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ABSTRACT 

Introduction: Dengue is an acute infectious disease with varying severity and clinical 

presentations. It is the most important arbovirus, exposing nearly one-third of the 

world population to the risk of infection. From the 1990s to the present day, the state 

of São Paulo has experienced epidemics of the disease, with the presence of all four 

serotypes, with small and medium-sized municipalities accounting for the largest 

share of reported cases. 

Objective: To evaluate the epidemiological profile in a medium-sized municipality 

like Marília city, in the state of São Paulo, Brazil, identifying areas of higher incidence 

in order to facilitate control and prevention measures. 
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Methods: Data from SINAN (2000-2006), SINANNET (2007-2013) and SINAN Online 

(2014-2020) provided by the Municipal Health Secretaria were analyzed and 

stratified by CNES and year of notification. 

Results: The seasonality of the dengue epidemic in Marília was observed, with the 

years 2007, 2010, 2013, 2015, 2019, and 2020 considered epidemic years, with 2007 

and 2015 standing out as having the highest incidence rates. Nevertheless, only 

2015 showed a significant difference in relation to the other years. The West macro-

region showed a higher incidence without statistical significance between the years 

2007, 2013, and 2015. 

Conclusions: The West macro-region has greater socio environmental vulnerability 

and should be prioritized in public actions to improve the control of the arboviral 

disease. Thus, this macro-region stands out as a possible sentinel area in the 

municipality. 

Keywords: dengue; epidemiology; arboviral disease; incidence. 

 

RESUMEN 

Introducción: El dengue es una enfermedad infecciosa aguda con diferentes grados 

de gravedad y manifestaciones clínicas. Su agente causal es el arbovirus más 

importante, que expone a casi un tercio de la población mundial al riesgo de 

infección. Desde la década de 1990 hasta la actualidad, el Estado de São Paulo, 

Brasil, ha experimentado epidemias de la enfermedad, con presencia de los cuatro 

serotipos, y los municipios medianos y pequeños concentran la mayor proporción 

de casos notificados. 

Objetivo: Evaluar el perfil epidemiológico en un municipio de tamaño medio como 

la ciudad de Marília, en el estado de São Paulo, Brasil, para identificar áreas de 

mayor incidencia para facilitar las medidas de control y prevención. 

Métodos: Se analizaron los datos del SINAN (2000-2006), SINANNET (2007-2013) y 

SINAN Online (2014-2020), proporcionados por la Secretaría Municipal de Salud, y 

se estratificaron por CNES y año de notificación. 

Resultados: Se observó la estacionalidad de la epidemia de dengue en Marília. Los 

años 2007, 2010, 2013, 2015, 2019 y 2020 se consideraron años epidémicos, 

destacando 2007 y 2015 por presentar las tasas de incidencia más altas. Sin 

embargo, solo 2015 mostró una diferencia significativa con respecto a los demás 

años. La macrorregión Oeste presentó una mayor incidencia, sin significancia 

estadística, entre los años 2007, 2013 y 2015. 
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Conclusiones: La macrorregión Oeste presenta una mayor vulnerabilidad 

socioambiental y debería ser priorizada en las acciones públicas para mejorar el 

control de las arbovirosis. Por lo tanto, esta macrorregión se destaca como una 

posible zona centinela en el municipio. 

Palabras clave: dengue; epidemiología; arbovirosis; incidencia. 
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Introduction 

The Dengue virus (DENV), belonging to the Flaviviridae family, consists of a single-

stranded RNA molecule with a positive orientation, being able to appear as four 

distinct and coexisting serotypes, DENV-1 to DENV-4.(1) Considered the most 

important arbovirus, dengue fever (DF) is a vector-borne disease transmitted by the 

bite of female mosquitoes of the Aedes genus, which are distributed across tropical 

and subtropical regions with a remarkable adaptive capacity to the urban 

environment, exposing almost one third of the world’s population to the risk of 

infection.(2) 

From an epidemiological perspective, the 1940s and 1950s were a crucial period for 

the Aedes aegypti mosquito in Brazil, not because of dengue, but because of efforts 

to eradicate yellow fever.(3) Public health attention focused on vector control, while 

DF remained secondary at that time. In this scenario, the first clinically documented 

dengue epidemic occurred in the country between 1981 and 1982 in the state of 

Roraima, with DENV-1 and DENV-4 acting as etiological agents. Since then, 

successive epidemics have been recorded, initially in northeastern states and in Rio 

de Janeiro, and currently throughout Brazil.(4) In the period from 1990 and 2000, 

autochthonous cases of DENV-2 and DENV-3 were reported, and in 2008, DENV-4 

reemerged as a relevant etiological agent in epidemics.(5) 

In the state of São Paulo, the three serotypes of the dengue virus (DENV-1, DENV-2, 

and DENV-3) circulated simultaneously until 2010. In 2011, DENV-4 was reported in 

the region of the municipality of São José do Rio Preto, expanding to other regions 
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of the state.(6) In 2015, the state reached its peak incidence, with a rate of 1,640,4 

probable cases of dengue per 100,000 inhabitants.(7) In this critical scenario, the 

importance of small and medium-sized municipalities becomes remarkable, as they 

proportionally concentrate a greater number of cases. In 2013, for example, 83% of 

the state of São Paulo presented the risk of dengue transmission, however, 544 

municipalities confirmed autochthonous cases, raising this rate to 84.3%.(6) 

According to data from the Brazilian Institute of Geography and Statistics (BIGS), up 

to the year 2022, the municipality of Marília had an estimated population of 237,627 

inhabitants, stands out not only for its significant flow of people and goods, but also 

for its role as an economic hub in western São Paulo. Studies on the epidemiological 

profile of dengue, especially through spatiotemporal analysis and in axes of 

dispersal involving small and medium-sized cities, are limited in the literature. 

DF is a highly complex disease, particularly in urban areas, where it is well adapted 

and comprises one of the most important diseases from an epidemiological stand 

point in Brazil and worldwide. Vector control, whether through directly combating 

mosquitoes or their breeding sites, is the pillar of DF prevention; however, this 

measure has proven to be ineffective in endemic countries.(8,9) The disease has 

recurrence and distribution patterns that require detailed analysis of spatiotemporal 

factors, as well as environmental and social factors that influence the lifecycle of 

Aedes aegypti, such as: 

 

− Temperature 

− Precipitation 

− Population density 

− Human mobility 

 

This phenomenon, referred to as “epidemic synchrony,” occurs when outbreaks 

appear at the same time across different areas, following similar seasonal patterns 

and limiting the isolated use of incidence rates as an epidemiological indicator. 

Thus, the spatiotemporal study model is capable of identifying risk areas and 

understanding how human mobility and other of the above mentioned determining 

factors interfere in the spread of the virus, being progressively valued in public health 

management(10,11,12,13,14) 

Therefore, this study proposed to analyze the spatiotemporal dispersal of dengue in 

the Municipality of Marília, São Paulo (SP) in the period 2000-2020, outlining an 
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epidemiological profile of the region and statistical analysis of the incidence of DF 

among municipal health units per year throughout the study period. 

 

 

Methods 

Study area 

The municipality of Marília belongs to the western region of the State of São Paulo 

and is part of Regional Health Department (RHD-XIX). Geographically, it is located at 

Latitude -22°12’50” South and Longitude -49º56’45” West, at an altitude of 679 

meters, and has an area of 1,170.515 square kilometers. The region has a humid 

subtropical climate (Köppen-Geiger climate classification: Cfa) with a Human 

Development Index (HDI) of 0.798, in the “high” level (0.700 to 0.799), and a 

population of 237,627 inhabitants according to the Brazilian Institute of Geography 

and Statistics (BIGS) (2022). 

 

Human cases of Dengue 

This research consisted of a quantitative study with an observational and 

longitudinal design. Data provided by the Municipal Health Department of Marília 

from 2000 to 2020 were used as research instruments, through the epidemiological 

surveillance notification system for the disease “dengue” from the Brazilian 

Notifiable Diseases Information System (BNDIS) with the Windows (2000 to 2006), 

BNDIS NET (2007 to 2013) and BNDIS Online (2014 and 2020) versions, by compiling 

the data in an Excel spreadsheet. The data were stratified according to the Brazilian 

National Registry of Health Establishments (BNRHE) and year of notification. The 

confirmed cases include all clinical presentations of dengue: 

 

− Classic Dengue 

− Dengue with complications 

− Dengue hemorrhagic fever 

− Dengue shock syndrome 
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Spatial analysis 

Georeferencing was performed based on the average incidence to map the risk 

areas. 

 

Statistical methods 

The proportion of cases per year was analyzed by the incidence ratio and its 

respective 95% confidence intervals (95%CI). The homogeneity of variances was 

verified by Levene’s test. The comparison of incidence means between regions was 

performed by one-way ANOVA with Brown-Forsythe correction. The comparison of 

incidence means between years was performed by the repeated measures ANOVA 

test. Post-hoc comparisons were performed by the Holm-Sidak test. The 

significance level adopted was 5% (p≤0.05), and the data were analyzed using SPSS 

software program, version 23.0. 

The statistical analysis of the data was performed using three distinct approaches:  

 

1. Analysis of all dengue cases reported in the municipality of Marília in a year-

by-year comparison during the study period. 

2. Analysis of dengue cases reported by each macro-region during the study 

period. 

3. Analysis of dengue cases reported by each macro-region year by year during 

the period studied. 

 

Ethics review 

Project approved by the Research Ethics Committee-FAMEMA under CAAE number: 

45126715.9.0000.5413. 

 

 

Results 

The database provided by the Marília Municipal Health Department covered the 

period from 2000 to 2020, with the BNRHE as the guiding unit and, subsequently, the 

division of the municipality by macro-regions. Nevertheless, the period between 
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2000 and 2006 and the year 2014 could not be analyzed because they did not include 

BNRHE data in the information recorded in the database, which did not allow 

grouping by macro-region in these years. Thus, the study covered the period from 

2007 to 2020 except for 2014. 

The total number of cases reported on an annual basis throughout the municipality 

(fig. 1) showed the seasonality of the dengue epidemic in Marília, with the years 

2007, 2010, 2013, 2015, 2019, and 2020 considered epidemic years. Similarly, the 

years 2008, 2009, 2011, 2012, 2016, 2017, and 2018 showed a decrease in the 

number of cases and were considered non-epidemic, with no statistically significant 

difference between them. 

 

Fig. 1 - Analysis of all dengue cases reported in the municipality of Marília year by year 

during the period studied. (In red - epidemic years). 

 

Among the epidemic years, the years 2007 and 2015 stand out, in which the highest 

number of cases occurred. Nevertheless, only 2015 showed a statistically 

significant difference with all the aforementioned epidemic years (table) and can be 

considered the year of the worst epidemic in the municipality. 
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Table - Comparison of dengue cases reported in the municipality of Marília in the years 

2007 and 2015 with the other years studied 

2007 

(I)Year 2008 2009 2010 2011 2012 2013 2015 2016 2017 2018 2019 2020 

p-velue 0,003 0,002 0,514 0,015 0,012 0,963 0 0,036 0,002 0.002 1 0,999 

2015 

(I)Year 2007 2008 2009 2010 2011 2012 2013 2016 2017 2018 2019 2020 

p-velue <0,005 <0,005 <0,005 <0,005 <0,005 <0,005 <0,005 <0,005 <0.005 <0,005 <0,005 <0,005 

 

The grouping of the reporting areas delimited by the four macro-regions of the 

municipality: North, South, East, and West, allowed the spatiotemporal analysis of 

the distribution of dengue cases and the expansion of territorial knowledge by health 

services, which provides a basis for the advancement of local health promotion. 

Thus, it was observed that the incidence of dengue cases in the period analyzed did 

not show a statistically significant difference between the four macro-regions of the 

municipality (fig. 2). 

 

Fig. 2 - Analysis of dengue cases reported by each macro-region from 2000 to 2020. 
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The figure 3, Error! Reference source not found.allows a comparative analysis of 

the incidence of dengue between the four macro-regions with the years studied, and 

it is possible to observe the pattern of disease incidence in the North, South, and 

East macro-regions, which did not present any other year with a statistically 

significant incidence similar to that of 2015, while the West region presents the 

incidence of dengue in the year 2015 with statistical similarity in relation to the years 

2007 and 2013. 

 

Fig. 2 - Analysis of dengue cases reported in the macro-regions of the municipality of 

Marília, year by year, in the period from 2000 to 2020. (In red - epidemic years). 

 

The spatial analysis of the dengue cases reported in the macro-regions of the 

municipality of Marília (fig. 4) demonstrated the aggravating consonance of the 

epidemic profile of the years 2007 and 2013 when compared with the year 2015 in 

the West macro-region, while the other macro-regions only showed an epidemic in 

2015. 
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Fig. 4 - Spatial analysis of dengue cases reported in the macro-regions in 2007, 2013, and 

2015. 

 

 

Discussion 

Since the reemergence of dengue epidemics that began in the mid-20th century,(3) 

the control of Aedes aegypti continues to represent a challenge for health authorities 

in Brazil. The disorderly growth of municipalities, the lack of adequate infrastructure, 

and the accumulation of waste and water favor the proliferation of this vector, while 

the low involvement of the population in the elimination of breeding sites 

compromises the effectiveness of preventive actions. 

Starting in 2010, the simultaneous circulation of the four types of DENV in Brazil has 

been associated with epidemic patterns characterized by alternation of the 

predominant serotype.(15) This phenomenon can lead to hyperendemicity in places 

with high population density.(5) Although the present study did not investigate the 

predominance of serotypes in each year of the period analyzed, it should be noted 

that DENV has lower mutation rates when compared to other ribonucleic acid (RNA) 

viruses, while still being susceptible to genetic alterations.(16) These changes allow 
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the recirculation of the same serotype, enabling the occurrence of new epidemics 

based on the possibility of reinfection of the population, with DENV-1 being the 

serotype with the highest average mutation rate per site and per year.(17) 

In 2015, 1,649,008 cases of dengue were reported in Brazil, of which 62.20% 

occurred in the Southeast Region, predominantly associated with DENV-1.(18) In the 

same year, the municipality of Marília reported 20,692 cases, comprising one of the 

most critical periods of the disease in the municipality. The temporal analysis of the 

studied period indicated an endemic pattern of dengue, marked by maintenance of 

the incidence profile of dengue in the municipality, in both epidemic and non-

epidemic periods. This behavior suggests a process of endemization of the arboviral 

disease, as described by Mondini et al.,(19) in which the presence of the virus in the 

current period is sustained by circulation in the previous year.(19) 

The spatial analysis of dengue cases in Marília revealed that, during the studied 

period, there was no statistically significant difference in the incidence of the 

disease among the four macro-regions of the municipality. This indicates a 

homogeneous dispersal of the virus throughout the territory, with no predilection for 

specific areas (fig. 2). In this context, Marília, as a major socioeconomic center and 

regional hub, plays a key role in the epidemiological dynamics of dengue, influencing 

the spread of the virus in smaller cities surrounding its territory. The interaction 

between population flow, urban mobility, and service infrastructure may both favor 

the introduction of new serotypes and increase the spread of the virus among 

neighboring municipalities. Ferreira et al.(20) described a similar phenomenon in 

Araraquara, a municipality with a socioeconomic and population profile comparable 

to that of Marília.(20) In the study, the authors highlight that Araraquara has 

experienced major dengue epidemics followed by an increase in cases in 

neighboring cities, reinforcing its role as a hub for the spread and transmission of 

the disease. 

Despite the statistical pattern of incidence found in the North, South, and East 

macro-regions, the West macro-region stood out for presenting high incidence rates 

not only in 2015, but also in 2007 and 2013, differing from the other regions, whose 

highest rates were concentrated exclusively in 2015 (fig. 4). This pattern suggests 

that the West macro-region may be more vulnerable to outbreaks due to structural 

and social factors. Municipal regions with annual maintenance in the incidence of 

cases were also observed by Júnior et al.(21) in the municipality of Belos Montes, in 

the state of Goiás (GO).(21) 

When analyzing the socioeconomic conditions, it is observed that the West macro-

region concentrates the largest number of precarious settlements listed in the Local 
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Social Interest Housing Plan (LSIHP-2022), totaling 433 units.(22) Additionally, this 

macro-region is home to the largest population residing in settlements, with 

approximately 1,418 inhabitants, followed by the East (1,297 inhabitants), North 

(1,001 inhabitants), and South (301 inhabitants) regions.(22) This context suggests 

that social determinants, such as precarious housing and inadequate sanitation, can 

directly influence the higher incidence of dengue in the region. 

According to the São Paulo Social Vulnerability Index (SPSVI), which assesses six 

minimum items indicated by the Housing Plan of the Municipality of Marília to 

classify the vulnerability of settlements, the West macro-region is the only one in 

Marília with a deficit in waste collection, with two precarious settlements in which 

less than 50% of the homes are served. This lack of infrastructure can favor the 

proliferation of the vector mosquito, justifying, in part, the high rates of cases 

registered in the region. 

This structural vulnerability of the West macro-region not only favors the spread of 

the vector, but also highlights the need for differentiated strategies to combat the 

arboviral disease. The epidemiological analysis of the region suggests that 

socioenvironmental factors play a key role in the dynamics of the disease. In this 

context, the active participation of the population becomes a crucial element in the 

epidemiological surveillance and control of dengue.(23) Although access to 

information regarding the disease is a fundamental step, it is not, in itself, sufficient 

to ensure the adoption of effective preventive measures. Studies indicate that, even 

in regions where educational campaigns are widely disseminated, the population’s 

adherence to preventive practices remains below ideal, due to cultural and economic 

barriers and the individual perception of risk.(24) 

It is important to highlight that the analysis carried out in this study considered only 

the household of the reported case as a reference for infection with the virus. 

Therefore, it was not possible to assess potential locations of exposure to DENV 

that lie outside the residential environment, such as places of work, study or 

leisure.(24) Future studies can expand this approach, incorporating data on urban 

mobility and population circulation for more accurate tracking of the spread of 

dengue in the municipality. 

The reliability of epidemiological records also represents a challenge for public 

health management. The inconsistency in the quality of BNDIS data has already 

been documented in other scenarios, such as the dengue epidemic in Rio de Janeiro 

between the years 2001 and 2002, when reporting failures compromised more in-

depth epidemiological analyses.(22) Therefore, ensuring the standardization and 

accuracy of reporting is crucial for efficient epidemiological surveillance and to 
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support relevant public policies. Continuous surveillance and early detection of 

epidemics are essential for containing the disease, as noted by Kularatne.(25) 

Is concluded with its exceptional dengue incidence profile, the West macro-region 

appears as a possible early indicator in epidemic years in the municipality of Marília. 

This pattern suggests its potential as a sentinel area, allowing for more precise 

monitoring of the spread of dengue and its impact on the local epidemiological 

panorama. The characterization of this region as a strategic surveillance point can 

contribute to the early identification of future epidemics, supporting more effective 

measures to control and mitigate the arboviral disease in Marília. 
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