
INTRODUCTION

  Leishmaniasis is a protozoan parasitic disease caused
by the Leishmania genus and transmitted by sandfly bites.
This disease is endemic in 98 countries and territories
over four continents and has resulted in 2,357,000 dis-
ability adjusted life years (DALYS). Its visceral form,
known as kala-azar, is a major public health problem in
endemic countries and is almost fatal, if left untreated,
with 20,000 to 40,000 deaths annually1, 2. The main en-
demic foci of visceral leishmaniasis (VL) in Iran are:
the northwest region including Ardabil and eastern
Azerbaijan, and the southwest region including Fars and
the neighbouring provinces of Bushehr, Kohkilouyeh and
Booyerahmad3–10.

Fars is one of the largest and most populated prov-
inces in southern Iran. Leishmania infantum is the prin-
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ABSTRACT

Background & objectives: Leishmaniasis as a dynamic disease may be markedly influenced by demographic and
ecological factors. A geospatial information system study was developed to determine the distribution of visceral
leishmaniasis (VL) cases in relation to population, climatic and environmental factors in Fars province, southwest
of Iran.

Methods: The dwelling addresses of 217 VL patients were obtained from hospital files. A hazard map produced
by unifying buffers (5 km) around nomads travel routes (NTR) was developed to survey the effect of close
proximity to NTR on the distribution of VL. Mean annual rainfall (MAR), mean annual temperature (MAT), four
months temperature mean (T4), elevation, slope and landcover were climatic and environmental factors that have
been analysed. Finally, data of dwelling foci were extracted from maps and analysed using logistic regression
models.

Results: Close proximity to NTR was the most important factor influenced on the disease distribution. Climatic
factors were in second rank. Among them, temperature especially T4 is the most effective variable and rainfall
was also shown to be another effective climatic agent.  Most cases of VL were reported from temperate and semi-
arid areas in western and central regions while arid condition was a confined factor. The environmental factor of
landcovers including urban, dry farm and thin forest regions was revealed as the third rank effective factor.
Altitude importance was only shown when its effect was studied independently from other factors.

Interpretation & conclusion: These findings present the distribution of VL in Fars province is influenced by
combination of ecological and nomads demographical variables although closeness to NTR and nomads role in
distribution and continuance of kala-azar are the most important factors.
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ciple causative agent of Mediterranean type zoonotic vis-
ceral leishmaniasis (ZVL), which occurs in this province.
This parasite circles between phlebotomine vectors, dog
reservoirs and humans as accidental hosts. Human infec-
tion is dependent on the ecological relation between hu-
man activity and reservoir systems11. Leishmaniases as
vector-borne diseases are dynamic, and climatic and en-
vironmental conditions, as well as demographic and hu-
man activity factors contribute to the distribution and land-
scape of the disease, especially in temperate zones12. The
Fars area encompasses various climatic, geographic and
population properties, some of which may be contribu-
tory to the endemicity and continuance of VL in this re-
gion. In recent years, the identification and survey of the
effectiveness of these probable risk factors and predic-
tion of trends of disease distribution has been conducted
by remote sensing (RS) and geospatial information sys-



 J Vector Borne Dis 50, September 2013180

tems (GIS) approaches, which have been increasingly used
in public health studies such as those for vector-borne
diseases13.

A GIS study was, therefore, designed at a macro-epi-
demiological level and the latitudes and longitudes of the
villages or cities patients were referred and recorded as a
point vector layer. Climatic factors such as temperature,
rainfall, elevation, and slope were calculated for each point,
and demographic properties such as the routes of immi-
gration for migratory populations were considered within
the other calculations. Finally, comparison was carried
out between infected and clean locations. The only GIS-
based study to be carried out, was conducted in northwest
Iran on the effect of climatic factors on VL and it demon-
strated that the number of days at or below freezing point
in a year was significantly related to the number of dogs
with high serological titre14. To our knowledge, this study
is the first comprehensive survey of VL in the southwest
foci in Iran using GIS technology although the complex-
ity of nomadic immigration and spectrum of weather con-
ditions in this region makes this model as a unique expe-
rience. The intention of this study was to clarify the effects
of human population, and climatic and environmental fac-
tors on the distribution of VL in this region.

MATERIAL & METHODS

Study area
Fars province is the fifth largest province, covering

an area of 122,608 km2 and located between latitudes
27° 03′ and 31° 40′ and longitudes 50° 36′ and 55° 35′ in
the  southwest of Iran. The region contains a variety of
landscapes from dense forests to bare lands and has an
elevation of approximately 115 to 3115 m above sea level,
while the Zagros mountain chain extends from the north
to the south and the mountains cover 70% of the prov-
ince. The weather also varies in different regions. Based
on isohydral and isothermal maps, Fars province can be
divided into different regions based on the different
weather conditions presented in Table 1. The population
structure of this province consists of those dwellings in

the villages and cities and migratory human popula-
tions (nomads). Nomads are populations belonging to
different tribes who spend their life herding and travel
from their summer quarters (Yailaq) to winter quarters
(Qishlag) through defined routes. As part of their way of
life they are in close contact with dogs and the breeding
places of sandflies, which are significant factors in the
VL circle. Fars is the main VL endemic province in south-
west Iran and VL patients have been reported from dif-
ferent regions of this province.

Data collection
VL is diagnosed and treated in specialised centres.

Although in some cities around the province, specialists
provide care to the patients, a referral hospital in Shiraz
(Namazi Hospital), the capital of the province, is the main
centre with the most sophisticated diagnostic tools. There-
fore, almost all the suspected cases are referred to Namazi
Hospital at least once. A few cases have also been re-
ferred to the Paediatric Centre of the Ali-Asghar Hospi-
tal in the capital of the province.

Data from 217 patients admitted and treated in these
hospitals from 2000 to 2012 were gathered. These were
clinically diagnosed as kala-azar cases and confirmed by
one or multiple methods such as bone marrow or spleen
aspiration microscopic examination, rk-39 strip test,
indirect fluorescent antibody test ( IFAT >1/128 accepted
as positive result) and KAtex serological tests and PCR,
with bone marrow aspiration and IFAT being the most
frequently used.

The precise residential address of each patient was
recorded from the patients’ hospital files. The data en-
abled us to determine their city or village. The validity of
hospital records was reconfirmed when we randomly
called the phone numbers recorded with the address of
each patient’s residence. This sometimes varied for the
centre of province, because some patients were referred
from distant villages and had given their relatives’ ad-
dresses in Shiraz rather than their own village addresses.
The data were corrected. The nomads also gave their ad-
dresses of nearest villages or cities to their original dwell-
ing places and we accepted these addresses because the
distances inbetween were short and, therefore, would not
influence the climatic analysis.

Geospatial data
The patients’ residences were recorded and deter-

mined on the Fars province shape file map which included
counties, rural districts, villages, and cities based on the
latitudes and longitudes of the villages or cities from which
the VL patients were referred. The number of patients in

Table 1. The division of different regions of Fars province
based on weather conditions

Weather condition Region

Warm and arid Southeast, south, southwest
Temperate and semi-arid Middle, west
Temperate and arid East
Cold and arid Northeast
Cold and semi-arid North
Cold and wet Northwest
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each village or city was imported into the layer attribute
field and analysed for each rural district and county.  Each
province contains counties and each county is divided
into rural districts.

Digital elevation model (DEM) and landcover maps
were retrieved from the Department of Natural Resources
of Fars province. Landcover is a vector layer and shows
different features covered within Fars province. A slope
raster map was produced, based on DEM by calculating
the maximum rate of change in value between each cell
and its neighbours by using spatial analyst tool. Monthly
and annual temperatures from 24 synoptic meteorology
stations and the annual rainfall from 43 rainfall assess-
ment stations for the years were obtained from the Fars
Province Weather Bureau. Mean annual temperature
(MAT) and mean annual rainfall (MAR) were calculated
based on annual temperature and annual rainfall of the
studied years, respectively. ArcGIS version 9.3 (http://
www.esri.com/arcgis) was used to analyse geospatial and
related climatic and demographic information. After
checking different interpolation methods, the annual
isohydral and isothermal rasters were developed using
the tension based Spline interpolation model with a reso-
lution grid of 2×2 km for Fars province.

An investigation of hospital records revealed that
mostly the VL cases were found between February and
May in different years. With respect to the incubation
period of kala-azar, which is usually reported to be be-
tween 2 and 6 months after a sandfly bite15, the presumed
time of parasite transmission by sandflies was consid-
ered as corresponding to mid-August to mid-December
when the weather is temperate and suitable for sandfly
activities. Therefore, an isothermal raster for a four month
period (T4 variable) from mid-August to mid-December
was developed.

The Fars province shape file map (including villages
and cities points) was extracted with all raster maps, includ-
ing annual rainfall, annual temperature, temperatures cov-
ering four months, digital elevation model and slope. The
geometric intersection of the layer obtained from the ex-
traction of the above mentioned layers and landcover po-
lygonal shape file was computed by an identity tool to pro-
duce the final layer in which each point presented properties
of all overlapped identity features from the above men-
tioned raster and vector layers. The attribute of this layer
was converted to excel format for statistical analysis.

Hazard map
The nomads travel routes (NTR) vector map was re-

trieved from Fars Nomads Affairs Administration. A haz-
ard map produced by unifying the buffers (5 km) was

developed around the ways in which nomadic immigrants
travel from summer quarters (Yailaq) to winter quarters
(Qishlag) and vice versa to survey the effect of nomads
on VL occurrence.

Statistical analysis
Having described the spatial distribution of cases and

their demographic variables, we explored the link between
the risk of disease and geographical features such as
landcover and meteorological factors. The effect of close
proximity to nomadic migration routes on VL occurrence
was also determined. For these analyses, data of dwell-
ing foci were extracted from maps and analysed using
logistic regression models. The analyses were carried out
using SPSS version 16.

RESULTS

Distribution of VL in the province
VL patients were reported in different regions, in-

cluding 141 points in Fars province. The majority of the
cases were from the middle and western regions of the
province (predominantly Kazeroon and Shiraz counties),
although a major focus was also in the southeast (Darab
county). Some (four) counties in the southwest and north-
east of the province were found to be clean counties, be-
cause no VL patient was reported from these counties in
our study. Among the rural districts, most VL cases were
reported from six rural districts, five of which belonged
to the middle and western regions and one belonged to
the southeast focus. Although most of the cases were re-
ported from villages, 16 points being the maximum num-
ber of VL cases, 10 points were city-based (Fig. 1). The
point with the highest level of prevalence was Sarmashhad,
a village in the western region of Fars province.

Effect of hazard map on VL distribution
A survey of the close proximity of VL reported points

to nomadic travel routes was carried out in all the 141
villages and cities from which VL was reported, where
116 rural and urban locations (82.2%) were covered by
the hazard map and 191 (88%) out of 217 cases were
found within 5 km buffer zone. Based on our calculation,
25 of the 3569 locations out of the buffer zone reported at
least one case (0.7%), while 116 of the 4601 locations
within the buffer zone reported at least one case (2.5%).
The odds ratio (OR) of locations within the buffer zone
reporting at least one case was 3.7 (2.3–5.9), which was
highly significant and showed that the buffer zone obvi-
ously increases the chance of disease significantly
(p <0.0001). Furthermore, a study of the map which in-
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shows the situation of different Fars province counties
with respect to climatic and geodemographic conditions
and the number of VL cases reported from there.

The various landcovers have expanded in Fars
province. The frequency of polluted points, as well as
all existing points in different landcovers are shown in
Table 3. The majority of cases were reported from irri-
gated farms and gardens, thin rangeland, urban sites (re-
gions covering a minimum of 25 ha of human residential
areas based on primary remote sensing data), and sparse
forests. Points with reported cases of VL were observed
more often in urban, dry farm, and sparse forest areas in
comparison to villages and cities (points) in the same ar-
eas (Fig. 5). There were no cities or villages located in
the landcovers of shrub land, swamps and cane-brakes in
this province.

The logistic regression for single variable model
which showed temperature [including both T4 and MAR
variables with higher effectiveness (odds ratio) for T4]
and elevation had significant effect on occurrence of dis-

Fig. 2: The circles denote the locations where nomadic migratory
routes meet.  Accumulations of villages or cities with reports
of VL were also observed at these locations. Each tribe’s NTR
is shown with a different colour on the map and is named in
the legend.

cluded both patient reported points and NTR vector lay-
ers, illustrated the accumulation of these points corre-
sponded to where nomadic travel routes were crossed, or
accumulated and a small branch of one tribe’s travel route
unified with the main route like the crossing points of
Arab tribe travel routes in the southeast, or where differ-
ent tribes’ travel routes passed or crossed as occurred in
the central and western regions (Fig. 2). In the map, five
hot points were illustrated at which VL reported points
accumulate on the cross roads of nomadic journey routes.

Other factors including climatic and environmental agents
Geospatial, and climatic and geographic analysis

based on DEM, slope, only isohydral and isothermal ras-
ter maps in Figs. 3 and 4 showed that the different points
where from patients were reported, have different climatic
conditions. The MAT for the mentioned points varies with
a range from 13 to 26°C. The MAR differs from 140 to
955 mm. The minimum and maximum elevation, and
slope were 203 and 2996 m and, 0 and 34 degrees respec-
tively. The four months temperature mean also differed
from 13 to 25°C among different polluted points. Table 2

Fig. 1: The frequency of VL patients in counties and in rural districts
and points with most cases.
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Fig. 4: Isothermal model raster map of Fars province. The polluted
points are illustrated.

Fig. 5: The land converge vector layer of Fars province. The points
with patient reports are added as a layer to illustrate distribu-
tion of patients in different landcovers.

Fig. 3: Isohydral model raster map of Fars province. The polluted
points are illustrated.

Fig. 6: The presumed band surrounds most cases and NTRs in Fars
province.
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temperature and elevation factors were slightly higher than
other aforementioned factors.

In the forward stepwise multivariate model, only T4,
MAR and landcover were entered and showed signifi-
cant association with disease occurrence. The influence
of other variables was not significant and their effects
were automatically removed. T4 is the most important

Table 4. Results of the single and multivariate logistic regression
model for climatic and environmental factors

Logistic regression Variable p-value OR Nagelkerke’s
R2

Univariate T4 <0.001 1.121 0.017
MAT <0.001 1.114 0.016
MAR 0.22 1.001 0.001
Elevation <0.001 0.999 0.014
Slope 0.181 0.980 0.002
Landcover 0.212 1.042 0.001

Forward stepwise T4 <0.001 1.189 0.033
multivariate MAR <0.001 1.003
(Step 3) Landcover 0.05 1.272

Sig: The statistical significance of each factor in VL occurrence; OR:
Odds ratio (exponential B), which shows the relative increase or
decrease effect of each factor; T4: Four months temperature mean;
MAT: Mean annual temperature; MAR: mean annual rainfall.

Table 2. Climatic and geodemographic conditions and the number of reported VL cases from different Fars counties

Region County Patient T4Ave MATAve MARAve ELVAve SlopeAve NTR length
frequency (km)

Middle Shiraz 40 18.71 19.7 315 1682 3.81 1326.4
Firoozabad 13 21.65 21.98 294 1456 5.09 382.3
Ghirokarzin 10 21.57 21.56 276 752 5.01 215.3
Jahrom 10 20.25 20.42 268 1233 5.15 452
Fasa 7 18.99 19.44 250 1432 2.91 151.4
Marvdasht 7 16.41 16.99 351 1673 5.68 383.3

West Kazeroon 50 22.39 22.42 418 904 6.75 485.6
Farashband 8 23.9 24.21 292 766 4.22 268.2

Northwest Sepidan 5 16.45 16.43 550 1965 6.41 511.7
Mamassani 11 17.35 16.9 644 1214 10.15 496

North Abadeh 1 13.42 13.89 207 2135 2.43 5.2
Eghlid 4 13.56 13.79 480 2297 2.48 724.6

Northeast Bavanat 2 15.01 15.36 179 2240 4.66 199.6
Pasargad 0 16.72 16.88 229 1856 4.41 157.7
Khorambid 0 12.28 11.72 193 2312 2.72 0

East Arsanjan 2 18.21 18.48 192 1649 5.3 129.6
Neyriz 2 20.22 20.44 174 1745 3.08 144.2
Estahban 2 17.8 18.4 222 1643 4.12 58.1

Southwest Mohr 0 24.86 24.97 187 463 3.67 27.7
Lamerd 0 25.04 24.74 173 452 3.04 43.1
Khonj 5 22.86 22.97 230 622 3.76 250.2

South Larestan 6 23.25 23.77 175 809 3.72 345
Southeast Zarrindasht 4 23.26 23.82 183 1062 3.02 242.3

Darab 28 23.6 24.07 183 1334 4.92 353.6

T4Ave— County four months temperature mean average; MATAve— County mean annual temperature average; MARAve— County mean annual
rainfall average; ELVAve— County elevation average; SlopeAve— County slope average; NTR length: Nomads travel routes length in each
county.

Table 3. The distribution of VL polluted points and all province
points in different landcovers in Fars province

Landcover Polluted points All points Ratio
per feature (%) per feature (%)

Urban 14.9 1.3 11.46
Dry (rainfed) farm 4.3 2.1 2.05
Sparse forest 14.2 10.1 1.4
The forth of the river 0.7 0.6 1.17
Irrigated farm & garden 40.4 41.6 0.97
Thin rangeland 18.4 27 0.68
Bare land & without cover 1.4 2.1 0.67
Semi-condensed forest 2.2 4.9 0.45
Semi-condensed rangeland 3.5 8.9 0.39
Condensed forest 0 0.4 0
Salt land and salinity 0 0.4 0
Planted forest 0 0.1 0
Water area 0 0.2 0
Condensed rangeland 0 0.4 0

Total 100 100

ease, where as expected, temperature and elevation re-
vealed an inverse relation. Accordingly, both increase in
temperature and decrease in elevation increased the chance
of VL occurrence. But landcover, rainfall and slope had
no significant effect on occurrence of the disease. Based
on Nagelkerke’s R-Square calculation, goodness of fit of
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factor which played a role in the model, and MAR and
landcovers have a lower significance. Increase of one unit
of each of the aforesaid factors increased the possibility
of VL for landcover, T4 and MAR by 27, 19 and 0.3%,
respectively  (Table 4).

Overall, 95% of the cases occurred at locations with
an altitude ranging from 477–2402 m, elevation 0.23–
23.5 degrees slope, 164–712 mm annual rainfall, and
13.6–25 mean annual temperature.

DISCUSSION

Our study targeted the role of climatic and human
population factors on VL distribution. With respect to our
findings, the most important factor for the distribution of
VL is close proximity to nomadic travel routes. Climatic
factors ranked second. Among these, temperature, espe-
cially T4 is the most effective variable, and rainfall was
also shown to be another effective climatic agent. Most
of the cases of VL were from temperate and semi-arid
areas in the western and central regions. Arid condition
was a confined factor for distribution of the disease. The
environmental factor of landcovers including urban, dry
farm and sparse forest regions was revealed as the third
ranked effective factor for VL distribution in Fars prov-
ince. The importance of altitude was only shown when
its effect was studied independently from other factors.

The importance of close proximity to NTRs was well-
presented when 82% of the polluted villages and cities
accumulated in a 5 km buffer around. Furthermore, accu-
mulation of polluted villages and cities at the locations
where NTRs accumulated or crossed reconfirmed the role
of nomads and close proximity to NTRs. NTRs in the
Fars province extend to Kohkilouyeh and Booyerahmad
province in the northwest and Bushehr province in the
west and southwest. Interestingly, all these regions com-
pose the southwest endemic foci of VL in Iran. Based on
the trend of distribution of VL cases in the Fars, a pre-
sumed band is conceivable, stretching from the northwest
to the southwest of the province (Fig. 6) and most of the
cases are accommodated within this band, which of course
is concordant with the distribution of NTRs in the prov-
ince. Different studies exist on the role of population im-
migration on the distribution and occurrence of emerg-
ing or re-emerging leishmaniasis disease2, 16–18.

How nomads play this role can be explained by their
life structure and style. Nomads, as a population which
live by herding sheep and goats, usually own a notable
number of dogs. Furthermore, immigration twice a year,
with routes as long as hundreds of kilometres through
different kala-azar endemic regions and through a vari-

ety of land coverage, exposes them and their dogs to the
regions of sandfly breeding and activity. They also move
within or near regions in which stray dogs or wild Canidae
live or roam. The nomads usually have no access to good
quality sanitary facilities and most probably fail to attend
medical centres for health related issues. In the 20th cen-
tury and today, many nomadic people have been chang-
ing their life-style and exchanging a migrating life for a
life in the villages and cities. Therefore, there are people
in villages and cities who are relatives of immigrating
nomads and have a close relationship with them, subse-
quently playing a role in the maintenance of the
disease in these regions. All of these high risk conditions
were caused that nomads have been converted as high
risk  population for kala-azar which resulted in stability
of VL in Iran southwest foci. Some serological studies
have shown high seropositivity for antileishmanial anti-
bodies in the nomadic population and confirm our con-
clusion. Mohebali et al8 reported that 1.7% of nomadic
children were seropositive, compared to 0.9% of the
settled population in endemic regions, which was a sig-
nificant difference19.

Study of climatic factors revealed that temperature
(including MAT and T4) plays a notable role after
NTR effect. T4 as the most effective climatic variable,
indirectly showed the effect of temperature on
sandflies as vectors of Leishmania. This was because
T4 was the result of average temperatures of months in
which we anticipated that Leishmania transmission was
actively induced by vectors. This finding showed the
role of a temperate climate of late summer and autumn
on the reproduction and activity of sandflies in the Fars
province.

The second ranked climatic effective variable is MAR.
According to our results, mostly the patients were reported
from temperate and semi-arid regions, which equated to
central and western counties in the Fars province. Mostly
the counties and rural districts with the maximum number
of cases were also within these regions and the most VL
prevalent point was a village in the western region. The
semi-arid regions have also been shown as important foci
of VL in other studies. For instance, in Brazil, semi-arid and
hot climates were presented as the highest VL occurring
regions in Bahia state. Elsewhere in Kenya, all the VL cases
occurred in semi-arid and arid regions20–21.

Our results also showed that the regions with no cases
or low VL reports are confined to warm and arid southwest-
ern, temperate and arid eastern, and cold and arid northeast-
ern regions of the province, all of which share a common
property of being arid, whilst a wide range of temperatures
was observed in these regions. So aridity is a confined fac-
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tor for VL occurrence in the Fars province. Of course re-
gions in the southeast and at southern locations are
exceptional areas, which do not follow the above mentioned
pattern. Salahi-Moghadam et al14 showed that an increase
in days at or below freezing point is an effective factor
for a decrease in VL occurrence in the northwestern
Iran and this could also explain the effect of coldness
on VL occurrence in the northeastern regions of the Fars
province.

Land coverage has a less significant role in the model.
This variable has been presented in different studies as
an effective factor for the distribution of VL or the para-
site vectors22–25. Urban, dry farm and sparse forest con-
tribute to the distribution of VL in the Fars province. A
notable number of cities and villages are within the urban
landcover. Furthermore, suburban regions with low so-
cial facilities and quality of life also play a role as high
risk regions for VL16, 26.

Dry farm lands are important with respect to agricul-
tural activities, which may result in the provision of suit-
able breeding places for sandflies, and the role of sparse
forest can be debated with respect to the abundance of
leaf-falling trees, e.g. oak (Quercus persica), wild almond
(Amygdalus scoparia), terebinth (Pistacia terebinthus),
common fig (Ficus carica) and Persian juniper (Juniperus
polycarpus), as an  accumulation of their leaves  produces
conditions ideal for sandfly reproduction and activity,
similar to what occurred in North America25. Furthermore,
sparse forests are the habitat for canidae family animals,
e.g. foxes, wolves, and jackals, which occasionally come
to neighbour farms and gardens and suburban regions
seeking food.

Elevation factor decreases the chance of VL occur-
rence according to independent analyses, but multivari-
ate logistic regression failed to confirm its effect. In our
study, elevation had a reverse effect relative to tempera-
ture. Elnaiem et al27 also showed altitude to be negatively
correlated to VL incidence in eastern Sudan.

Overall, although climatic and environmental factors
have a significant effect on how VL is distributed, close
proximity to NTR is the most effective factor. The con-
troversy of low rainfall concordant with high VL occur-
rence in some arid southeastern and southern counties is
resolved when calculations of the length of nomadic travel
routes is examined to reveal the considerable length of
these routes in those counties. Furthermore, the counties
with lower number of cases in arid regions also have fewer
nomadic travel routes within them and three out four clean
counties presented either none or the shortest length of a
route between all counties (Table 2).

There are some limitations for this work also as ob-

served in many studies such as the present one. For instance,
although personal data registered in the hospital records are
a reliable source for determination of patients’ addresses,
imprecise addresses, however, or misleading data may be
submitted by few patients. This can be ignored by check-
ing the accuracy of addresses before importing to the study.
Furthermore, the addition of serological or molecular epi-
demiological surveys could strengthen our results on the
severity of VL occurrence in each focus and reconfirm the
reproducibility of our results.

Considering nomadic influence as a population on
VL occurrence, instructions of their dog owners and in-
tensive control and treatment of dogs would seem to be a
mandatory recommendation. Government investment on
programmed medical surveillance and sanitary conditions
of nomadic tribes as well as comprehensive studies on
sandflies in the regions around nomadic travel routes are
also highly recommended. With respect to the increasing
trend of nomads, dwellings in cities and villages, the pos-
sibility of the emergence of new foci, especially in larger
cities cannot be ignored. We strongly recommend targeted
studies on nomadic influence on the distribution of VL in
endemic countries in which populations of nomads are
notable. Global warming and changes in climatic condi-
tions can also affect the distribution of disease in this re-
gion and follow-up studies are required.

CONCLUSION

The conclusion attained by these findings on distribu-
tion of VL in the Fars province is that it is influenced by a
combination of environmental and nomadic demographical
variables, although close proximity to NTRs and the role
of nomads in the distribution and continuance of kala-azar
are the most important factors. This study has provided a
foundation which serves as a guide for researchers in the
management of different studies in a variety of aspects of
kala-azar in this region.

ACKNOWLEDGEMENTS

This manuscript is a part of Mohammad Amin
Ghatee’s Ph.D. thesis which was financially supported
by the Research Vice-Chancellor of Kerman University
of Medical Sciences (Grant No. 90.225). The authors
would also like to thank Mr Negahban, Head of GIS,
Department of Natural Resources of Fars province and
also technical staff of Fars province Weather Bureau for
their technical support. They are very grateful for guides
of Nomad Affairs staff in related units in different coun-
ties of Fars province.



 187Ghatee  et al: Spatial survey of VL in Iran

REFERENCES

1. Alvar J, Ve´lez ID, Bern C, Herrero M, Desjeux P, Cano J, et al.
Leishmaniasis worldwide and global estimates of its incidence.
PLoS One 2012; 7(5): e35671.

2. Desjeux P. Leishmaniasis: Current situation and new perspec-
tives. Comp Immunol Microbiol Infect Dis 2004; 27(5): 305–18.

3. Nadim A. Present status of kala-azar in Iran. Am J Trop Med
Hyg 1978; 27(1): 25–8.

4. Expert Committee. Control of the leishmaniasis. WHO Tech Rep
Ser 1990; 793: 1–158.

5. Mirsamadi N, Mohebali M, Attari MR, Edrissian GH. Serologi-
cal survey of visceral leishmaniasis (kala-azar) in Azarshahr,
Azarbaijan province, northwest of Iran. Iranian J Hakim 2003;
6: 17–22.

6. Edrissian GH, Hafizi A, Afshar A, Soleiman-Zadeh G, Movahed-
Danesh AM, Garoussi A. An endemic focus of visceral leishma-
niasis in Meshkin-Shahr, east Azerbaijan province, northwest part
of Iran and IFA serological survey of the disease in this area.
Bull Soc Pathol Exot 1988; 81(2): 238–48.

7. Sarkari B, Hatam G, Ghatee MA. Epidemiological features of
visceral leishmaniasis in Fars province, southern Iran. Iranian J
Public Health  2012; 41(4): 94–9.

8. Mohebali M, Edrissian GHH, Nadim A, Hajjaran H,
Akhoundi B, Hooshmand B, et al. Application of (DAT) direct
agglutination test for the diagnosis and seroepidemiological stud-
ies of visceral leishmaniasis in Iran. Iran J Parasitol 2006; 1(1):
15–25.

9. Mohebali M, Hamzavi Y, Edrissian GH, Forouzan A.
Seroepidemiological study of visceral leishmaniasis among hu-
mans and animal reservoirs in Bushehr, Islamic Republic of Iran.
East Mediterr Health J 2001; 7(9): 912–17.

10. Sarkari B, Pedram N, Mohebali M, Moshfe AA, Zargar MA,
Akhoundi B, et al. Seroepidemiological study of visceral
leishmaniasis in Booyerahmad district, southwest Islamic
Republic of Iran. East Mediterr Health J 2010; 16(11):
1133–36.

11. Ashford RW. The Leishmaniases as emerging and reemerging
zoonoses. Int J Parasitol 2000; 30: 1269–81.

12. Gramiccia M, Gradoni L. The current status of zoonotic leish-
maniases and approaches to disease control. Int J Parasitol 2005;
35(11–12): 1169–80.

13. Thompson AR, Lima De Oliveira JW, Maguire JH, Braud DH,
Scholl DT. Climatic and demographic determinants of Ameri-
can visceral leishmaniasis in northeastern Brazil using remote
sensing technology for environmental categorization of rain and
region influences on leishmaniasis. Am J Trop Med Hyg 2002;
67(6): 648–55.

14. Salahi-Moghaddam A, Mohebali M, Moshfae A, Habibi M, Zarei

Z. Ecological study and risk mapping of visceral leishmaniasis
in an endemic area of Iran based on a geographical information
systems approach. Geospat Health 2010; 5(1): 71–7.

15. Rees PH, Kager PA. Visceral leishmaniasis and post kala-azar
dermal leishmaniasis. In: Peters W, Killick-Kendrick R, editors.
The Leishmaniasis in biology and medicine, v. 2. London: Aca-
demic Press 1987; p. 583–615.

16. Urbanization: An increasing risk factor for leishmaniasis. Wkly
Epidemiol Rec 2002; 77(44): 365–72.

17. Ashford RW, Kohestany KA, Karimzad MA. Cutaneous
leishmaniasis in Kabul, Afghanistan: Observations on a
prolonged epidemic. Ann Trop Med Parasitol 1992; 86(4):
361–71.

18. Seaman J, Mercer AJ, Sondorp HE, Herwaldt BL. Epidemic vis-
ceral leishmaniasis in southern Sudan: Treatment of severely de-
bilitated patients under war time conditions and with-limited re-
sources. Ann Int Med 1996; 124(7): 664–72.

19. Asgari Q, Fakhar M, Motazedian H. Nomadic kala-azar in south
of Iran. Iranian J Public Health 2006; 35(3): 85–6.

20. Nieto P, Malone JB, Bavia ME. Ecological niche modeling
for visceral leishmaniasis in the state of Bahia, Brazil,
using genetic algorithm for rule-set prediction and growing
degree day-water budget analysis. Geospat Health 2006; 1(1):
115–26.

21. Ryan JR, Mbui J, Rashid JR, Wasunna MK, Kirigi G, Magiri C,
et al. Spatial clustering and epidemiological aspects of visceral
leishmaniasis in two endemic villages, Baringo district, Kenya.
Am J Trop Med Hyg  2006; 74(2): 308–17.

22. King RJ, Campbell-Lendrum DH, Davies CR. Predicting geo-
graphic variation in cutaneous leishmaniasis, Colombia. Emerg
Infect Dis 2004; 10(4): 598–607.

23. Sudhakar S, Srinivas T, Palit A, Kar SK, Battacharya SK. Map-
ping of risk prone areas of kala-azar (visceral leishmaniasis) in
parts of Bihar state, India: An RS and GIS approach. J Vector
Borne Dis 2006; 43(3): 115–22.

24. Rossi E, Rinaldi L, Musella V, Veneziano V, Carbone S, Gradoni
L, et al.  Mapping the main Leishmania phlebotomine vector in
the endemic focus of the Mt. Vesuvius in southern Italy. Geospat
Health 2007; 1(2): 191–8.

25. Claborn DM, Masuoka P, Morrow M, Keep L. Habitat
analysis of north American sandflies near veterans returning
from Leishmania-endemic war zones. Int J Health Geogr  2008;
7: 65.

26. Desjeux P. The increase in risk factors for the leishmaniasis world-
wide. Trans R Soc Trop Med Hyg 2001; 95: 239–43.

27. Elnaiem DE, Schorscher J, Bendall A, Obsomer V, Osman ME,
Mekkawi AM, et al. Risk mapping of visceral leishmaniasis: The
role of local variation in rainfall and altitude on the presence and
incidence of kala-azar in eastern Sudan. Am  J Trop Med Hyg
2003; 68(1): 10–7.

Correspondence to: Prof. Iraj Sharifi, Leishmaniasis Research Center, Kerman University of Medical Sciences, Kerman 76169-14115, Iran.
E-mail: iraj.sharifi@yahoo.com

Received: 16 January 2013 Accepted in revised form: 21 July 2013


