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Introduction 

 
Among vector borne diseases in Senegal, RVF and malaria are both of strong concern for researchers 

and decision makers. 

 

Rift Valley fever (RVF) is an acute fever causing viral disease that affects domestic animals (such as 

cattle, buffalo, sheep, goats, and camels, among others), and humans. RVF is most commonly 

associated with mosquito-borne epidemics during years of unusually heavy rainfall events.  The RVF 

virus, a member of the genus Phlebovirus in the family Bunyaviridae, is responsible for the disease. 

RVF was first reported among livestock by veterinary officers in Kenya in the early 1900s. Numerous 

epidemic/epizootic outbreaks have been reported periodically in many African countries during the 

past 30 years (Meegan 1979; Hoogstraal et al, 1979; Arthur et al, 1993; Jouan et al, 1988; Digoutte 

and Peters 1989; Zeller et al, 1997; Fontenille et al, 1998; Linthicum et la, 1999; Nabeth et al., 2001; 

Woods et al, 2002; Sissoko et al, 2009; Caminade et al, 2011; El Mamy et al, 2011). The virus has 

been recently located for the first time outside of the African continent, in Saudi Arabia and Yemen 

during 2000-2001 (Miller et al, 2002; Jupp et al, 2002).  

 

Several studies were carried out on malaria vectorial transmission in many bio- geographical areas in 

Senegal as part of program targeting its epidemiology or vectors bioecology. These studies to date 

have not feed into in country operation systems that are leading the fight against malaria. The big 

challenge for the scientific community but also the political decision makers is rather to find for each 

geographical area and each ecological context operational, methods of control in order to reduce as 

much as possible the burden of the disease. 

 

Barkedji is located in the sahalian transmission profile characterized by a seasonal transmission during 

the short rainy season. The presence of temporary ponds which remain almost the only sources of 

water until January in the area and which their dynamic is completely under rainfall control constitutes 

the local ecological characteristics which influence locally the interrelationships between the vectors, 

parasite and hosts. The first investigation realized in 1994-1995 revealed that An. gambiae and An. 

arabiensis constitutes the principal malaria vectors in the village (Lemasson et al, 1997). Therefore, 

the malaria transmission is seasonal and is concentrated over four months of the year, from September 

to December with an entomological inoculation rate between 100 and 120 infecting bites per human 

per year. The only study well documented on the malaria morbidity and mortality undertaken in 1994-

1995 in the village of Barkedji (Molez and al., 2006) showed that the malaria onset are most common 

from November to January (70%). This study indicate further that the high intensity of the 

transmission and the persistence of the temporary ponds remain the key factors influencing the level of 

malaria morbidity and consequently on the development of a natural malaria immunity by the 

indigenous population. 

 

This study is focusing in the Barkedji Health and Environment Observatory (figure 1).  
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Figure 1: The Barkedji Health and Environment Observatory, study area of the QWeCI 

project in Senegal.  

 

 

1. The issue of vulnerability and risk in health sector 

 
Vector-borne infectious diseases, such as malaria, Rift Valley fever, dengue fever, yellow fever, and 

plague, cause a significant fraction of the global infectious disease burden; indeed, nearly half of the 

world’s population is infected with at least one type of vector-borne pathogen (CIESIN, 2007; WHO, 

2004a; Kelly-Hope and Thomson, 2008; Institute of Medicine, 2008).  

 

Vulnerability is a very complex issue that involve in the same process sensibility, exposure and 

adaptive capacity. Exposure is related to the nature and degree to which a system is exposed to 

significant climatic variations. Adaptive capacity refers to the ability of a system to adjust itself to 

climate variability and, including extremes in order to moderate potential damages, to take advantage 

of opportunities, or to cope with the consequences. In general with regards to health issues, adaptive 

capacity can refer to all responses and actions that can: (i) mainstream environment and health into 

economic development, (ii) promote sustainable and equitable patterns of production/consumption, 

(iii) build capacity to monitor and manage waster and resources, (iv) monitor health and improve 

personal protection from pollution and infections, (v) treatment and rehabilitation. 

 

On the other hand, the hazard has to be determined, and finally if one combines hazard and 

vulnerability, we can obtain a risk map. Whatever the issue, assessing vulnerability should be based on 

an analytical framework. Literature gave a large overview of opportunities regards to this thematic 

(Chardon, 1996; Chambers, 1989; Caplan, 2000; Weichselgartner, 2001; Berdica, 2002; Kovats et al, 

2003; Bates et al, 2004a; Bates et al, 2004b; D’Ercole and Metzger, 2005; Elbi et al, 2006; Obrist, 

2006; D’Ercole and Metzger, 2009; Hongoh et al, 2011). 

 

 

2. Vulnerability and risk cartography of malaria and RVF in Barkedji 
 
RVF epidemics in Senegal (Ndione et al, 2003; Ndione et al, 2005; Ba et al, 2005; Ndione et al, 2008), 

do not seem to follow the same relationships as that over East Africa. During the rainy season the 

abundance of mosquitoes over the Ferlo is linked to dynamics of vegetation cover and turbidity of 

temporary and relatively small ponds. Research has led to the development of vulnerability maps 

based on the dynamics of the pond size, the distances over which the infected mosquitoes seek blood 

meals, i.e. the flying range of mosquitoes, their aggressiveness, and the localisation of villages and 

cattle pounds around ponds (Lacaux et al, 2007; Tourre et al, 2008a; Tourre et al, 2008b;  Tourre et al, 

2010; Ndione et al, 2009; Vignolles et al, 2009; Ndione et al, 2011). 
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2.1- Rift valley fever 

 
2.1.1- Hazard map (dynamic map of mosquitoes’ density) 
 

The hazard should be tackled in two aspects: first, the presence or not of water (figures 2 and 3); 

second, the presence or not of vectors. Temporary ponds (water bodies or breeding sites) could be 

considered as a good epidemiologic indicator for different vectors of infectious diseases. The first 

level of hazard can be provided with different means based on rainfall events. 

  

 

Figure 2: Estimated breeding sites filling from rainfall events in Barkedji (adapted from 

Sabatier, 2008) : a) rainfall daily distribution; b) spatial rainfall distribution that can be 

obtained by kriging from several raingauges stations, or by satellite or radar data; c) 

extracted view from satellite image showing the breeding sites and d) estimation of filling 

breeding sites depending on rainfall). 
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Figure 3: Water bodies mapping at different dates during the 2010 rainy season (28/09/2010: 

481.62 ha for 425 water bodies; 03/10/2010: 462.08 ha for 460 water bodies; 08/11/2010: 

79.95 ha for 104 water bodies; 04/12/2010: 40.25 ha for 53 water bodies) 
 

  

At this stage, the goal is to first use operational and high-spatial resolution remote sensing images/data 

to detect all ponds (including their levels of turbidity with and without vegetation) for potential 

mosquitoes’ presence and breeding sites. Temporary ponds are often of small size (< 0.1ha), it is 

essential to have images with high-spatial resolution. Thus, SPOT-5 multi-spectral high-spatial 

resolution images (10 m or 2.5m) are well adapted. This is accomplished by developing brand-new 

indices derived from SPOT-5 images using middle infrared (MIR) and the green and red channels, i.e. 

the NDPI (Normalized Difference Pond Index), which permits ponds’ detection, and the NDTI 

(Normalized Difference Turbidity Index) which estimates pond turbidity as a measure of vector 

behaviour (Lacaux et al, 2007). The ‘classic’ NDVI (Normalized Vegetation Difference Index) allows 

the assessment of the vegetation cover within the ponds. This technology makes it possible to locate 

also small ponds with accuracy. The resulting ZPOM is obtained from entomological field-studies and 

mapped using flying ranges and spatial distribution of vectors. The second step is to establish dynamic 

maps of mosquitoes’ density called Zones Potentially Occupied by Mosquitoes (ZPOM) starting from 

regular data of the rainfall events. This work is carried out by integrating results of studies on 

mechanisms of emergence, proliferation and diffusion of the vectors. The ZPOM are defined by taking 

into account (i) the distribution of rainfall events (frequency and intensity) (ii) the flying range of 

mosquitoes (iii) their aggressiveness. 

 

2.1.2- Vulnerability map (hosts’ evaluation) 
 

The objective here is to determine the zones where hosts (cattle/human) can be found. Those zones 

represent the vulnerable place where hosts could be in contact with the vectors. If no data/information 



 

6 

exists elsewhere, those zones could be detected by processing remote sensing data. The map of 

vulnerability could be established by photo-interpretation or classification of satellite images. The 

recognition of those zones could be done based on a precise knowledge of some zones identified 

during a ground survey. 

 

 

2.1- Malaria 

 
With regards to malaria, the problem is very more complicated… This is due to the fact that, the 

breeding sites of malaria vectors are various; we can find malaria vectors as well as in ponds around 

different human settlements. On the other hand, we can find other breeding sites that cannot be 

detected by remote sensing data due to the fact of their small size, etc. Lastly, some political and 

medical interventions like bednet distribution can impact also on the vulnerability assessment.  

 

The table below gave the cases of malaria in the BHEO. 

 

 2009 2010 2011 2012 TOTAL 

Barkedji 147 4 83 88 322 
Niakha 3 NAN 6 6 15 
Ngao 2 NAN 3 6 11 
Fourdou 0 NAN 0 0 0 
Kangalédji 1 NAN 3 6 10 
Beli Boda 0 NAN 1 1 2 
 
With regards to these data, Barkedji village seemed to be the most vulnerable. Beyond the high value 

recorded in Barkedji, these facts highlight also another problem that is related to the address issue. 

Often, when you asked to people addresses, “they say that they are living in Barkedji”, and the Health 

Center is based in Barkedji… In fact, they often gave the address of their parents or relatives in 

Barkedji even if they are living the villages around Barkedji. Niakha, Ngao and Kangaledji are 

scarcely at the same level. Beli Boda is less affected by malaria. 

 

Conclusion 

 

 
The results of the relevant studies conducted so far indicate a clear vulnerability with regards to RVF 

and malaria in Barkedji. These results can be considered as good inputs into African health 

information systems, agencies; they can rely on panoply of additional products based on remote 

sensed approach in support of appropriate measures to apply in regions under vulnerability threats. 

Finally, this should improve health early warning systems linked to vector borne epidemics. In 

developing countries, there are strong needs to be supported by a solid base of evidence and 

knowledge of the health effects and vulnerability resulting from a changing environment, based on 

quantitative and qualitative methods of assessing human health vulnerability and public health 

adaptation to climate change. 
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