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Abstract 
Background: Zoonotic cutaneous leishmaniasis (ZCL) is an endemic disease in Varzaneh City where Leishmania ma-

jor is the causative agent and the great gerbil, Rhombomys opimus, is the main reservoir host of the disease. Despite 

control efforts, ZCL outbreaks recur every few years. This study was conducted to revive information on the parasite/s 

species circulating between humans and the reservoirs in the region. 

Methods: Leishmania infection in patients and R. opimus was studied using direct parasitological and molecular 

methods during 2019–2021. Nested-PCR and DNA sequencing were used for Leishmania parasite identification. Inter 

and intra-species variations in the Leishmania parasites were investigated using BLAST and MEGA7 software.  

Results: All suspected patients (N=34) and 14 out of 36 great gerbils tested positive for Leishmania parasites via direct 

parasitological method. Nested-PCR method revealed all the patients were infected with L. major (94.1%) and mixed 

infection of L. major and Leishmania turanica (5.9%), and great gerbil specimens were infected with either L. major 

(44.4%), L. turanica (5.6%), or Leishmania gerbilli (5.6%) and also with mixed infection of L. major and L. turanica 

(30.5%), L. major and L. gerbilli (8.3%) and mix of all the three Leishmania species (5.6%).   

Conclusion: The identical sequences of L. major in both human patients and rodents indicate that the great gerbils are 

the main reservoirs of L. major in Varzaneh City. The presence of L. turanica in patients would be of interest to carry 

out further studies to determine the role of this species in the persistence, signs, and treatment of ZCL in humans.  
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Introduction 
 

Leishmaniasis is still a public health issue 

in many parts of the world including Iran. In 

recent years the number of leishmaniasis foci 

has expanded in the country; several reasons  

 

 

have been proposed for this expansion includ-

ing the migration of susceptible people to the 

disease foci, ecological or biological character-

istic changes among vectors and reservoirs, and 
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reducing the use of insecticides (1–3). This dis-

ease causes remarkable side effects among peo-

ple who are living in endemic areas such as 

long-term lesions and scars (4). Leishmania ma-

jor is the causative agent of zoonotic cutane-

ous leishmaniasis (ZCL) in Iran and has been 

naturally isolated from patients (1, 5–6). Sand 

flies belonging to the subgenera Phlebotomus 

and Paraphlebotomus are the main and or sec-

ondary vectors of ZCL (7–9). Phlebotomus 

(Phlebotomus) papatasi is the main vector of 

ZCL and transfers the causative agent of the 

disease among rodent populations and also from 

rodents to humans. Phlebotomus (Paraphleboto-

mus) caucasicus is the main vector of the dis-

ease only among rodent populations (10). Ro-

dents belonging to the Gerbillinae subfamily 

are the main reservoir hosts of ZCL in Iran and 

other countries of the Old World where cuta-

neous leishmaniasis due to L. major (CLM) is 

endemic (11–18). Rhombomys opimus (great 

gerbil) in central Asia, central and northern Iran), 

and Afghanistan (11, 13–15), Meriones liby-

cus (Libyan Jird) in Central Asia, Iran, and 

the Arabian Peninsula; Meriones hurrianae in 

the southeast of Iran and India (12, 19–21) 

and Tatera indica in the southwest of Iran 

play as the main reservoir hosts of ZCL (12). 

It has been demonstrated that three species of 

Leishmania parasites, including L. major, Leish-

mania turanica, and Leishmania gerbilli, are 

widespread among R. opimus and Ph. papa-

tasi populations at different ZCL foci in Iran 

(3, 11, 14, 20). 

Control of the disease in some areas is too 

difficult, impossible, or not successful due to 

unknown epidemiological factors. Despite sig-

nificant developments in leishmaniasis research 

in recent years, such as biochemistry and mo-

lecular biology of the parasite(s), vector(s), 

reservoir host(s), and host immune responses, 

little information on practical disease manage-

ment is available (22). Leishmanization has 

been successfully performed for ZCL preven-

tion in Iran, but it has been stopped due to 

very rare unhealing lesion cases although it is 

still suggested for military personnel in high–

risk areas (23). Until now, no vaccine against 

any type of human leishmaniasis has been 

registered (24). To control the disease, it is nec-

essary to know the different epidemiological 

aspects of the disease, including the causative 

agents and reservoirs. Despite the implemen-

tation of control programs, ZCL epidemics oc-

cur in Varzaneh City every few years. In addi-

tion, there was no comprehensive investiga-

tion on the parasites and the reservoirs of the 

disease in the area for more than three dec-

ades. This study was conducted to up-to-date 

information on the disease causative agent(s) 

and reservoir(s) in this region and the role of 

Leishmania infection in humans and reservoir 

hosts to parasite maintenance and establish-

ment of the natural transmission cycle of CL.  

 
Materials and Methods 
 

Study area 
This study was conducted in Varzaneh City, 

Isfahan Province, center of Iran. This city is 

located 110km east of Isfahan and Zayandeh-

rud River, which is located 30 km from Gav-

khoni International Wetland and 7 km from 

sand dunes (Fig. 1). According to the last cen-

sus report in 2016, its population was 17714 

people. 

This desert city has hot and dry weather in 

summer and cold weather in winter. In 2020–

2021, the average maximum and minimum tem-

peratures were 42.6 °C and 9.1 °C, respective-

ly. The average minimum relative humidity 

was 12%, and the maximum was 46%. The 

drought period in Varzaneh City is from the 

first of March to the first of November. The 

average yearly wind speed in Varzaneh City 

is 3 m/s.                 

 

Human cases and smear preparation  

Thirty-four local persons suspected to be in-

fected with the Leishmania parasite were se-

lected for the study in 2018–2019. The demo-

graphic information of human cases such as 
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age, sex, and site of lesion were recorded. A 

skin biopsy was taken from the border of ac-

tive skin lesion/s of each patient under sterile 

conditions, fixed with methanol, and stained 

by Geimsa 10% for microscopic examinations. 

A smear was also prepared for molecular de-

tection and identification. Finally, the patients 

received appropriate treatment. 

 

Reservoir host collection  
Live rodent specimens were collected using 

10–20 Sherman traps baited with cucumbers 

in June, September, October, November, and 

December 2018 and 2019. The traps were 

placed in the mornings and collected before 

sunset. Caught rodents were identified by the 

valid morphological key (25).  

 

Direct microscopic examination 

The collected great gerbils were anesthe-

tized in the laboratory by using Ketamine hy-

drochloride (60 mg/kg) and Xylazine (15 mg/kg) 

intramuscularly. Regardless of observing any 

obvious lesions, impression smears were pre-

pared from the ear lobes of the rodents, stained 

using Giemsa, and directly examined under a 

light microscope (1000x) (26). After prepar-

ing direct smears, whole ear lobes were re-

moved, disrupted by grinding with a pestle, 

and preserved in 96% ethanol at -20 °C for 

further molecular tests.  

Prepared smears taken from human lesion/s 

were also stained using Giemsa 10% and ex-

amined for Leishmania amastigotes under the 

light microscope with high magnification 

(1000X).  
 

DNA extraction and nested-PCR amplifica-

tion 

Detached ear lobes were grilled, crushed, 

and transferred to a microtube containing PBS 

(pH=7.2), then it was vortexed, and 300 ul of 

the solution was used for genomic DNA ex-

traction according to the procedure recommend-

ed by the manufacturer (Gene All kit). Ex-

tracted DNA was resolved in 20 μl elution 

buffer and kept at -20 °C degrees till use. 

Nested PCR was used to amplify the ITS2 

region of the rRNA gene of Leishmania para-

sites based on the method already explained 

by Akhavan et al. 2010 (26) External primers 

include Leish out F (5 ʹ-AAA CTC CTC TCT 

GGT GCT TGC-3ʹ) and Leish out R (5 ʹ-AAA 

CAA AGG TTG TCG GGG G-3 ʹ) and inter-

nal primers include Leish in F (5 ʹ-AAT TCA 

ACT TCG CGT TGG CC-3 ʹ) and Leish in R 

(5 ʹ-CCT CTC TTT TTT CTC TGT GC-3 ʹ). 

The initial PCR mixture consisted of 0.6 μM 

of each external primer, 12.5 μl Taq DNA pol-

ymerase, 2X Master Mix Red (Amplicon, Den-

mark), 1.5 μl of DNA template, and sterile dis-

tilled water to a final volume of 25 μl. The 

first round of PCR conditions was as follows: 

an initial denaturation step at 95 °C for 5min, 

followed by 30 cycles: denaturation at 94 °C 

for 30 seconds, annealing at 60 °C for 45 

seconds, extension at 72 °C for 30 s, final 

extension at 72 °C for 5 minutes. The second 

round of nested PCR was performed in a final 

volume of 20 μl containing 1 μl of a 1:10 

dilution in distilled water of the first round 

PCR product as a template, 0.3 μM of each in-

ternal forward (Leish in F) and reverse (Leish 

in R) primers, 10 μl of Taq DNA polymerase, 

2X Master Mix Red (Amplicon, Denmark). 

The reactions were cycled under the follow-

ing conditions: 95 °C for 2min, 25 cycles of 

94 °C for 15 s, 62 °C for 30 s, and 72 °C for 

45s followed by 72 °C for 5min. Reference 

strain of L. major (MRHO/IR/75/ER) and DDW 

were used as positive and negative controls, 

respectively. PCR products were separated by 

electrophoresis in a 1.5% agarose gel in TBE 

buffer (26).  
 

Sequencing and molecular phylogenetic anal-

ysis 

For reconfirming the nested-PCR results and 

also comparing the parasite sequences of L. 

major isolated from humans and great gerbils, 

13 ITS2 nested-PCR products from the Leish-

mania-infected humans and rodents were ran-

domly selected and sequenced using the same 

primers used for PCR amplification by Codon  
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Genetic Group, Tehran, Iran.   

DNA sequences of humans and rodents were 

compared to the available sequences in the 

GenBank Database by using the Basic Local 

Alignment Search Tool (BLAST; 

http://blast.ncbi.nlm.nih). 

A molecular phylogeny tree was construct-

ed using L. major ITS2-rRNA gene sequences 

detected in humans (H) and R. opimus (R) in 

combination with some representative ITS2 

sequences available in GenBank. The Leish-

mania turanica sequence was used as an out-

group for phylogenetic analysis. The tree was 

computed by maximum likelihood based on 

the Tamura-Nei model embedded in MEGA 

7.0 software (27–28).  

 
Results 
 

Fourteen cases (38.9%) of 36 R. opimus (32 

females and 4 males) specimens were positive 

by microscopic examination, while all 36 

(100%) specimens were positive by Nested PCR. 

The results showed that 44.4 % of the great 

gerbils were infected with L. major, 5.6% with 

L. turanica, 5.6% with L. gerbilli, 30.5% with 

mixed infection of L. major and L. turanica, 

8.3% with mixed infection of L. major and L. 

gerbilli, and 5.6% with mixed infection of all 

three species (Table 1, Fig. 2). 

Infection with L. major and mixed infection 

with L. major and L. turanica were observed 

in all seasons. Natural infection with L. 

turanica and mixed infection with L. major and 

L. gerbili were detected in the fall and winter 

while mixed infection with L. major, L. turan-

ica, and L. gerbili was only observed in the 

fall. The maximum L. major infection rate was 

observed in winter (61.50%) and the minimum 

infection rate was observed in spring and sum-

mer (25%). A statistically significant differ-

ence was observed in Leishmania infection 

rates among different seasons (P< 0.0001) (Fig. 

3) but no significant difference was observed 

in Leishmania spp infection rates between male 

and female great gerbils (P> 0.05). 

Table 1 represents seasonal Leishmania spe-

cies infection rates detected in R. opimms spec-

imens tested by nested-PCR in Varzaneh, 2019- 

2020. The most prevalent Leishmania species 

in rodents was L. major (47.2%) and its mixed 

infection with L. turanica (25%).  

In the current study four Meriones libycus 

(2 males and 2 females) specimens were also 

trapped and investigated for Leishmania in-

fection. Two out of four jirds were infected with 

L. major and two of them were infected with 

mixed of L. major and L. turanica.  

The Leishmania parasites were also identi-

fied by using the nested PCR method in 34 

human specimens which were positive by mi-

croscopic direct observation. Of 34 positive 

human cases, 94.1% were infected with only 

L. major and 5.9% with mixed of L. major and 

L. turanica. Identification interpretation of the 

nested PCR products was based on fragment 

size polymorphisms which are 245 or 233 bp 

for L. major, 206bp for L. gerbilli, and 141 bp 

for L. turanica (Fig. 4). 
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Table 1. Seasonal Leishmania species infection in Rhombomys opimus specimens tested by ITS2 nested PCR, 

Varzaneh City, Isfahan Province, Iran, 2019–2020 
 

 

 

 

 

Season 

 L. major L.  
gerbilli 

 

L. 
turanica 

L. major 

and L. 

gerbilli 

L. major 

and 

L. turanica 

L. major, 

L gerbili and 

L. turanica 

No. of 

samples 

tested 

No. of 

Positive 

(%) 

No. of 

positive 

(%) 

No. of 

positive 

(%) 

No. of 

positive 

(%) 

No. of 

positive 

(%) 

No. of 

positive 

(%) 

Spring 4 1(25) 2 (50) 0 0 1(25) 0 

Summer 4 1(25) 0 0 2(50) 1(25) 0 

Fall 15 6(40) 0 1(6.7) 0 6(40) 2(13.3) 

Winter 13 8(61.5) 0 1(7.7) 1(7.7) 3(23.1) 0 

Total 36 16(44.4) 2 (5.6) 2(5.6) 3(8.3) 11(30.5) 2(5.6) 

 

 
 

Fig. 1. Map of the study area in the hyperendemic zoonotic cutaneous leishmaniasis focus of Isfahan Province, central Iran 

 

 
 

Fig. 2. Results of ITS2 nested PCR for detection Leishmania parasites in Rhombomys opimus from Varzaneh City, 

Isfahan 2019–2020. M: 50 bp ladder (SinaClon, Iran), 1: L. major positive control, 2: negative control (DDW), 3: L. 

gerbilli, 4 and 5: L. major, 6: mixed infections of L. major and L. turanica, 7–11:  L. major 
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Fig. 3. Seasonal fluctuation of Leishmania major infection rate detected by ITS2 nested-PCR in the great gerbils 

(Rhombomys opimus) specimens from Varzaneh City, Isfahan Province, Iran, 2019–2020 

 

 
 

Fig. 4. Results of ITS2 nested PCR for Leishmania parasites detection and identification in patients from Varzaneh 

City, Isfahan. M: 50 bp ladder (SinaClon, Iran); 1: L. major positive control, 2: negative control (DDW), 3–4: L. major, 

5: mixed infections of L. major and L. turanica, 6–7: L. major, 8:  mixed infection of L. major and L. turanica, 9–10: L. major 

 
 JQ889811-Boushehr

 DQ300195-FRIEDLIN
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 AJ786165-Kashan

 M3-H

 M8-R

 L.turanica

 
 

Fig. 5. Phylogenetic tree inferred from Leishmania major ITS2 sequences originated from humans (Mn-H) and great 

gerbil rodents (Mn-R), Varzaneh City, Isfahan Province, Iran. The scale shows the genetic distance between sequences 
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Discussion 
 

Due to an unexpected increase in new cases 

of cutaneous leishmaniasis in Varzaneh City, 

Isfahan Province in recent years, this field par-

asitological study was conducted to investigate 

the causative agents of the diseases among hu-

mans and rodent reservoir hosts. 

In this study, we found a high infection rate 

for Leishmania parasites, particularly L. ma-

jor, and a high abundance and widespread 

distribution of great gerbils in the Varzaneh 

City of Isfahan Province. The same DNA se-

quences were found in both patients and ro-

dents. These findings, together with the ro-

dents' long life span and survival during the 

sand fly active season, make them appropriate 

candidates as reservoir hosts for Leishmania 

infection, including L. major. 

 As a result, it can be hypothesized that R. 

opimus populations play the main reservoir 

and can maintain the permanent circulation of 

the parasite in the Varzaneh endemic area. 

The results of the present study show that 

L. major, L. gerbilli, and L. turanica are cir-

culating among R. opimus populations in cen-

tral Iran.  

The results of the present study are similar 

to another recent study that showed R. opimus 

and M. libycus were the main reservoir hosts 

of ZCL in some areas of central Iran. In the 

latter study L. major, L. turanica, and L. ger-

billi were reported from rodents belonging to 

the subfamily Gerbillinae in some parts of Iran 

(20). 

In Turkmen Sahra, northeast of Iran, L. ma-

jor and L. turanica were identified using mo-

lecular methods (15, 29). In the present study, 

we showed that the highest natural L. major 

infection of R. opimus was in winter and the 

lowest infection was in spring and summer. A 

previous study showed that the highest and 

lowest infection rates of R. opimus by Leish-

mania were seen in fall and summer respec-

tively (14). In other studies, it was shown that 

three species of Leishmania parasites were  

 

 
seen as single-species infections or, in some 

cases, as mixed infections in gerbil popula-

tions (14, 30, 31). 

Evidence has shown that in Varzaneh, L. 

major and L. turanica are the main circulating 

species, but the prevalence of L. gerbilli in-

fection was low. 

Our study showed in direct microscopic tests, 

that 38.9% of the great gerbils were positive 

whereas this rate raised to 100% when Nest-

ed-PCR method was used. In similar studies, 

it was shown that Nested-PCR is remarkably 

more sensitive than microscopic examination 

for Leishmania detection. 

 (20, 26). In the present study, more than 

94% of human cases were infected with L. 

major and two cases had mixed infection of L. 

major and L. turanica. These results are simi-

lar to the results of another study conducted in 

Turkmen Sahra, Golestan Province in north-

east Iran which more than 98% of human 

leishmaniasis cases were due to L. major and 

less than 2% was due to L. turanica (32). In 

wide territories of central Asia, mixed infec-

tions of rodents with L. major (pathogenic to 

humans) and L. turanica (nonpathogenic to 

humans) are usual. In these territories, it has 

been proved that the rodents are sensitive to 

L. major, L. turanica, and L. gerbilli. Rarely, 

a single infection with L. major has been seen 

in R. opimus. Leishmania major infection is 

usually associated with L. turanica in natu-

rally infected gerbils and L. turanica boosts the 

durability of L. major infection in the great 

gerbils (33).  

Among sequenced human samples, we found 

2 genotypes; the main difference between them 

was related to the TA satellite, genotype 1 was 

12 bp longer than genotype 2. In rodent sam-

ples, the sequences showed the presence of five 

haplotypes among the rodents which were dif-

ferent only in two positions that seemed to be 

non-informative. Only one genotype was de-

tected among the gerbils which was similar to 
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genotype 2 of human cases. The phylogenetic 

tree showed that all samples in the study area 

are clustered in a single main clade and the 

test sequences shared common ancestry with 

L. major strains that existed in Iran. 

The infection of rodents to Leishmania par-

asites in all seasons of the year, their preva-

lence, distribution, and identical DNA sequenc-

es of L. major in both patients and rodents in-

dicate that the great gerbils are the main reser-

voir of the endemic parasite L. major in Var-

zaneh and Libyan jirds act as the secondary 

proven reservoir of ZCL.  

Moreover, the presence of L. turanica in 

human patients would be interesting for future 

research to determine the role of this species 

in the persistence, duration, drug resistance, 

and symptoms of ZCL in humans. 

 
Conclusion 
 

This study identifies R. opimus (great ger-

bils) as the main reservoir for L. major in Var-

zaneh City, Isfahan Province, Iran. High rates 

of Leishmania infection were detected in ro-

dent populations using nested PCR, highlight-

ing the limitations of microscopic examina-

tion. The highest infection rates occurred in 

winter, indicating environmental influence on 

transmission dynamics. Molecular analysis re-

vealed identical L. major DNA sequences in 

both rodents and humans, supporting R. opi-

mus as a main reservoir. Mixed infections in-

volving L. major, L. turanica, and L. gerbilli 

were also found, suggesting L. turanica may 

enhance L. major persistence in gerbils. The 

rare detection of L. turanica in humans raises 

questions about its role in cutaneous leish-

maniasis (CL), requiring further study. 

In conclusion, R. opimus is the primary res-

ervoir for L. major, with M. libycus as a sec-

ondary reservoir. Rodent control and ongoing 

monitoring are crucial to reducing ZCL trans-

mission, and further research is needed on the 

clinical implications of L. turanica in human 

infections. 
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