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Cutaneous leishmaniasis (CL), a neglected tropical disease, is an important health problem in Fars Province, southern Iran. Fars, the
fourth most populous Province in Iran, is the center of both anthroponotic and zoonotic cutaneous leishmaniasis (ZCL). Rodents,
the reservoir of Leishmania major, play an important role in transmitting ZCL. In the present study, we report Leishmania infection
in calomyscid rodents for the frst time in mountainous residential areas of Shiraz, the capital of Fars Province, in southern Iran.
Rodents were trapped in urban mountainous areas. Te skin, liver, and spleen of rodents were examined microscopically for
Leishmania infection. In addition, DNAwas extracted from the tissues and they were evaluated for Leishmania infection by targeting
the kDNA and subsequent sequencing of the nuclear rDNA internal transcribed spacer two (ITS2) region. DNA of L. major was
detected in the spleen and liver of calomyscid rodents. Molecular evolution based on DNA-sequencing of the ITS2 gene confrmed
the taxonomic situation of the parasite as L. major. Our fndings suggest the eco-epidemiological importance of calomyscid rodents
in the foci of leishmaniasis in the mountainous residential area on the plateau of Iran. Tese rodents may play a role in the
transmission of leishmaniasis in a residential area and could be considered a potential reservoir for CL.

1. Introduction

Cutaneous leishmaniasis (CL) is caused by infection with
protozoan parasites belonging to the genus Leishmania
(Kinetoplastida: Trypanosomatidae). Infected female sand-
fies belonging to the subfamily phlebotomine act as the main
vectors of these parasites and transmits these parasites to
humans through biting. CL present as skin lesions, mainly
ulcers, on exposed parts of the body, leaving life-long scars
and serious disability or stigma. About 95% of CL cases occur
in the Americas, the Mediterranean Basin, the Middle East,
and Central Asia [1]. According to the WHO annual report,
leishmaniasis is one of the most neglected tropical diseases,
which remains a major public health problem worldwide and

is classifed as category I by the TDR/WHO,mainly due to the
absence of applicable control measurements [2].

Iran is one of the endemic countries wherein many new
CL cases occur each year [3–6]. Fars Province, located in the
south of Iran, is one of the main foci of visceral and cu-
taneous leishmaniasis. Based on a recent study about the
geographical distribution andmolecular epidemiology of CL
in Fars Province [7], both anthroponotic cutaneous leish-
maniasis (ACL) and zoonotic cutaneous leishmaniasis
(ZCL) were detected in Shiraz city, while in most other
counties of the Province only ZCL has been reported based
on molecular data [7]. Terefore, Shiraz city, which has
a population of over 1.5 million people, is of special im-
portance as one of the foci of leishmaniasis.
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Rodentia is the most diverse mammalian order in Iran.
Tese animals are considered reservoirs of various zoo-
notic diseases including parasitic infections [8]. Various
species of rodents in Iran and Fars Province have been
identifed as the reservoir or potential reservoir hosts of
L. major, the agent of ZCL [9–12]. Te rodents of Fars
Province belong to seven families including the Calo-
myscidae family [13].

Te family Calomyscidae with the only genus of Calo-
myscus was considered a monospecies with the only species
C. bailwardi for a long time [14–17]. In the recent revisions,
more than eight species have been considered for the genus
[13, 18–25]. Te members of this family were formerly
classifed as long-tailed or mouse-like hamsters in the
Cricetinae subfamily of Cricetidae and then elevated to the
subfamily of Muridae [26]. However, these rodents are not
related to true hamsters and represent an ancient branching
of the muroid superfamily [26]. In the last revision of the
taxonomy of these rodents [27], the genus Calomyscus was
placed in a separate family of Calomyscidae in the super-
family of Muroidae.

Tese nocturnal rodents inhabit barren, rocky hills in
the dry parts of their range, and hillsides covered with trees
of evergreen oaks, pistachio (Pistacia atlantica), and
mountain almonds (Amygdalus scoparia) in Syria, Azer-
baijan, Iran, Turkmenistan, Afghanistan, Pakistan, and
Turkey [23, 28]. Most Calomyscus species inhabit the
Zagros and Elburz Mountains of Iran including the
mountainous area of Fars Province and Shiraz city [13, 23].
Recent studies conducted in diferent parts of the Fars
Province show that the predominant species of the parasite
causing the CL is L. major, and the disease has spread in
recent years from rural to suburban and even within the
city, which could lead to an unexpected outbreak of the
disease. Te study of diferent epidemiological features of
the foci is very important to timely identify vectors, res-
ervoirs, and the type and genetic characteristics of the
parasite in order to take the necessary measures for con-
trolling the disease in this urban area. Accordingly, the
present study was conducted to investigate the possible
infection with Leishmania infection in rodents in the
current emerging foci of CL in Shiraz, the capital of Fars
Province, southern Iran.

2. Materials and Methods

2.1. Area of Study. Te study was conducted in Shiraz city,
the capital of Fars Province (Figure 1), which is the fourth-
largest Province of the country with a population of nearly 5
million people, located in the south of Iran. Shiraz is an
important historical, cultural, social, and economic city in
southern Iran [29]. It is the third-largest city and the ffth-
most-populous city in Iran, which is also known as Pars and
Persis (Persia). Te city with an average elevation of 1500m
above sea level is located in an NW–SE elongated valley
bounded by the Zagros Mountains. Shiraz has a moderate
climate with four regular seasons. Te daily temperature
varies approximately between 40°C in the summer and 10°C
in the winter [29].

2.2. Rodent Capturing and Tissue Sampling. Rodents were
trapped in the north of Shiraz (Figure 1) in the mountainous
area near buildings in which leishmaniasis patients were living,
using Sherman live traps baited with a piece of cucumber,
walnut, and cheese pufs. Te traps were set in the evening and
collected the next morning. Rodents were transferred to the
animal laboratory of Shiraz University of Medical Sciences for
further examination. Rodents were euthanized with a fxed fow
rate of CO2 (20% chamber replacement rate [CRR]). Ten
rodents were photographed, and sex, characteristics, and ex-
ternal measurements (lengths of body, ear, hindfoot, and tail)
were recorded and carefully examined for skin lesions. After
that, the animals were dissected, and impression smear samples
were taken from the liver, spleen, ears, and sole. Smears were
stained with Giemsa’s stain and examined microscopically for
the presence of Leishmania amastigotes. Moreover, samples of
the spleen, liver, and lesion of the skinwere taken in pure ethanol
for subsequent DNA extraction. After removing the viscera, the
remaining body was kept in alcohol for further morphological
identifcation.

2.3. DNA Extraction and Polymerase Chain Reaction (PCR).
Genomic DNA was extracted from the blood and tissue
samples including the liver, spleen, ears, and sole, using
a DNA extraction Kit (Favorgen Biotech, Taiwan) according
to the manufacturer’s instructions.Te fnal DNAwas eluted
in a 50 μL of elution bufer and kept at −20°C until use [30].

For amplifcation of a specifc fragment of the kDNA
gene in Leishmania, the two primers of LIN4R (F): 5′- GGG
GTT GGT GTA AAA TAG GG -3′ and LIN17 (R): 5′- TTT
GAA CGG GAT TTC TG -3′ were used. Te primers
amplifed 650-bp and 760-bp kDNA fragments of L. major
and L. tropica, respectively [7].

Also, the Leishmania ITS2 gene was amplifed, using pair
primers of 5′-AAACTCCTC TCTGGTGCTTGC-3′ (for-
ward) and 5′-AAACAAAGGTTGTCGGGGG-3′ (reverse).
Te thermal cycling conditions were as follows: denaturing at
94.5°C for 5min, 35 cycles of denaturing at 94°C for 30 s,
annealing at 55°C for 30 s, extension at 72°C for 30 s, followed
by a fnal extension at 72°C for 8min. PCR amplifcation of
both genes, was carried out in a fnal volume of 25 μL,
containing 0.6 μL (10 pm) of each primer, 1 μL of extracted
DNA (100ng/μL), 12.5 μL of 1x Taq DNA Polymerase Master
Mix RED, and 10.3 μL of distilled water (DW).

Te PCR products (3.5μL) along with 3.5μL of 100-bp
molecular marker (SMOBIO, Hsinchu, Taiwan) were subjected
to electrophoresis at 80 voltages for 45min. Te PCR product
was observed by UV transillumination and photographed
(Uvitec, Cambridge, UK). Reference strains of L. tropica
(MHOM/IR/89/ARD-L2) and L. major (MHOM/IR/54/LV39),
and DW were used as positive and negative controls,
respectively.

2.4. Phylogenetic Analyses. Te raw nucleotide sequence
with both forward and reverse directions were visually
checked and analysed, using the Chromas program as
implemented in the software BioEdit version 7.2.5 [31], and
the consensus sequence was created. Te fnal sequence was
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submitted to GenBank (NCBI) with the accession number
ON398770. Te consensus sequence was compared to ref-
erence sequences in NCBI and identifed by BLAST simi-
larity search, using the BLAST algorithm. Te present
sequence and other reference sequences derived from NCBI
were aligned, using Clustal W, as implemented in the
software BioEdit version 7.2.5 [31], and then converted in
FASTA format for phylogenetic analyses in MEGAX soft-
ware [32]. Te analyses involved 14 ITS2 gene sequences
including 13 sequences of Leishmania and one sequence of
Crithidia mellifcae as an outgroup. A total of 12 ITS2 gene
sequences as references of Leishmania species were selected
from the GenBank database as follows: one sequence of L.
infantum (MW534746), one L. donovani (FJ753386), one
L. tropica (FJ948464), fve L. major (AJ786165, MT497959,
MT497977, DQ300195, and MN931859), one L. chagasi
(GU045591), one L. amazonensis (MT940882), one
L. mexicana (FJ948432), and one L. aethiopica (GQ920673).
Tere were a total of 494 positions in the fnal dataset.
Phylogenetic relationships between Leishmania species were
reconstructed using the maximum likelihood (Tamura-Nei
model [33]), neighbor-joining [34], and UPGMA methods
[35] in MEGA X [32]. In the maximum likelihood method,
algorithms of neighbor-join and BioNJ to a matrix of
pairwise distances estimated using the maximum composite
likelihood (MCL) approach were applied to obtain initial
trees for the heuristic search. In the neighbor-joining and
UPGMA methods, the evolutionary distances were com-
puted using the Jukes–Cantor method [36]. Bootstrap test
(10000 replicates) based on the percentage of replicate trees
in which the associated taxa clustered together was shown
next to the branches.

3. Results

All 10 Calomyscid samples were identifed as Calomyscus
cf. bailwardi (Figure 2). While Leishmania amastigotes
were not seen in the smear samples taken from the spleen,
liver, blood, ears, and sole, Leishmania DNA was detected
in the blood, liver, and spleen samples of one out of 10
trapped Calomyscus, based on PCR of the kDNA gene
(Figure 3) and also DNA-sequencing of the ITS2 gene
(Figure 4).

BLAST analysis revealed that the parasite infecting
Calomyscus cf. bailwardi had 97.5 to 100% (45 to 100%
coverage) identity to L. major sequences of the ITS2
region. All phylogenetic reconstruction based on
UPGMA, maximum likelihood, and neighbor-joining
methods also revealed the parasite infecting Calomy-
scus cf. bailwardi belonged to L. major (Figure 4) sup-
ported with bootstraps of 95 to 100 shown at the base of
the clade. Te clade included L. major sequences
downloaded from NCBI.

4. Discussion

In Iran, especially in Fars Province, gerbil rodents (subfamily
Gerbillinae) have been frequently reported and considered
as the main reservoirs of ZCL [10–12, 37]. Furthermore,
other murid species like Mus musculus [38], Rattus norve-
gicus [39], Acomys dimidiatus [9], and Nesokia indica [40]
have been identifed as potential reservoir hosts of the
L. major in the country. Nevertheless, until now, there has
not been any information about the infection of calomyscid
rodents (Family: Calomyscidae) with Leishmania species.
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Figure 1: Map of Fars Province of Iran shows rodents’ sampling locality (star symbol) in the newly emerging focus of leishmaniasis in the
city of Shiraz. Te sampling areas were not too far from each other and were shown as one location on the map.
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Figure 2: Up:Calomyscus cf. bailwardi infected by L. major captured from Shiraz; down: rodent habitats destroyed due to road construction.

Figure 3: Te results of the PCR-based amplifcation of kinetoplast DNA recovered from the spleen tissue sample from Calomyscus cf.
bailwardi (C. b). Reference samples of L. tropica (L. t+) and L. major (L. m+) and negative control (C−) were run in other lanes.
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However, the status of rodents as reservoirs in the urban
mountainous area of Shiraz, a populated city in Iran, remains
unclear. Te new focus of leishmaniasis in the present study
encompasses partly a residual mountainous area where the
calomyscid rodent inhabits. Here, we demonstrated natural
Leishmania infections in calomyscid tissues, showing that
these rodents may play a role in the transmission of leish-
maniasis in this mountainous area. Another factor in the
outbreak of the disease in this area is rodents’ habitat de-
struction due to road construction in the area, which has
caused the infux and movement of these rodents and other
rodents toward residential areas. Since there is a big area of
gardens, other rodents like Rattus rattus and Mus musculus
can also be infected by L. major [38, 41–43]. Terefore,
leishmaniasis in this area is linked to environmental change
and urbanization in the mountainous area. Calomyscid ro-
dent infectionmay have occurred through the transmission of
L. major either from other rodents or from infected humans
through Phlebotomus sand fies. Te natural infection of
these rodents to L. major should be examined by further
studies on other foci in the mountainous area in Iran. Also,
the study of Leishmania infection in sandfymosquitoes is one
of the prerequisites of any CL control program in such areas.

5. Conclusion

Our fndings suggest the eco-epidemiological importance of
calomyscid rodents in the foci of leishmaniasis in the
mountainous residential area on the plateau of Iran. Tese
rodents may play a role in the transmission of leishmaniasis
in a residential area and could be considered a potential
reservoir for CL.
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models for the study of leishmaniasis immunology,” Revista
do Instituto de Medicina Tropical de São Paulo, vol. 56,
pp. 1–11, 2014.

MT940882-L. amazonensis

MT497959-L. major

MN931859-L. major

AJ786165-L. major

DQ300195-L. major

MT497977-L. major

ON398770-L. major (present study)

GQ920673-L. aethiopica

FJ948464-L. tropica

FJ948432-L. mexicana

FJ753386-L. donovani

MW534746-L. infantum

GU045591-L. chagasi

Crithidia mellificae (Outgroup)

97/100

95

0.1

Figure 4: Evolutionary relationships of Leishmania species based on the sequences of ITS2 gene showing the L. major infecting Calomyscus
cf. bailwardi in the present study (accession number of ON398770), inferred using the neighbor-joining, UPGMA, andmaximum likelihood
methods. Te percentage value of the bootstrap test is shown next to the branches. Nodal supports presented above the line indicate
neighbor-joining (left) and UPGMA bootstrap (right) with 100000 replicates using MEGA X Te numbers below the line represent
bootstrap support values for maximum likelihood (500 replicates).

Journal of Tropical Medicine 5

https://www.who.int/news-room/fact-sheets/detail/leishmaniasis#:%7E:text=Leishmaniasis%20is%20caused%20by%20protozoan,and%20lack%20of%20financial%20resources
https://www.who.int/news-room/fact-sheets/detail/leishmaniasis#:%7E:text=Leishmaniasis%20is%20caused%20by%20protozoan,and%20lack%20of%20financial%20resources
https://www.who.int/news-room/fact-sheets/detail/leishmaniasis#:%7E:text=Leishmaniasis%20is%20caused%20by%20protozoan,and%20lack%20of%20financial%20resources
https://www.who.int/news-room/fact-sheets/detail/leishmaniasis#:%7E:text=Leishmaniasis%20is%20caused%20by%20protozoan,and%20lack%20of%20financial%20resources


[3] M. Mohebali, “Epidemiological status of visceral leishmani-
asis in Iran: experiences and review of literature,” Journal of
Clinical and Experimental Pathology S, vol. 3, pp. 2161–0681,
2012.

[4] M. Mohebali, “Visceral leishmaniasis in Iran: review of the
epidemiological and clinical features,” Iranian Journal of
Parasitology, vol. 8, pp. 348–358, 2013.

[5] M. R. Shirzadi, S. B. Esfahania, M. Mohebalia et al., “Epi-
demiological status of leishmaniasis in the Islamic Republic of
Iran, 1983-2012,” Eastern Mediterranean Health Journal,
vol. 21, pp. 736–742, 2015.

[6] B. Sarkari, A. Qasem, and M. R. Shafaf, “Knowledge, attitude,
and practices related to cutaneous leishmaniasis in an en-
demic focus of cutaneous leishmaniasis, Southern Iran,”Asian
Pacifc Journal of Tropical Biomedicine, vol. 4, pp. 566–569,
2014.

[7] T. Davoodi, A. Khamesipour, S. Shahabi, F. Gholizadeh,
D. Pourkamal, and G. Hatam, “Geographical distribution and
molecular epidemiology of cutaneous leishmaniasis in Fars
Province, southern Iran,” Environmental Science and Pollu-
tion Research, vol. 29, pp. 4024–4032, 2022.

[8] Z. Seifollahi, B. Sarkari, M. H. Motazedian, Q. Asgari,
M. J. Ranjbar, and S. Abdolahi Khabisi, “Protozoan parasites
of rodents and their zoonotic signifcance in boyer-ahmad
district, southwestern Iran,” Veterinary Medicine In-
ternational, vol. 2016, Article ID 3263868, 5 pages, 2016.

[9] M. Askari, K. Azizi, M. Kalantari, B. Sarkari, and H. Turki,
“Acomys dimidiatus (Rodentia: Muridae): probable reservoir
host of Leishmania major, southern Iran,” Annals of Tropical
Medicine and Public Health, vol. 10, p. 1032, 2017.

[10] K. Azizi, B. Davari, M. Kalantari, and S. Fekri, “Gerbillid
rodents fauna (Muridae: Gerbillinae) and detection of res-
ervoir hosts (s) of zoonotic cutaneous leishmaniasis using
a nested-PCR technique in Jask City in Hormozgan Province
in 2008,” Scientifc Journal of Kurdistan University of Medical
Sciences, vol. 16 2, 2011.

[11] K. Azizi, M. D. Moemenbellah-Fard, M. Kalantari, and
M. R. Fakoorziba, “Molecular detection of Leishmania major
kDNA from wild rodents in a new focus of zoonotic cuta-
neous leishmaniasis in an oriental region of Iran,” Vector
Borne and Zoonotic Diseases, vol. 12, pp. 844–850, 2012.

[12] D. Mehrabani, M. H. Motazedian, Q. Asgari, G. R. Hatam,
S. A. A. Owji, and A. Oryan, “Leishmania Major in Tatera
Indica in Estahban, Southern Iran: Microscopy, Culture,
Isoenzyme and PCR,” Asian Journal of Animal and Veterinary
Advances, vol. 6, 2011.

[13] S. Shahabi, M. Aliabadian, J. Darvish, and C. W. Kilpatrick,
“Molecular phylogeny of brush-tailed mice of the genus
Calomyscus (Rodentia: Calomyscidae) inferred from mito-
chondrial DNA sequences (Cox1 gene),” Mammalia, vol. 77,
pp. 425–431, 2013.

[14] J. R. Ellerman, Te families and genera of living rodents. With
a list of named forms (1758-1936)British Museum, London,
UK, 1941.

[15] J. R. Ellerman and T. C. S. Morrison-Scott, Checklist of
Palaearctic and Indian Mammals 1758 to 1946, British Mu-
seum, London, UK, 1951.

[16] J. Ellerman, “Te fauna of india including pakistan, burma
and ceylon,” Zoological Survey of India, vol. 3, 1961.

[17] D. Peshev, “On the systematic position of the mouse-like
hamster Calomyscus bailwardi Tomas 1905 (Cricetidae,
Rodentia) from the Near East and Middle Asia,” Mammalia,
vol. 55, 1991.

[18] S. A. Romanenko, V. G. Malikov, A. Mahmoudi et al., “New
data on comparative cytogenetics of the mouse-like hamsters
(Calomyscus Tomas, 1905) from Iran and Turkmenistan,”
Genes, vol. 12, p. 964, 2021.

[19] E. Rezazadeh, M. Aliabadian, and F. Ahmadzadeh, “Genetic
variation and cytological diversity in the urar brush-tailed
mouse, Calomyscus urartensis vorontsov and kartavseva,
1979 (mammalia: rodentia) in lesser caucasia,” Zoology in the
Middle East, vol. 68, pp. 12–21, 2022.

[20] M. Dezhman, S. Akbarirad, M. Aliabadian, R. Siahsarvie,
A. Shafaeipour, and O. Mirshamsi, “A new species of Calo-
myscusTomas, 1905 (Calomyscidae: rodentia) from western
Iran,” Turkish Journal of Zoology, vol. 45, no. 7, pp. 585–593,
2021.

[21] S. Akbarirad, J. Darvish, M. Aliabadian, and C. W. Kilpatrick,
“Biosystematic study of Calomyscus mystax (Rodentia, Cal-
omyscidae) from north eastern Iran,” Iranian Journal of
Animal Biosystematics, vol. 11 1, pp. 65–77, 2015.

[22] S. Shahabi, J. Darvish, M. Aliabadian, O. Mirshamsi, and
Z. Mohammadi, “Cranial and dental analysis of mouse-like
hamsters of the genus Calomyscus (Rodentia: Calomyscidae)
from plateau of Iran,” Hystrix - the Italian Journal of
Mammalogy, vol. 22 2, 2011.

[23] S. Shahabi, A. Pouryousef, K. Azizi, and B. Sarkari, “Intestinal
helminths infections of Calomyscus cf. bailwardi (rodentia:
Calomyscidae) from fars province, southern Iran,” Journal of
Health Sciences and Surveillance System, vol. 7 3, pp. 163–166,
2019.

[24] F. Molavi, J. Darvish, F. Haddad, and M. M. Matin, “A
phylogeographic survey of the house mouse in Iran, taxo-
nomic and karyotypic inference from mitochondrial evi-
dence,” Journal of Wildlife and Biodiversity, vol. 4, no. 3,
pp. 37–46, 2020.

[25] G. H. Yusef, K. Faizolahi, J. Darvish, K. Saf, and J. C. Brito,
“Te species diversity, distribution, and conservation status of
the terrestrial mammals of Iran,” Journal of Mammalogy,
vol. 100, pp. 55–71, 2019.

[26] G. Musser, “Family Muridae. Mammal Species of the World:
A Taxonomic and Geographic Reference,” Journal of Mam-
malogy, vol. 88, pp. 501–755, 1993.

[27] D. E. Wilson and D. M. Reeder,Mammal species of the world:
a taxonomic and geographic reference, JHU press, Baltimore,
Ml, USA, 2005.

[28] R. M. Nowak and E. P. Walker, Walker’s Mammals of the
World, vol. 1, JHU press, Baltimore, Ml, USA, 1999.

[29] M. Sabet Sarvestani, A. L. Ibrahim, and P. Kanaroglou, “Tree
decades of urban growth in the city of Shiraz, Iran: a remote
sensing and geographic information systems application,”
Cities, vol. 28, pp. 320–329, 2011.

[30] B. Sarkari, Q. Asgari, N. Bagherian et al., “Molecular and
serological evaluation of toxoplasma gondii infection in
reared turkeys in fars province, Iran,” Jundishapur Journal of
Microbiology, vol. 7, Article ID e11598, 2014.

[31] T. A. Hall, “BioEdit: a user-friendly biological sequence
alignment editor and analysis program for Windows 95/98/
NT,” in Nucleic Acids Symposium Series1999: [London],
pp. 95–98, Information Retrieval Ltd, Bangalore, India, 1999.

[32] S. Kumar, G. Stecher, M. Li, C. Knyaz, and K. Tamura, “Mega
X: molecular evolutionary genetics analysis across computing
platforms,” Molecular Biology and Evolution, vol. 35,
pp. 1547–1549, 2018.

[33] K. Tamura and M. Nei, “Estimation of the number of nu-
cleotide substitutions in the control region of mitochondrial

6 Journal of Tropical Medicine



DNA in humans and chimpanzees,” Molecular Biology and
Evolution, vol. 10, pp. 512–526, 1993.

[34] N. Saitou and M. Nei, “Te neighbor-joining method: a new
method for reconstructing phylogenetic trees,” Molecular
Biology and Evolution, vol. 4, pp. 406–425, 1987.

[35] P. H. Sneath and R. R. Sokal, “Te Principles and Practice of
Numerical Classifcation,” Numerical Taxonomy, vol. 12,
1973.

[36] T. H. Jukes and C. R. Cantor, “Evolution of protein mole-
cules,” Mammalian protein metabolism, vol. 3, pp. 21–132,
1969.

[37] A. Soltani, M. Kalantari, M. Motazedian, Q. Asgari,
I. Mohammadpour, and K. Azizi, “Co-detection and isolation
of Leishmania and Crithidia among naturally infected Tatera
indica (Rodentia: Muridae) in Fars province, southern Iran,”
Asian Pacifc Journal of Tropical Biomedicine, vol. 8, p. 279,
2018.

[38] M. Parhizkari, M. H. Motazedian, Q. Asqari, and
D. Mehrabani, “Te PCR-based detection of Leishmania
major inMus musculus and other rodents caught in southern
Iran: a guide to sample selection,” Annals of Tropical Medicine
and Parasitology, vol. 105, pp. 319–323, 2011.

[39] M. H. Motazedian, M. Parhizkari, D. Mehrabani, G. Hatam,
and Q. Asgari, “First detection of Leishmania major in Rattus
norvegicus from Fars province, southern Iran,” Vector Borne
and Zoonotic Diseases, vol. 10, pp. 969–975, 2010.

[40] B. Pourmohammadi, M. H. Motazedian, and M. Kalantari,
“Rodent infection with Leishmania in a new focus of human
cutaneous leishmaniasis, in northern Iran,” Annals of Tropical
Medicine and Parasitology, vol. 102, pp. 127–133, 2008.

[41] E. Caldart, J. L. Garcia, R. Mitsuka-Bregano et al., “Leishmania
in synanthropic rodents (Rattus rattus): new evidence for the
urbanization of Leishmania (Leishmania) amazonensis,”
Revista Brasileira de Parasitologia Veterinaria, vol. 26, no. 1,
pp. 17–27, 2017.

[42] H. De Lima, Z. De Guglielmo, A. Rodŕıguez, J. Convit, and
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