Geospatial Health 8(2), 2014, pp. 377-387

Risk map for cutaneous leishmaniasis in Ethiopia based on
environmental factors as revealed by geographical information
systems and statistics

Ahmed Seid'*, Endalamaw Gadisa'*, Teshome Tsegaw'*, Adugna Abera’', Aklilu Teshome!,
Abate Mulugeta®, Merce Herrero?, Daniel Argaw?, Alvar Jorge’, Asnakew Kebede?, Abraham
Aseffa!

! Armauer Hansen Research Institute, Addis Ababa Ethiopia; *Disease Prevention and Control Programmes, World
Health Organization, Addis Ababa, Ethiopia; *Department for the Control of Neglected Tropical Diseases, World
Health Organization, Geneva, Switzerland; *UNICEF-Ethiopia Country Office, Addis Ababa, Ethiopia

Abstract. Cutaneous leishmaniasis (CL) is a neglected tropical disease strongly associated with poverty. Treatment is prob-
lematic and no vaccine is available. Ethiopia has seen new outbreaks in areas previously not known to be endemic, often
with co-infection by the human immunodeficiency virus (HIV) with rates reaching 5.6% of the cases. The present study con-
cerns the development of a risk model based on environmental factors using geographical information systems (GIS), statis-
tical analysis and modelling. Odds ratio (OR) of bivariate and multivariate logistic regression was used to evaluate the rel-
ative importance of environmental factors, accepting P <0.056 as the inclusion level for the model’s environmental variables.
When estimating risk from the viewpoint of geographical surface, slope, elevation and annual rainfall were found to be good
predictors of CL presence based on both probabilistic and weighted overlay approaches. However, when considering
Ethiopia as whole, a minor difference was observed between the two methods with the probabilistic technique giving a
22.5% estimate, while that of weighted overlay approach was 19.5%. Calculating the population according to the land sur-
face estimated by the latter method, the total Ethiopian population at risk for CL was estimated at 28,955,035, mainly
including people in the highlands of the regional states of Amhara, Oromia, Tigray and the Southern Nations, Nationalities
and Peoples’ Region, one of the nine ethnic divisions in Ethiopia. Our environmental risk model provided an overall pre-
diction accuracy of 90.4%. The approach proposed here can be replicated for other diseases to facilitate implementation of
evidence-based, integrated disease control activities.
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Introduction environmental factors affecting its eco-epidemiology
are poorly understood. Effective control needs an inte-

Cutaneous leishmaniasis (CL) is a vector-borne, neg-  grated approach with better understanding of socio-

lected tropical disease (NTD) that globally affects an
estimated 0.7 to 1.2 million people annually (Alvar et
al., 2012), most of whom being the poorest of the
poor (Alvar et al., 2006a). It is a zoonotic disease, in
Ethiopia predominately caused by
aethiopica with the shrewmouse (small, herbivorous
mammals in the order Hyracoidea) serving as the ani-
mal reservoir and Phlebotomus pedifer, P.longipes
and P. sergenti as known vectors (Ashford et al., 1973;
Gebre-Michael et al., 2004; Gadisa et al., 2007). The
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demographic and environmental determinants.
Reports dealing with CL in Africa go back to the
early 1900s: Tunisia in 1903 and Ethiopia in 1913
(Oumeish, 1999). The many different, vernacular
names for CL in the various communities of Ethiopia
(Lemma et al., 1969; Ashford et al., 1973; Mengistu et
al., 1992) serve as evidence for its long existence there,
yet the actual burden is not known and its environ-
mental determinants are poorly understood. Bryceson
et al. (1969) reported 14 active CL cases and 12
patients with old scars from western Wollega and
Dembi Dollo (previously in Wollega province, now in
Oromia regional state), while Lemma et al. (1969)
documented a 22.5% positive leishmanin skin test
(LST) in the town of Dessie and a 44.2% positive rate
in the town of Karakore (both previously in Wollo
province, now in Amhara regional state). In this paper,
Lemma et al. (1969) also reported a 6.7% LST positive
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rate in schoolchildren in the town of Aleku (previously
Wollega province, now in Oromia regional state) and
5.0% positivity in Shashemene (previously in Sidamo
province, now in the Oromia - one of the nine ethnic
divisions in Ethiopia), respectively Ashford et al. (1973)
reported 3.3-5.5% of active lesions in the population
and 345-400 people with scars per 1,000 people in the
highland plateau in the localities of Kutaber (previously
in Wollo province, now in Amhara regional state),
Aleku (previously in Wollega province, now in Oromia
regional state) and Ochollo (previously in Gamo Gofa
province, now in SNNPR). More recent, sporadic sur-
veys and hospital-based studies, such as the outbreak of
CL in the Silti district in SNNPR with an overall preva-
lence of 4.8% of active cases (Negera et al., 2008) and
a 5.6% rate of CL co-infections with the human
immunodeficiency virus (HIV) in Tigray regional state
(Padovese et al., 2009) indicate that CL is of growing
public health concern.

Despite the increasing evidence of an emerging chal-
lenge, no vaccines are available against human CL and
its treatment is problematic, especially in resource-lim-
ited settings (Alvar et al., 2006b). Chronic forms of
CL are known to be poor responders to available
treatments (Teklemariam et al., 1994; Padovese et al.,
2009). Thus, an integrated approach by identifying
individual and environmental risk factors is needed
controlling the disease. Priorities in public health pol-
icy with respect to rational prevention and control
strategies require a better understanding the associa-
tions between disease distribution, the socio-demo-
graphic situation and environmental risk factors (Ault
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and Nicholls, 2010; Ali-Akbarpour et al., 2012;
Malone and Bergquist, 2012). Although some envi-
ronmental factors of CL endemic areas have been
mentioned (Ashford, 1977; Morrone et al., 2011), so
far no attempt has been made to identify environmen-
tal correlates of the distribution of CL in Ethiopia.

Recent advances in the application of geographical
information systems (GIS) for the analysis of environ-
mental factors in relation to health facilitate the study
of the disease with regard to its distribution and risk
factors thereby contributing to disease prevention
(Bavia et al., 2005; Botto et al., 2005; Leonardo et al.,
2007; Shirayama et al., 2009). Control of CL is also
helped by mobilization of resources for targeted, effec-
tive and efficient implementation and monitoring. The
objective of the present work was to investigate envi-
ronmental factors in relation to CL in Ethiopia with
the overall aim to map risk areas and determine where
people are at risk.

Materials and methods
Study area

The Federal Democratic Republic of Ethiopia lies
between latitudes 3° and 15° N and longitudes 33°
and 48° E. Established under the 1994 constitution,
there are nine autonomous, regional states and two
city administrations (Fig. 1). The administrative levels
are the Federal Government, The regional state/city
administration, the zone, the district (Woreda), the
community (Kebele) and the village (Gott). The coun-
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Fig. 1. The administrative divisions of the Federal Democratic Republic of Ethiopia.
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try covers an area of 1,133,380 km? and has a popu-
lation of 86,613,986 according to the 2013 popula-
tion projection of the Central Statistics Agency in
Ethiopia. The climate, highly influenced by the alti-
tude of the central plateau, is predominantly of the
tropical monsoon type. The highlands have a consid-
erably cooler climate than other regions at similar
proximity to the equator.

Epidemiological data

CL data at the Kebele level were collected using a
structured questionnaire. Information about CL pres-
ence was gathered from the medical records at health
facilities in the known CL foci and government reports
at different administrative levels in the regional states
of Amhara, Oromia, Tigray and SNNPR. Global posi-
tioning system (GPS) data were collected at the Kebele
level using a hand-held GPS device (Garmin GPS 60°).
One GPS point per Kebele was considered if the hori-
zontal distance between CL cases was within a 300 m
radius, if the change in elevation between cases was
less than 100 m and/or the places had the same soil
type. GPS points with CL absence were collected from
both lowland and highland areas confirmed by the
team on site through field visits.

An experienced clinician, member of the study team,
examined patients suspected for CL infection on site.
A case was defined as an individual with a microscop-
ically confirmed lesion suggestive of CL.
Parasitological confirmation was done on skin scrap-
ing specimens from affected sites using either smear
microscopy or culture according to national guidelines
(FMoH, 2013).

Environmental data
Meteorology

We used the National Meteorology Service Agency
data of annual average temperatures and annual rainfall
for 20 consecutive years (1989-2009) derived from more
than 100 meteorological stations distributed around the
country. The data were interpolated into a continuous
area based on a 0.81 km? grid mesh using the kriging
method (Chamaille et al., 2010). The interpolated data
was grouped in quintile classes, and the grouped data
were used to perform bivariate and multivariate analysis
with respect to CL presence/absence for the weighted
overlay model. However, the probabilistic modelling
based on logistic regression with respect to CL presen-
ce/absence was done on the continuous data.
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Soil

Soil data obtained from the Food and Agricultural
Organization (FAO) of the United Nations was
clipped to the boundary of Ethiopia. The FAO soil
type data at each study site was validated on location
by professional geographers in the study team. The
vector soil database was changed into raster format
with a pixel size of 0.81 km?2.

Elevation

The Shuttle Radar Topography Mission was used to
obtain a digital elevation model (DEM) of
the study area from United States Geological Survey
(USGS), downloaded from its website
(http://www.landcover.org) with a minimal spatial res-
olution of three arc-second (approximately 90 m).
Considering that the risk model was intended for the
country level, we worked at the 30 arc-second (900 m)
resolution. In addition to the elevation map, a slope
surface (in degrees) was generated from the DEM
using kriging interpolation (Chamaille et al., 2010).

Statistical and spatial analysis
Statistical method

Statistical analysis was done using Stata/SE version
11 (College Station; TX, USA). A total of 2,512 GPS
points were considered: 1,676 CL presence points and
836 CL absence points. Only factors with P-values
<0.05 were accepted for the model.

Weighted overlay

The environmental parameters used in the analysis
were changed into raster format with a pixel size of
0.81 km?2 mesh grid. We used odds ratio (OR) of the
bivariate logistic regression results of all categorised,
environmental parameters versus CL presence/absence
to assign their respective weight on a 1-5 scale.
Similarly, we used the OR and P-values of the multi-
variate analysis to determine the percentage of influ-
ence of each environmental parameters on CL pres-
ence or absence. Finally, we entered the data into
ArcGIS version 10 (ESRI, Redlands; CA, USA) to run
a model to produce a country-wide risk map.

A model was built from the environmental factors
raster data that were first reclassified into quintile class-
es and this dataset was used to produce the weighted
overlay and the weighted overlay risk map (Fig. 2).
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Fig. 2. Model for building the risk map of cutaneous leishmaniasis in Ethiopia based on weighted overlay analysis. Model run on
the model builder extension of ArcGIS, version 10 software starting with environmental factors raster data (a) that were reclassi-
fied into quintile classes (b) resulting in a new set of raster data (c) that first produced the weighted overlay (d) and finally, after
within-group ranking of factor data according to the binary logistic regression O, and between-groups ranking according to multi-

variate regression OR, the weighted overlay risk map (e).

Probabilistic model

The coefficients of the logistic regression of the con-
tinuous and ranked nominal data (soil type) were used
in the map calculator module of ArcGIS to create maps
of probability of disease presence using the probability
of CL presence in an area according to the equation:

CL probability = 1/(1 + e%)

where e is the base of the natural logarithms and z the
linear combination (B, + B; X; + B, X, + B; X; ... B, X,)
in which B signifies the coefficients of the linear multi-
ple regression and X the environmental variables signi-
ficately associated with CL presence in a specific area.

Estimation of areas and populations at risk

Assuming that the distribution of the population is
even and based on the 2007 census, the weighted risk
map was overlaid on the Kebele shape file. The Kebeles
falling in high and very high risk categories were digi-
tised to estimate the population and land at risk.

Model validation
Validation was done through field visits to the east-

ern and western Harerge zones of the Oromia region-
al state. Locations were selected from geographical

areas where there had not been any previous reports
regarding human CL, neither presence nor absence of
cases, while predicted by the model as either being
areas of high or very high CL risk or, alternatively,
areas without to very low risk.

Results
Bivariate, stepwise binary logistic regression

The clipped FAO soil database according to the
country’s boundary resulted in 20 major soil types. The
stepwise, binary, logistic regression showed that the
soil types leptosol, lixisol and vertisol were significant-
ly associated with the presence of CL. This was also the
case for the annual rainfall intervals of 497-903 mm
and 1,310-1,716 mm. With respect to elevation, areas
between 810 and 3,563 m above mean sea level (MSL)
were significantly associated with the presence of CL.
As with altitude, increasing slope values produced
higher CL correlations and in terms of temperature, the
10.6-23.8 °C interval was found to be significantly
associated with CL. The OR and 95% confidence
interval (CI) for these results can be seen in Table 1.

Multivariate binary logistic regression

In multivariate logistic regression, annual rainfall,
altitude, slope and average temperature were all sig-



A. Seid et al. - Geospatial Health 8(2), 2014, pp. 377-387

381

Table 1. Analysis of environmental variables used in the development of the weighted overlay risk map of cutaneous leishmaniasis

in Ethiopia.

Variable Bivariate analysis Multivariate analysis
OR* 95% CI** P-value OR* 95% CI** P-value
Soil type 0.99 0.95-1.02 0.377
Leptosol Absent ) . -
P Present 64.57 25.16-165.69 0.00
Lixisol Absent - - -
1aso Present 0.10 0.05-0.19 0.00
Vertisol Absent ) ) p
Present 0.12 0.08-0.18 0.00
Luvisol Absent - - -
o Present 1.08 0.73-1.60 0.71
Nitosol Absent p ) p
Present 1.01 0.62-1.65 0.97
. Absent - - -
Cambisol Present 1.10 0.77 -1.55 0.61
Rainfall (mm) 1.35 1.03-1.78 0.03
<497.2 - - -
497.2-903.4 0.57 0.00 0.47-0.70
903.4-1,309.6 1.08 0.40 0.913-1.30
1,309.6-1,715.8 2.67 0.00 1.98-3.63
>1,715.8 ; ; ;
Average temperature (°C) 0.11 0.08-0.15 <0.001
<10.6 - -
20.15-32.73
10.6-17.2 25.70 0.00
0.22-0.31
17.2-23.8 0.30 0.00
23.8-30.4 - -
>30.4 - -
Altitude (m) 2.92 1.76-4.83 <0.001
<809.9 - - -
809.9-1,727.8 0.04 0.00 0.023-0.072
1,727.8-2,645.5 3.09 0.00 2.56-3.71
2,645.5-3,563.3 9.55 0.00 6.03 -15.14
>3,563.3 0.25 0.31 0.23 -2.75
Slope (degree) 4.36 3.76-5.06 <0.001
<0.83 - - -
0.83-2.15 0.30 0.001 0.24-0.36
2.15-4.56 4.44 0.000 3.38-5.84
4.56-7.45 11.80 0.000 7.82-17.82
>7.45 53.60 0.000 23.84-120.48

*Qdds ratio; **Confidence interval.
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Table 2. Coefficients and goodness of fit of the linear multiple logistic regressions for predicting percent probability of cutaneous

leishmaniasis occurrence in Ethiopia.

Factor Coefficient SE* z P >zl 95% CI**

Slope 0.842 0.052 16.27 <0.001 0.741-0.944
Annual rainfall 0.001 <0.001 3.25 0.001 0.0004-0.002
Elevation 0.004 <0.001 9.84 <0.001 0.004-0.005
Average temperature 0.121 0.072 1.61 0.056 -0.014-0.259
Soil type 0.024 0.022 1.09 0.277 -0.019-0.067
Constant*** -14.11 2.26 -6.24 <0.001 -18.55--9.68

*Standard error; **confidence interval; ***intercept.

nificantly associated with CL presence (P <0.05)
(Table 1). The percentage of influence assigned based
on the multivariate regression OR were 23.1%,

30.8%, 38.5% and 7.7% for annual rainfall, altitude,
slope and average temperature, respectively.

Logistic regression

The regression of the continuous environmental
variables and ranked soil data with respect to data on
CL presence or absence showed that annual rainfall,
altitude, slope and temperature were all strongly asso-
ciated with CL presence (Table 2).

Spatial analysis
Weighted overlay

The quintile-classified environmental factors were
ranked by OR of the stepwise, binary logistic regres-
sion values (Table 1). The binary logistic regression
was done to determine the odds of presence of CL
with presence of given soil type in an area and then
these ORs were used to rank the soil types. When the
reclassified environmental variables according to rank
and percentage-wise influence, calculated based on the
multivariate analysis, were put in the model prediction
extension of ArcGIS, the CL risk map shown in Fig. 3
appeared with the various levels of risk (Table 3). The

total area carrying high and very high risk for CL
infection was found to have the size of 217,817 km?
(almost 20% of the whole country) (Table 3). The
models show that the CL risk is concentrated to the
north-central (Fig. 4a), central (Fig. 4b), northern (Fig.
4c) and the southern highlands (Fig. 4d), as these are
high and very high risk areas for CL.

Probabilistic model

The probabilistic map of CL presence in an area was
produced by calculations based on the coefficients for
the different variables (Table 2) for the area in question
as explained above in the material and methods section
using the formula:

1/ (1 + e2)

with z = - 14.11 + (slope * 0.842) + (rainfall * 0.001)
+ (elevation * 0.004) + (average temperature * 0.121).

According to Fig. 5 and Table 4, the total propor-
tion of land surface (%), estimated to be at high and
very high risk (60-100% probability of occurrence of
CL), was 254,559.5 km? or 22.5%. When we com-
pared the risk maps generated by the weighted overlay
and the probabilistic model, we observed that areas at
the medium and high risk levels in the weighted over-
lay model were categorised as high and very high risk
areas when the probabilistic model was applied.

Table 3. Cutaneous leishmaniasis risk levels expressed in terms of area and percentage as predicted using weighted overlay analysis.

Risk level Pixel count Area (km?) Surface (%)*
Very low 336,387 272,473 24.4
Low 365,008 295,656 26.5
Medium 407,525 330,095 29.6
High** 243,268 197,047 17.7
Very high** 25,642 20,770 1.9

*Percentage of each risk level with respect to the total surface area of Ethiopia; **risk areas for cutaneous leishmaniasis and used

for the calculation of the at risk population; ***intercept.
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Fig. 3. Risk map of cutaneous leishmaniasis in Ethiopia at the pixel level using weighted overlay analysis.

A) North-central foci B) Foci in the central plateau

C) Northern foci D) Foci in the South and Southeast

Fig. 4. Risk map of cutaneous leishmaniasis in Ethiopia at the pixel level using weighted overlay analysis.
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Fig. 5. Risk map of cutaneous leishmaniasis in Ethiopia at the pixel level with the probabilistic model.

Population at risk for CL

The estimated population at risk of CL in Ethiopia
according to the weighted overlay map was
28,955,035. Most of the risk population were resi-
dents of the highland areas of the regional states of
Ambhara, Tigray, Oromia and SNNPR.

Model validation

The accuracy assessment was done based on random
selection of ground truth pixels from all categories of the
CL risk map and checked on site whether they where
correctly mapped or not. Accordinglly, the model vali-
dation showed an overall prediction accuracy of 90.4%,

Table 4. Cutaneous leishmaniasis risk levels expressed in terms
of area and percentage as predicted using the probabilistic
approach.

Probability (%)* Area (km?) Surface (%)**
0-20 751640.3 66.56
20-40 68731.7 6.09
40-60 54398.0 4.82
60-80 59359.2 5.26
80-100 195200.3 17.28

*Percent probability of occurrence of cutaneous leishmaniasis in
an area (cutaneous leishmaniasis risk level); **percentage of
each cutaneous leishmaniasis risk level with respect to the total
surface area of Ethiopia.

confirming that slope, elevation and annual rainfall were
the best predictors of CL presence in an area.

Discussion

The objective of the present work was to produce a
risk map of CL by investigating environmental factors,
to estimate the total population and land area at risk.
Although this disease is endemic in the highlands of
Ethiopia and a growing public health problems in the
country, its burden, spatial distribution and environ-
mental determinants are poorly understood.
Identification of risk areas and estimation of at risk
population with the associated environmental factors
is therefore not only important, but indeed necessary
for the design of prevention programmes and their
effective and efficient implementation.

According to the risk map that we developed, slope
was found to be the best predicting factor (38.5%) for
the occurrence of CL in an area. Slopes greater than
4.6 degrees seemed to be the most favourable slope
category for CL. In his study of the comparative ecol-
ogy of L. aethiopica, Ashford (1977) documented that
CL occurs in the gorges and escarpments of the central
plateau and the descending land of the western edge of
the plateau. As pointed out by Lemma et al. (1969)
and Ashford (1973), rock cliffs and mountainous
areas constitute favourable environments for the reser-
voir host (the shrewmouse or hyrax).

Altitude was the second most important predictor
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Fig. 6. Risk map of cutaneous leishmaniasis in Ethiopia at the pixel level using the weighted overlay model with the validation cases

located by GPS.

for the occurrence of CL in an area (30.8%). The
human cases of CL, sand fly vectors and reservoir
hyrax species responsible for L. aethiopica transmis-
sion are known to commonly occur at altitudes simi-
lar to our prediction: the previously characterised CL
foci in Ethiopia lie between 1,400 and 2,700 m above
MSL (Ashford et al., 1973; Ashford, 1977; Negera et
al., 2008; Lemma et al., 2009). Considering geograph-
ical and individual variables, Morrone et al. (2011)
documented clustering of CL cases in males living at
altitudes above 2,000 m above MSL in the Tigray
regional state. The observation of CL cases as high as
2,700 m above MSL and inclusion of areas above this
altitude as high risk by the model requires further
investigation. This could probably reflect a change in

Table 5. Estimated population at risk of cutaneous leishmania-
sis infection in Ethiopia at the level of regional states based on
the weighted overlay risk map.

Regional state Population number

Amhara 9,682,209
Tigray 1,633,628
SNPPR 7,189,473
Oromia 9,635,175
Beneshangul-Gumuz 38,919

Gambela 16,869

Total 28,196,273

vector behaviour and ecology, possibly related to glob-
al warming leading to sand flies seeking higher alti-
tudes as suggested by Aspock et al. (2008) and others
(Dereure et al., 2009; Fischer et al., 2010).

We also found rainfall to be a predictor, a result sup-
ported by Ashford (1977), who documented that
human cases of CL occur in areas with rainfall
amounts above 800 mm. The contribution of rainfall
is, however, difficult to separate from the effect of alti-
tude because of the possible interaction of the two
parameters (Cheung et al., 2007). Based on the risk
model, about 43% of the total CL cases were within
in the 903-1,310 mm rainfall range.

The risk models developed are in agreement with
previous epidemiological data: CL transmission has
previously been described in the northern-central part
of Ethiopia (Fig. 4a) by Ashford et al. (1973) and
Ashford (1977). The same authors have also reported
transmission in the central highlands (Fig. 4b) as has
Bryceson et al. (1969) before them. The well-investi-
gated foci of CL are in the northern parts of the coun-
try (Fig. 4c) (Ashford et al., 1973; Ashford, 1977,
Morrene et al., 2011). The southern parts of the coun-
try (Fig. 4d), predicted as having many high-risk areas
for CL, have also been described previously (Ashford
et al., 1973; Mengistu et al., 1992; Gadisa et al., 2007;
Negera et al., 2008).

The two modelling
approaches used by us must be due to inherent
methodological differences. While data were evaluated

difference between the
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at two levels, bivariate and multivariate with OR used
to rank data, in the weighted overlay, the probabilistic
model considered only the constant and logistic
regression coefficients. The weighted overlay model is
relatively credible since this model allows refinement
to specific environmental during the overlay analysis.

The risk map provides an easy overview of potential
transmission sites of CL and can be a useful tool for
planning, resource allocation and monitoring of con-
trol efforts as well as changes in the dynamics of the
disease overtime. The availability of risk maps at the
district level for CL in Ethiopia has the potential to
improve control programme performance, since esti-
mates of the at-risk population size are shown.
Furthermore, the map identifies the risk levels in the
district and provides evidence of association with the
major risk factors for the first time. Its precision can
be improved with continued surveillance and docu-
mentation. In addition, the result can be replicated in
other disease mapping projects to facilitate implemen-
tation of evidence-based integrated disease control
activities at country and/or regional levels.

Acknowledgements

The World Health Organization financed this project. We
also thank the Ethiopian Federal Ministry of Health for facili-
tating and the Central Statistical Agency for provision of the
Kebele-level 2007 census data including boundary shape files;
the Ethiopian Mapping Agency for providing the SPOT-5 satel-
lite imagery; the National Meteorology Agency for providing
rainfall and temperature data; and the health bureaus and hos-
pitals in the various parts of Ethiopia for providing CL case
data. We thank the Armauer Hansen Research Institute, a
Government health research facility supported by the Ethiopian
government and the Swedish and Norwegian Development
Agencies (SIDA and NORAD) for partially financing this work

and for providing logistic support.
References

Ali-Akbarpour M, Mohammadbeigi A, Tabatabaee SH, Hatam
G, 2012. Spatial analysis of eco-environmental risk factors of
cutaneous leishmaniasis in southern Iran. ] Cutan Aesthet Surg
5, 30-35.

Alvar J, Croft S, Olliaro P, 2006b. Chemotherapy in the treat-
ment and control of leishmaniasis. Adv Parasitol 61, 223-274.

Alvar J, Velez ID, Bern C, Herrero M, Desjeux P, Cano J, Jannin
J, den Boer M, 2012. Leishmaniasis worldwide and global
estimates of its incidence. PLoS One 7, e35671.

Alvar J, Yactayo S, Bern C, 2006a. Leishmaniasis and poverty.
Trends Parasitol 22, 552-557.

A. Seid et al. - Geospatial Health 8(2), 2014, pp. 377-387

Ashford RW, 1977. The comparative ecology of Leishmania
aethiopica. In: Ecology des leishmanioses France (Colloques
Internationaux du CNRS No 239), 233-240 pp.

Ashford RW, Bray MA, Hutchinson MP, Bray RS, 1973. The
epidemiology of cutaneous leishmaniasis in Ethiopia. Trans R
Soc Trop Med Hyg 67, 568-601.

Aspock H, Gerersdorfer T, Formayer H, Walochnik J, 2008.
Sandflies and sandfly-borne infections of humans in central
Europe in the light of climate change. Wien Klin Wochenschr
120, 24-29.

Ault SK, Nicholls RS, 2010. Integrated approach to neglected
tropical diseases in Latin America and the Caribbean: an ethi-
cal imperative to reach justice and social equity. Biomedica 30,
159-163.

Bavia ME, Carneiro DD, Gurgel HC, Madureira Filho C,
Barbosa MG, 2005. Remote sensing and geographic informa-
tion systems and risk of American visceral leishmaniasis in
Bahia, Brazil. Parassitologia 47, 165-169.

Botto C, Escalona E, Vivas-Martinez S, Behm V, Delgado L,
Coronel P, 2005. Geographical patterns of onchocerciasis in
southern Venezuela: relationships between environment and
infection prevalence. Parassitologia 47, 145-150.

Bryceson A, Foster WA, Lemma A, 1969. Clinical trial of CI-
501 (Camolar) against cutaneous leishmaniasis in Ethiopia.
Trans R Soc Trop Med Hyg 63, 152-153.

Chamaille L, Tran A, Meunier A, Bourdoiseau G, Ready P,
Dedet JP, 2010. Environmental risk mapping of canine leish-
maniasis in France. Parasit Vectors 3, 31.

Cheung WH, Senay GB, Singh A, 2007. Trends and spatial dis-
tribution of annual and seasonal rainfall in Ethiopia. Int J
Climatol 13, 1723-1734.

Dereure J, Vanwambeke SO, Male P, Martinez S, Pratlong F,
Balard Y, Dedet JP, 2009. The potential effects of global
warming on changes in canine leishmaniasis in a focus outside
the classical area of the disease in southern France. Vector
Borne Zoonotic Dis 9, 687-694.

Fischer D, Thomas SM, Beierkuhnlein C, 2010. Temperature-
derived potential for the establishment of phlebotomine sandflies
and visceral leishmaniasis in Germany. Geospat Health 5, 59-69.

FMoH, 2013. Guidelines for diagnosis, treatment and preven-
tion of leishmaniasis in Ethiopia, 2013. Federal Ministry
Health of Ethiopia.

Gadisa E, Genetu A, Kuru T, Jirata D, Dagne K, Aseffa A,
Gedamu L, 2007. Leishmania (Kinetoplastida): species typing
with isoenzyme and PCR-RFLP from cutaneous leishmaniasis
patients in Ethiopia. Exp Parasitol 115, 339-343.

Gebre-Michael T, Balkew M, Ali A, Ludovisi A, Gramiccia M,
2004. The isolation of Leishmania tropica and L. aethiopica
from Phlebotomus (Paraphlebotomus) species (Diptera:
Psychodidae) in the Awash Valley, northeastern Ethiopia.
Trans R Soc Trop Med Hyg 98, 64-70.

Lemma A, Foster WA, Gemetchu T, Preston PM, Bryceson A,



A. Seid et al. - Geospatial Health 8(2), 2014, pp. 377-387

Minter DM, 1969. Studies on leishmaniasis in Ethiopia.
Preliminary investigations into the epidemiology of cutaneous
leishmaniasis in the highlands. Ann Trop Med Parasitol 63,
455-472.

Lemma W, Erenso G, Gadisa E, Balkew M, Gebre-Michael T,
Hailu A, 2009. A zoonotic focus of cutaneous leishmaniasis in
Addis Ababa, Ethiopia. Parasit Vectors 2, 60.

Leonardo LR, Crisostomo BA, Solon JA, Rivera PT, Marcelo
AB, Villasper JM, 2007. Geographical information systems in
health research and services delivery in the Philippines.
Geospat Health 1, 147-155.

Malone JB, Bergquist NR, 2012. Mapping and modelling neg-
lected tropical diseases and poverty in Latin America and the
Caribbean. Geospat Health 6, S1-S5.

Mengistu G, Laskay T, Gemetchu T, Humber D, Ersamo M,
Evans D, Teferedegn H, Phelouzat MA, Frommel D, 1992.
Cutaneous leishmaniasis in south-western Ethiopia: Ocholo
revisited. Trans R Soc Trop Med Hyg 86, 149-153.

Morrone A, Pitidis A, Pajno MC, Dassoni F, Latini O, Barnabas
GA, Padovese V, 2011. Epidemiological and geographical
aspects of leishmaniasis in Tigray, northern Ethiopia: a retro-
spective analysis of medical records, 2005-2008. Trans R Soc
Trop Med Hyg 105, 273-280.

Negera E, Gadisa E, Yamuah L, Engers H, Hussein J, Kuru T,

387

Hailu A, Gedamu L, Aseffa A, 2008. Outbreak of cutaneous
leishmaniasis in Silti Woreda, Ethiopia: risk factor assessment
and causative agent identification. Trans R Soc Trop Med Hyg
102, 883-890.

Oumeish OY, 1999. Cutaneous leishmaniasis: a historical per-
spective. Clin Dermatol 17, 249-254.

Padovese V, Terranova M, Toma L, Barnabas GA, Morrone A,
2009. Cutaneous and mucocutaneous leishmaniasis in Tigray,
northern Ethiopia: clinical aspects and therapeutic concerns.
Trans R Soc Trop Med Hyg 103, 707-711.

Shirayama Y, Phompida S, Shibuya K, 2009. Geographic infor-
mation system (GIS) maps and malaria control monitoring:
intervention coverage and health outcome in distal villages of
Khammouane province, Laos. Malar J 8, 217.

Teklemariam S, Hiwot AG, Frommel D, Miko TL, Ganlov G,
Bryceson A, 1994. Aminosidine and its combination with
sodium stibogluconate in the treatment of diffuse cutaneous
leishmaniasis caused by Leishmania aethiopica. Trans R Soc
Trop Med Hyg 88, 334-339.

Tsegaw T, Gadisa E, Seid A, Abera A, Teshome A, Mulugeta A,
Herrero M, Argaw D, Jorge A, Aseffa A, 2013. Identification
of environmental parameters and risk mapping of visceral
leishmaniasis in Ethiopia by using geographical information

systems and a statistical approach. Geospat Health 7, 299-308.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ITA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3600 3600]
  /PageSize [612.000 792.000]
>> setpagedevice


