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Abstract 

Independent entomological variables and human socio-economic characteristics can 
influence the risk of malaria infection in urban areas, yet the imbalanced spatial distribution 
of infection remains in question. There is often a lack of simultaneous consideration of the 
factors responsible for the transmission of parasites. This work examines interactions 
between the entomological profile of urban places and their socio-economical characteriza-
tion through the implementation of a geographic information system (GIS) database. 

1 Introduction 

Urban malaria does not follow classic schemes of epidemic diffusion and therefore requires 
a particular focus (MOUCHET et al. 2004). With more than 3 million inhabitants, Dakar 
can no longer be ignored in the geography of malaria in Senegal. Given various economic 
and practical factors, health indicators are not currently available in Dakar and without 
these indicators, the diffusion of the disease is impossible to track. Individual monitoring is 
not yet a possibility and the required details are too expensive to obtain (Plasmodiums 
genetic analysis is necessary to distinguish imported and endogenous origin of malaria 
cases). The use of proxy indicators may allow us to overcome these obstacles (BECK et al. 
1994). 

This work is the result of a three-year multi-disciplinary research program based on 
extensive GIS data sets to explore the urban environment in order to identify hot spots of 
malaria risks. The challenge was to visualize potential sites at risk using incomplete and/or 
indirect data. GIS was used as a tool to analyse this kind of data and to link different 
sources in a given territory over various temporal periods.  

2 Materials 

One of the main characteristics of less developed countries is the difficulty to obtain good 
population data. Nevertheless, some existing data can be exploited, opening new horizons 
for research. Senegal is no exception to this rule. Censuses are useful resources, but scale 
and the quality of data are often problematic. Aggregated data integrated into a GIS system 
can be useful to compensate for these deficits (See for example MERCHANT et al. 2011, 
GUILMOTO et al. 2002).  
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Data from satellite imagery are becoming more readily available with spatial and temporal 
resolution that can be helpful not only to characterize the landscape but also as proxy 
variables for the characterization of the urban environment. Although these images do not 
directly produce socio-economic data, a number of extrapolations from their analysis can be 
produced (see notably DUREAU et al. 1989). 

The 2002 (published in 2006) and 1988 (which has remained largely unused) census data 
for Dakar is available in a digital format, distributed by the National Agency of Statistics 
and Demography. Its integration into a GIS system was conducted by N’DONKY (2011) in 
the context of an IRD (“Institut de Recherche et de Développement”) research program. 
The first process identified the quality data which could be used in a socio-spatial analysis 
of the agglomeration of Dakar. 

There have been numerous studies involving satellite imagery, limiting the need to rely on 
aerial photos used by VERNIÈRE (1978). This work is now being applied to health issues, 
particularly to malaria (for example MACHAULT et. al. 2012). 

The following table shows the main data available for this article. 

Tab. 1: Preliminary Data sources for Dakar metropolitan area 

Type Spatial coverage Time frame Source 

Landcover data with 
2.5 m raster size 

Region of Dakar 2007 – 2008 
– 2010 

satellite data from 
SPOT 5 

Multitemporal 
analysis of landcover 

Maps on all 
the region of Dakar 

1988 – 2008 Centre de Suivi 
Ecologique (CSE)1 

Socioeconomic 
variables 

2000 CDs 
(Census Districts) 

2002 Census ANSD 

Prevalence Rate 112 CDs 2008 ANR ACTUPALU 

3 Methods 

In order to map the estimation of malaria risk on a fine scale, we have constructed two 
indicators which correspond respectively to the hazard and the vulnerability in the case of 
this infection. According to the classic equation of risk, we assume that the intersection of 
these indexes allows us to approach the epidemic profile of the territories. The first 
indicator gives information about the hazard through entomological data; this provides 
information on the presence of the vector. On an aggregated scale, precise and localized 
data have been extrapolated in order to give a model for the number of Anopheles bites per 
person, and per night (the Human-Biting Rate – HBR) in Dakar’s urban area (MACHAULT 
et al. 2012). It is aggregated to the district level and can be available at a finer scale. There 
are some limitations for this indicator in our study area because we have this estimate only 
for 1495 Census Districts. 

                                                           
1 http://svr-web.cse.sn/ 



M. Borderon, S. Oliveau, A. N'Donky and R. Lalou 194

The second indicator that we have proposed is built with the help of the census dataset. The 
census data includes 160 variables which are divided into five major categories and 17 
subcategories. These five major groups incorporate the classic categories found in the 
literature to characterize household social vulnerability. Several exploratory analyses were 
conducted to reduce and synthesize the information contained in the data. PCA (Principal 
Components Analysis) was performed on each of the 17 categories to allow the analysis.  
Subgroups were developed through an expert approach (using previous knowledge at each 
time step of the exploratory method). A clustering was carried out to construct homogenous 
groups with distinct classifications. The clustering by means of the k-means method 
provided the distance of each individual at the center of gravity of its class. These results 
are mapped (BORDERON 2013).  

These two indicators of malaria infection exposition have been confronted by the bivariate 
LISA (BiLISA) method. The results are completed by the assessment of the co-localization 
existing between the entomological profile of census districts and their social vulnerability 
profile. The biLISA method allows a comparison between the spatial structure of land use 
by mosquitoes with human social components. This process highlights the spatial clusters 
where a combination of factors exists.   

Furthermore, the prevalence rate was used as a third indicator in order to validate the 
statistical model. Estimated prevalence rates from the rainy season in 2008 and available 
after a survey conducted as part of a program (ACTUPALU) were used to check the 
consistency of the mapping of malaria risk in Dakar. This malariometric index was 
calculated as the estimation of the percentage of thick blood smears carrying a plasmodium 
in 50 sites studied during the ACTUPALU program. A thick blood smear for malaria 
parasite research and a dried blood filter paper spot were collected from each volunteer. 
Sixty households in each site (3,000 households for the 50 sites) were selected. The first 
criterion for household selection was the presence of at least one child aged between 2 to 10 
years. After collecting family consent, the families completed questionnaires including 
socio-demographic information, household lifestyle, education level, income, and the 
access mode to healthcare facilities. Parasite prevalence varied from one study site to 
another, ranging from 0 to 7.41%. No plasmodium carriers were found in fifteen sites.  

4 Results 

The BiLISA Moran's I “gives an indication of the degree of linear association (positive or 
negative) between the value for one variable at a given location and the average of another 
variable at neighbouring locations. BiLISA is a correlation between two different variables 
in an area and in nearby areas” (ANSELIN et al. 2002). 
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Fig. 1: BiLISA cluster map in Dakar, Senegal 

There was not a high co-localization between the evaluated HBR and the socio-economical 
profile of the inhabitants. Likewise, at the superior scale, an average HBR can be explained 
for a large part (43%) by an average social profile of nearby census districts. The spatial 
coherence which exists between profiles leads to several interpretations. The notion of 
“poverty traps” for example can be a good summary of the places of accumulation of 
vulnerabilities, where people with “limited capabilities” live in some areas which border 
high HBR (BORDERON 2013). Restricted to areas where landscapes are "pathogens", 
people may have no choice or no control of their environment. In contrast, the city dwellers 
with low vulnerability reside mainly in the center of the peninsula and are farther from 
Anopheles bites. 

 

Fig. 4: Prevalence rate according to the BiLISA 
typology 

The prevalence rate is recalcula-
ted by the typology provided by 
the BiLISA results. With an 
average of 1.2 % of infected peo-
ple in the CDs of the area study, 
we can see that the prevalence 
rate is much higher in the CDs 
with high SoVI and high HBR. 
The red clusters could be con-
sidered as the hotspot of malaria 
risk of infection. 
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5 Conclusion and Outlook 

This kind of multi-source GIS allows stakeholders involved in urban health management to 
precisely map the spatial extension of malaria. In the current context of pre-elimination of 
malaria in Senegal, these results are fundamental. If malaria in urban areas is quite low (in 
2008, for example, with a minimal prevalence rate of 2%) (DIALLO et al. 2012), the 
distribution remains spatially heterogenic. This heterogeneity is partly due to poverty traps 
which concentrate the three hosts of malaria pathogens. Taking the logic of "target 
programs” of the protocol of Hyogo, it is interesting to accurately locate the high 
circulation areas of the parasite.  
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