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ABSTRACT

OBJECTIVE: Analyze the spatial distribution of classical dengue and severe dengue cases in 
the city of Rio de Janeiro. 

METHODS: Exploratory study, considering cases of classical dengue and severe dengue with 
laboratory confirmation of the infection in the city of Rio de Janeiro during the years 2011/2012. 
The georeferencing technique was applied for the cases notified in the Notification Increase 
Information System in the period of 2011 and 2012. For this process, the fields “street” and 
“number” were used. The ArcGis10 program’s Geocoding tool’s automatic process was performed. 
The spatial analysis was done through the kernel density estimator. 

RESULTS: Kernel density pointed out hotspots for classic dengue that did not coincide 
geographically with severe dengue and were in or near favelas. The kernel ratio did not show 
a notable change in the spatial distribution pattern observed in the kernel density analysis. 
The georeferencing process showed a loss of 41% of classic dengue registries and 17% of severe 
dengue registries due to the address in the Notification Increase Information System form. 

CONCLUSIONS: The hotspots near the favelas suggest that the social vulnerability of these 
localities can be an influencing factor for the occurrence of this aggravation since there is a 
deficiency of the supply and access to essential goods and services for the population. To reduce 
this vulnerability, interventions must be related to macroeconomic policies. 

DESCRIPTORS: Dengue, epidemiology. Spatial Analysis. Geographic Information Systems. 
Health Information Systems. 
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INTRODUCTION 

Dengue is one of the most important tropical diseases in the world due to its high incidence 
and potential for dissemination. It is closely related to climatic variables and the political, 
economic and socio-environmental conditions that favor the proliferation of its vector22. 
Some chronic conditions are also identified as possible individual risk factors for the 
occurrence of SD11. 

It is caused by an arbovirus of the genus Flavivirus (serotypes 1, 2, 3 and 4) and transmitted 
by the Aedes Aegypti mosquito6,17. 

It is known that early and appropriate diagnosis and treatment are essential to reduce the 
lethality of the disease. Currently, the World Health Organization (WHO) adopts a simpler 
classification of dengue cases: non-severe dengue or severe dengue21. 

The serotype DENV-1 was detected in the state of Rio de Janeiro in 1986. Since then, intense 
transmission of the disease has been observed. With the emergence of DENV-2, in 2008, there 
was an epidemic with the highest number of cases ever in the statea. 

In this context, the city of Rio de Janeiro is an important scenario to understand the factors 
that interfere in the transmission dynamics and worsening of the disease, since it has 
considerable socioeconomic and demographic differences among its administrative regions 
and it also had the highest percentage of notified cases in the state. 

From the above, this study proposes to analyze the spatial distribution of classical dengue and 
severe dengue cases in the city of Rio de Janeiro, in order to contribute to the decision-making 
process to effectively control the disease in the city. 

METHODS 

In this ecological study, the spatial distribution of classical dengue fever (CD) cases and severe 
dengue (SD) cases in the city of Rio de Janeiro during the years 2011 and 2012 was carried out 
only with cases that had laboratory confirmation of the infection. We opted to utilize only 
cases confirmed by a laboratory so that there wouldn’t be any doubts regarding the diagnoses. 

The city of Rio de Janeiro is composed of 160 neighborhoods distributed in 33 administrative 
regions (RA). It has an estimated population of 6,497,728 people in a territorial extension of 
122,456.01 km², encompassed by residential areas - outside and within subnormal clusters 
( favelas), commercial sectors, parks, beaches, lakes and the Atlantic Forest. About 20% 
(426,479) of the total households in the city are in subnormal census tractsb. 

To identify the cases of CD and SD in the city of Rio de Janeiro in 2011 and 2012, we used 
the complete database of the Notification Increase Information System (SINAN) of the 
Rio de Janeiro State Health Department. 

During the years surveyed, 101,699 dengue cases were reported throughout the city of 
Rio de Janeiro, and 31,874 of those were confirmed by a laboratory. The database was cleaned, 
excluding duplicities with the help of the SPSS program’s merge function. A total of 30,751 
cases were selected for this study. 

The fields street and number were used for georeferencing. Data about the neighborhood available 
in the SINAN database refers to the neighborhood declared by the patient when he or she was 
filling the individual notification form (FIN) and, due to neighboring streets, it often does not 
represent the correct neighborhood of residence and is not a valid variable for georeferencing. 

From the cases reported in SINAN, the georeferencing was performed using the automatic 
process of the ArcGis10 program’s Geocoding tool. This process consists in providing the 
latitude and longitude coordinates of each record by comparing it to a cartographic base. The 
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cartographic base used was provided by the Núcleo de Geoprocessamento – ICICT/FIOCRUZ 
from the year 2000 on the scale 1:2,000. For the non-localized cases, we performed a manual 
georeferencing, which consisted of searching each address in Google Maps or the post office 
website. After the application of this technique, 17,466 records were georeferenced, i.e., 
about 57% of the total number of laboratory confirmed cases in 2011 and 2012, with 59% 
CD and 83% SD. 

To verify if the loss occurred in CD cases influenced the spatial distribution obtained in 
relation to the SD cases, a loss simulation was performed in SD cases similar to the loss 
that occurred in CD cases. This simulation was carried out excluding from the database the 
difference between the percentage of severe cases in each neighborhood in relation to the 
classic georeferenced cases. 

From the shapefile with CD and SD cases, spatial statistical analyses were performed, which 
allowed us to estimate their densities within the study area, using the Spatial Analysis 
extension of the ArcGis10 software for this calculation. 

One of the analysis carried out was the kernel density estimator, and this study used the 
Gaussian function with a neighborhood radius of 900 m, defined automatically by the 
software. The intensity kernel allows us to estimate the number of events per unit area in 
each cell of a regular grid that covers the studied region9,13,14. 

This non-parametric technique, in addition to estimating the intensity of occurrence of cases 
across the analyzed surface, allows us to filter the variability of a data set while retaining its 
main local characteristics24. 

λ (s) = ∑
n

1
k

(s - si)
τ 2 τi=1

Explanation: λ (s) – intensity estimator; k ( ) – kernel weighting function; t – bandwidth; 
s – center of the area to be estimated; si – point location; n - total number of points (events). 

In situations where the population is distributed heterogeneously in the space, the kernel 
density estimator map may not reflect the spatial distribution of the risk, so the kernel ratio 
was calculated using the logarithm (log) of the population living in the city of Rio de Janeiro. 
The transformation of the Napierian logarithm type into the population variable was made 
because some census tracts have zero population due to the lack of data availability from 
IBGE16, thus adjusting its distribution. 

RESULTS 

Although it is possible to observe a spatial distribution of cases throughout the territorial 
extension of the city, Figure 1 (A, B) shows that the Bangu, Vila Isabel, Tijuca, Anchieta, 
Madureira, and Campo Grande RA have CD hotspots (high-density areas). On the other hand, 
the Realengo, Jacarepaguá, Rio Comprido, Copacabana, Santa Teresa, Rocinha Anchieta, 
Madureira, and Campo Grande RAs have SD hotspots. 

It should be noted that the Anchieta, Madureira, and Campo Grande RA have CD and SD 
hotspots and have a Social Development Index (SDI) lower than the one registered by the 
city of Rio de Janeiro. 

Figure 2 (A, B) shows CD hotspots in the Barra da Tijuca, Campo Grande, Centro, Guaratiba, 
Ilha do Governador, Jacarepaguá, Realengo, Santa Cruz, Santa Teresa, and Tijuca RA. 
When observing SD cases, the same RA have hotspots, except for the Tijuca neighborhood. 

The highlighted rectangles in the figures show that the hotspots are inside or close to 
subnormal clusters ( favelas). 
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Of the 33 RAs in the city of Rio de Janeiro, seven presented kernel densities between medium 
and high for CD cases and nine presented the same for SD cases. This shows that dengue is 
distributed geographically throughout the city, with a predominance of hotspots in severe cases. 

The kernel ratio was calculated for CD and SD cases starting from the estimation of the 
density of cases and population, with an approximation of risk areas, since their values are 
weighted by the case-population relationship. The kernel ratio calculation was performed 
separately and showed a change in the pattern of spatial distribution found in kernel density, 
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information of the subnormal clusters was included in the highlighted rectangles, identified by black traces.
CD: classical dengue; SD: severe dengue

Figure 1. Kernel density of laboratory confirmed CD (A) and SD (B) cases in the city of Rio de Janeiro 
in the years 2011–2012.
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since the Anchieta, Bangu, Vila Isabel, Irajá, Madureira, Rio Comprido, Copacabana, and 
Rocinha RA no longer presented CD or SD hotspots. 

The hotspots for classical dengue were observed in the administrative regions of Barra da 
Tijuca, Campo Grande, Centro, Guaratiba, Ilha do Governador, Jacarepaguá, Realengo, 
Santa Cruz, Santa Teresa, and Tijuca. The hotspots for severe dengue were found in Barra 
da Tijuca, Campo Grande, Centro, Guaratiba, Ilha do Governador, Jacarepaguá, Realengo, 
Santa Cruz, and Santa Teresa. 

Legend

Chaos intensity
Low

Medium

High

Administrative
Region Limit

Atlantic Ocean

Baía de
Guanabara

Baía de
Sepetiba

0 16.8
m

N

Legend

Chaos intensity
Low

Medium

High

Administrative
Region Limit

Atlantic Ocean

Baía de
Guanabara

Baía de
Sepetiba

0 16.8
m

N

A

B

Note: The rectangles highlighted in the figures are intended to expand areas that have high Kernel density. Localization 
information of the subnormal clusters was included in the highlighted rectangles, identified by black traces.
CD: classical dengue; SD: severe dengue

Figure 2. Kernel ratio of laboratory confirmed CD (A) and SD (B) cases in the city of Rio de Janeiro in 
the years 2011–2012.
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In the evaluation of the losses generated by the georeferencing process, there was a greater 
loss in CD records (41%) than in SD cases (17%), as observed in Figure 3. However, when we 
applied the simulation of losses in cases of severe dengue, the spatial distribution remained 
unchanged, not affecting the results presented previously. 

DISCUSSION 

The city of Rio de Janeiro has different social and demographic characteristics, with 
different SDI for each of its administrative regions, the following of which have the lowest 
five indexes: Guaratiba (0.51); Complexo do Alemão, Jacarezinho, Rocinha, and Santa Cruz 
(0.54); Maré (0.55); Cidade de Deus and Pavuna (0.56); Bangu, Campo Grande, Portuária, 
and Vigário Geral (0.57)b. 

It should be noted that the Anchieta, Bangu, Campo Grande, Jacarepaguá, Madureira, 
Rio Comprido, and Rocinha RA present hotspots in the kernel density and have an SDI below 
the SDI for Rio de Janeiro city (0.61). 

The precarious sociodemographic condition, evidenced by the low SDI, leads the region to a 
process of structural violence, culminating in the oppression of groups, who are denied societal 
achievements, making them more vulnerable to suffering and death than others19. Violence 
threatens life, alters health, produces disease and make death a reality or a near possibility1. 

As observed in Figures 1 and 2, the distribution of SD and CD cases does not coincide 
geographically throughout the territory, indicating that other factors, besides prior exposure to 
another serotype, may be associated with the aggravation of the case, such as social vulnerability9. 

According to Flauzino et al.12, in a study carried out in the city of Niterói, RJ, hotspots, 
both in density and kernel ratio, in or near the favelas of Rio de Janeiro, suggest that the 
occurrence of dengue may be related to the social vulnerability of those populations. It is 
noteworthy that up to 2010, about 1,391,906 people lived in subnormal clusters (favelas) 
in the city of Rio de Janeirob. 
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Figure 3. Kernel density of severe dengue cases in the city of Rio de Janeiro between 2011 and 2012, 
with a simulation of losses. 
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Poor access to goods and services, such as education, leisure, work, culture, social health 
services, housing, water and sewage, as well as unemployment, inadequate work environment, 
low agricultural and food production7 contributes to the growth of this social vulnerability, 
reducing the individuals’ ability to respond to risk situations15,20. The violence often existing in 
these localities limits the actions of the government, contributing to this social vulnerability. 

Figures 1 and 2 show that areas with higher density were in or near subnormal clusters, reinforcing 
the theory that socioeconomic aspects are also important to understand the spatial distribution 
of dengue2. Corroborating the findings, Chiaravalloti Neto et al.9 describe in their study the 
existence of a higher dengue risk in areas with higher demographic density and lower income. 

The social organization in places of greater vulnerability directly implies health promotion 
actions. Among the objectives of these actions are improving urban infrastructures, such as 
basic sanitation, garbage collection, education, and health services, and to serve as a basis for 
the development of public policies that seek citizenship and quality of life20. This vulnerability 
can be minimized through interventions related to macroeconomic and job market policies, 
environmental protection, and the promotion of a culture of peace and solidarity7. 

The lack of sanitary conditions favors the emergence of potential breeding places for 
Aedes Aegypti. The need to use water for body hygiene, the domicile, and even for food 
manipulation leads the population to store water in unfavorable or inappropriate containers, 
such as barrels, which cannot be fully sealed and facilitates the reproduction of the vector5,8,25. 

The social organization will be related to the degree of empowerment of the population, 
since empowered individuals will have greater mobilization capacity with consequent 
optimization of existing resources to improve coping in risk situations20. 

The inclusion of social inequalities as risk markers for dengue indicates the transformation of 
space and social dynamics as fundamental factors in the development of spaces conducive to 
the maintenance of dengue, and should, therefore, be prioritized in the public policy agenda12,18. 

The application of the georeferencing technique and statistical analysis is important to 
evaluate the spatial distribution of dengue and to understand the factors that may be 
related to the occurrence of the cases. This technique allows the mapping of the disease 
and contributes to the structuring and analysis of social and environmental risks23, but the 
data stored in the information systems must be complete. 

It is possible to highlight as a limitation of this study the losses registered in the georeferencing 
process, evidencing fragility in epidemiological surveillance actions, since it compromises 
the reading of the local reality and makes the decision-making process more difficult. 

The results of this study suggest that barriers to access health services interfere with the early 
diagnosis of dengue, leading to a greater possibility of SD cases, since the late diagnosis of the 
disease may imply in failure to identify the warning signs of the disease. It should be noted 
that an improvement in access to health services is related to the principle of universality 
provided for in the Brazilian Unified Health System (SUS). 

In this scenario, we can highlight that the Family Health Strategy (ESF) becomes a means 
to reduce the vulnerabilities in these areas. The ESF works with the identification of social 
determinants of health and the empowerment of communities to solve local problems, and 
contributes to correct the addresses provided during the first treatment, minimizing losses 
during the process of disease georeferencing. 

The difference in loss of records between cases of CD and SD (Figure 3) can be attributed to 
the better completion of the individual investigation form (FII) in cases of SD. The severity of 
SD cases and the need to close them justifies this better filling. This fact indicates the need 
for permanent education to clarify the importance of completing the form also be mentioned 
in the cases of CD, in order to develop actions to monitor and control the aggravation. 
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It is noteworthy that, as losses occurred homogeneously in the analyzed territory, it did not 
include bias in the study. 

The association between local inequalities and dengue incidence, using macroregions, such as 
the RA used in this study, does not allow for a detailed analysis of the internal heterogeneities 
existing in these spaces. This situation could be different with the use of census tracts as 
units of analysis. However, there are limitations to spatially locate population disease data 
obtained through the SINAN4,5 database, especially involving form filling faults23. 

Another limitation of the study that must be highlighted is that, in epidemic periods, such 
as in the period under study, underreporting of CD may occur more frequently. In addition, 
the data filled in the Individual Notification Form (FIN) and Individual Investigation Form 
(FII) of the SINAN can poorer regarding the “street” field, causing the loss of records24. 

The fight against dengue is not a simple task, since its occurrence, whether in the classical 
form or in the severe form, involves social factors and the provision of health services. 

The spatial distribution analysis, using the Kernel estimator, is a valuable tool for planning 
actions, since it can and should be used to better understand the factors that contribute to 
the occurrence of dengue3. 

The observation of social inequalities to understand the occurrence of CD and SD exposes 
the importance of geographic space and social dynamics in the definition of places with 
dengue maintenance capacity. This observation must be considered in the organization 
of strategic actions to combat the vector and in the planning of care provisions in areas of 
greater vulnerability, generating a positive impact in the control of the disease and reducing 
the severity of the disease. 

REFERENCES 

1. Agudelo SF. La violencia: un problema de salud pública que se agrava en la región. Bol Epidemiol OPS. 
1990;11(2):1-7. 

2. Araújo JR, Ferreira EF, Abreu MHNG. Revisão sistemática sobre estudos de 
espacialização da dengue no Brasil. Rev Bras Epidemiol. 2008;11(4):696-708. 
https://doi.org/10.1590/S1415-790X2008000400016

3. Barbosa GL, Lourenço RW. Análise da distribuição espaço-temporal de dengue e da infestação 
larvária no município de Tupã, Estado de São Paulo. Rev Soc Bras Med Trop. 2010;43(2)145-51. 
https://doi.org/10.1590/S0037-86822010000200008

4. Barcellos C, Bastos FI. Geoprocessamento, ambiente e saúde: uma união possível? 
Cad Saude Publica. 1996;12(3):389-97. https://doi.org/10.1590/S0102-311X1996000300012

5. Barcellos C, Pustai AK, Weber MA, Brito MRV. Identificação de locais com potencial 
de transmissão de dengue em Porto Alegre através de técnicas de geoprocessamento. 
Rev Soc Bras Med Trop. 2005;38(3):246-50. https://doi.org/10.1590/S0037-86822005000300008

6. Barreto ML, Teixeira MG. Dengue no Brasil: situação epidemiológica e contribuições para uma agenda 
de pesquisa. Estud Av. 2008;22(64):53-72. https://doi.org/10.1590/S0103-40142008000300005

7. Buss PM, Pellegrini Filho A. A saúde e seus determinantes sociais. Physis. 2007;17(1):77-93. 
https://doi.org/10.1590/S0103-73312007000100006

8. Caprara A, Lima JWO, Marinho ACP, Calvasina PG, Landim LP, Sommerfeld J. Irregular water 
supply, household usage and dengue: a bio-social study in the Brazilian Northeast. Cad Saude 
Publica. 2009;25 Supl 1:S125-36. https://doi.org/10.1590/S0102-311X2009001300012

9. Castro MG, Abramovay M. Jovens em situação de pobreza, vulnerabilidades sociais e violências. 
Cad Pesq. 2002;(116):143-76. https://doi.org/10.1590/S0100-15742002000200007

10. Chiaravalloti Neto F, Moraes MS, Fernandes MA. Avaliação dos resultados de atividades 
de incentivo à participação da comunidade no controle da dengue em um bairro 
periférico do Município de São José do Rio Preto, São Paulo, e da relação entre 
conhecimentos e práticas desta população. Cad Saude Publica. 1998;14 Supl 2:S101-9. 
https://doi.org/10.1590/S0102-311X1998000600009



9

Spatial distribution of dengue fever in Rio de Janeiro Carvalho S et al.

https://doi.org/10.11606/S1518-8787.2017051006239

11. Cunha RV. Aspectos clínicos e epidemiológicos da infecção pelos vírus dengue 
em áreas endêmicas do Brasil. Rev Soc Bras Med Trop. 1998;31(4):409-10. 
https://doi.org/10.1590/S0037-86821998000400014

12. Flauzino RF, Souza-Santos R, Barcellos C, Gracie R, Magalhães MAFM, Oliveira RM. 
Heterogeneidade espacial da dengue em estudos locais, Niterói, RJ. Rev Saude Publica. 
2009;43(6):1035-43. https://doi.org/ 10.1590/S0034-89102009005000064

13. Flauzino RF, Souza-Santos R, Oliveira RM. Dengue, geoprocessamento e indicadores 
socioeconômicos e ambientais: um estudo de revisão. Rev Panam Salud Publica. 
2009;25(5):456-61. https://doi.org/10.1590/S1020-49892009000500012

14. Forattini OP, Brito M. Reservatórios domiciliares de água e controle do Aedes aegypti. 
Rev Saude Publica. 2003;37(5):676-7. https://doi.org/10.1590/S0034-89102003000500021

15. Gomes MA, Pereira MLD. Família em situação de vulnerabilidade social: 
uma questão de políticas públicas. Cienc Saude Coletiva. 2005;10(2):357-63. 
https://doi.org/10.1590/S1413-81232005000200013

16. Instituto Brasileiro de Geografia e Estatística. Cidades: Rio de Janeiro: síntese das informações. Rio de 
Janeiro: IBGE; c2016 [cited 2017 Apr 6]. Available from: http://www.cidades.ibge.gov.br/xtras/temas.ph
p?lang=&codmun=330455&idtema=16&search=rio-de-janeiro|rio-de-janeiro|sintese-das-informacoes

17. Lopes N, Nozawa C, Linhares REC. Características gerais e epidemiologia dos arbovírus emergentes no 
Brasil. Rev Pan-Amaz Saude. 2014;5(3):55-64. https://doi.org/10.5123/S2176-62232014000300007

18. Machado JP, Oliveira RM, Souza-Santos R. Análise espacial da ocorrência de dengue 
e condições de vida na cidade de Nova Iguaçu, Estado do Rio de Janeiro, Brasil. 
Cad Saude Publica. 2009;25(5):1025-34. https://doi.org/10.1590/S0102-311X2009000500009

19. Minayo MCS. A violência social sob a perspectiva da saúde pública. Cad Saude Publica. 
1994;10 Supl 1:S7-18. https://doi.org/10.1590/S0102-311X1994000500002

20. Muñoz Sánchez AI, Bertolozzi MR. Pode o conceito de vulnerabilidade apoiar a construção 
do conhecimento em Saúde Coletiva? Cienc Saude Coletiva. 2007;12(2):319-24. 
https://doi.org/10.1590/S1413-81232007000200007

21. Organización Panamericana de la Salud. Guías de atención para enfermos de dengue en 
la región de las Américas. La Paz: OPS/OMS; 2010 [cited 2017 Apr 6]. Available from: 
http://www.ops.org.bo/textocompleto/ndeng31482.pdf

22. Silva JS, Mariano ZF, Scopel I. A dengue no Brasil e as políticas de combate ao Aedes aegypti: 
da tentativa de erradicação às políticas de controle. Hygeia Rev Bras Geogr Med Saude. 
2008[cited 2017 Apr 6];4(6):163-76. Available from: http://www.seer.ufu.br/index.php/hygeia/
article/view/16906/9317

23. Skaba DA, Carvalho MS, Barcellos C, Martins PC, Terron SL. Geoprocessamento dos 
dados da saúde: o tratamento dos endereços. Cad Saude Publica. 2004;20(6):1753-6. 
https://doi.org/10.1590/S0102-311X2004000600037

24. Tassinari WS, Pellegrini DCP, Sabroza PC, Carvalho MS. Distribuição espacial da leptospirose 
no Município do Rio de Janeiro, Brasil, ao longo dos anos de 1996-1999. Cad Saude Publica. 
2004;20(6):1721-9. https://doi.org/10.1590/S0102-311X2004000600031

25. Tauil PL. Aspectos críticos do controle do dengue no Brasil. Cad Saude Publica. 2002;18(3):867-71. 
https://doi.org/10.1590/S0102-311X2002000300030

Funding: Fundação Carlos Chagas Filho de Amparo à Pesquisa of Rio de Janeiro State (FAPERJ – Edict 3/2012 – 
Study of Neglected and Reemerging Diseases). 

Authors’ Contribution: Design and planning, analysis, data interpretation: SC, MAFMM, RAM. Manuscript 
critical review: SC. All authors have approved the final version of the manuscript and assume public responsibility 
for the content of the manuscript. 

Conflict of Interest: The authors disclosed no conflict of interest.


