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Abstract

Background: Leishmaniasis is a zoonotic disease transmitted between humans and animals and is caused
by the Leishmania parasite. This parasite is transmitted through the bite of the female sandfly. Rodents and
canids serve as reservoir hosts, while humans act as incidental hosts for this parasitic disease. Given the
crucial role of rodents as reservoirs for zoonotic cutaneous leishmaniasis in the endemic regions of Golestan
province, we aimed to investigate the presence of Leishmania in rodents and their hard ticks in the Agh
Qala and Inche Broun areas of Golestan province.

Methods: This study is a descriptive cross-sectional study. It involved the analysis of 28 liver and 28 skin
samples from 28 rodents and their isolated hard ticks for the presence of Leishmania parasites using the
ITS1-PCR method.

Results: In this study, 6 species were identified among the 28 rodents captured in the Agh Qala and Inche
Broun areas of Golestan province, with the dominant species being Rhombomys opimus, accounting for
75% of the rodents. Through PCR analysis, 13 rodents (46.4%) and 15 hard ticks (10.7%) were positive for
Leishmania major parasites. Interestingly, it was observed that 69% of the rodents infected with Leishmania
parasites were female. Most rodents infected with Leishmania were found to inhabit the Inche Broun area.
The majority of ticks belonged to the genera Rhipicephalus spp., Ornithonyssus bacoti, and Ixodes ricinus.

Conclusion: Given the positivity of Leishmania parasites in some ticks isolated from infected animals, it
is important to consider the potential epidemiological role of hard ticks in the transmission of rodent
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Introduction

Leishmania is a eukaryotic parasite that belongs to the Kinetoplastida
order and the Trypanosomatidae family. At least 20 species of this
parasite cause leishmaniasis. Leishmaniasis is a tropical parasitic
disease with a wide range of clinical manifestations and a diverse
geographical distribution. It is a common disease between humans and
animals, transmitted via the bite of the female sandfly. Rodents and
canids serve as reservoir hosts, while humans are accidental hosts (1-3).
This disease is observed mainly in several forms: cutaneous, visceral
(Kala-azar), and mucocutaneous (Spondia) forms (4). Cutaneous
leishmaniasis is more common than the other types of the disease; thus,
nearly 70% of all new cases reported each year (About 1-1.5 million
people) are related to this form (4,5). Leishmaniasis is endemic in 98
countries and is found in tropical and subtropical regions. According to
the World Health Organization (WHO) report, more than 1.5 million
people are infected with cutaneous leishmaniasis every year, and around
350 million people are at risk of contracting the disease. Phlebotomine
sandflies have been proven to be biological vectors for Leishmania
parasites. Hard ticks have been extensively studied in laboratories for
their potential to transmit Leishmania (4). Ticks are considered one of
the most significant carriers of pathogenic agents, including bacteria,
viruses, and some protozoa. While feeding, blood-sucking vectors ingest
various microorganisms; however, not all organisms can be transmitted
by them (5,6). The hard tick Rhipicephalus sanguineus is an important
pathogenic vector with a significant zoonotic role (7,8). This tick has the
widest distribution in the world (6). The hypothesis of transmission by
hard or Ixodidae ticks has long been debated and has recently regained
attention from the scientific community (9). Rhipicephalus sanguineus
often ingests this parasite. However, the potential transmission of
Leishmania infantum to susceptible dogs by Rhipicephalus sanguineus

is poorly understood (10). Ticks are abundant in rodent populations,
reproduce at high rates, feed on blood, and may survive for long periods
without feeding. An adult tick can survive for 160 to 170 days after
feeding on blood. Under laboratory conditions, they can survive without
food for 12 months or more. The long lifespan and feeding behavior of
ticks may contribute to the spread of leishmaniasis by activating vector
species in endemic areas (11,12).

In Iran, cutaneous leishmaniasis and kala-azar are observed.
Golestan province is located between 54 degrees and 56 degrees east
longitude and 36.30 to 38.15 degrees north latitude. This province is one
of the northern provinces of Iran, characterized by vast plains. Different
species of rodents can be found in these plains. Ag-Qala and Inche
Broun cities are located in the eastern part of this province. In eastern
Golestan province, zoonotic cutaneous leishmaniasis is endemic. The
rodent Rhombomys opimus is considered a nuisance species, and
Leishmania major is the dominant species in this province. According
to a study conducted by Sofizadeh (13), both Rhombomys opimus and
Leishmania major can be present in the north, based on the MaxEnt
model. The eastern region of Golestan province is distinct from other
areas. It is important to consider various factors, such as temperature
and altitude, when predicting the environmental suitability of reservoirs
of zoonotic cutaneous leishmaniasis. It has been observed that plain
areas located in the north and northeast of Golestan province have more
favorable conditions for sustaining rodents such as Rhombomys opimus,
making these areas potential foci of zoonotic cutaneous leishmaniasis
(14). The purpose of this study was to examine the relationship between
rodents and their hard ticks in areas of Golestan province that are prone
to leishmaniasis. The study aimed to identify the presence of Leishmania
parasites in these animals, which could provide valuable information for
preventing and controlling the spread of this disease in the province's
endemic areas.
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Methods

This study is a descriptive cross-sectional study and was performed in
the Inche Broun and Ag-Qala areas of Golestan province in northern
Iran. Eighty-one rodents were collected during the months of March to
September 2021. Rodents were captured using Sherman metal traps,
which were set in the morning. Cucumbers, tomatoes, and roasted
walnuts were used as bait. Of the 81 samples, only 28 rodents had ticks
on their bodies. Therefore, skin and liver samples from these rodents, as
well as their hard ticks, were examined. Five hard ticks were collected
from each rodent. Hard ticks at all developmental stages (Larvae,
nymph, and adult) were collected after anesthetizing the rodents, using
forceps and swabs, and each was transferred to microtubes maintained
at 90-95% relative humidity and stored in a freezer at -70°C.

To identify ectoparasites, the samples stored at -70°C were
examined under a stereomicroscope. Accurate identification of external
parasites requires consideration of all available information, including
sampling location, season, and sex. Therefore, a complete set of
characteristics was evaluated for each sample, and identification was
performed using valid taxonomic keys at the genus and species levels
(Figure 1). Five hard ticks were separated from each rodent.
Subsequently, DNA was extracted from the hard ticks, liver, and skin
samples of these rodents using a DNA extraction kit from Dena Zist
Company (Mashhad, Iran), according to the manufacturer’s instructions.

Figure 1. Ectoparasites collected from rodents: A, Dorsal view of
Rhipicephalus spp. nymph from Rattus norvegicus; B, Ventral view of
Rhipicephalus spp. adult from Rhombomys opimus; C, Dorsal view of
Rhipicephalus spp. adult from Rattus norvegicus; D, Dorsal view of Ixodes
ricinus adult from Microtus arvalis.

A PCR assay was performed using primers LINR4 (Forward): 5'-
GGG GTT GGT GTA AAA TAG GG-3' and LIN17 (Reverse): 5'-TTT
GAA CGG GAT TTC TG-3' to amplify the ITS1 gene of Leishmania.
The PCR program consisted of an initial denaturation at 95°C for 5 min,
followed by 35 cycles of 94°C for 30 s, 52°C for 30 s, and 72°C for 45
s, with a final extension at 72°C for 8§ min. This protocol amplified
fragments of 650 bp for L. major and 760 bp for L. tropica.
Electrophoresis was performed on a 1.5% agarose gel.

Statistical analysis

The obtained data were analyzed using IBM SPSS version 18 software,
employing descriptive statistical indicators such as ratios and
percentages.

Results

In the present study, a total of 28 rodents were captured and examined.
The species distribution revealed that Rhombomys opimus was the most
prevalent, accounting for 21 individuals, which constitutes
approximately 75% of the total rodent population. The second most
common species was Mus musculus, representing 10.7% of the sample,
with 3 individuals identified. Two rodents, representing 7.1%, belonged
to the species Rattus norvegicus. Additionally, one rodent each of
Meriones libycus and Microtus arvalis was recorded, each contributing
3.6% to the overall rodent composition (Table 1).

Subsequently, these rodents were analyzed for infection with
Leishmania major, the causative agent of zoonotic cutaneous
leishmaniasis. Out of the 21 Rhombomys opimus specimens examined,
11 (52.3%) were found to be infected with Leishmania major. These
findings are summarized in Table 2 and visually represented in Figure
2.
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Table 1. Frequency of caught rodents by species and sex

Species of rodent Sex Number (%)
Female (%) Male (%)

Rhombomys opimus 11 (52.3) 10 (47.6) 21 (75)
Rattus norvegicus 1 (50) 1(50) 2(7.1)
Meriones libycus 0(0) 1 (100) 1(3.6)

Mus musculus 1(33.3) 2 (66.7) 3(10.7)
Microtus arvalis 1 (100) 0 (0) 1(3.6)
Total 14 14 28

Table 2. Frequency of infected rodents by species and sex

Sex of infected
Infected rodents rodents Infected rodents Total %
with Leishmania Number (%) ¢
Female % | Male %
Rhombomys opimus 8 (70) 3 (30) 11 (52.3) 82.4
Ratus nergicus 1(50) 1(50) 2 (100) 17.6
Meriones libycus 0(0) 0(0) 0 (0) 0 (0)
Mus musculus 0(0) 0(0) 0(0) 0(0)
Microtus arvalis 0(0) 0(0) 0(0) 0(0)
Total 9 4 13 (46.4) 100
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Figure 2. PCR of rodent samples: Lane 1, DNA ladder marker (100 bp);
Lane 2, Positive control of Leishmania major; Lanes 3 - 6, Samples; Lane
7, Negative control of Leishmania major.

In parallel, a total of 140 hard ticks were collected from the captured
rodents and tested for the presence of Leishmania parasites. Of these, 15
ticks (10.7%) were confirmed to be infected with Leishmania major.
The majority of the collected tick species included members of the genus
Rhipicephalus, along with Ornithonyssus bacoti and Ixodes ricinus.
Notably, all infected ticks carried Leishmania major as the causative
parasite. These results are illustrated in Figure 3 and further support the
potential role of ticks as possible vectors or carriers in the transmission
cycle of this disease.

These data contribute to a better understanding of the host-parasite
dynamics within the studied region and highlight the importance of
monitoring rodent and tick populations in endemic areas for effective
disease control and prevention strategies.
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Figure 3. PCR of tick samples: Lane 1, Positive control of Leishmania
major; Lanes 2, 3, 5, and 6, Positive samples of Leishmania major; Lane 4:
DNA ladder marker (100 bp).
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Discussion

This study examined the liver and skin of 28 rodents and their ticks in
the Ag-Qala and Inche Borun regions of Golestan province for
Leishmania contamination using the ITS1-PCR method. Among the
captured rodents, six species were identified, including Rhombomys
opimus, Mus musculus, Microtus arvalis, Meriones libycus, and Rattus
norvegicus. The dominant species (75%) among these rodents was
Rhombomys opimus. Rafizadeh et al.’s study in Esfaraien and North
Khorasan on cutaneous leishmaniasis reservoirs using the PCR-RFLP
method also showed that most of the captured rodents (72.7%) were
infected with Leishmania parasites (15), indicating a higher percentage
of infected rodents in Esfaraien and North Khorasan compared with
Golestan province. In a study conducted by Mehrabani in the Larestan
region, rodents captured and examined using microscopic examination
of stained tissue smears and tissue sample cultures showed that 18.7%
of the rodents were infected with Leishmania parasites (16). Fallah et
al.’s study on rodents to investigate visceral leishmaniasis in the Sarab
region using parasitological, serological, and molecular methods
showed that out of 100 rodents from four different species and both
sexes examined, one rodent had a positive serum titer, six rodents had
serum titers lower than the positive threshold, and 93 rodents were
seronegative; moreover, Leishmania bodies were not observed in any of
the liver and spleen tissue smears of the rodents (17). In Darvishi’s study
on rodents in Tangistan city, Bushehr province, no contamination with
Leishmania parasites was observed in any of the slides prepared from
the ear lobes of the captured rodents (18). In the study by Azizi et al. in
Jask city, out of 106 examined rodents, leishmaniasis infection was
observed microscopically in one female Tatera indica, one female
Meriones hurianeh, and one male Gerbilus nanus. Using molecular
methods, contamination was observed in one case of Tatera indica, two
cases of female Meriones hurianeh, and two cases involving male and
female samples of Gerbilus nanus, and the dominant species of
Leishmania major parasite was identified (19).

In the present study, the parasite species identified in all infected
rodents was Leishmania major, which is consistent with the studies of
Mehrabani in Larestan (16), Rafizadeh in North-East Iran (15), and
Azizi in Jask (19). All of the above studies are in agreement with our
study, which examined rodents for Leishmania, because in all of the
mentioned areas, rural cutaneous leishmaniasis is endemically present;
however, the predominant rodent species infected with Leishmania
differs from our study, as the dominant rodent species varies across
regions.

The results of this study showed that 10.7% of hard ticks collected
from rodents were positive for the Leishmania parasite. Dantas-Torres
reported that in Brazil and Italy, PCR results showed that 12% of dog
ticks were positive for the Leishmania parasite (10). In Salvatore’s study
in Italy, 7.5% of ticks were positive for Leishmania parasites (20).
Solano-Gallego’s study in England showed that 13% of hard ticks
isolated from dogs infected with visceral leishmaniasis were positive for
Leishmania parasites (21). In the study by Rakhshanpur in Tehran and
Alborz provinces (Iran) on ticks collected from dogs infected with
visceral leishmaniasis, 67% of the ticks were infected with Leishmania
infantum (22).

Regarding the transmission of Leishmania parasites through blood
feeding by hard ticks, there is also supporting evidence. For example, in
the study by Dabaghmanesh in Shiraz (Iran) on the transovarial and
transstadial transmission of Leishmania infantum by Rhipicephalus
sanguineus ticks feeding on an infected dog, the presence of Leishmania
infantum KDNA was demonstrated in nymphs and adult ticks after
repeated blood feeding at time intervals, as well as across three
subsequent generations. Both transmission routes of Leishmania
infantum were observed and confirmed by PCR (23). In a study
conducted by Furtado in Brazil, hard ticks infected with Leishmania
parasites were placed on healthy dogs, and PCR results showed that
22.9% of the dogs exposed to feeding by infected ticks tested positive
for Leishmania parasites (24).

Conclusion

Considering the detection of the Leishmania parasite in some ticks
isolated from infected animals, the epidemiological role of hard ticks in
the transmission of rodent leishmaniasis should be considered, and
further investigations should be conducted in this regard.

aren) avocss 37

Acknowledgement

This research is extracted from Abazar Nejati's medical thesis with
Project code: 112732. We are grateful to the Vice President of Research
and Technology of Golestan University of Medical Sciences, Gorgan,
Iran, for the financial support provided to conduct this research.

Funding sources

This research was funded by Golestan University of Medical Sciences.

Ethical statement

In this research, all ethical and professional principles for working with
laboratory animals were followed, in accordance with the
recommendations and guidelines of the International Animal Institute.
Samples were collected accordingly, and the animals received the ethics
code IR.GOUMS.REC.1401.130 from the Ethics Committee of the
Research and Technology Vice-Chancellor.

Conflicts of interest

The authors declare that there is no conflict of interest.

Author contributions

Farideh Tohidi: Conceptualization, writing, review and editing,
methodology, and analysis; Zeinolabedin Mohammadi: Collection of
samples and identification of rodents and ticks; Mohammad R.
Ghanbari: Statistical consultant; Abazar Nejati and Ayeneh Hagieh
Pangh: Conducting molecular experiments.

Data availability statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

1. Torres-Guerrero E, Quintanilla-Cedillo MR, Ruiz-Esmenjaud J,
Arenas R. Leishmaniasis: a review. F1000Res. 2017;6:750. [View
at Publisher] [DOI] [PMID] [Google Scholar]

2. World Health Organization (WHO). Manual for case management
of cutaneous leishmaniasis in the WHO Eastern Mediterranean
Region. Eastern Mediterranean Series. 1st ed. Cairo: WHO
Regional Office for the Eastern Mediterranean; 2013. [View at
Publisher]

3. Postigo JAR. Leishmaniasis in the World Health Organization
Eastern Mediterranean Region. Int J Antimicrob Agents.
2010;36(1):62-5. [View at Publisher] [DOI] [PMID] [Google
Scholar]

4. Dantas-Torres F, Martinsb TF, de Paiva-Cavalcantic M,
Figueredoa LA, Limac BS, Brandio-Filho SP. Transovarial
passage of Leishmania infantum kDNA in artificially infected
Rhipicephalus sanguineus. Exp Parasitol. 2010;125(2):184-5.
[View at Publisher] [DOI] [PMID] [Google Scholar]

5. Trotta M, Nicetto M, Fogliazza A, Montarsi F, Caldin M,
Furlanello T, et al. Detection of Leishmania infantum, Babesia
canis, and rickettsiae in ticks removed from dogs living in Italy.
Ticks Tick Borne Dis. 2012; 3(5-6):294-7. [View at Publisher]
[DOI] [PMID] [Google Scholar]

6. Parola P, Raoult D. Tick-borne bacterial diseases emerging in
Europe. Clin Microbiol Infect. 2001;7(2):80-3. [View at Publisher]
[DOI] [PMID] [Google Scholar]

7. Dantas-Torres F. Ticks as vectors of Leishmania parasites. Trends
Parasitol. 2011;27(4):155-9. [View at Publisher] [DOI] [PMID]
[Google Scholar]

8. Otranto D, Dantas-Torres F, Breitschwerdt EB. Managing canine
vector-borne diseases of zoonotic concern: part one. Trends
Parasitol. 2009; 25(4):157-63. [View at Publisher] [DOI] [PMID]
[Google Scholar]

9. Dantas-Torres F. Biology and ecology of the brown dog tick,
Rhipicephalus sanguineus. Parasit Vectors. 2010;3:26. [View at
Publisher] [DOI] [PMID] [Google Scholar]


https://f1000research.com/articles/6-750/v1
https://f1000research.com/articles/6-750/v1
https://doi.org/10.12688/f1000research.11120.1
https://www.ncbi.nlm.nih.gov/pubmed/28649370
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Torres-Guerrero+E%2C+Quintanilla-Cedillo+MR%2C+Ruiz-Esmenjaud+J%2C+Arenas+R.+Leishmaniasis%3A+a+review.+F1000+Res.+2017%3B+6%3A750.&btnG=
https://www.who.int/publications/i/item/9789290219453
https://www.who.int/publications/i/item/9789290219453
https://www.sciencedirect.com/science/article/pii/S0924857910002645
https://doi.org/10.1016/j.ijantimicag.2010.06.023
https://www.ncbi.nlm.nih.gov/pubmed/20728317
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Postigo+JA.+Leishmaniasis+in+the+World+Health+Organization+Eastern+Mediterranean+Region.+Int+J+Antimicrob+Agents.+2010%3B36%281%29%3A62-5.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Postigo+JA.+Leishmaniasis+in+the+World+Health+Organization+Eastern+Mediterranean+Region.+Int+J+Antimicrob+Agents.+2010%3B36%281%29%3A62-5.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0014489410000457
https://doi.org/10.1016/j.exppara.2010.02.003
https://www.ncbi.nlm.nih.gov/pubmed/20138871
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dantas-Torres+F%2C+Martinsb+T.F%2C+de+Paiva-Cavalcantic+M.%2C+Figueredoa+L.A%2C+Limac+B.S%2C+Brand%C3%A3o-Filho+S.P.+Transovarial+passage+of+Leishmania+infantum+kDNA+in+artificially+infected+Rhipicep
https://www.sciencedirect.com/science/article/abs/pii/S1877959X12001161
https://doi.org/10.1016/j.ttbdis.2012.10.031
https://www.ncbi.nlm.nih.gov/pubmed/23182545
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Trotta+M%2C+Nicetto+M%2C+Fogliazza+A+and+et+al.+Detection+of+Leishmania+infantum%2C+Babesia+canis%2C+and+rickettsiae+in+ticks+removed+from+dogs+living+in+Italy.+Ticks+Tick+Borne+Dis.+2012%3B+3%285-6%25
https://www.sciencedirect.com/science/article/pii/S1198743X14639860
https://doi.org/10.1046/j.1469-0691.2001.00200.x
https://www.ncbi.nlm.nih.gov/pubmed/11298147
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Parola+P%2C+Raoult+D.+Tick-borne+bacterial+diseases+emerging+in+Europe.+Clin+Microbiol+Infect.+2001%3B+7%3A80-83.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1471492210002552?via%3Dihub
https://doi.org/10.1016/j.pt.2010.12.006
https://www.ncbi.nlm.nih.gov/pubmed/21227752
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dantas-Torres+F.+Ticks+as+vectors+of+Leishmania+parasites.+Trends+Parasitol.+2011%3B27%284%29%3A155-9.&btnG=
https://www.cell.com/trends/parasitology/abstract/S1471-4922(09)00047-6
https://doi.org/10.1016/j.pt.2009.01.003
https://www.ncbi.nlm.nih.gov/pubmed/19269898
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Otranto+D%2C+Dantas-Torres+F%2C+Breitschwerdt+EB.+Managing+canine+vector-borne+diseases+of+zoonotic+concern%3A+part+one.+Trends+Parasitol.+2009%3B+25%284%29%3A157-63.&btnG=
https://link.springer.com/article/10.1186/1756-3305-3-26
https://link.springer.com/article/10.1186/1756-3305-3-26
https://doi.org/10.1186/1756-3305-3-26
https://www.ncbi.nlm.nih.gov/pubmed/20377860
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dantas-Torres+F.+Biology+and+ecology+of+the+brown+dog+tick%2C+Rhipicephalus+sanguineus.+Parasit+Vectors.+2010%3B+3%3A26.&btnG=

10.

11.

12.

13.

14.

15.

16.

Medical Laboratory Journal, 2026; Volume 20, Number 1

Dantas-Torres F, Lorusso V, Testini G, de Paiva-Cavalcanti M,
Figueredo LA, Stanneck D, et al. Detection of Leishmania
infantum in Rhipicephalus sanguineus ticks from Brazil and Italy.
Parasitol Res. 2010;106(4):857-60. [View at Publisher] [DOI]
[PMID] [Google Scholar]

Duprey ZH, Steurer FJ, Rooney JA, Kirchhoff LV, Jackson JE,
Rowton ED, et al. Canine visceral leishmaniasis, United States and
Canada, 2000-2003. Emerg Infect Dis. 2006;12(3):440-6. [View at
Publisher] [DOI] [PMID] [Google Scholar]

Freitas ED, Melo MN, Costa-Val AP, Michalick MSM.
Transmission of Leishmania infantum via blood transfusion in
dogs: potential for infection and importance of clinical factors. Vet
Parasitol. 2006;137(1-2):159-67. [View at Publisher] [DOI]
[PMID] [Google Scholar]

Sofizadeh A, Rassi Y, Vatandoost H, Hanafi-Bojd AA, Mollalo A,
Rafizadeh S, et al. Predicting the distribution of phlebotomus
papatasi (diptera: psychodidae), the primary vector of zoonotic
cutaneous leishmaniasis, in Golestan province of Iran Using
ecological niche modeling: comparison of MaxEnt and GARP
models. J] Med Entomol. 2017;54(2):312-20. [View at Publisher]
[DOI] [PMID] [Google Scholar]

Sofizadeh A, Hanafi-Bojd AA, Shoraka HR. Modeling spatial
distribution of Rhombomys opimus as the main reservoir host of
zoonotic cutaneous leishmaniasis in northeastern Iran. J Vector
Borne Dis. 2018;55(4):297-304. [View at Publisher] [DOI]
[PMID] [Google Scholar]

Rafizadeh S, Saraei M, Abai MR, Oshaghi MA, Mohebali M,
Peymani A, et al. Study on reservoirs of cutaneous leishmaniasis
using molecular methods of PCR-RFLP in endemic foci of disease,
north east of Iran. JEZS. 2014;2(6):314-7. [View at Publisher]
[Google Scholar]

Mehrabani D, Motazedian MH, Oryan A, Asgari Q, Hatam GR,
Karamian M. A search for the rodent hosts of Leishmania major in
the Larestan region of southern Iran: demonstration of the parasite
in Tatera indica and Gerbillus spp. by microscopy, culture and
PCR. Ann Trop Med Parasitol. 2007;101(4):315-22. [View at
Publisher] [DOI] [PMID] [Google Scholar]

Cite this article as:

17.

18.

19.

20.

21.

22.

23.

24.

aren

access 38

Fallah E, Farshchian M, Mazlomi A, Majidi J, Kusha A, Mardi A,
et al. Study on the prevalence of visceral Leishmaniasis in rodents
of Azarshahr district (new focus), northwest of Iran. Archives of
Razi Institute. 2006;61(1):27-33. [View at Publisher] [Google
Scholar]

Darvishi M, Jafari R, Darabi H, Zendehbodi E, Jahangard AM.
Survey of Rodents Fauna regarding their Probabilistic
Contamination to Leishmania (2013-2014). Iran South Med J.
2017;20(4):362-9[Persian]. [View at Publisher] [Google Scholar]
Azizi K, Davari B, Kalantari M, Fekri S. Gerbillid Rodents Fauna
(Muridae: Gerbillinae) and detection of reservoir hosts(s) of
Zoonotic Cutaneous Leishmaniasis using a Nested-PCR technique
in Jask City in Hormozgan Province in 2008. Sci J Kurd Univ Med
Sci. 2011;16(2):66-76[Persian]. [View at Publisher]

Salvatore D, Aureli S, Baldelli R, Di Francesco A, Tampieri MP,
Galuppi R. Molecular evidence of Leishmania infantum in Ixodes
ricinus ticks from dogs and cats, in Italy. Vet Ital. 2014;50(4):307-
12. [View at Publisher] [DOI] [PMID] [Google Scholar]
Solano-Gallego L, Rossi L, Scroccaro AM, Montarsi F, Caldin M,
Furlanello T, et al. Detection of Leishmania infantum DNA mainly
in Rhipicephalus sanguineus male ticks removed from dogs living
in endemic areas of canine leishmaniosis. Parasit Vectors.
2012;5:98. [View at Publisher] [DOI] [PMID] [Google Scholar]
Rakhshanpour A, Malmasi A, Mohebali M, Nabian S, Mirhendi H,
Zarei Z, et al. Transmission of Leishmania infantum by
Rhipicephalus sanguineus (Acari: Ixodidae) in Dogs. Iran J
Parasitol. 2017;12(4):482-9. [View at Publisher] [PMID] [Google
Scholar]

Dabaghmanesh T, Asgari Q, Moemenbellah-Fard MD, Soltani A,
Azizi K. Natural transovarial and transstadial transmission of
Leishmania infantum by naive Rhipicephalus sanguineus ticks
blood feeding on an endemically infected dog in Shiraz, south of
Iran. Trans R Soc Trop Med Hyg. 2016;110(7):408-13. [View at
Publisher] [DOI] [PMID] [Google Scholar]

Furtado Campos JH, Lima Costa FA. Participation of ticks in the
infectious cycle of canine visceral leishmaniasis, in Teresina, P
iaui, Brazil. Rev Inst Med Trop Sao Paulo. 2014;56(4):297-300.
[View at Publisher] [DOI] [PMID] [Google Scholar]

Tohidi F, Nejati A, Pangh AH, Mohammadi Z, Ghanbari MR. Molecular identification of Leishmania in rodents and their
hard ticks in Golestan province, Northern Iran. Med Lab J. 2026;20(1):35-8. http://dx.doi.org/10.29252/mlj.20.1.35


https://link.springer.com/article/10.1007/s00436-010-1722-4
https://doi.org/10.1007/s00436-010-1722-4
https://www.ncbi.nlm.nih.gov/pubmed/20127362
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dantas-Torres+F%2C+Lorusso+V%2C+Testini+G%2C+de+Paiva-Cavalcanti+M%2C+Figueredo+L.A%2C+Stanneck+D%2C+Mencke+N%2C+Brand%C3%A3o-Filho+S.P%2C+Alves+L.C%2C+Otranto+D.+Detection+of+Leishmania+infantum+in+
https://wwwnc.cdc.gov/eid/article/12/3/05-0811_article
https://wwwnc.cdc.gov/eid/article/12/3/05-0811_article
https://doi.org/10.3201/eid1203.050811
https://www.ncbi.nlm.nih.gov/pubmed/16704782
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Duprey+ZH%2C+Steurer+FJ%2C+Rooney+JA%2C+Kirchhoff+LV%2C+Jackson+JE%2C+Rowton+ED%2C+Schantz+PM+Canine+visceral+leishmaniasis%2C+United+States+and+Canada%2C+2000-2003.+Emerg+Infect+Dis.+2006%3B12%3A440
https://www.sciencedirect.com/science/article/pii/S0304401705006035
https://doi.org/10.1016/j.vetpar.2005.12.011
https://www.ncbi.nlm.nih.gov/pubmed/16414196
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Freitas+E%2C+Melo+MN%2C+Costa-Val+AP%2C+Michalick+MS.+Transmission+of+Leishmania+infantum+via+blood+transfusion+in+dogs%3A+potential+for+infection+and+importance+of+clinical+factors.+Vet+Parasitol.+2
https://academic.oup.com/jme/article-abstract/54/2/312/2952739
https://doi.org/10.1093/jme/tjw178
https://www.ncbi.nlm.nih.gov/pubmed/28025245
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sofizadeh+A%2C+Rassi+Y%2C+Vatandoost+H%2C+Hanafi-Bojd+AA%2C+Mollalo+A%2C+Rafizadeh+S%2C+Akhavan+AA.+Predicting+the+distribution+of+phlebotomus+papatasi+%28diptera%3A+psychodidae%29%2C+the+primary+vec
https://journals.lww.com/jvbd/fulltext/2018/55040/modeling_spatial_distribution_of_rhombomys_opimus.7.aspx
https://doi.org/10.4103/0972-9062.256565
https://www.ncbi.nlm.nih.gov/pubmed/30997890
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sofizadeh+A%2C+Hanafi-Bojd+AA%2C+Shoraka+HR.+Modeling+spatial+distribution+of+Rhombomys+opimus+as+the+main+reservoir+host+of+zoonotic+cutaneous+leishmaniasis+in+northeastern+Iran.+J+Vector+Borne+Dis.
https://d1wqtxts1xzle7.cloudfront.net/77989151/Study_on_reservoirs_of_cutaneous_leishma20220103-18377-1b8m0i4.pdf?1738463560=&response-content-disposition=inline%3B+filename%3DStudy_on_reservoirs_of_cutaneous_leishma.pdf&Expires=1771309689&Signature=Av6Zi
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rafizadeh+S%2C+Saraei+M%2C+Abai+MR%2C+Oshaghi+MA%2C+Mohebali+M%2C+Peymani+A%2C+Naserpour+Farivar+T%2C+Bakhshi+H%2C+Akrami+A%2C+Rassi+Y.+Study+on+reservoirs+of+cutaneous+leishmaniasis+using+molecular+
https://www.tandfonline.com/doi/abs/10.1179/136485907X176445
https://www.tandfonline.com/doi/abs/10.1179/136485907X176445
https://doi.org/10.1179/136485907X176445
https://www.ncbi.nlm.nih.gov/pubmed/17524246
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mehrabani+D%2C+Motazedian+M.+H%2C+Oryan+A%2C+Asgari+Q%2C+Hatam+G.R%2C+Karamian+M.+A+search+for+the+rodent+hosts+of+Leishmania+major+in+the+Larestan+region+of+southern+Iran%3A+demonstration+of+the+par
https://www.sid.ir/paper/120119/en
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fallah+E%2C+Farshchian+M%2C+Mazlomi+A%2C+Majidi+J%2C+Kusha+A%2C+Mardi+A%2C+Mahdipoorzareh+N.+Study+on+the+prevalence+of+visceral+Leishmaniasis+in+rodents+of+Azarshahr+district+%28new+focus%29%2C+nort
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fallah+E%2C+Farshchian+M%2C+Mazlomi+A%2C+Majidi+J%2C+Kusha+A%2C+Mardi+A%2C+Mahdipoorzareh+N.+Study+on+the+prevalence+of+visceral+Leishmaniasis+in+rodents+of+Azarshahr+district+%28new+focus%29%2C+nort
https://www.sid.ir/paper/33816/en
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Darvishi+M%2C+Jafari+R%2C+Darabi+H%2C+Zendehbodi+E%2C+Jahangard+AM.+Survey+of+Rodents+Fauna+regarding+their+Probabilistic+Contamination+to+Leishmania+%282013-2014%29.+Iran+South+Med+J.+2017%3B+20%284
https://sjku.muk.ac.ir/article-1-537-en.html
https://cris.unibo.it/handle/11585/408783
https://doi.org/10.12834/VetIt.83.1222.2
https://pubmed.ncbi.nlm.nih.gov/25546069/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Salvatore+D%2C+Aureli+S%2C+Baldelli+R%2C+Di+Francesco+A%2C+Tampieri+MP%2C+Galuppi+R.+Molecular+evidence+of+Leishmania+infantum+in+Ixodes+ricinus+ticks+from+dogs+and+cats%2C+in+Italy.+Veterinaria+Ital
https://link.springer.com/article/10.1186/1756-3305-5-98
https://doi.org/10.1186/1756-3305-5-98
https://www.ncbi.nlm.nih.gov/pubmed/22613502
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Solano-Gallego+L%2C+Rossi+L%2C+Scroccaro+AM%2C+Montarsi+F%2C+Caldin+M%2C+Furlanello+T+and+Trotta+M.+Detection+of+Leishmania+infantum+DNA+mainly+in+Rhipicephalus+sanguineus+male+ticks+removed+from+dog
https://ijpa.tums.ac.ir/index.php/ijpa/article/view/1921
https://pubmed.ncbi.nlm.nih.gov/29317872/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rakhshanpour+A%2C+Malmasi+A%2C+Mohebali+M%2C+Nabian+S%2C+Mirhendi+H%2C+Zarei+Z%2C+Dalimi+A%2C+Mohammadiha+A%2C+Akhoondi+B%2C+Azarm+A.+Transmission+of+Leishmania+infantum+by+Rhipicephalus+sanguineus+%25
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rakhshanpour+A%2C+Malmasi+A%2C+Mohebali+M%2C+Nabian+S%2C+Mirhendi+H%2C+Zarei+Z%2C+Dalimi+A%2C+Mohammadiha+A%2C+Akhoondi+B%2C+Azarm+A.+Transmission+of+Leishmania+infantum+by+Rhipicephalus+sanguineus+%25
https://academic.oup.com/trstmh/article-abstract/110/7/408/2588519
https://academic.oup.com/trstmh/article-abstract/110/7/408/2588519
https://doi.org/10.1093/trstmh/trw041
https://www.ncbi.nlm.nih.gov/pubmed/27496515
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dabaghmanesh+T%2C+Asgari+Q+%2C+Moemenbellah-Fard+M+%2C+Soltani+A+%2C+Azizi+K.+Natural+transovarial+and+transstadial+transmission+of+Leishmania+infantum+by+na%C3%AFve+Rhipicephalus+sanguineus+ticks+bl
https://www.scielo.br/j/rimtsp/a/N68XzJwVrZtPN5qNMKBKWGb/?lang=en
https://doi.org/10.1590/S0036-46652014000400005
https://www.ncbi.nlm.nih.gov/pubmed/25076429
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Furtado+JH%2C+Lima+FA.+Participation+of+ticks+in+the+infectious+cycle+of+canine+visceral+leishmaniasis%2C+in+Teresina%2C+P+iaui%2C+Brazil.+Rev.+Inst.+Med.+Trop.+Sao+Paulo+July-August%2C+2014%3B+56%28
http://dx.doi.org/10.29252/mlj.20.1.35

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgement
	Funding sources
	Ethical statement
	Conflicts of interest
	Author contributions
	Data availability statement
	References

