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Abstract. Between 1998 and 2001, a total of 1,062 human cases of visceral leishmaniasis were reported from the rural
district of Meshkin-Shahr in the mountainous, north-western Iranian province of Ardabil. In the summer of 2008, a
cross-sectional study of dogs was conducted in this endemic area by randomly selecting 384 animals from 21 villages
and testing them serologically for leishmaniasis. Villages, in which more than 10% of investigated dogs showed anti-
Leishmania titres  ≥1/320, were considered to be high-risk environments. Regression analysis showed no statistically
significant correlation between topographic conditions and the prevalence of positive cases. However, when the results
were compared with past meteorological records, a statistically significant positive correlation (P = 0.007) was found
between the number of infected dogs with anti-Leishmania titres ≥1/640 and the number of days in a year with tem-
peratures below 0 °C. While humidity showed an inverse correlation (P = 0.009) with the anti-Leishmania titres, a pos-
itive correlation (P <0.001) was found in relation to the amount of rainfall. Mapping of the areas at risk for kala-azar
in the Meshkin-Shahr district supports the impression that the low temperatures prevalent in the Ardebil province con-
stitute an important factor influencing the distribution of leishmaniasis there. 
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Introduction

Cases of visceral leishmaniasis (VL) are frequent
in several parts of Iran. Examples of areas with
reported VL include the Meshkin-Shahr district in
the Ardabil province (Mohebali et al., 2006) as well
as the Azar-Shahr district in the province of East
Azarbaijan (Mirsamadi et al., 2003) in the North.
Cases are also reported from the Firuz-Abad district
in the Fars province in the South (Hashemi-Nasab et

al., 1980), and in some nomadic communities in
other parts of the country (Mohebali et al., 2001).
The parasitic agent in the area is Leishmania infan-
tum LON 49 (Mohebali et al., 2002, 2004).

The Meshkin-Shahr district (Fig. 1), a rural,
mainly agricultural area, is one of the most impor-
tant endemic zones for VL in Iran (Soleimanzadeh
et al., 1993). Out of 1,050 cases of VL occurring in
Iran during the period 1985-1990, 800 (76%) orig-
inated in this district (Soleimanzadeh et al., 1993).
Climatologically, Meshkin-Shahr is generally cold,
i.e. the average daily temperature is below 0 °C for
more than a third of the year. Dry cattle faeces is
traditionally burnt to produce heat at times of low
outdoor temperatures. To that end, the faeces from
the cattle are processed in blocks and stored in
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large conical structures called “galakhs” in local
language. However, these structures not only pro-
vide an excellent niche for the sand fly vector of the
Leishmania parasite, but are also commonly used as
dog-shelters in the winter (Fig. 2). In our opinion, it
is therefore probable that these “galakhs” play a role
in the local epidemiology of VL. In addition, in con-
trast to other parts of Iran, people in the north-west-
ern provinces have a close relation to dogs, which
are not only used for shepherding and guarding but
also kept as pets. The risk for infection is obvious
when one considers that the dog constitutes the pre-
dominant host for the Leishmania parasite and that
dogs constitute the main reservoir for the disease
(Gavgani et al., 2002; Mohebali et al., 2005).

Many Iranian studies have focused on the zoonot-
ic aspects of VL and the role of reservoir hosts for its
transmission (Edrissian et al., 1988; Mohebali et al.,
2005). Although a geographical information system
(GIS) lends itself for the mapping of high-risk,
endemic areas for infectious and parasitic diseases
(Elnaiem et al., 2003; Rinaldi et al., 2006), no efforts
have been made with regard to VL epidemiology in
the endemically important Meshkin-Shahr district. In
order to better understand the ecology of the disease,
and the variables influencing its distribution, we
applied GIS with satellite imagery for complementa-
ry information as pioneered in India (Sudhakar et al.,
2006; Bhunia et al., 2010).  The terrestrial data,
including parameters such as elevation, temperature
and rainfall were collected with the overall aim to
facilitate mapping high-risk areas in this district.

Materials and methods

Study site

The Ardabil province has a cold, predominantly
dry climate. Until recently, this province belonged to
Azerbaijan and scientific articles, depending when
they were written, may therefore refer to Ardabil as
part of either the one or the other country. The
investigation presented here was conducted in 2007
and 200 in the Meshkin-Shahr district, which is

Fig. 1. Maps showing the location of the Ardebil province in
Iran and the endemic zone for visceral leishmaniasis (VL) in
the Meshkin-Shahr district (violet).

Fig. 2. A dog close to a “galakh” (left) and its summer shel-
ter (right).
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located in the central northern part of the Ardebil
province between longitudes 47° 19’ and 48° 17’
East and latitudes 38° 57’ and 38° 13’ North (Fig.
1). The relative humidity in this area fluctuates
between 61% and 70% (Fig. 3) and the annual rain-
fall varies between 300 and 385 mm (Fig. 4). The
district includes 416 officially registered localities
such as villages and rural areas.

As there is no definitive basis for estimating the
VL risk (Ashford, 1999), villages were arbitrarily
considered endemic if more than 10% of sampled
dogs test positively for anti-Leishmania antibodies
with a serum dilution of  ≥1/320. Inspections of the
general life style and human-dog relationship were
carried out on site to gain a better understanding of
the ecology of the disease. In the endemic villages,

the number of roofed houses and the date of infec-
tion (when known) were collected, while the envi-
ronment was recorded from a purely geographic
point of view using a global positioning system
(GPS) instrument. Villages, considered non-endemic
according to previous studies (Soleimanzadeh et al.,
1993) were not investigated at this time. 

Data collection

Records of human and animal cases from the peri-
od 2003-2008 in the study area were retrieved for
eight villages from primary health care files.
Meteorological data, including relative humidity,
annual rainfall, the state of local rivers, elevation
and the number of days in the year, colder than 0 °C

Fig. 3. Distribution of positive cases for canine leishmaniasis
in the Ardebil province overlaid on a map indicating the vari-
ation of  relative humidity over the territory.

Fig. 4. Distribution of positive cases for canine leishmaniasis
in the Ardebil province overlaid on a map indicating the vari-
ation of rainfall (mm/year) over the territory.
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(freezing days), were retrieved from the Iranian
Atmospheric Science and Climatological Research
Center (IASCRC). 

ArcGIS, version 9.2 (http://www.esri.com/arcgis)
was used for the spatial analysis. The information
from IASCRC was added to the terrestrial data pre-
viously collected and saved in the form of shape-files.
Demographic information and data on elevations and
other facts such as the location of villages and bor-
ders were used as shape-file base-layers. We used
ArcGIS for classifying areas as either safe (0) or as
posing a degree of risk for infection (1) based on the
cut-off values found (see Figs. 3-5), e.g. humidity less
than 63% was counted as safe (0), while higher
recordings were given a (1) designation. Likewise,
areas with an annual rainfall exceeding 340 mm were
recorded as (1), while areas with less rain received a
(0) value. Based on this information, raster maps
were produced for each of the four critical parame-
ters studied, i.e. rainfall, humidity, freezing days and
elevation (Figs. 3-5). These maps were finally com-
bined in a way that summed up the four critical
threshold values in such a way that areas could be dif-
ferentiated using a scale ranging from 0 to 4, the low-
est value signifying no risk at all with the others sug-
gesting various degrees of risk, i.e. if three above-
threshold values had been found (e.g. high rainfall,
low humidity and a high number of freezing days),
the zone was designated as (3) and so on.

The SPSS statistics package version 13, including
χ2 and ANOVA, was used for regression analysis
and other statistical analyses, while co-kriging was
applied with the variables as datasets to produce
risk maps. Those variables which had correlation
with endemic areas and their cut-off values were cal-
culated using SPSS software. 

To appraise the general distribution of canine
leishmaniasis in the district under study, we under-
took serological testing of 384 local dogs, randomly
selected from 21 villages in the endemic area, using
the direct agglutination test (DAT) and a Leishmania
antigen produced from promastigotes isolated from
the spleens of infected, domestic dogs and grown in
RPMI 1640 medium (Moshfe et al., 2008).

Results

The prevalence of canine leishmaniasis showed an
indirect correlation with humidity (P = 0.009). The
threshold was found to be a relative humidity of
63% (P = 0.008) depicted by the cases of leishmani-
asis overlaid on a map showing the variation in
humidity in the Ardabil province (Fig. 3). In addi-
tion, a direct correlation was seen between rainfall
and positive cases (P <0.001) with the strongest cor-
relations seen in areas receiving more than 340 mm
rain per year (Fig. 4). As seen in the figure, the dif-
ference with reference to the number of cases in
areas characterised by relatively little rain as com-
pared to areas with much rain is obvious (P <0.001).

There seemed to be no significant correlation
between elevation and prevalence of positive cases in
the regression analysis. However, after grouping data,
considering the 1,125 m level of elevation as critical
and the 1/640 titer as the cut-off level, there was
indeed a significant correlation (P = 0.038).

Assessment of VL infection in the houses, using a
χ2 test, showed a statistically highly significant cor-
relation (P <0.001) between human cases and infect-
ed dogs in the past 5 years, i.e. in each house where
a canine case was reported, a human case appeared
within this time-span. Regression analysis of avail-
able data showed that although 10-12 °C is a suit-
able average temperature for the transmission of
VL, there was no significant correlation between
temperature and positive cases. In the Ardebil
province, the number of days below 0 °C varied
from 94 to 119 days in the year. We found that the
number of freezing days in the year had a direct cor-
relation with positive serology in the dogs (P =
0.007). The villages with more than 107 days per
year below 0 °C had a significantly higher preva-
lence of dogs testing positively (P = 0.003). We con-
sidered 107 as the threshold for this variable. Fig. 5
shows the distribution of villages in the different
zones.

Putting the collected information together made it
possible to map the high-risk, endemic areas in the
Ardebil province. Fig. 6 shows the results for vil-
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lages using the co-kriging method, while Fig. 7
shows the risks resulting from summing-up the dif-
ferent risk parameters. Based on the national demo-
graphic information, it could be calculated that
about 29,000 people live in high-risk areas for
Leishmania infection (grade 4), about 128,000 peo-
ple live in medium-risk areas (grade 3) and 142,500
people in low-risk (grade 2) areas.

Discussion

This study is based on the assumption that infect-
ed local dogs, which live in close relationship with
households, would be highly likely to transmit
Leishmania to humans via the available sandfly vec-
tor. Although we are well aware that an in-depth
study would need to also explore the extent of

human infection, it was felt that the serological test-
ing of the dogs can be used as a proxy for endemic-
ity as the first step in a wider investigation.

Studies aiming at an improved understanding of
the ecology of VL have been conducted in other
parts of the world. For example, Bavia et al. (2005)
has shown the importance of the low level of the
normalized difference vegetation index (NDVI) in
Brazil for the prevalence of both human and canine
VL. These findings are corroborated by the observa-
tions reported in the northern part of India by
Bhunia et al. (2010). Our findings with respect to
rainfall and endemicity correspond with reports
from eastern Sudan (Elnaiem et al., 2003). However,
while the Sudanese studies found altitude together
with rainfall particularly useful for risk mapping,
our study found that the number of days below

Fig. 5. Distribution of positive cases for canine leishmaniasis
in the Ardebil province overlaid on a map indicating the vari-
ation over the territory of how many days per year stay below
0 °C on avergage.

Fig. 6. Risk-map for canine leishmaniasis in the Ardebil
province constructed using the co-kriging method.
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freezing, rainfall and humidity taken together
worked even better as predictors.  Indeed, while we
also note the influence of humidity, our criteria are
quite similar to those reported by Elnaiem et al.
(2003) if cold days and high altitude are taken as
expression of the same variable. Even if this variable
is lower in the Ardabil province than in many other
areas, it should be noted that a very high percentage
of humidity (≥80%) is often recorded in Gilan, the
neighbourhood province. 

While Bhunia et al. (2010) found a negative corre-
lation with higher altitudes, only relatively low alti-
tudes, where temperatures never reached freezing,
were investigated.  However, also in our study, high-
er altitudes would have been expected to result in
lower risk of infection. Indeed, the higher the posi-
tive correlation between prevalence of VL and the
numbers of days below freezing is in conflict both
with the biology of the insect vector and the ecology.

On the other hand, we feel that there are reasons to
believe that the “galakhs” influence the overall situ-
ation by providing a warm shelter during cold days
and nights in this area. While these “galakhs” repre-
sent a cold day’s shelter they also provide a local eco-
logical niche for sandfly/dog interaction. It must,
however, be pointed out that no entomological study
have been carried out to prove this hypothesis.
Hence, investigations of the importance of these
shelters for leishmaniasis are needed to better under-
stand the correlation found between freezing and
risk. The correlation of VL with rainfall, humidity
and elevation and its higher prevalence at low tem-
peratures are important findings for mapping high-
risk areas in the north-western part of Iran.

Conclusions

Satellite imagery, complemented with a GIS data-
base, is useful for the study of leishmaniasis since
geographical parameters play an important role in
evaluating the risk for its distribution. Although the
spread of this disease is highly correlated with cer-
tain ranges of temperature, rainfall, humidity and
NDVI, paradoxical endemic situations may appear
when prevailing economy and social habits conspire
to create special conditions favouring transmission. 
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