bahia, indicating the 
persistent circulation of the pathogen4.

In July 2024, the Pan American Health Orga-
nization (PAHO) issued an alert for the Region of 
the Americas due to the increase in pertussis cas-

es, mainly attributed to reduced vaccination cover-
age during the COVID-19 pandemic. According to 
PAHO, since 2012 there has been an annual decline 
in the number of reported cases, reaching the low-
est record in 2022. However, a significant increase 
was observed in 2024, with more notifications in the 
first quarter of that year than during all of 20235.

Simultaneously, the Brazilian Ministry of Health 
reported a pertussis outbreak in Bolivia, empha-
sizing the importance of increasing sensitivity in 
detecting suspected cases and strengthening time-
ly prevention and control actions in all Brazilian 
states, particularly those bordering Bolivia6.

In this context, spatial epidemiology describes 
and analyzes the geographic variations of diseases 
in relation to demographic, environmental, behav-
ioral, socioeconomic, genetic, and infectious fac-
tors, emphasizing risk mapping, correlation analy-
sis, and cluster detection. Advances in Geographic 
Information Systems (GIS), statistical methods, and 
high-resolution georeferenced data have created 
unprecedented opportunities to explain local pat-
terns7.

In Minas Gerais, despite the number of notifi-
cations between 2018 and 2021, no studies were 
found integrating spatial and temporal analyses of 
pertussis incidence. Considering the disease’s his-
torical trajectory, robust studies are needed to de-
termine the distribution and evolution of its behav-
ior, especially following fluctuations in vaccination 
coverage and within the post-pandemic context.

Therefore, this study aimed to analyze the spa-
tiotemporal distribution of pertussis cases in Minas 
Gerais between 2014 and 2024, to identify high-risk 
areas and understand the epidemiological dynam-
ics of the disease in the state, using Generalized 
Additive Models and space–time scan statistics.

METHODS

This was a population-based ecological study 
that analyzed all annually reported and confirmed 
cases of pertussis in Minas Gerais, according to 
the municipality of residence, between 2014 and 
2024. The units of analysis were the 853 municipal-
ities of the state and its 16 Health Macro-Regions, 
following the official regionalization established by 
the State Health Secretariat (SES)8.

Minas Gerais is one of the 27 federative units 
of Brazil, located in the Southeastern region of the 

country. It covers an area of 586,513.983 km², 
ranking fourth among the largest states by territo-
rial extension, and is the second most populous 
state in the country, with an estimated population 
of 20.5 million inhabitants. It also has the largest 
number of municipalities in Brazil8.

According to the State Health Department (SES), 
through the latest Regionalization Master Plan (Minas 
Gerais, 2023), these municipalities are grouped 
into 16 health macro-regions, as shown in Figure 1: 
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Figure 1 - Health Macroregions of Minas Gerais.

This study used secondary, annually aggregated 
data without participant identification, and all infor-
mation presented is publicly available. Therefore, it 
was not submitted to a Research Ethics Committee, 
as it qualifies for exemption according to the Bra-
zilian National Health Council Resolution No. 510, 
dated april 7, 20169.

Data were obtained from the Health Surveil-
lance Portal (TABNET/DataSUS Technology)10 of 
the Minas Gerais State Health Secretariat. Since 
the dataset comprises aggregated and publicly 
available information, there was no individual re-
cruitment, follow-up loss, or matching. Population 
data used for incidence calculations were drawn 
from the Brazilian Institute of Geography and Sta-
tistics (IBGE) 2010 Census11 for cases up to 2021 
and the 2022 Census12 for cases up to 2024.

For the construction of thematic maps, the car-
tographic base used was the digital mesh of Minas 
Gerais and its 853 municipalities, provided by the 
IBGE13. 

Data referring to the number of confirmed 
pertussis cases per municipality of residence, by 
health macro-region and year of notification, were 
extracted. The incidence rate was calculated by di-
viding the number of cases by the corresponding 
reference population (according to the census) and 
multiplying the result by 100,000 inhabitants. The 
average incidence for each macro-region and mu-
nicipality was obtained by summing the annual in-
cidence rates and dividing by the number of years 
in the study period.

A descriptive analysis was then conducted, pre-
senting the distribution of mean incidence rates, 
followed by spatiotemporal analyses to identi-
fy patterns of disease distribution over time and 
space. The methodologies employed included 
Generalized Additive Models (GAM) for incidence 
modeling and spatial–temporal scan statistics using 
the Software for the Spatial, Temporal and Space-
Time Scan Statistics (SaTScan), version 10.2.514, a 
free software tool designed to detect statistically 

Centro (101 municipalities), Centro-Sul (51), Ex-
tremo-Sul (53), Jequitinhonha (31), Leste (51), Les-
te do Sul (53), Nordeste (57), Noroeste (33), Norte 

(86), Oeste (53), Sudeste (94), Sudoeste (51), Sul 
(50), Triângulo do Norte (27), Triângulo do Sul 
(27), Vale do Aço (35)8.

https://creativecommons.org/licenses/by/4.0/
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RESULTS

A total of 2,161 confirmed cases of pertussis 
were reported in Minas Gerais between 2014 and 
2024. The state’s mean incidence during the ana-
lyzed period was 1.95 per 100,000 inhabitants. As 
shown in Table 1, the macro-region with the highest 
incidence was the Central region (6.47/100,000), 
followed by the Southern (3.86/100,000) and 
Northern Triângulo (2.42/100,000) regions. Con-

versely, the lowest incidences were observed in 
the Southern East (0.66/100,000), Northeastern 
(0.58/100,000), and Eastern (0.36/100,000) mac-
ro-regions. Notably, some regions displayed high 
variability in incidence rates within their territories, 
particularly the Central, Southern, and Southwest-
ern macro-regions, which presented elevated stan-
dard deviations.

significant clusters.
The annual temporal variation in pertussis risk 

was assessed using a Generalized Additive Model 
(GAM), an extension of generalized linear models 
that allows for the incorporation of nonparametric 
smoothing functions for explanatory variables. The 
model assumed that the annual count of disease 
cases followed a Poisson distribution, appropriate 
for modeling rare and discrete events such as annu-
al notifications of infectious diseases.

To adjust for differences in population size 
across years and locations, an offset term was in-
cluded, represented by the natural logarithm of the 
total resident population in each analysis unit and 
year. This term allows the model to estimate a rate 
(cases per inhabitant) rather than absolute counts, 
ensuring comparability among areas with distinct 
population sizes.

The main explanatory variable was the year of 
notification, treated as a continuous numeric vari-
able and modeled using a smoothing spline func-
tion. This approach enables the identification of 
nonlinear temporal patterns — capturing gradual 
increases or decreases in incidence without assum-
ing a predefined functional form (e.g., linear or qua-
dratic). Such smoothers are particularly valuable in 
epidemiological contexts where disease behavior 
may vary complexly over time15,16.

In addition to the purely temporal model, an in-
teraction term between the year of notification and 
the health macro-region of residence was included, 
allowing for the evaluation of whether temporal 
risk patterns differed across regions. This approach 
enables the identification of regional variations in 
temporal trends, highlighting macro-regions exhib-
iting atypical or concerning behavior in the evolu-
tion of pertussis incidence.

The spatiotemporal analysis was performed us-
ing Kulldorff’s spatial — temporal scan statistic17, 
implemented through SaTScan™ software. This 

technique detects statistically significant space–
time clusters — areas and periods exhibiting higher 
(or lower) risk of occurrence compared to the ex-
pected risk under the null hypothesis of random 
case distribution.

A discrete Poisson probability model was used, 
appropriate for aggregated count data with popu-
lation information. It was assumed that cases fol-
lowed a Poisson distribution proportional to the 
population at risk and that risk remained constant 
across space and time under the null hypothesis.

Cluster detection was carried out using a mov-
ing cylindrical window, where the base represents 
the geographic area (municipalities) and the height 
corresponds to the temporal interval (years). The 
maximum spatial window size was set to 50% of 
the population at risk, and the maximum tempo-
ral window size to 50% of the total study period, 
ensuring the identification of meaningful clusters 
without excessive spatial or temporal aggregation. 
The temporal unit was the year, and the analysis 
covered the period from 2014 to 2024.

Statistical significance of the clusters was as-
sessed using the likelihood ratio test, with p-values 
obtained through Monte Carlo simulations (n = 
999). Clusters with p < 0.05 were considered statis-
tically significant. For each identified cluster, SaTS-
can provided spatial location, temporal interval, 
observed and expected case counts, relative risk 
(RR), likelihood ratio statistic, and p-value.

Primary and secondary clusters identified were 
represented in thematic maps for interpretation 
of the spatiotemporal patterns of the investigated 
event.

For choropleth map construction, QGIS18 (open-
source software) was used, and statistical analyses 
were performed in R (open-source software) using 
the following packages: mgcv, ggplot2, tidyverse, 
ggthemes, geobr, dplyr, sf, spdep, gridExtra, RCol-
orBrewer, and ggspatial.

https://creativecommons.org/licenses/by/4.0/
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Table 1 - Mean incidence of pertussis per 100,000 inhabitants, by Health Macro-Region of Minas Gerais, 
2014–2024.

Health Macro-Region Mean* Standard Deviation 95% CI (Lower) 95% CI (Upper)

Central 6.47 76.67 1.96 10.98

Southern 3.86 19.83 2.20 5.52

Northern Triângulo 2.42 12.09 1.04 3.79

Southwestern 2.21 20.17 0.54 3.88

Extreme South 1.95 11.68 1.00 2.90

Jequitinhonha 1.47 10.08 0.40 2.54

Western 1.46 8.37 0.78 2.14

Southeastern 1.22 13.80 0.38 2.06

Vale do Aço 1.19 7.06 0.49 1.90

Northwestern 1.19 5.94 0.58 1.80

Southern Triângulo 1.05 5.53 0.43 1.68

Central-South 0.87 5.82 0.39 1.36

Northern 0.71 3.98 0.45 0.96

Southern East 0.66 4.30 0.31 1.01

Northeastern 0.59 3.08 0.34 0.83

Eastern 0.36 2.74 0.14 0.59

*Mean annual incidence, considering the years 2014–2024 for each Health Macro-Region, weighted by the number of municipalities per region. 
Source: Authors (2025).

Figure 2  - Spatial distribution of the mean incidence rate of pertussis, 2014–2024, Minas Gerais.

Figure 2 shows the spatial distribution of these rates 
by municipality, considering all 853 municipalities of 
Minas Gerais. A heterogeneous distribution of average 

rates is evident, with some macro-regions containing 
municipalities with high rates, such as the Central, South-
ern, Southwestern, and Southeastern macro-regions.

https://creativecommons.org/licenses/by/4.0/
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Figure 3  - Smoothed curves of the temporal effect on the risk of pertussis occurrence according to 
purely temporal GAM models for the entire state (Figure 3) and considering an interaction term with the 

health macro-regions (Figure 3a), Minas Gerais, 2014–2024.

Figure 3a  - Smoothed curves of the temporal effect on the risk of pertussis occurrence for Minas Gerais.

Figure 3b  - Smoothed curves of the temporal effect on the risk of pertussis occurrence according to pu-
rely temporal GAM models including an interaction term with the health macro-regions of Minas Gerais, 

2014–2024.

https://creativecommons.org/licenses/by/4.0/
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The GAM model (Figure 3a) shows a smoothed 
temporal effect on pertussis incidence between 2014 
and 2024 in the state of Minas Gerais, with signif-
icant variation throughout the period. A peak was 
observed between 2014 and 2015, followed by a 
marked decline from 2018 to 2021, and a renewed 
upward trend beginning in 2022 and continuing 
through 2024. The red dashed line at y = 0 represents 
the point of null risk, where values above zero indi-
cate an increase in relative risk and values below zero 
indicate a reduction in risk.

The GAM model incorporating an interaction term 
by health macro-region (Figure 3b) revealed distinct 
temporal behavior patterns of pertussis across Minas 
Gerais between 2014 and 2024. Notably, most re-
gions showed a decline in risk starting in 2020, with 

resurgence from 2022 onward. The risk became in-
creasingly positive, especially from 2024, with em-
phasis on the Central macro-region. The Eastern mac-
ro-region exhibited a near-zero risk of occurrence 
throughout the entire study period.

The space–time scan analysis (Figure 5) identified 
significant high-risk clusters (p < 0.05) in four distinct 
periods: 2014–2015 (Northern macro-region, RR = 
9.94; Southeastern macro-region, RR = 36.82); 2014–
2016 (Jequitinhonha macro-region, RR = 48.46); 
2017–2018 (Central macro-region, RR = 4.80); and 
2024, with one cluster involving mainly the North-
ern, Jequitinhonha, Central, and Northwestern mac-
ro-regions (RR = 2.28), and another cluster involving 
primarily the Western, Southern, Southwestern, Cen-
tral-South, and Central macro-regions (RR = 12.21).

Figure 4  - Spatiotemporal Cluster Mapping of High-Risk Areas for Pertussis Occurrence in Minas Gerais 
Considering Health Macroregions, 2014 to 2024.

This study identified strong spatiotemporal het-
erogeneity in pertussis distribution in Minas Gerais, 
particularly in specific macro-regions such as the 
Central region, which showed a high standard de-
viation and the greatest increase in risk in 2024 ac-
cording to the GAM model, indicating the presence 
of municipalities with very high incidence rates. The 
high population density in this region is also an im-

portant risk factor for the transmission of respiratory 
diseases.

The spatiotemporal analysis of pertussis cases 
in Minas Gerais between 2014 and 2024 reveals a 
current scenario of increased risk. The disease ex-
hibited an initial peak (2014–2015), a decline until 
2021, and a sharp resurgence beginning in 2022, 
culminating in 2024 with two major high-risk clus-

DISCUSSION

https://creativecommons.org/licenses/by/4.0/
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CONCLUSION

The findings of this study reinforce the need for tar-
geted strategies such as intensified Tdap vaccination 
among pregnant women, active case finding among 
contacts, and continuous surveillance to prevent new 
epidemic cycles. The study identified a cyclical and 
heterogeneous pattern of pertussis in Minas Gerais 
(2014–2024), with resurgence after 2022 and high-
risk clusters in areas of high population density (Cen-
tral macro-region) and in vulnerable regions such as 
the Northern macro-region. It is likely that declining 

vaccination coverage, the COVID-19 pandemic, and 
socioeconomic factors contributed to the disease’s 
reemergence. The results emphasize the need for 
georeferenced surveillance using space–time analyt-
ical techniques to support the development of tar-
geted interventions. Despite its limitations, this study 
provides valuable evidence to guide public health 
policies and prevent future outbreaks, highlighting 
geoprocessing tools as essential instruments for ep-
idemiological monitoring.

ters — one encompassing mainly the Northern and 
Jequitinhonha-Mucuri macro-regions, and another 
in the South/West, both intersecting the Central 
macro-region. A recent review of national time se-
ries data19 identified the same post-2015 decline and 
gradual recovery beginning in 2021, suggesting an 
accumulation of susceptible individuals due to de-
clining vaccination coverage, a phenomenon inten-
sified during the pandemic.

The temporal analysis showed that in 2014, risk 
started positive but declined until 2016, when it 
rose again — a pattern observed in most macro-re-
gions. Similar temporal trends have been described 
in national analyses, showing increasing incidence 
until 2014 followed by decline after 2015, coincid-
ing with the expansion of the Tdap vaccine for preg-
nant women19,20. 

Additionally, according to the Ministry of Health 
Bulletin, the year 2014 falls within a period (2010–
2014) of substantial increases in pertussis cases 
among children aged one to nine years, highlight-
ing the importance of full immunization in this age 
group21.

A reduction in risk was observed in 2020, pri-
marily associated with the COVID-19 pandemic, 
followed by resurgence from 2022 onward. The 
post-pandemic resurgence of pertussis has also been 
reported in China, where Wang et al.22 identified a 
significant increase in pertussis among patients with 
acute respiratory infections after 2023, linking it to 
the interruption of natural immune reinforcement 
during COVID-19 containment measures. 

A recent review from Asia described a similar pat-
tern, with epidemics emerging in 2024–2025 and 
attributing this phenomenon to the global decline in 
DTP coverage and waning vaccine-induced immuni-
ty23. The temporal overlap between the 2022–2024 
increase in Minas Gerais and international outbreaks 
supports the hypothesis of a post-pandemic context 
of heightened population susceptibility.

The spatial and temporal results observed in 
Minas Gerais from 2014 to 2024 align with the na-
tional trend of pertussis recrudescence following a 
period of very low circulation during the COVID-19 
pandemic. Consolidated data from the Brazilian 
Ministry of Health show that, after only 159 con-
firmed cases in 2022 and 244 in 2023, Brazil record-
ed 7,365 cases in 2024 — the highest total since 
2014 — raising the national incidence from 0.1 per 
100,000 inhabitants in 2023 to 3.5 per 100,000 in 
202424. This reversal coincides with the peak docu-
mented in the present study, confirming that Minas 
Gerais mirrors the national epidemic dynamics.

In addition to the Central region and its surround-
ings, the Northern and Jequitinhonha macro-regions 
also stood out in the 2024 cluster. This may be as-
sociated with the low pentavalent vaccine coverage 
reported in these macro-regions, as indicated by 
Pereira et al.25, as well as the high population density 
of the Central and Southern macro-regions. Contex-
tual factors such as the Human Development Index 
(HDI) may also help explain the observed cluster 
patterns: approximately 9% of municipalities in 
Minas Gerais have a “low” HDI (0.500–0.599), total-
ing 73 municipalities, of which 64 are concentrated 
in the Northern, Jequitinhonha, and Rio Doce Val-
ley regions26. National evidence points to a direct 
correlation between less favorable socioeconomic 
conditions and a lower likelihood of complete child-
hood vaccination schedules27.

This study is limited by the ecological nature of 
the data, which precludes individual-level inferences, 
and by potential underreporting or delays in notifica-
tions within SINAN, especially during the COVID-19 
pandemic. Furthermore, it did not examine addition-
al variables such as regional vaccination coverage, 
which could help explain the low incidence and risk 
in the Eastern macro-region, nor local detection or 
immunization strategies — topics that merit further 
investigation.

https://creativecommons.org/licenses/by/4.0/


Mundo Saúde. 2025,49:e17772025
DOI: 10.15343/0104-7809.202549e17772025I

9

1. Brasil. Ministério da Saúde (BR), Secretaria de Vigilância em Saúde. Situação epidemiológica da coqueluche no Brasil, 2018–2021 e semanas 
epidemiológicas 1–32 de 2022 [Internet]. Boletim Epidemiológico. 2022;53(40) [citado 2025-05-14]. Disponível em: https://www.gov.br/
saude/pt-br/centrais-de-conteudo/publicacoes/boletins/epidemiologicos/edicoes/2022/boletim-epidemiologico-vol-53-no40/view
2. Nie Y, Zhang Y, Yang Z, Wang N, Wang S, Liu Y, et al. Global burden of pertussis in 204 countries and territories, 1990–2019: results from 
the Global Burden of Disease Study 2019. BMC Public Health. 2024;24:1453. doi:10.1186/s12889-024-18968-y
3. Brasil. Ministério da Saúde (BR), Secretaria de Vigilância em Saúde. Guia de Vigilância em Saúde. Brasília: Ministério da Saúde; 2014.
4. Brasil. Ministério da Saúde (BR), Secretaria de Vigilância em Saúde e Ambiente. Nota Técnica Conjunta nº 70/2024 – DPNI/SVSA/MS: alerta 
para o aumento dos casos de coqueluche no Brasil e reforço nas ações de vigilância e imunização [Internet]. Brasília: Ministério da Saúde; 2024 
[citado 2025-05-14]. Disponível em: https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/notas-tecnicas/2024/nota-tecnica-
conjunta-no-70-2024-dpni-svsa-ms.pdf
5. Organização Pan-Americana da Saúde. Alerta epidemiológico: Coqueluche na Região das Américas [Internet]. Washington (DC): OPAS; 
2024 [citado 2025-03-22]. Disponível em: https://www.paho.org/pt/documentos/alerta-epidemiologico-coqueluche-na-regiao-das-americas-22-
julho-2024
6. Brasil. Ministério da Saúde (BR), Secretaria de Vigilância em Saúde e Ambiente. Nota Técnica nº 50/2023 – CGVDI/DPNI/SVSA/MS: alerta 
sobre surto de coqueluche na Bolívia e recomendações de vigilância no Brasil [Internet]. Brasília: Ministério da Saúde; 2023 [citado 2025-05-
14]. Disponível em: https://subpav.org/aps/uploads/publico/repositorio/Coqueluche_-_Nota_T%C3%A9cnica_N%C2%BA_50-2023-CGVDI-
DPNI-SVSA-MS_comanexoCVEGVDATA.pdf
7. Elliott P, Wartenberg D. Spatial epidemiology: current approaches and future challenges. Environ Health Perspect. 2004;112(9):998–1006. 
doi:10.1289/ehp.6735
8. Minas Gerais (Estado). Secretaria de Estado da Saúde. Comissão Intergestores Bipartite do SUS/MG. Deliberação CIB-SUS/MG nº 4.394, de 
18 de outubro de 2023: aprova a revisão 2023 do Plano Diretor de Regionalização – PDR/SUS-MG e dá outras providências [Internet]. Belo 
Horizonte: SES-MG; 2023 [citado 2025-05-14]. Disponível em: http://www.saude.mg.gov.br/cib
9. Brasil. Ministério da Saúde (BR). Conselho Nacional de Saúde. Resolução nº 510, de 7 de abril de 2016. Diário Oficial da União [Internet]. 
2016-05-24 [citado 2025-05-31]; Seção 1:44. Disponível em: https://www.in.gov.br/materia//asset_publisher/Kujrw0TZC2Mb/content/
id/22917581
10. Minas Gerais (Estado). Secretaria de Estado da Saúde. Portal da Vigilância em Saúde [Internet]. [citado 2025-05-14]. Disponível em: http://
vigilancia.saude.mg.gov.br/
11. Instituto Brasileiro de Geografia e Estatística (IBGE). Minas Gerais: cidades e estados [Internet]. Rio de Janeiro: IBGE; 2010 [citado 2025-05-
14]. Disponível em: https://www.ibge.gov.br/cidades-e-estados/mg
12. Instituto Brasileiro de Geografia e Estatística (IBGE). Minas Gerais: cidades e estados [Internet]. Rio de Janeiro: IBGE; 2022 [citado 2025-05-
14]. Disponível em: https://www.ibge.gov.br/cidades-e-estados/mg
13. Instituto Brasileiro de Geografia e Estatística (IBGE). Malhas territoriais [Internet]. Rio de Janeiro: IBGE; 2025 [citado 2025-05-14]. Disponível 
em: https://www.ibge.gov.br/geociencias/organizacao-do-territorio/malhas-territoriais
14. SaTScan™. SaTScan v9.4.4: software for the spatial, temporal and space-time scan statistics [Internet]. 2025 [citado 2025-05-14]. Disponível 
em: https://www.satscan.org/
15. Latorre MRDO, Cardoso MRA. Análise de séries temporais em epidemiologia. Rev Bras Epidemiol. 2001;4(3):145–52. doi:10.1590/S1415-
790X2001000300002
16. Conceição GMS, Saldiva PHN, Singer JM. Modelos GLM e GAM para análise da associação. Rev Bras Epidemiol. 2001;4(3):206–19.
17. Kulldorff M. A spatial scan statistic. Commun Stat Theory Methods. 1997;26(6):1481–96. doi:10.1080/03610929708831995
18. QGIS Development Team. QGIS Geographic Information System: versão 3.28 [Internet]. Beaverton (OR): Open Source Geospatial 
Foundation; 2021 [citado 2025-05-14]. Disponível em: https://www.qgis.org/
19. Silva LR, Ferreira RJ, Arruda LES, Vasconcelos AD, Freitas MVA, Santos ISF, et al. Analysis of the time series of pertussis in Brazil, 2010–2019. 
Rev Bras Saude Mater Infant. 2022;22(3):549–59. doi:10.1590/1806-9304202200030006
20. Guimarães LM, Carneiro ELNC, Carvalho-Costa FA. Increasing incidence of pertussis in Brazil: a retrospective study using surveillance data. 
BMC Infect Dis. 2015;15:442. doi:10.1186/s12879-015-1222-3
21. Brasil. Ministério da Saúde (BR), Secretaria de Vigilância em Saúde. Coqueluche no Brasil: análise da situação epidemiológica de 2010–2014 
[Internet]. Boletim Epidemiológico. 2015;46(39) [citado 2025-05-14]. Disponível em: https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-
z/c/coqueluche/publicacoes/boletim-epidemiologico-da-coqueluche-brasil-2010-a-2014
22. Wang H, Fu M, Chen W, Ma Y. Post-COVID-19 pandemic changes in pertussis incidence among patients with acute respiratory tract 
infections in Zhejiang, China. Front Microbiol. 2024;15:1448997. doi:10.3389/fmicb.2024.1448997
23. Kang HM, Lee TJ, Park SE, Choi SH. Pertussis in the post-COVID-19 era: resurgence, diagnosis and management. Infect Chemother. 
2025;57(1):13–30. doi:10.3947/ic.2024.0117
24. Brasil. Ministério da Saúde (BR), Secretaria de Vigilância em Saúde. Situação epidemiológica da coqueluche no Brasil – painel interativo 
[Internet]. Brasília: Ministério da Saúde; 2025 [citado 2025-05-14]. Disponível em: https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-z/c/
coqueluche/situacao-epidemiologica

REFERENCES

CRediT author statement

Conceptualization: Ferreira Júnior, CL; Silva, WS; Carvalho, CDP; Jesus, KD; Cruz, CSS. Methodology: Ferreira Júnior, CL; Carvalho, RDP; Jesus, KD. 
Validation: Ferreira Júnior, CL; Silva, WS. Statistical Analysis: Ferreira Júnior, CL; Silva, WS; Carvalho, RDP. Formal Analysis: Ferreira Júnior, CL; Silva, WS; 
Carvalho, RDP; Carvalho, CDP. Investigation: Ferreira Júnior, CL; Silva, WS; Carvalho, CDP; Jesus, KD; Cruz, CSS. Resources: Ferreira Júnior, CL; Carvalho, 
CDP; Rocha Nunes, MC. Writing – Original Draft Preparation: Ferreira Júnior, CL; Carvalho, RDP; Jesus, KD. Writing – Review & Editing: Ferreira Júnior, 
CL; Silva, WS; Carvalho, RDP; Carvalho, CDP; Cruz, CSS; Rocha Nunes, MC. Visualization: Ferreira Júnior, CL; Silva, WS. Supervision: Ferreira Júnior, CL; 
Cruz, CSS. Project Administration: Ferreira Júnior, CL; Cruz, CSS.

All authors have read and agreed to the published version of the manuscript.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to influence the workreported
in this paper.

https://creativecommons.org/licenses/by/4.0/


Mundo Saúde. 2025,49:e17772025
DOI: 10.15343/0104-7809.202549e17772025I

10

How to cite this article: Ferreira Júnior, C.L., da Silva, W.S., Carvalho, R.D.P., Carvalho, C.D.P., Jesus, K.D., Nunes, M.C.R., Cruz, C.S.S. 
(2025). Epidemiological surveillance of pertussis in Minas Gerais: temporal trends and spatial patterns (2014–2024). O Mundo Da Saúde, 
49. https://doi.org/10.15343/0104-7809.202549e17772025I. Mundo Saúde. 2025,49:e17772025.

25. Pereira MAD, Arroyo LH, Gallardo MDPS, Arcêncio RA, Gusmão JD, Amaral GG, et al. Vaccination coverage in children under one year of 
age and associated socioeconomic factors: maps of spatial heterogeneity. Rev Bras Enferm. 2023;76(4):e20220734. doi:10.1590/0034-7167-
2022-0734
26. Minas Gerais (Estado). Secretaria de Estado de Desenvolvimento Social. Plano Estadual de Assistência Social de Minas Gerais (PEAS/
MG) 2024–2027 [Internet]. Belo Horizonte: SEDESE; 2024 [citado 2025-05-14]. Disponível em: https://social.mg.gov.br/images/Docs2023/
docs_2024/PEAS_MG_2024-2027_.pdf
27. Ferreira AF, Ramos JRAN, Maciel AMS, Barbosa JC, Saavedra RC, Antunes MBC, et al. Vaccination coverage, vaccine hesitancy and factors 
associated with incomplete vaccination: a household survey conducted with children born between 2017 and 2018 in inland municipalities of 
Northeastern Brazil. Epidemiol Serv Saude. 2024;33(spe2):e20231224. doi:10.1590/S2237-96222024v33e20231224.especial2.en

https://creativecommons.org/licenses/by/4.0/

