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 Leishmaniasis is a protozoal and vector-borne disease. World health organization has 
considered the disease as a neglected tropical disease. Phlebotomus and Lutzumyia species 
(order: Diptera, family: Psychodidae) are human leishmaniasis vectors in new and old worlds. 
Sergentomyia spp. (Diptera, Psychodidae) are proven vectors of lizard leishmaniasis. Although 
some studies have identified human Leishmania parasites in Sergentomyia, their role in parasite 
circulation is unknown yet. Hence, the parasitological and molecular methods were used to 
study the possible Leishmania infection of Sergentomyia spp., in the human and canine visceral 
leishmaniasis endemic area in North West of Iran. Even though Sergentomyia specimens were 
caught in a dominant number compared to Phlebotomus spp., no Leishmania promastigote or 
DNA was detected in live-caught or sticky trap-caught specimens, respectively. Sergentomyia 
spp. are proven vectors of sauroleishmaniasis, and despite several global reports of Leishmania 
infection in Sergentomyia spp., such findings should be carefully interpreted to avoid false 
vector incriminations. 

© 2023 Urmia University. All rights reserved. 
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Introduction 
 

Leishmaniasis is a vector-borne disease listed as one 
of the neglected tropical diseases by world health 
organization (WHO). Different species belonging to an 
obligatory intra-cellular parasite named Leishmania 
spp. are associated with different clinical forms of 
disease (visceral, cutaneous and mucocutaneous).1 At 
least over 1.00 billion people are at risk of one kind of 
Leishmania infection. The visceral form is fatal; but, 
most cases are cutaneous and mainly occur in 10 
countries including Iran.1  

 Leishmaniasis is caused by several Leishmania spp. 
that obligatory infect phagocytic host cells. It is the second 
most severe neglected tropical disease, behind malaria. 
Depending on the affected tissues, leishmaniasis can be 
cutaneous, visceral or mucocutaneous.2,3 In Iran, 
Leishmania major, L. tropica and L. infantum are regarded 
as agents of the zoonotic cutaneous, anthroponotic 
cutaneous and visceral forms, respectively.4,5 Estimated 
 

 disability-adjusted life years (DALYs) in Iran due to 
leishmaniasis are 229714. For treatment, in addition to 
using the medicines such as meglumine anti-moniate and 
sodium stibogluconate, several studies have been 
performed on plant compounds.6,7  

Leishmania is biologically transmitted by sand flies 
in a cyclo-propagative way, meaning that Leishmania 
parasites need Phlebotominae sand flies to propagate 
and complete their life cycle.8 Sergentomyia species which 
belong to Phlebotominae subfamily, preferentially feed on 
reptiles which consequently are proven vectors of 
Sauroleishmania.9,10 

Although several reports have indicated their blood-
feeding on mammals including humans, rodents and dogs 
and human Leishmania parasites have been detected in 
Sergentomyia dubia and S. schwetzi in Senegal,9,11-14 their 
role in human leishmaniasis circulation has remained 
under question. We survey the possible infection of 
Sergentomyia specimens in a visceral leishmaniasis (VL) 
focus in North West of Iran. Several Phlebotominae 
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species, mainly belonging to Larrossius and Adlerius 
subgenus, are suspected of transmitting VL in main foci 
located in the North West, South and South West of the 
country, especially in nomadic places.15-18  

Most of the present data in Iran are concentrated on 
the fanustic and phylogenetic studies of Sergentomyia 
specimens. As far as the authors know, there is just one 
report of isolation of L. major and L. gerbilli from S. sintoni 
in Iran19 along with one report of virus isolation from 
Sergentomyia spp. in Golestan province, Iran.20 The 
objectives of this study were (i) to identify Sergentomyia 
species from Kaleybar, East-Azerbaijan province, Iran, (ii) 
to search for promastigote forms in the mid-gut of live-
caught Sergentomyia spp., and (iii) to detect Leishmania 
DNA in the sticky trap-caught Sergentomyia specimens 
using kDNA marker.  
 
Materials and Methods 
 

Ethics statement. The committee approved the 
project on the ethics of the Research Department of the 
School of Medicine, Shahid Beheshti University of Medical 
Sciences, Tehran, Iran, under the permit number of 
IR.SBMU.MSP.REC.1397.483 (Grant No.: 14285). 

Study area. During an inventory research on sand flies 
in Kaleybar and Khoda-Afarin counties (East-Azerbaijan 
province, Northwest Iran; Fig. 1), where VL cases had been 
recorded in recent years, sand flies were collected.21  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 1. Map of East-Azerbaijan province of Iran and details of the 
study areas and sand flies’ collection sites. 

 

 The climate is moderate mountainous and the annual 
cumulative rainfall is 372 mm, with a mean average annual 
temperature and relative humidity of 13.60 ˚C and about 
60.00%, respectively.22 Sand fly specimens were collected 
in 11 villages, from different indoor locations (especially 
patient’s house, if possible), domestic animal barns, ruins, 
dogs’ shelters, grooves of walls and rocks and rodents 
nests. Sand flies were collected from July to late September 
2018, using two methods including: 1) sticky traps to 
collect dead sand flies for molecular parasite detection 
being set before sunset and retrieved the following day, 
early in the morning; due to funding constraints and, more 
crucially, the confluence of the COVID-19 epidemic with 
the subsequent seasonal activity of sand flies, it was 
impossible to work in the field again in 2019 and the sand 
flies were carefully removed from traps using a fine 
paintbrush wetted with acetone and preserved in 96.00% 
ethanol, and 2) aspirator for collecting live sand flies to 
detect Leishmania promastigotes carried out between 7:00 
to 10:00 AM.  

Species identification and preparation. A 
common species identification method was used based 
on the morphology of female spermathecae and 
pharyngeal armature.23 The specimens being narrow, 
lanceolate and symmetrical throughout the length 
having cibarium with one or more rows of teeth and 
pigment patch were considered to belong to the 
Sergentomyia genus.23 They were then processed for 
species identification, promastigote detection (for live-
caught specimens) and molecular detection of 
Leishmania spp. (for dead-caught specimens). 

Identification at the species level. The head and final 
few abdominal segments were sliced using tiny, sterile 
needles, mounted between slide and cover slide with 
Puri’s medium and then, coded identically to the body. The 
slides were carefully observed using a stereozoom 
microscope (CZM4; Labomed, Fremont, USA) at 10 and 
40× magnifications and identified at species level using 
reliable identification keys.24,25  

Promastigote detection. Female Sergentomyia spp. 
caught alive by aspirator were immobilized by putting in 
the fridge. Then, they were immediately dissected using 
sterile syringes in a drop of sterile saline (0.90%), and 
their mid-gut was microscopically examined for the 
presence of Leishmania promastigotes.  

DNA extraction and polymerase chain reaction 
(PCR). Genomic DNA was extracted using the phenol/ 
chloroform method. According to Noyes et al. Leishmania 
kDNA was amplified by nested PCR.26 The pooling method 
was used to amplify the specimen's genome to save time 
and budget. External primers for the first run were 
CSB2XF (CGAGTAGCAGAAACTCCCGTTCA) and CSB1XR 
(ATTTTTCGCGATTTTCGCAGAACG).27 In the second run, 
internal primers, 13Z (ACTGGGGGTTGGTGTAAAATAG), 
LiR (TCGCAGAACGCCCCT) and 0.50 µL of the first round of 
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PCR products were used. The first stage of PCR was 
performed as follows: 5-min initial denaturation phase 
at 94.00 ˚C, 30 cycles of 1 min steps at 94.00 ˚C, 1 min 
steps at 55.00 ˚C as an annealing step, 1 min steps at 
72.00 ˚C and 5 min extension at 72.00 ˚C at the end. It is 
worth mentioning that the amplification was conducted 
with a final volume of 10.00 μL, consisting of 4.50 µL of 
distilled water, 1.00 µL of each primer (10.00 pmol of 
each primer), 7.50 µL of 2X Master Mix (Ampliqon, 
Odense, Denmark), and 2.00 µL (5.00 ng) of diluted 
extracted DNA. The second step was exactly the same as 
the first step; only the annealing temperature was 
carried out at 57.00 ˚C, and the DNA was replaced by 
the product of the first step.28 The amplification 
products were analyzed on 1.50% agarose gels and 
negative and positive controls were also monitored. The 
following reference strains were obtained from 
Department of Medical Parasitology, School of Public 
Health, Tehran University of Medical Sciences, Tehran, 
Iran and used as positive controls: L. infantum: MCAN/ 
IR/07/Moheb.gh, L. tropica: MHOM/IR/02/Mash10 and 
L. major: MRHO/IR/75/ER. The expected amplified 
bands for L. infantum, L. major and L. tropica were 720, 
570 and 750 bp, respectively.  
 
Results  
 

Sand flies’ identification and species 
composition. Through the field works, 617 female sand 
fly specimens were captured by the sticky traps (577) 
and aspirator (40) methods. In the present research, 
only Sergentomyia specimens were subjected to further 
inquiry, including species-level identification and DNA 
analysis. Among 577 sand flies collected by sticky traps, 
microscopic identification at the genus level revealed 
that specimens belonging to the Sergentomyia genus 
(300 specimens; 52.00%) were more prevalent than 
those belonging to the Phlebotomus genus (277 
specimens; 48.00%). Two species were identified 
among Sergentomyia specimens; the dominant one was 
S. dentata (80.60%) based on the following 
morphological characteristics: Median teeth of cibarium 
were shorter than the lateral ones (Fig. 2A) and buccal 
teeth ranged about 18-20 (Fig. 2B), and the other one 
was S. sintoni (19.40%), with uniform size cibarium 
teeth and less than 20 buccal teeth (Figs. 3A and 3B).  

Dissection of Sergentomyia specimens for 
promastigote detection. A total of 40 Sergentomyia 
specimens were captured alive by the aspirator and 
processed as detailed above. All these specimens were 
identified as S. dentata. None of 40 female S. dentata was 
found to contain promastigotes. 

Molecular detection of Leishmania kDNA. In total, 
29 pools (6 for S. sintoni and 23 for S. dentata) were 
generated using female specimens. They were unfed and 
  

 
 
 
 
 

 
 

 pooled according to the collection site and species. No 
kDNA-Leishmania was detected among the samples (Fig. 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Fig. 2. Morphological characteristics of Sergentomyia dentate.  
A) Buccal teeth range about 18 - 20; B) Median teeth of cibarium 
are shorter than the lateral ones (40×). 
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Fig. 3. Morphological characteristics of Sergentomyia sintoni.  
A) Buccal teeth are less than 20; B) Cibarium teeth have 
uniform size (40×). 
 
 

 
 
 
 

 
 
 

Fig. 4. Electrophoresis of Leishmania kDNA in Sergentomyia 
specimens collected from Kaleybar, East-Azerbaijan province, 
Iran. Lanes 1 to 11: Current study samples; Lane 12: Ladder 
marker 100 bp (Sinaclon, Tehran, Iran); Lane13: Standard strain 
of Leishmania infantum (MCAN/IR/07/Moheb.gh); Lane 14: 
Negative control. 
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Discussion 
 

Sergentomyia specimens were the most numerous 
sand flies obtained in this investigation, consistent with 
previous reports of their supremacy over other sand 
flies.14,29,30 In addition to being plentiful, the transmission 
function of a suspected species would be more plausible 
if metacyclic promastigotes of Leishmania spp were 
discovered in wild females, particularly those that had 
not been fed. Natural Leishmania infection was reported 
in S. schwetzi and S. dubia. Motile metacyclic form of L. 
infantum was found in the anterior part of the mid-gut in 
0.40% of S. dubia and 0.79% of S. schwetzi. Moreover, 
more than 2.00% of these positive females were unfed, 
showing that the parasite could survive during blood-
meal digestion or probably egg lying.8 Senghor et al., have 
put this dogma "Leishmaniasis in the old world 
exclusively transmits by Phlebotomus species” under a 
challenge in their article.14 In the current study, no 
promastigote was detected in live-caught S. dentata; this 
could be in terms of small sample size or probably in 
terms of the presence of Phlebotomus species as a proven 
and more efficient vector of leishmaniasis.  

Promastigote detection in the mid-gut is valuable and 
highly recommended; but it is tedious and needs to be 
done by a well-trained and expert person. Furthermore, 
molecular techniques allowed the detection of Leishmania 
DNA within the sand flies. Here, we used a k-DNA marker 
to trace the Leishmania genome in all sticky traps-caught S. 
dentata and S. sintoni. Leishmania parasite has a single 
mitochondrion called kinetoplast containing a large 
number of kinetoplast DNA copies, making it suitable to 
detect the parasites, especially in the specimens that 
naturally contain a small number of parasites such as sand 
flies;31 hence, we could not find any Leishmania DNA in 
Sergentomyia specimens. Final step of designating a vector 
to a particular sand fly, experimental transmitting of 
Leishmania to a susceptible host, is crucial;8,10,11 due to 
challenges regarding sand fly colonization in laboratories, 
it is too difficult to test this criterion. 
 
Acknowledgments 
 

This study was financially supported by the 
Research Department of the School of Medicine, Shahid 
Beheshti University of Medical Sciences, Tehran, Iran 
(Grant No. 14285). We want to thank the 
administrators, authorities and personnel of the 
Kaleybar and Khoda-Afarin Health Care Network 
(especially Mr. Samad Kazempour, Mr. Jabbar Dirineh 
and Mr. Ghanbar Azarmi).  
 
Conflict of interest 

 
There is no conflict of interest in this study. 
 

 References 
 
1. WHO website. Leishmaniasis. Available at: 

www.who.int/news-room/fact-sheets/detail/ leish-
maniasis. Accessed July 28, 2021. 

2. Hashemi SA, Badirzadeh A, Sabzevari S, et al. First case 
report of atypical disseminated cutaneous 
leishmaniasis in an opium abuser in Iran. Rev Inst Med 
Trop Sao Paulo 2018; 60: e5. doi: 10.1590/s1678-
9946201860005. 

3. Badirzadeh A, Mohebali M, Sabzevari S, et al. First 
coinfection report of mixed Leishmania infantum/ 
Leishmania major and human immunodeficiency virus-
acquired immune deficiency syndrome: report of a 
case of disseminated cutaneous leishmaniasis in Iran. 
Am J Trop Med Hyg 2018; 98(1): 122-125. 

4. Mirzapour A, Badirzadeh A, Ashrafmansouri M, et al. 
Superinfection of cutaneous leishmaniasis caused by 
Leishmania major and L. tropica to Crithidia fasciculata 
in Shiraz, Iran. Iran J Public Health 2019; 48(12): 2285-
2292. 

5. Badirzadeh A, Mohebali M, Asadgol Z, et al. The burden 
of leishmaniasis in Iran, acquired from the global 
burden of disease during 1990-2010. Asian Pac J Trop 
Dis 2017; 7(9): 513-518. 

6. Heidari‐Kharaji M, Fallah‐Omrani V, Badirzadeh A, et 
al. Sambucus ebulus extract stimulates cellular 
responses in cutaneous leishmaniasis. Parasite 
Immunol 2019; 41(1): e12605. doi: 10.1111/ 
pim.12605. 

7. Najm M, Pourhajibagher M, Badirzadeh A, et al. 
Photodynamic therapy using toluidine blue O (TBO) 
dye as a photosensitizer against Leishmania major. Iran 
J Public Health 2021; 50(10): 2111-2120. 

8. Killick-Kendrick R. Phlebotomine vectors of the 
leishmaniases: a review. Med Vet Entomol 1990; 4(1): 
1-24. 

9. Hoogstraal H, Dietlein DR, Heyneman D. Leishmaniasis 
in the Sudan Republic. 4. Preliminary observations on 
man-biting sandflies (Psychodidae: Phlebotomus) in 
certain Upper Nile endemic Nile endemic areas. Trans 
R Soc Trop Med Hyg 1962; 56: 411-422. 

10. Maia C, Depaquit J. Can Sergentomyia (Diptera, 
Psychodidae) play a role in the transmission of 
mammal-infecting Leishmania? Parasite 2016; 23: 55. 
doi: 10.1051/parasite/2016062 

11. Berdjane-Brouk Z, Koné AK, Djimdé AA, et al. First 
detection of Leishmania major DNA in Sergentomyia 
(Spelaeomyia) darlingi from cutaneous leishmaniasis 
foci in Mali. PLoS One 2012; 7(1): e28266. doi: 
10.1371/journal.pone.0028266. 

12. Campino L, Cortes S, Dionísio L, et al. The first detection 
of Leishmania major in naturally infected Sergentomyia 
minuta in Portugal. Mem Inst Oswaldo Cruz 2013; 
108(4): 516-518. 



43 F. Firouzjaie et al. Veterinary Research Forum. 2023; 14 (1) 39 - 43 

 

13. Rêgo FD, Rugani JM, Shimabukuro PH, et al. Molecular 
detection of Leishmania in phlebotomine sand flies 
(Diptera: Psychodidae) from a cutaneous leishmaniasis 
focus at Xakriaba Indigenous Reserve, Brazil. PLoS One 
2015; 10(4): e0122038. doi: 10.1371/journal. 
pone.0122038. 

14. Senghor MW, Niang AA, Depaquit J, et al. Transmission 
of Leishmania infantum in the canine Leishmaniasis 
focus of Mont-Rolland, Senegal: Ecological, para-
sitological and molecular evidence for a possible role of 
Sergentomyia sand flies. PLoS Negl Trop Dis 2016; 
10(11): e0004940. doi:10.1371/journal.pntd.0004940. 

15. Mohebali M. Visceral leishmaniasis in Iran: Review of 
the epidemiological and clinical features. Iran J 
Parasitol 2013; 8(3): 348-358. 

16. Rassi Y, Javadian E, Nadim A, et al. Phlebotomus 
(Larroussius) kandelakii the principal and proven 
vector of visceral leishmaniasis in North West of Iran. 
Pak J Biol Sci 2005; 8(12): 1802-1806. 

17. Oshaghi MA, Ravasan NM, Hide M, et al. Phlebotomus 
perfiliewi transcaucasicus is circulating both 
Leishmania donovani and L. infantum in northwest 
Iran. Exp Parasitol 2009; 123(3): 218-225. 

18. Azizi K, Rassi Y, Javadian E, et al. First detection of 
Leishmania infantum in Phlebotomus (Larroussius) 
major (Diptera: Psychodidae) from Iran. J Med Entomol 
2008; 45(4): 726-731. 

19. Parvizi P, Amirkhani A. Mitochondrial. DNA 
characterization of Sergentomyia sintoni populations 
and finding mammalian Leishmania infections in this 
sandfly by using ITS-rDNA gene. Iran J Vet Res 2008; 
9(1): 9-18. 

20. Alkan C, Moin Vaziri V, Ayhan N, et al. Isolation and 
sequencing of Dashli virus, a novel Sicilian-like virus in 
sandflies from Iran; genetic and phylogenetic evidence 
for the creation of one novel species within the 
Phlebovirus genus in the Phenuiviridae family. PLoS 
Negl Trop Dis 2017; 11(12): e0005978. doi: 
10.1371/journal.pntd.0005978. 

21. Behniafar H, Moin-Vaziri V, Mohebali M, et al. Visceral 
leishmaniasis among children in an endemic area of 
northwestern Iran between 2016 and 2017: An 
epidemiological study. Asian Pac J Trop Dis 2019; 
12(7): 306-314. 

 

 22. East-Azerbaijan State Government Office website. 
Kaleybar and Khoda-Afarin counties sections. Available 
at: https://www.ostan-as.ir/Uploads/User/1669/files 
/ea_salnameh_1396.pdf. Accessed September 2, 2020. 

23. Wijerathna T, Gunathilaka N. Morphological 
identification keys for adults of sand flies (Diptera: 
Psychodidae) in Sri Lanka. Parasit Vectors 2020; 13(1): 
450. doi: 10.1186/s13071-020-04305-w. 

24. Dantas-Torres F, Tarallo VD, Otranto D. 
Morphological keys for the identification of Italian 
phlebotomine sand flies (Diptera: Psychodidae: 
Phlebotominae). Parasit Vectors 2014; 7: 479. doi: 
10.1186/s13071-014-0479-5. 

25. Theodor O, Mesghali A. On the Phlebotominae of Iran. J 
Med Entomol 1964; 1: 285-300. 

26. Noyes HA, Reyburn H, Bailey JW, et al. A nested-PCR-
based schizodeme method for identifying Leishmania 
kinetoplast minicircle classes directly from clinical 
samples and its application to the study of the 
epidemiology of Leishmania tropica in Pakistan. J Clin 
Microbiol 1998; 36(10): 2877-2881. 

27. Aghamolaei S, Behniafar H, Behravan M, et al. 
Probability of false-negative results in microscopical 
detection of cutaneous leishmaniasis: more accurate 
screening by kDNA-PCR during epidemiological 
survey. J Parasit Dis 2020; 44(4): 781-784. 

28. Masoori L, Kheirandish F, Haghighi A, et al. Molecular-
based detection of Leishmania infantum in human 
blood samples in a new focus of visceral leishmaniasis 
in Lorestan province, Iran. J Arthropod Borne Dis 
2018;12(1): 67-75. 

29. Yaghoobi-Ershadi M. Phlebotomine sand flies (Diptera: 
Psychodidae) in Iran and their role on Leishmania 
transmission. J Arthropod Borne Dis 2012; 6(1): 1-17. 

30. Nzelu CO, Kato H, Puplampu N, et al. First detection of 
Leishmania tropica DNA and Trypanosoma species in 
Sergentomyia sand flies (Diptera: Psychodidae) from 
an outbreak area of cutaneous leishmaniasis in Ghana. 
PLoS Negl Trop Dis 2014; 8(2): e2630. doi: 10.1371/ 
journal.pntd.0002630. 

31. Behniafar H, Vaziri VM, Tabaei SJS, et al. Comparison of 
three commonly used genetic markers for detection of 
Leishmania major: An experimental study. Ethiop J 
Health Sci 2021; 31(4): 725-730. 

 


