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Spatial heterogeneity of dengue 
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ABSTRACT

OBJECTIVE: To analyze the spatial and temporal occurrence of dengue fever and 
its association with the heterogeneity of urban environment characteristics.

METHODS: A total of 1,212 dengue cases, recorded in the Information System 
for Notifiable Diseases (Sinan) between 1998 and 2006, in the city of Niterói, 
Southeastern Brazil, were georeferenced according to census tracts. These 
tracts were classified into homogeneous areas for the occurrence of the disease: 
slum, shipyard and urban area. Cases were grouped into five periods – two 
inter-epidemic periods (1998-2000 and 2003-2005) and three epidemic periods 
(2001, 2002 and 2006) – and analyzed using operations between layers in a 
geographic information system (GIS) environment. The kernel method was 
used to identify clusters of cases. Kulldorff’s spatial scan statistic was used 
to confirm these clusters statistically.

RESULTS: Of all cases, 57% were females. Age groups with the highest number 
of cases were 20-29-years (20.5%) and 30-39-years (17.7%). The hill slum 
sector showed only 11% of households covered by garbage collection service, 
the highest percentage of illiterate individuals (8.7%) and head of families with 
income lower than one monthly minimum wage (29.5%). Cases remained in 
the slum sectors. In the first epidemic year and in the inter-epidemic periods, 
the highest number of cases was found in the hill and flatland slum sectors; in 
the second and third epidemic years, in the flatland slum sector.

CONCLUSIONS: The economically active portion of the population was that 
most affected in the study area. Census tracts show spatial heterogeneity in 
relation to life conditions. In addition, in some tracts, there are differences in 
spatial and temporal distribution of the risk of occurrence of dengue fever.

DESCRIpTORS: Dengue, epidemiology. Residence Characteristics. 
Geographic Information Systems, utilization. Urban Zones. Brazil.

INTRODUCTION

Studies on the association between the occurrence of dengue fever and socio-
economic and environmental conditions, aiming to clarify the complexity of 
disease occurrence, do not always obtain results that are expected and in agre-
ement. Several authors indicate an inversely proportional relationship between 
disease incidence level and life conditions,15,19 while others indicate a positive 
relationship between them.2,22 Different associations found in research results 
can be related to the type of spatial unit used, once the grasp of reality may not 
be the ideal one, depending on the level of aggregation.a 

a Alcoforado MV. Dengue 2001-2002, município de Niterói: um estudo ecológico utilizando 
modelos hierárquicos bayesianos [dissertação de mestrado]. Rio de Janeiro: Núcleo de Estudos 
em Saúde Coletiva da UFRJ; 2005.
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The way variables are aggregated can influence the varia-
tion in results. This problem may become worse when 
there are socioeconomic and infrastructure inequalities 
and when the aggregation increases: information from 
covariables can cause regions to be less distinguished 
from one another and, consequently, lead to misleading 
results.a Thus, to know the effect of different forms of 
data aggregation in time and space is relevant for studies 
on the distribution of risks of a disease.1 

As a result, some studies on these associations identi-
fied the occurrence of dengue fever in heterogeneous 
areas in terms of socioeconomic and environmental 
indicators.3,5 

The present study aimed to analyze the spatial and 
temporal distribution of dengue fever and its asso-
ciation with the heterogeneity of urban environment 
characteristics. 

METHODS

The area studied, the district of Ilha da Conceição 
(Conceição Island), in the north of the city of Niterói, 
Southeastern Brazil, is densely populated and has been 
inhabited for a long time. Its area has approximately 
1 km² and a population of about 6,400 inhabitants,b 
comprising 1.4% of the city’s population. 

Since the beginning of the 20th century, the naval 
industry has been the main activity of this region, esta-
blished during the construction of the port of Niterói in 
1927. The local population is comprised of fishermen, 
and naval and train operators. As regards the urban 
environment, the district is characterized by horizontal 
occupation of space, with almost exclusively isolated 
houses (99.2% of the total), in contrast with the few 
apartments and other types of homes comprising 
0.8% of the total. Although the 2000 Censusc did not 
record homes in slums, a minor area of the district 
is becoming a slum, especially in Morro do Mic, as 
observed while performing the study. There is another 
area in the north of the island with precarious homes, 
locally known as Biboca. With the reduction of the 
naval industry and the closure of major shipyards, 
only some small and medium-size companies, which 
outsourced their services for the major shipyards of this 
area, continue to exist. Businesses in this district sell 
essential products and include some stores specialized 
in naval industry and fishing products, one bank and 
ice manufacturers that supply fishing boats. 

Since 2000, there has been a revitalization of the naval 
industry with the return of the shipyards. In addition, 

a Alcoforado MV. Dengue 2001-2002, município de Niterói: um estudo ecológico utilizando modelos hierárquicos bayesianos [dissertação de 
mestrado]. Rio de Janeiro: Núcleo de Estudos em Saúde Coletiva da UFRJ; 2005. 
b Ferreira GS. Análise espaço-temporal da distribuição dos casos de dengue na cidade do Rio de Janeiro no período de 1986 a 2002 
[dissertação de mestrado]. Rio de Janeiro: UFRJ; 2004. 
c Instituto Brasileiro de Geografia e Estatística. Censo brasileiro 2000. Rio de Janeiro; 2001.

the demand for personnel to maintain the Rio-Niterói 
bridge has promoted the migration flow in the district, 
thus causing the local population to fluctuate in certain 
periods of the year.a

Ilha da Conceição was selected for this study because 
it was one of the districts in Northern Niterói where 
dengue cases occurred between 1998 and 2006. 

Records of dengue cases between 1998 and 2006 were 
provided by the Health Surveillance Coordination 
Office of the Niterói Municipal Health Foundation. 
According to the Information System for Notifiable 
Diseases, 1,256 notified cases in the district were 
identified. 

The cartographic base of the district of Ilha da 
Conceição with street axes was provided by the Niterói 
City Hall Department of City Planning and Urban 
Control. An online road map service was used as an 
update to prevent streets without names from influen-
cing the address georeferencing process. If something 
remained unclear, the Global Positioning System (GPS) 
was used in the field. 

Georeferencing of cases was performed in the 
Laboratório de Geoprocessamento do Instituto de 
Comunicação e Informação Científica e Tecnológica 
em Saúde (ICICT/Fiocruz – Institute of Health 
Technological and Scientific Information and 
Communication Laboratory of Geoprocessing), using 
the ArcGis 9.0 software, while spatial analysis was 
made with the Terraview 3.2 software. 

Of all the 1,256 notified cases, 1,212 were georefe-
renced. The remaining 44 addresses did not belong to 
Ilha da Conceição and for this reason were excluded 
from the study. 

Dengue cases were stratified according to age group and 
sex. Socioeconomic and service coverage data, such 
as years of education, income of head of family, water 
supply and garbage collection, were obtained from the 
Instituto Brasileiro de Geografia e Estatística (IBGE 
– Brazilian Institute of Geography and Statistics)b and 
grouped according to census tracts. 

The population in 2000 was considered in the calculation 
of incidence for the entire district. Mean annual inci-
dence was calculated for the inter-epidemic periods. 

After being georeferenced, cases were grouped accor-
ding to the eight census tracts, using operations between 
layers. In addition, they were grouped by year and inter-
epidemic and epidemic period, enabling the calculation 
of annual incidences and for the entire period. 
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The use of census tracts as level of aggregation to assess 
dengue transmission is a strategy employed by authors 
such as Almeida et al1 (2007), Barcellos et al2 (2005), 
Mondini et al10 (2005) and Paulino et al15 (1998). Census 
tracts were also selected because they were the smallest 
spatial units with data aggregation that enabled the 
identification of occurrence of dengue transmission in 
homogeneous or not homogeneous district areas during 
different annual periods. 

Sectors were classified into: hill slum census tract 
(where Morro do Mic is located), flatland slum census 
tract (where Biboca is located), shipyard census tract, 
and urban area census tract. This classification aimed 
to identify homogeneous areas for disease occurrence. 
Slum census tracts have common characteristics, 
described by the IBGEc as sub-normal clusters, defined 
as groups of at least 51 households, occupying or 
having occupied private property until recently, usually 
arranged close together and in a disorganized way, 
and lacking essential public services.c Census tracts 
included larger naval shipyards. Urban area census 
tracts showed the best service coverage indicators, 
according to the IBGE census. The digital set of census 
tracts was obtained from the IBGE.

The IBGE considers census tract 425 to be the western 
and northern sides of Ilha da Conceição (Conceição 
island), in addition to Ilhas de Santa Cruz, Caju, 
Mocanguê Grande, Mocanguê Pequeno, do Viana and 
Manoel João (Santa Cruz, Caju, Mocanguê Grande, 
Mocanguê Pequeno, do Viana and Manoel João 
islands) and the Praça do Pedágio. Census tract 432 is 
comprised of part of the continent, corresponding to the 
beginning of Avenida do Contorno (Contorno Avenue) 
and the access to Ponte Rio Niterói (Rio Niterói bridge). 
To facilitate the reproduction of reality of census tracts, 
census tract 425 was divided into six polygons and 432 
into two polygons (Figure 1).

Census tracts were analyzed according to the type of 
water supply, garbage collection, population by sex, lite-
racy rate of those aged more than five years, percentage 
of heads of family by income ranges and percentage of 
heads of family by years of education ranges.

Cases were grouped into five periods, two of which 
were inter-epidemic (1998-2000 and 2003-2005) and 
three epidemic (2001, 2002 and 2006).

The kernel estimation method was used to identify 
clusters with a higher proportion of cases.4 A kernel 
map with a set of 100 columns over the events and with 
a quartic function algorithm with adaptive radius was 
selected for this study. The adaptive radius automati-
cally estimates a bandwidth, considering the number of 
events and the total extension of the area analyzed.4

The digital set of census tracts, streets and geographical 
coordinates corresponding to the cases were overlaid 

on the kernel map to enable the visual analysis of 
distribution of cases in relation to the clusters identified 
on this map. 

Kulldorff’s spatial scan statistic8 was used to identify 
statistically significant spatial clusters. This method 
identifies the most probable spatial cluster that poten-
tially violates the null hypothesis of non-cluster. To 
achieve this, the method imposes a circular window 
on the map and allows its center to move across the 
study area, searching for an excess of cases in a certain 
section of this map. 

Kulldorff’s method assesses a Z group of distinct 
circles, corresponding to all the circles centered on 
the centroids of different map areas and with random 
r radii varying between zero and a specified upper 
limit, each representing a potential cluster. For each 
circle, the method calculates verisimilitude to observe 
the number of cases inside and outside the circle, assu-
ming that cases originated from a Poisson or Bernoulli 
probability model.8

The hypothesis to be tested was whether all individuals 
in the population had the same probability of becoming 
a case or whether there was a certain study area where 
individuals had a higher probability of becoming a 
case than individuals outside this area. The test was 
conditioned to the total number of cases observed and 
was defined as the ratio of maximum verisimilitude 
about all possible clusters in the group of cases. The 
significance of the cluster detected was tested using the 
p value, obtained through Monte Carlo simulations. 
The maximum percentage of the total population that 
the detected cluster could have was defined as 20% to 
implement scan statistic. The number of Monte Carlo 
simulations selected was 99 simulations and the p 
value was 0.05 for the creation of the test under the 
null hypothesis. 

There was a particular interest in testing whether there 
was evidence of one or more areas having a significantly 
higher risk than the mean value observed in the total 
area and also in identifying the census tracts that were 
included in these clusters. 

RESULTS

Of all cases, 57% were females (692 cases). The age 
group with the highest number of cases was the 20-to-
29-year age group, followed by the 30-to-39-year age 
group, with respectively 20.5% and 17.7% of all cases 
(248 and 215 cases). This pattern did not change in the 
years considered in this study. 

The variation in the number of cases throughout the 
period occurred as follows: 1998-2000: 118 cases; 
2003-2005: 61 cases; 2001: 313 cases; 2002: 446 cases; 
and 2006: 274 cases. 
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In the 1998-2000 inter-epidemic period, it was observed 
that the mean incidence was 18.3/1,000 inhabitants; in 
the 2003-2005 inter-epidemic period, 9.4/1,000 inhabit-
ants; in the 2001 epidemic year, 48.6/1,000 inhabitants; 
in 2002, 69.2/1,000 inhabitants; and in 2006, 42.5/1,000 
inhabitants.

Based on the analysis of cases and census tracts over-
laid on the kernel map, census tracts 427, 428 and 429 
were found to concentrate cases in all years, on specific 
streets (Table) and in the slum census tracts. 

The investigation of distribution of cases in each census 
tract, shown in Figures 2, 3 and 4, indicated that in 
the first epidemic year (2001), the streets that concen-
trated the highest number of cases were located in the 
hill slum (Morro do Mic) and flatland slum (Biboca) 
census tracts.

In the second and third epidemic years (2002 and 2006), 
the streets with the highest number of cases were in the 
flatland slum census tract, all located in Biboca.

As regards the 1998-2000 inter-epidemic period, the 
streets with the highest number of cases belonged to the 
hill and flatland slum census tracts, located in Morro 
do Mic and Biboca. In the 2003-2005 inter-epidemic 
period, the streets with the highest number of cases also 
belonged to the hill and flatland slum census tracts and 
were mainly located in Morro do Mic.

It was observed that the flatland slum census tract 
had the lowest coverage of water supply service. Of 
all homes in this tract with water supply, 76.6% had 
indoor plumbing in at least one room and 23.0% were 
supplied by water from a well or spring in the land, 
without indoor distribution. 

As regards garbage collection in the hill slum census 
tract, 11% of homes were covered by public or private 
garbage collection services, 74.4% disposed of their 
garbage in dumpsters and 13.6% disposed of it on an 
empty lot or public area. 

In terms of the population aged more than five years 
and literate, the hill slum census tract showed the 
highest percentage of (8.7%) of illiterate individuals, 
the highest percentage (29.5%) of heads of family 
with incomes lower than one minimum wage and 
with incomes between one and two minimum wages 
(57.8%). In addition, it was the second census tract with 
the highest percentage (68.3%) of heads of household 
with one to four years of education and similar to the 
flatland slum census tract, with the highest percentage 
(70%) of heads of family with one to four years of 
education.  

Kuldorff’s spatial scan statistic confirmed the spatial 
clusters identified by kernel. When the entire study 
period is analyzed, the results shown were not signifi-
cant (p value=1). The result of analysis by periods 
showed that, in the 1998-2000 inter-epidemic period, a 

Table. Distribution of streets, census tracts, absolute cases and dengue incidence, according to the epidemic period in the 
district of Ilha da Conceição. Municipality of Niterói, Southeastern Brazil, 1999-2006.

Cluster  Year Streets 
Census 
tracts

Type of tracts
Number 
of cases

Incidence/1,000 
inhabitants

Inter-epidemic period 1998- 2000

Rua do Cruzeiro 429 Flatland slum

Travessa Manoel Pedro 427 Hill slum

Travessa José de Souza 427 Hill slum

Rua Nossa Senhora da 
Conceição

429 Flatland slum

Rua Professora Zuleika 429 Flatland slum 118 18.3

Ano epidêmico 2001

Rua Mário Neves: 428 Flatland slum

Travessa José de Souza: 427 Hill slum

Travessa Manoel Pedro: 427 Hill slum 313 48.6

Ano epidêmico 2002
Rua Nossa Senhora da 

Conceição
429 Flatland slum

Rua Professora Zuleika 429 Flatland slum 446 69.2

Período Interepidêmico 2003 - 2005

Travessa Manuel Pedro 427 Hill slum

Rua Nossa Senhora da 
Conceição

429 Flatland slum

Rua Mário Neves 428 Flatland slum 61 9.4

Ano epidêmico 2006
Rua Nossa Senhora da 

Conceição
429 Flatland slum

Rua Professora Zuleika 429 Flatland slum 274 42.5
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primary cluster and a secondary cluster were both iden-
tified in the hill and flatland slum census tracts (p<0.05). 
In the 2003-2005 inter-epidemic period, clusters were 
identified in the hill slum census tract (p<0.05). In 2001, 
an epidemic year, the cluster was identified in the hill 
slum and shipyard census tracts, also covering areas 
of the flatland slum census tract (p<0.05). In 2002 and 
2006, significant clusters were observed in the flatland 
slum census tract exclusively (p<0.05). 

DISCUSSION

The occurrence of a higher number of dengue cases in 
females in this study is a pattern that has been reported 
by Torres20 (2005), once this group is more affected due 
to the vector’s indoor characteristics. Studies that used 
districts as the spatial unit of analysis and secondary 
data corroborate the predominance of female cases.17 
The same has been shown by Vasconcelos et al21 (1993). 
The higher number of cases in women could also have 
resulted from the greater use of health services, leading 
to possible notification bias. 

As regards the age group, it was observed that 38.2% 
of cases occurred in the economically active range. 
Ilha da Conceição is characterized by a predominantly 
adult population, mostly aged between 20 and 29 
years (21.1% of the population). Thus, a great portion 
of the economically active population was affected 
by the disease, which could have harmed the local 
economy. According to Nobre et al11 (1994), dengue 
fever has important socioeconomic implications, as it 

Figure 2. Kernel estimation of dengue cases distribution 
according to periods and census tracts in the district of Ilha 
da Conceição. Municipality of Niterói, Southeastern Brazil, 
1998-2001.
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Figure 1. Classification, situation and type of census tracts 
in the district of Ilha da Conceição. Municipality of Niterói, 
Southeastern Brazil.
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affects major urban centers, causes work absenteeism, 
reduces tourist flow, increases health service demand 
and requires great amounts of financial resources 
to be spent. Gonçalves Neto & Rebelo6 (2004) and 
Vasconcelos et al22 (1993), who used the city as the 

spatial unit of analysis, indicated greater risk of being 
infected by dengue in individuals from the economi-
cally active range. Studies that used districts3,17,21 and 
census tracts7 as spatial units of analysis indicated the 
same risk, revealing the disease’s major negative effect 
on the economy of the affected area. In addition, the 
high percentage of cases recorded should be consid-
ered to be associated with the need to obtain a medical 
certificate to justify work absences, thus resulting in 
further notification bias.

Studies by Botinelli et ala and Pérez Martinez et al16 
(2003) indicate clusters of blocks for tourist accommo-
dation and hotels and areas with a heavy flow of people 
as high-risk areas for dengue fever. This fact could have 
occurred in the area of the present study. 

As regards viral circulation, in the beginning of the 
study in 1998, the circulating virus was DEN2, which 
remained until 2001, when DEN1 was reintroduced, 
causing an epidemic throughout the city, affecting 
city districts with particularities. In 2002, DEN3 was 
introduced. The circulation of the three viruses was 
concomitant in the entire city until the end of the 
study period.b

a Bottinelli OR, Marder G, Ulón SN, Ramírez L, Sario, HR. Estratificación de áreas de riesgo-dengue en la ciudad de corrientes mediante el 
uso de los (SIG) Sistemas de Información Geográfico. Corrientes: Universidad Nacional del Nordeste; 2002. 
b Fundação Municipal de Saúde de Niterói. Relatório Técnico da Coordenação de Vigilância em Saúde. Niterói; 2007.

Figura 4. Kernel estimation of dengue cases distribution 
according to periods and census tracts in the district of Ilha 
da Conceição. Municipality of Niterói, Southeastern Brazil, 
2006.
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2002-2005. 
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In epidemic years, the highest incidence rate occurred 
in 2002, with 69.2 cases/1,000 inhabitants. As the 
island population has low population growth, when 
compared to the means of the remaining city districts, 
this increase in incidence rate could be associated with 
the introduction of a new type of virus of the disease 
in the susceptible population.12,13 This incidence could 
also be associated with population fluctuations due 
to the availability of jobs in shipyards, once a great 
portion of this population are not included in the IBGE 
statistics, although they seek health services in the area 
for medical care.  

The persistence of cases in Morro do Mic and Biboca, 
both located in slum census tracts, causes concern. In 
Morro do Mic, the majority of cases occurred on the 
higher part of the hill, an area of difficult access, reached 
by long flights of steps. It is an area that includes 77.7% 
of the households with garbage disposed of in dump-
sters and 98% with public water supply. However, the 
local population has the highest percentage of illiterate 
individuals aged more than five years (8.7%), the 
highest percentage of heads of family with the lowest 
number of years of education (68.3%), 57.8% of whom 
receive less than two minimum wages. This socioeco-
nomic and service coverage pattern was observed in 
studies by Almeida et al1 (2007) and Paulino et al15 

(1998), who analyzed the risk of dengue fever using 
stratification of census tracts and found an incidence 
level inversely proportional to life conditions. Areas 
at a higher risk were clustered in densely-populated 
census tracts, including population with lower income 
and level of education, living in simple dwellings and 
lacking basic services. 

Biboca had been considered a slum in previous censuses 
and is currently an urban census tract. However, it 
remained a slum in this study. It is an area with a 
concentration of precarious homes and disorganized 
occupation, with a great concentration of temporary 
workers, most of who were in naval construction. There 
was a large uncovered water container (water tank) 
close to this area, which was probably linked to the 
proliferation of vectors and virus transmission. In an 
observation made in the field, this container was found 
to be abandoned and its bottom had been occupied 
and turned into home for community residents. The 
hypothesis is that this particular location played a role 

in maintaining dengue on Ilha da Conceição. In fact, 
in all periods studied, streets belonging to this loca-
tion and those located around it showed cases in the 
clusters identified by the kernel method and confirmed 
by Kulldorff. According to Lagrota et al9 (2008), 
medium-size and large water containers are found to 
be more productive for Aedes aegpypti and play an 
important role in the spread of dengue. These must be 
key breeding sites for control actions, because large 
breeding sites have a major importance in maintaining 
high vector densities in all seasons of the year. Areas 
with irregularity in water supply and the presence of 
homes with precarious structure favored the mainte-
nance of vector breeding sites,9 a factor also indicated 
by Oliveira & Valla14 (2001). 

As regards the methods for spatial analysis used, 
Kulldorff’s spatial scan statistic was found to be useful, 
because it confirmed that the kernel method can be 
suitable for a local-level study, once it is a subjective 
and exploratory method, depending on the researcher’s 
perception to define its parameters. 

By classifying census tracts for the analysis of point 
pattern of dengue cases, their spatial heterogeneity 
in relation to life conditions was observed. Spatial 
heterogeneity is defined as a certain geographical space 
where populations in different socioeconomic strata are 
found. This space can be a cluster of spatial units, such 
as census tracts, districts and/or sanitary districts.5 

According to Sabroza et al18 (1992), heterogeneity of 
incidence and/or distribution of cases is associated 
with different life conditions of the distinct social strata 
occupying the space. The way spaces are occupied by 
populations of different socioeconomic strata can cause 
these spaces to become vulnerable and create conditions 
that favor disease production and reproduction. 

Thus, in the case of dengue fever, when referring to the 
spatial heterogeneity of incidence and/or case distribu-
tion, this study also refers to the spatial heterogeneity 
of life conditions. Each place has its own history, which 
results from unique social and political processes. 
Consequently, it expresses the particularity of disease 
transmission processes where production and reproduc-
tion become concrete, as exemplified by the areas found 
to have different life condition patterns with resulting 
different risks of disease infection.
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