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Abstract

Background: Great gerbils, Rhombomys opimus, are the main reservoir host of zoonootic cutaneous leishmaniasis
(ZCL) in Iran and neighboring countries. Based on morphological traits two subspecies R. opimus sodalis and R.
opimus sargadensis have reported in the country. However, variation in infection rate and signs to Leishmania
parasites, phenotype, size, and sexual polymorphisms demand more details to elucidate clearly the role of great
gerbilsin ZCL epidemiology.

M ethods: PCR-RFLP and PCR-direct sequencing were used to analyze mitochondrial DNA cytochrome B (mtDNA-
cytB) gene structure of R. opimus collected from Golestan and Khorasan-e-Razavi Provinces in 2011 that are
neighbor to Turkmenistan Country where ZCL is endemic in both sides of the borderline.

Results: All of the specimens (n= 61) were morphologically or genetically similar to the typical R. opimus sodalis.
However, there were 9 (1.5%) DNA substitutions throughout the 583 bp of the Cyt b gene of the samples sequenced
comprising six DNA haplotypes. Maximum likelihood or neighbor joining phylogenetic trees inferred from the
sequences could resolve the populations according to their subspecies as well as geographical origins.

Discussion: The DNA polymorphisms in the great gerbils may correspond to the signs and infection rate in the
animal. However, further studies are needed to match these six haplotypes with different signs and parasite
sustaining following infection with L. major in the great gerbils.
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I ntroduction

risk of contracting the disease (Ameen 2010,
WHO 2012). Ninety percent of annual cases
are reported from Afghanistan, Brazil, Iran,
Peru, Saudi Arabia, Syria, Algeria and Sudan

Leishmaniasis is considered an emerging
and re-emergent disease, with an increase in
its incidence in the last decades (Reithinger
et a. 2007). It has a global estimated preva-

lence of 12 million cases, with an estimative
of 1.5-2 million new cases each year. At the
present moment leishmaniasis occurs in 88
countries throughout Europe, Africa, Asia
and America, and 350 million people are at
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(Degieux 2004). Zoonotic Coutaneous leish-
maniasis (ZCL) due to Leishmania major is
one of the infectious increasing diseases in
Iran where it almost doubled (from 11505 to
22705 cases) over anine-year period in 2001
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to 2009 (IMHME 2010, Oshaghi et a. 2010).
Leishmaniasis is endemic in Turkmenistan
which has a long borderline in northeast of
Iran, and over the years 2000-2009, it has
been reported 1,562 cases of CL, mostly at
the southern territories bordering Iran (WHO
2009). Some of the most important causes of
this upward trend are the movement of
human populations toward the reservoir as
well as vector habitats and the development
of irrigation project.

The great gerbils, Rhombomys opimus, is
known to be the most important reservoir
host of L. major, being transmitted by sand
flies of the genus Phlebotomus (Y aghoobi-
Ershadi et a. 1996, Y aghoobi-Ershadi and
Javadian 1996, Mohebali et a. 2004, Rassi
et al. 2008a, 2011, Akhavan et a. 2010a,b,c,
Oshaghi et a. 2008 and 2010). Thisrodent is
distributed both in the arid and semi-arid
regions throughout centra and south Asia
from Kazakhstan, Kyrgyzstan, Turkmenistan,
Uzbekistan, Tgjikistan, Iran, Pakistan, Afghan-
istan, to southern Mongolia, and north-western
China (Sosnina 1979, Malon 1985, Strelkova
et a. 2001, Molur et al. 2005, Smith and Xie
2008, Shar et al. 2009, Abai et a. 2010). In
Iran, it is widely distributed in central and
northeast parts of the country (Y aghoobi-
Ershadi and Javadian 1996, Rass et a. 2008b,
Akhavan et d. 2010a,b,c, Oshaghi et d. 2011).

The rate of infection of R. opimus to L.
major is normally high and may reach to
92.5% at endemic areas (Rassi et al. 2008a).
The parasite persists in the great gerbils for
up to 25 months (Strelkova et al. 2001).
They are also known to carry the germs of
bubonic plague (Davis et al. 2004, Zhang
and Da 2008) as well as being an agricul-
tural pest (Nowak 1999).

The great gerbils occupy desert to semi-
desert habitats, and are associated with
succulent plants of family Chenopodiaceae
(Climacoptera spp., Salsola spp., Suaeda spp.)
(Dubrovsky 1975, Rogovin et a. 2003).
These saline ecological biotopes are discon-
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tinuous in distribution in center, north, and
northwest of Iran, thus leading to a fragmen-
tation of the populations of great gerbils.
Based on morphometric characteristics and
phenotypic differences, four subspecies name-
ly R. opimus opimus, R. opimus furmicolor, R.
opimus sargadensis, and R. opimus sodalis
have been reported within the species (Good-
win 1940, Etemad 1978). Two subspecies of
R. opimus sargadensis and R. opimus sodalis
occur in Iran (Aba et a. 2010). R. opimus
sodalis is bigger than R. opimus sargadensis.
This subspecies is brown to hazelnut color,
whereas R. opimus sargadensis has a yel-
lowish color. These phenotypic variations
are related to the wide geographic distribu-
tion of the great gerbils. Additionally, sexua
dimorphism and variation in the size of dif-
ferent developmental stages may make the
diagnosis of the subspecies more chalenging.
Accurate identification of reservoir host
species is important in the epidemiology and
control of zoonotic diseases such as ZCL
(Meerburg et a. 2009, Sakthianandeswaren
et al. 2009). Although great gerbils have afun-
damental role in the epidemiology of ZCL,
not many studies have been focused on the
relationship of R. opimus population struc-
ture and ZCL prevalence or severity of the
disease. It is shown a considerable variation
in infection rate and signs to Leishmania par-
astes. For example the rate of Leishmania
infection and its signs ranged from 11-
92.5% and asymptotic to scar respectively
among different R. opimus populations in
Iran (Y aghoobi-Ershadi et a. 1996, Mohebdi
et a. 2004, Rassi et a. 20083, Akhavan et al.
2010b,c). In another study, it was shown that
exposure of R. opimus populations to L.
major resulted a wide range of reactions, out
of 194 gerbils examined, L. major and L.
turranica were isolated from 80 (41.23%) of
the animals, 55 (68.75%) of the infected an-
imals showed no skin lesion (asymptomatic),
and only 25 (31.25%) of the animals showed
skin lesions and even the rate of parasitemia
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was not uniform (Hajjaran et a. 2013). This
seems to be due to various physiological and
genetic traits that affect the host-parasite
interaction. Therefore, studying the genetic
structure of different R. opimus populations
is of fundamental importance in ZCL epide-
miological investigation. At least two major
lineages (subspecies) exist within the species
of R opimus in Iran and analysis of the
mitochondrial cytochrome b (mtDNA-cytB)
gene, reveaed a range of 1-10% genetic var-
iation among the populations of seven dis-
tricts belonging to five provinces in central
and north-eastern Iran (Oshaghi et al. 2011).
In the current study, we aimed to char-
acterize the mtDNA-CyB gene sequences of
three great gerbil populations distributed in
northeastern Iran close to the border line
with Turkmenistan where ZCL is endemic.

M aterials and M ethods

Study area and rodent collection

This study was conducted in three dis-
tricts of northeastern part of Iran including
Sarakhs of Khorassan-e-Razavi Province, and
Gonbad-e Qabus and Maraveh-Tappeh from
Golestan Province in 2011. Details of col-
lection sites are shown in Table 1. These
districts respectively are located in the north-
ern and far northeastern parts of the border-
line of Iran-Turkmenistan (Fig. 1).

Animal collections were performed using
Sherman live-trap (30cmx 15cmx 15cm wire
mesh) baited with a mixture of walnut, cu-
cumber, tomato, and bread dabbed with sun-
flower oil. Approximately 30-40 live traps
were used per night at each location in
monthly collections. The traps were set close
to burrow entrance 2-3 h before the dusk
and were checked in the next morning after
sunrise. The captured animals were trans-
ported to the laboratory, anesthetized using a
mixture of 150mg/kg ketamine 10% and
15mg/kg xylazine 2% before 200-1000uL of

175

H Bakhshi: MtDNA CytB Structure ...

blood was taken from the tail vein in tubes
containing 20-30uL anticoagulants (heparin,
EDTA, 0.29 M) and stored at -20 °C until use.
We dso used DBC (DNA Banking Card) to
store blood samples of the rodents. Blood
sample (50uL) were spotted directly on sep-
arate DBC cards and dried at room temper-
ature as explained previoudy by Karimian et a.
(2011). Morphologica measurements were dso
recorded while the animals were anesthetized.

All experiments on the rodents were per-
formed in accord with the guidelines of the
Ethical Board of Tehran University of Med-
ical Sciences, Iran.

Species and subspeciesidentification

The genus and species of the rodents
were determined by external morphological
characteristics including color, grooves on
the incisor teeth, length of ears, tail, hind
feet, head, body, and skull (Ziaei 1996).
Presence of two fine grooves on the incisor
teeth is the most important characteristics for
R. opimus identification. The specimens with
hazel-nut color, body length ranging from
300 to 320mm and a tail length of 135 to
140mm, and hind feet length of 43 to 456mm
were considered to be R opimus sodalis
subspecies. Specimens with brown to yel-
lowish color, body length ranging from 200
to 250mm and a tal length of 100 to
130mm, were determined to be R. opimus
sargadensis subspecies (Abai et al. 2010).

mtDNA cytB PCR and sequencing

One mm diameter disc of each DBC card
containing dried blood sample were punched
and then DNA was extracted according to
the manufacturer's guide (Karimian et al.
2011) and used for PCR amplification. We
also extracted DNA from the blood samples
(200uL blood per animal) using G-spin Blood
and Tissue DNA Kit (Bioneer, South Korea)
according to the manufacturer's instructions.

A 624bp fragment of the cytochrome b gene
(cytB) of the mitochondrid (mt) DNA were
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amplified using the protocol of (Maleki-
Ravasan et al. 2009) and the primers described
by Kent and Norris (Kent and Norris 2005).
They primers used were UNFOR403 (5-T
GAGGACAAATATCATTCTGAGG-3) and
UNREV1025 (5-GGTTGTCCTCCAATTCA
TGTTA-3). The PCR amplification was per-
formed in 25pL reaction mixtures containing
10mM Tris, pH 8.3, 50mM KCI, 1.5mM Mg
Cl2, 0.01% gelatin, 1.0mM deoxynucleotide
triphosphates, 1.25 units of Taq polymerase,
50pmol of each primer, and 5uL of the ex-
tracted DNA or and one mm disk of DBC
card. An initia denaturation step at 95 °C
for 5min was applied prior to 35 cycles of
denaturation for 1 min at 95 °C, hybridiza-
tion for 1 min at 58 °C and extension for 1
min at 72 °C followed by a final extension at
72 °C for 7min. Some DNA of R. opimus
sodalis (Oshaghi et al. 2011) were prepared
from the Insect Molecular Biology lab at the
School of Public Health and used as positive
controlsin PCR and PCR-RFLP analysis.

PCR products were analyzed by electro-
phoresis on 1% agarose gel stained with
ethidium bromide. A subset of PCR prod-
ucts, representatives of populations of the
three districts were selected for sequencing
(Table 1). Sequencing was performed using
an ABI 3730 sequencer machine by Seglab
(Gottingen, Germany).

Sequences were checked to correct ambi-
guities. Homologies with the available se-
guence data in GenBank was checked using
basic local aignment search tool (BLAST)
analysis software (www.ncbi.nlm.nih.gov/
BLAST). The cytB gene sequences of the
great gerbil R. opimus available in genbank
database (Table 1) were retrieved and used
as reference to generate multiple alignments
using the Clustal W software (Higgins and
Sharp 1988) and phylogenetic analysis.
PCR-RFL P and phylogenetic analysis

The sequences of the cytB gene of the
great gerbils obtained in this study were
checked by the specific restriction enzymes
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previously introduced by (Oshaghi et al.
2011). Hinfl restriction enzymes (RE) could
identify subspecies of R. opimus sodalis
from R opimus sargadensis. Digestions were
performed in 25uL mixtures containing 15uL
of PCR product mixed with 2.5uL of the
enzyme buffer and 5 units of Hinfl RE
overlaid with two drops of mineral oil. The
mixture was incubated at the temperature
recommended by the enzyme suppliers. An
aliquot (14pL) of the digestion product was
mixed with 6uL of loading buffer (0.25%
bromophenol blue, 0.25% xylene cyanoal,
and 30% glycerol), and electrophoresed in a
2.5% agarose gel. The gels were stained with
ethidium bromide (2mg/mL) and the RFLP
profiles were visualized under ultraviolet light.
Phylogenetic analysis was performed by
comparing the sequences obtained in this
study plus the ones were available in Genbak
for R opimus cytB gene. Neighbor joining (NJ)
and maximum pasmony (MP) trees were
constructed by the algorithm in MEGA 4.0
(Tamura et a. 2007). Robustness of the phy-
logenetic trees was tested with bootstrapping
value. CytB sequence of Meriones lybicus
(AB381902) was acquired from Genbank
and used as an out group in thisstudy (Table 1).

Results

Rhombomys opimus subspecies

A total of 61 great gerbil specimens in-
cluding 25 females and 36 males were col-
lected in this study. Details of the captured
specimens are shown in Table 1. Approxi-
mately 68 percent (n= 38) of the rodents were
caught from Sarakhs District. Field observa-
tion revealed that number of rodent burrows
in Gonbadli village was twice as other villages.

The genus and species of the rodents
were determined by testing external mor-
phological characteristics aready explained
in M and M section. Comparison between
the populations was performed for speci-
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mens of the same sex. According to the
classification mentioned above, we could
find just one subspecies R. opimus sodalis in
the study area. All of the specimens had a
color like hazel-nut and the range of body
length was 120-180mm without calculating
tail length. The average of the body length
without calculating the tail was 163mm. This
is important that some of these rodents may
not be adult and so their body length may be
shorter than adult ones. Weights of these
rodents were ranged from 112 to 269 grams
and the average weight was 176 grams.

CytB sequence and PCR-RFLP

The sequences of mtDNA cytB gene of
al 61 R. opimus specimens captured in this
study were analyzed by either sequencing or
PCR-RFLP assays. The PCR amplicons of
all specimens showed a single band of the
expected size (624bp) on the agarose gel.
Eleven specimens, as representatives of the
populations or villages (Table 1) were select-
ed for sequencing. Almost 583-586bp of
results of sequencing were trustable for anal-
ysis. We found six mitochondrial cytB hap-
lotypes among the specimens sequenced
(Table 2). When we added other R. opimus
sodalis sequences available in genbank, to-
tally eight haplotypes were found in the sub-
species (Table 2). There was a strong cor-
relation between the haplotypes and their
geographical origins.

Generdly, the sequences were more or less
similar to the sequences of typical R. opimus
sodalis (Accession Nos: FJ648772, FJe48775,
and AJ430556) previously reported in lran.
However, there were 9 (1.5%) DNA sub-
stitutions throughout the 583bp of the Cyt b
gene of the samples sequenced. When other
R. opimus sodalis sequences added to the
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analysis the number of substitutions rose to
12. Most of the nucleotide substitutions
(92%) were transition and, except one amino
acid (AA) substitution, there were no AA
substitution throughout the 194 base of AA
in the cytB region of the populations.

Hinfl restriction enzyme showed three
bands of 284, 212, and 128bp which is a spe-
cific RFLP profile for R. opimus sodalis for
al of the 61 specimens as well asthe R. opimus
sodalis from Kalaeh population as positive
control (Fig. 2).

Phylogenetic analysis

Tree reconstruction on the combination of
data obtained in this study plus those from
genbank using neighbor-joining (NJ) and max-
imum parsmony (MP) methods revealed sm-
ilar topology for the R. opimus populations
or subspecies. The trees showed two main
clades resolving very well the R. opimus
sodalis from R. opimus sargadensis (Fig. 3).
Specimens of Gonbad-e-Qabus, Maraveh-
Tappeh, and Sarakhs districts were associ-
ated with the specimen of Kalaeh district
and the ones aready known as R. opimus
sodalis, altogether grouped in one clade
whereas the second group included the R.
opimus sargadensis (Fig. 3). Within the
clade of R opimus sodalis three maor
branches were observed, two of them con-
tained specimens of Golestan and the other
one included the Saraks specimens. The
specimens of Golestan were scattered in two
distinct subclades. Sarakhs specimens were
positioned in between Golestan specimens.
Except three cases, the bootstrap values of
the nodes were more than 90 percent indi-
cating high confidence in tree topology and
well resolutions between the populations or
subspecies.
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Fig. 1. Study areas and the location where Rhombomys opi mus specimens were collected. 1, Sangar, 2, Gonbadli, 3,
Sozesh, 4, Ghareh Gol, 5, Dashli-Borun, and 6, Fadavi

Table 1. Details of Rhombomys opimus specimens collected from the area study close to borderline of Iran-

Turkmenistan
Subspecies Province County Village(s) No. Latitude- Genbank
(Country) L ongitude AN.
R. opimus sodalis Golestan (Iran) Gonbad-e-Qabus  Dashli-Borun, 5 37.3-545 JX 412206
Fadavi 6 37.3-544  JX412213-4
R. opimus sodalis Golestan (Iran) ~ Maraveh-Tappeh Ghare Gal, 6 37.5-55.3 JIX 412207
Sozesh 6 37.5-554 JX412212
R. opimus sodalis Razavi Sarakhs Gonbedli, 22 36.2-60.5  JX412210-1
Khorasan (Iran) JX412215-6
Sangar 16 36.1-61.1 JX412208-9
R. opimus sodalis Golestan (Iran) Kaaeh Qareh Gol - 37.9-55.7 FJ648772*
Gharbi
R. opimus sodalist/ Northern- Kaaeh Qareh Gol - 37.9-55.7 FJ648775*
sargadensis Hybrid Khorasan (Iran) Gharbi
R. opimus NI Iran NI NI - NI AJA30556*
R. opimus sargadensis Northern- Esfarayen Kalateh-Shur - 37.0-57.1 FJ648773*
Khorasan (Iran)
R. opimus sargadensis Northern- Shirvan Hossein-abad - 37.2-57.7 FJ648774*
Khorasan (Iran)
R. opimussargadensis ~ Semnan (Iran) Shahrood Ahmadabad - 35.4-52.2 FJ648771*
Mayamey 36.4-556  FJ648770*
R. opimussargadensis ~ Semnan (Iran) Damghan Soltanieh - 36.0-54.3 FJ648769*
R. opimus sargadensis  Esfahan (Iran) Kashan Badrood - 32.6-52.0 FJ648768*
R. opimus sargadensis  Esfahan (Iran) Habibabad Habibabad - 33.3-52.5 FJ648767*
Meriones lybicus Xinjiang Uygur Turfan - 425-89.1 AB38190*
(China)

The asterisk (*) show the specimens obtained from genbank database. NI: Not indicated
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Fig. 2. PCR-RFLP profiles (284, 212, and 128 bp) of CytB gene for Rhombomys opimus sodalis digested by Hinfl
RE. All the specimens were identified as R. opimus sodalis. M: 100 bp ladder (Sinaclone, Iran). Specimensin lanes
1-2: Sangar (Sarakhs), 3—-4: Dashli-Borun (Gonbad-e-Qabus), 5: reference strain of R. opimus sodalis from Kalaleh
(Gorgan), 6-7: Gonbadli (Sarakhs), 8: Ghare-Gol (Maraveh-Tappeh), 9: Sozesh (Maraveh-Tappeh), and 10-11
Fadavi (Gonbad-e- Qabus)

75 JX412212 7
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Fig. 3. Phylogenetic relationship between Rhomomys opimus subspecies/populations of Iran based on sequence
analysis of 583 bp mtDNAcytB gene. Sequences this study (JX412206-16) was combined with the available
sequences from the Genbank database (Table 1). Species of Meriones lybicus (AB381902, Ito, direct submission)
was used as an outgroup. *is a hybrid specimen of R. opimus sodalis from Golestan (female) with R. opimus
sargadensis (male) from Shahrood which showed maternal sodalis haplotype. **was a specimen migrated from
Golestan to Shahrood (Oshaghi et a. 2011). Genetic distance scale is shown underneath
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Table 2. DNA sequence comparison of about 583 bp of CytB gene of Rhombomys opimus sodalis
populations distributed in northeastern Iran

Origin Haplotype  Accession Position in the PCR product
number 001123334445
6 85664682674
3169705435729
Gonbadli, Sarakhs | JX412210 CGTCCTCCCCAA
Gonbadli, Sarakhs | JX412211
Gonbadli, Sarakhs | JX412215 .
Fadavi, Golestan I JX412214 C.
Ghare Gol, Golestan 1 JX 412207 c. ..
Gonbadli, Sarakhs 11 JX412216 . C. T.
Dashli-Borun, Golestan v JX 412206 AC.
Sangar, Sarakhs v JIX412209 AC.
Sangar, Sarakhs Y JX 412208 AC. . .
Sozesh, Golestan Y, JX412213 . - CT. . TT. G
Fadavi, Golestan Kalaleh, Golestan VI JX412212 T . C. . TAT. G
Shahrood/K alaleh il Fleag772 # . C. . GTTT. G.
Iran VIII Fl48775 - - C. T. G
IX AM30556 - A C.

Dots show identical sequences to the top sequence. Three last row sequences derived from genbank
(Accession no. FJ648772 and FJ648775, Oshaghi et al. 2011, AJ430556, Chevre 2005: direct

submission). # Not indicated

Discussion

In this study, a combination of morpho-
logical and molecular (PCR-RFLP, PCR-
direct sequencing, phylogenetic topology) char-
acteristics were used to reveal taxonomic
Situation and genetic structure of the R
opimus populations scattered in the north
and northeast of Iran where ZCL is endemic
and the rodents act as the main reservoir host
of the disease. This investigation reveaed
the presence of six haplotypes, all were of R.
opimus sodalis subspecies in the study area.
This finding is in agreement with the pre-
vious report indicating the presence of R.
opimus sodalis in Kalaleh district, an adja-
cent area in Golestan Province in north of
Iran (Oshaghi et al. 2011). We have no ac-
cess to the populations of great gerbils of
Turkmenistan on the other side of border
line with Iran; however, due to presence of
similar ecological niches in those areas we
suggest the presence of similar subspecies or

haplotype in Turkmenistan. We suggest test-
ing the genetic structure of great gerbils
which is known as the main host of Leish-
mania parasites causing ZCL in the neigh-
boring country.

All of the areas investigated in this re-
search comprisng Gonbad-e-Qabus, Maraveh-
Tappeh, and Sarakhs districts plus Kalaeh
district are located in northern slopes of
Alborz Mountain Chain (AMC) (Fig. 1). The
AMC in north of Iran acts as a natural ge-
ographical barrier between two main sub-
species and seems to be the southern limit of
R. opimus sodalis in the region. This natura
barrier between R. opimus sargadensis and
R. opimus sodalis resulted in accumulation
of mutations, independent evolution, and
fragmentation between the great gerbil pop-
ulations/ subspecies. Consdering presence of
2-10 percent intra-specific genetic variation
among the populations (Oshaghi et al. 2011)
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may lead to speciation in future if gene flow
does not occur between them.

Phylogenetic analysis revealed good res-
olution between the populations as well as
subspecies. However, presence of high rate
of sequence homology between a few spec-
imens originated from two distinct areas
(Sarakhs and Golestan) suggested possible
transportation via vehicles (train, bus, and
car) or natural migration from Sarakhs to
Golestan Province and vise versa. The dis-
tance between these two locations is about
500Km, however the areas in between are
plain and there is no significant natura bar-
rier to obstruct merging these populations and
transportation could have been happened
easily throughout the time by this active ani-
mal. This observable fact can aso be explained
by present of a common ancestor in those re-
gions. This phenomenon aso has been ob-
served in the previous study indicating possible
migration of R. opimus sodalis from Kalaeh
to the territory of R. opimus sargadensis in
Shahrood district (Oshaghi et a. 2011).

Different populations of great gerbils have
different rate of Leishmania infection which
could affect their ability to sustain L. major
(YaghoobiErshadi et al. 1996, Mohebali et
al. 2004, Rass et a. 2008a,b, Akhavan et al.
2010b). Leishmaniasis clinica manifestation
depends upon Leishmania species and host
genetic background which governs gener-
ation of type of immune response (Mohamed et
a. 2003, Sdhi et d. 2008, Sakthianandeswaren
et a. 2009 and 2010, Castellucci et a. 2012,
Morave et a. 2012). Variation in maintain-
ing pathogens such as plague bacilli or Rift
Valley Fever Virus between populations of a
given rodent species have been reported in
literature (Korobitsyna 1974, Arntzen et al.
1991, Goraet al. 2000, Mills 2005).

In this study we have tested the mtDNA
cytB gene between great gerbil populations
and found 1.5% variation between them.
However, supplementary studies are needed
to assess whether or not these six haplotypes
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are correlated to various outcoms (Symtomatic
to asymtomatic) and to the ability L. major
parasite to infect and to remain within the
great gerbils. Also it is suggested testing
other genes such as TNF-alpha, TNF-beta,
IL-4, IL-10 and IFN- y among R. opimus
populations. These genes could influence the
host-pathogen associations and could deter-
mine the severity of the disease upon infec-
tion with L. major (Kamali-Sarvestani et al.
2006, Salhi et al. 2008, Sakthianandeswaren
et a. 2009 and references herein). These stud-
ies could be used to devel op accurate ecol og-
ical control strategies and provide important
step towards deeper understanding of ZCL
epidemiology particularly the host-pathogen
associations among R. opimus populations.
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