Environmental determinants of malaria transmission in the Sahel
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We are developing a coupled hydrology/entomology model to investigate the environmental determinants of malaria transmission in the Sahel. Malaria vector mosquitoes utilize naturally occurring water bodies for breeding, and the most dangerous and most abundant vectors in the Sahel (Anopheles gambiae s.l.) exploit small, shallow, temporary puddles resulting from precipitation. Because of this dependence on ephemeral pools for mosquito breeding sites, malaria can not be transmitted in regions where environmental conditions prohibit the formation and persistence of these water bodies. Figure 1 shows a dramatic rise in malaria incidence in Niger in response to the onset of the rain season. 

Figure 1: Three years of malaria incidence data for Niger superimposed on GPCP precipitation data, a dramatic illustration of the link of wet season with malaria in the Sahel.
For regions where water availability limits mosquito populations, hydrology models can provide useful predictive tools for vector mosquito population dynamics, and therefore malaria transmissibility. The unique approach we employ involves individual-based simulation of Anopheles mosquitoes, coupled with a distributed rainfall/runoff model in order to emulate mosquito population dynamics at the village scale. Recognizing that various climate variables control both hydrology and biological aspects of mosquito population growth and behavior,  through this study we seek to shed light on the effects of interannual climate variability on malaria incidence in the Sahel. We aim to use the developed model to scale up to regional scales and identify potential hot-spots of malaria transmissibility.

Model results of mosquito population and hydrology are validated with field data, collected from two villages in southwestern Niger (Banizoumbou and Zindarou). A meteorologic station was set up in the villages to monitor relevant variables, and soil moisture was measured at nine locations at 15-minute intervals. Soil moisture data are used for field validation of the land surface hydrology model. At least once a week throughout the wet season, through the cessation of rains, and into the dry season, field visits were made to capture adult mosquitoes, to identify any surface water bodies and measure the dimensions and physical properties, and to seek out, count, and sample the larvae utilizing each encountered pool. All of these measurements will aid in the continued development and validation of the coupled model. Figure 2 shows locations of data collection sites superimposed on satellite images of the two villages in this study, Banizoumbou and Zindarou.
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Figure 2: Sampling locations superimposed on a Quickbird image of Banizoumbou (left), and an Ikonos image of Zindarou (right).
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Indoor CDC light trap with temp/RH datalogger 
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