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Background:

Vector-borne diseases are among the leading catisaesrbidity and mortality in humans and
animals. In the Afrotropical region, some of these transmitted by culicoides, such as
Akabane virus, bluetongue, epizootic hemorrhagierfeand African horse sickness [1-3].
Bluetongue virus is one of the most important livek pathogens, capable of infecting
domestic and wild ruminants, causing serious dinidisease in some and reducing

productivity in other.

Method:

1. Study area

As a part of the nationwide surveillance programSienegal in 2012, 108 sites holding
livestock were initially selected (as trap-site) falows: 3 sites per department and 3
departments per region among 12 of the 14 Senegaéggons. The sites were chosen in
order to better understand the complex relationbkigveen hosts-pathogens-vectors and the
part of environmental and climatic factors on theeegence and/or re-emergence of vector-
borne diseases such as BT and AHS. Ziguinchor &d&iSu regions were excluded because
of safety reasons. In this study we considered data from 96 sites (Fig.1) that were visited
at the end of the rainy season 2012 (between Sépteand October).
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Figure 1: Map of Senegal, a western Africa country (A) withation of study sites in 12 Senegalese regions
(B). In yellow, the study area and in grey, thevisited area.



2. Data collection

2.1. Entomological data

To collect information on the spatial distributicsf culicoides species in Senegal, a
nationwide culicoides trapping campaign was orgashiat the end of the 2012 rainy season
(between September and October). Overall, withh#lp of the veterinary services, 108 sites
were initially selected as follows: 3 sites per atément and 3 departments per region in 12
(of the 14) regions of Senegal (Fig. 1). Culicoidge®cimens were collected during two
consecutive nights in each site using Onderstefdadadk-light suction traps (Onderstepoort
Veterinary Institute South Africa) positioned clos® livestock’s. Morphological
identification of Culicoides species was condudtgdexamination of the wing pigmentation
pattern using a stereomicroscope as explained]b¥ ¢4 species that are difficult to identify,
the specimens were dissected and slide-mountedciordance with the Wirth and Marston
technique for observation under a microscope. @évielentification keys were used
depending on the species found and their subgenugraup [5-8]. The geographical
coordinates of each site were recorded with a G#ninand-held global positioning system
receivers (accurate to within 10 meters) and ptegemn UTM Zone 28 N.

2.2 Climatic, environmental and livestock parameters

Several variables (26 in total) were used to im@etthe model. These were grouped in 4
categories (Table 1): 11 Bio-climatic variablesatetl to temperature (BioO1 — Biol1l); 8 Bio-
climatic variables relative to precipitations (B®* Biol9); Elevation data (1 variable) and
Animal density (6 variables). Elevation data (cigeelevation model) via the global elevation
data (MOD13Q1), from the Moderate Resolution Imgdapectroradiometer (MODIS) with a
spatial resolution of 30 arc-seconds (~1km) hawenb#gownloaded from the Pale-Blu data
archive website hitps://www.edenextdata.com/?g=content/modis-1kgialielevation-
model-and-landwater-mask-}x5The bioclimatic data, with a spatial resolutioh 30 arc-
seconds (~1km), have been downloaded from the Waldnate [9] website
(http://www.worldclim.org/currentand averaged over a 50-year time period betw®af 1

and 2000 at a spatial resolution of 30 arc-sec¢ntlem).Livestock data were used linking to
their importance for vectors [10,11]. These livektdata (number of head/department) came
from an unpublished study by the Direction des Bes/Vétérinaires (DSV), the Senegalese
national institute competent body for animal hedl@dsV, 2013, unpublished work). Before

stacked, livestock data (6 variables) were rastdriaccording to department with a spatial



resolution of 250m x 250m. All layers were resard@e a resolution 250m x 250m and were

stacked in one spatial layer.

Table 1: Different variables and their abbreviations (codged in the ENFA and Maxent niche models

Category of variables Parameter Abbreviation/Code
Temperature Annual Mean Temperature Bio01
Mean Diurnal Range (Mean of monthly (max temp — temp)) Bio02
Isothermality (Bio02/Bio07)*100 Bio03
Temperature seasonality (standard deviation *100) 008Bi
Maximum Temperature of Warmest Month Bio05
Minimum Temperature of Coldest Month Bio06
Temperature Annual Range (Bio05-Bio06) Bio07
Mean Temperature of Wettest Quarter Bio08
Mean Temperature of Driest Quarter Bio09
Mean Temperature of Warmest Quarter Bio10
Mean Temperature of Coldest Quarter Bioll
Precipitations Annual Precipitation Biol2
Precipitation of Wettest Month Biol3
Precipitation of Driest Month Biol4
Precipitation seasonality (coefficient of variafion Biol5
Precipitation of Wettest Quarter Biol6
Precipitation of Driest Quarter Biol7
Precipitation of Warmest Quarter Biol8
Precipitation of Coldest Quarter Biol9
Altitude Digital elevation model Dem
Animal density Cumulated density of horse, cattle, donkey, goatsireep Livestock
Cattle density Cattle
Goat density Goat
Sheep density Sheep
Horse density Horse
Donkey density Donkey

3. Modédling habitat suitability
At first, we considered an exploratory analysisidentify the variables determining the
suitability of the habitat (that is the presencehaf species). To this aim we used Ecological
Niche Factor Analysis (ENFA) [12,13], a multivagadpproach, similar to PCA, that requires
only presence data for the species in order tooegplelationship between occurrence and
environmental data. The first axis (marginalityspxof the ENFA is a measure capturing the
dimension in the ecological space in which the agerconditions where the species lives
differ from the global conditions; a large margithalalue implies that the conditions where

the species is found are “far” from the global eonmental conditions. In contrast, the



second axis (specialization) is a measure of theowaess of the niche (ratio of the

multidimensional variances of the available to qgued spaces).

After variables have been chosen, we used MaxHmaph [14-16] to model the culicoides
presence. MaxEnt is a machine learning techniqueedaas the term indicates, on the
principle of maximum entropy for a probability dibution, given constraints on its

momenta:
Entropy=- Z p; logp;
i

where p; corresponds to the specie’s presence probability icell i. The method uses
presence locations and environmental covariateslfarells in the study area. Data, used to
inform the model, define moment constraints ondistribution, while covariates define the
mean, variance etc. where species occur. The resudists on the estimation of the presence
probability in each cell. Entomological data (fach species) were randomly partitioned into
two subsets: 75% of the records used for trainimg) lauilding up the model, and 25% for
testing model accuracy. 10,000 random backgrountgpwere used to evaluate commission.
This was done to test the model performance giweArea Under the Receiver Operating
Characteristic Curve (AUROC); a plot of sensitivagainst specificity which measures the
ability of the model to discriminate between sikésere a species is present (y = 1) against
where it is absent (y = 0) [17-1QUROC values range from 0 to 1; an AUROC valughkr
than 0.8 indicates robust performance of the md8ltistical analysis and modeling were
performed with the R 3.4.3 statistical languageiremvnent [20] using of the R-packages:
adehabitatHS [21] for ENFA computation and dism®,23] for MaxEnt.

Results:

Culicoides occurrences were often positively caterl to precipitation variables and
livestock densities; and negatively correlatedhie digital elevation model and temperature
indices (Fig. 2). Dakar region, the Niayes area #ed basin arachidier (groundnut basin)
remain the most suitable habitats predicted (Fig. The digital elevation model, the

maximum temperature of warmest month, the predipitaof warmest quarter, the mean
temperature of wettest quarter, the temperaturgosedity, the precipitation of wettest quarter
and the goat density were among the most impoviarables to predict suitable habitats of
culicoides (Fig. 4). The AUC values were closed180 and all models had high accuracy
with low p-value (Table 2; Fig. 5).



Figure 2. Ecological niche factor analysis (ENFA) of culides distribution in SenegaC. imicola (A), C.

oxyxtoma (B), C. enderleini (C) and C. miombo (D). The light gray polygon shows the overenvironmental
conditions available in the study area, the dady gme shows environmental conditions where cudesiwere
observed (representation of the realized niche],the small white circle corresponds to the barnareaof its

distribution.

Figure 3: Maxent predicted suitable areiC. imicola (A), C. oxyxtoma (B), C. enderleini (C) and C. miombo
(D). Green areas indicate areas that are likely t@ Isaitable habitat for this vector species whilgntier area

indicate areas of that are lesstable for the vecta
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Figure 4: Contribution (%) of each variable for the buildiofithe Maxent model<C. imicola (A), C. oxyxtoma
(B), C. enderleini (C) and C. miombo (D).
Table 2: Accuracy of the Niche Models. Test points wereduso evaluate onrsion and 10,000 backgroui

points were used to evaluate omission. The repoetgticomission rate is for equal sensitivity andcsficity. The

percent contribution of each variable to the modefkects the increase in regularized gain whereddd the

contribution of the corresponding varial

Species Training AUC Test AUC Tr.OR Te.OR p-value
C. imicola 0.899 0.763 £ 0.042 0.000 0.000 1.393 ¢
C.oxystoma  0.902 0.799 + 0.039 0.000 0.037 3.194¢
C.enderleini 0.890 0.772 £ 0.039 0.000 0.000 1.349 &
C. miombo 0.921 0.741 + 0.047 0.000 0.043 5.257 &

Abbreviations: AUC Area Under the Curve, Tr.OR Training omission rate, Te.OR Test omission rate
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Figure5: ROC curves and AUCs of the Maxent mo. C. imicola (A), C. oxyxtoma (B), C. enderleini (C) and
C. miombo (D).

Conclusion:

We presented Senegal scale ecological niche mddel<C. imicola, C. oxystoma, C.
enderleini andC. miombo which are susceptible vectors of Bluetongue vi@sr modelling
approach was able to determine effects of bioclonatriables and to generate occurrence

culicoides as risk maps of disease outbre
Keywords:

Vectorborne diseases, Afrotropical iion, culicoides, bluetongueMaxEnt program,

ecological niche factor analyssuitable habitats.
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