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Abstract

Background: As a neglected disease, cutaneous leishmaniasis renders considerable incidence rates. Eastern Mediterranean coun-
tries such as Iran are endemic for this infection.
Objectives: Herein, we determined the species/strains of the causative agents of cutaneous leishmaniasis in Dasht-e-Azadegan,
Khuzestan, Iran, using PCR-RFLP in 2016.
Methods: We microscopically examined 80 smear slides from suspected patients referring to health centers of the city. After DNA
extraction from slide materials, the amplification of the ITS1 fragment was done using the LITSR and L5.8S primer pair for Leishmania
molecular detection. Subsequently,HaeIII (species level), TaqI (strain level),DpnI, andHpaII (mutation analysis) digestion was exerted
based on the RFLP method.
Results: Microscopic examination revealed the amastigote forms of Leishmania in all 80 samples. A 350 bp band was amplified by
ITS1-PCR, which confirmed the infection at the molecular level. FollowingHaeIII digestion, 150 and 200 bp fragments were produced
indicating Leishmania major. Also, TaqI digestion rendered 130 and 200 bp bands suggesting the A1 strain. Moreover, no mutations
were detected in the genome of the identified L. major A1 strains by DpnI (140 and 200 bp bands) and HpaII (no digestion) digestion.
Conclusions: The genotypic heterogeneity of Leishmania species is of utmost importance for better treatment choices, appropriate
diagnosis, and preventive measures. Future work in the area should address the parasite strains in alternative vector/reservoir hosts.
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1. Background

Leishmaniasis are ancient neglected tropical diseases
(NTDs) caused by over 21 species of intracellular Leishma-
niaparasites with sand flies as vectors and a broad range of
clinical presentations comprising simple, diffuse and mu-
cocutaneous leishmaniasis, as well as the visceral disease
(1). Approximately, 100 countries are located in leishmani-
asis endemic regions and 350 million people are at risk of
infection (2). Cutaneous leishmaniasis and visceral disease
are two important manifestations of leishmaniasis with
the incidence of 0.7 - 1.2 and 0.2 - 0.4 million new cases per
year, respectively (3).

Cutaneous leishmaniasis is most highlighted in 10 na-
tions including Columbia, Brazil, Costa Rica, Peru, Iran,
Syria, Afghanistan, Algeria, Ethiopia, and North Sudan (2).
A number of risk factors such as migration to endemic ar-

eas, urbanization with the increased risk of vector local-
ization and man-made manipulation in the environment
are involved in the occurrence and distribution of cuta-
neous leishmaniasis (4). Countries located in the Eastern
Mediterranean territory such as Iran possess appropriate
conditions for cutaneous leishmaniasis endemicity (5). Al-
though neglected, it is estimated that 30.9 new cutaneous
leishmaniasis cases per 100000 population occur in Iran,
which is mostly highlighted in Isfahan and Fars provinces
(3). After malaria, cutaneous leishmaniasis is the second
most prevalent arthropod-borne disease in the country,
representing as two major forms: (1) anthroponotic, dry,
or urban leishmaniasis due to Leishmania tropica particu-
larly in cities with high population density and daily immi-
grants and (2) zoonotic, wet, or rural leishmaniasis owing
to L. major occurring in rustic areas with weak hygienic in-
frastructures and rodent species as reservoir hosts (3).
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Routine parasitology examination for the diagnosis of
cutaneous leishmaniasis is lesion sampling and observa-
tion of intracellular amastigote forms in macrophages.
However, such a technique does not detect the exact
species and/or strains of the parasite for better subsequent
treatment options and prevention strategies (6). Hence, so-
phisticated molecular tests are recommended for species
identification and detection of resistant isolates. The
highly-conserved fragment of internal transcribed spacer-1
(ITS1) from ribosomal RNA (rRNA) is a classic genetic hall-
mark for phylogenetic categorization of closely-related
species. The parasite species/strains and their likely mu-
tant forms can be determined using restriction enzymes
in polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) in the ITS1 region (7, 8).

So far, several studies have been conducted on the
genotyping of cutaneous leishmaniasis agents in various
geographical areas of Iran. For instance, Kermanjani et al.
proved all clinical isolates as L. major using HaeIII enzyme
digestion, without strain and mutation analysis (9). An-
other genotyping study of clinical isolates in Isfahan and
Bam by HaeIII and TaqI enzyme digestion showed the pres-
ence of LmA and LmB as L. major strains, while LtA and LtB
were the specified strains of L. tropica (10). A considerable
part of our knowledge of the genomic structure of cuta-
neous leishmaniasis species in Iran originates from studies
performed in western/southwestern endemic foci. Previ-
ous studies carried out retrospective investigations, com-
parable culture, and mini-exon PCR, as well as PCR-RFLP for
species determination, in this endemic territory (11-13).

2. Objectives

The current original study was accomplished to as-
sess the molecular identification of cutaneous leishmani-
asis species/strains with emphasis on possible mutations
in clinical samples from suspected patients in Dasht-e-
Azadegan county, Khuzestan, Southwestern Iran.

3. Methods

3.1. Study Population and Samples

In this study, 80 samples were obtained as slide smears
from dermal lesions of suspected individuals referring
to Dasht-e-Azadegan health centers, Southwest of Iran, in
2016 and confirmed by the centers. All specimens were
accurately examined by Giemsa staining and light mi-
croscopy to observe amastigote forms of genus Leishmania
and confirm cutaneous leishmaniasis.

3.2. DNA Extraction and PCR-RFLP Technique

Following washing the slides with PBS solution, the
smear contents were scraped using a scalpel and trans-
ferred to a 1.5 mL microtube. After a second PBS wash-
ing, the GeNet Bio PrimePrep DNA extraction kit from tis-
sue (Genet Bio, South Korea) was used for DNA extrac-
tion, based on the manufacturer’s protocol. Finally, the ex-
tracted DNA material was kept at -20°C for next use.

ITS1-PCR was applied using the LITSR
(5-CTGGATCATTTTCCGATG-3) and L5.8S (5-
TGATACCACTTATCGCACTT-3) primer pair to detect genus
Leishmania in clinical isolates. For this aim, the 25 µL reac-
tion mixture consisted of 1.5 mM MgCl2, 250 µM dNTPs, 1 U
Taq DNA polymerase, and 10 pmol of each primer. The am-
plification process was done in a thermal cycler (Analytik
Jena, Germany) in the following condition: initial denat-
uration at 95°C for 5 minutes, 35 cycles of denaturation at
94°C for 30 seconds, annealing at 55°C for 45 seconds, ex-
tension at 72°C for 45 seconds; and final extension at 72°C
for 5 minutes. Following genus determination by PCR,
species/strains were identified using the RFLP method (14).
Accordingly, Leishmania species were discerned by HaeIII
(Jena Bioscience, Germany) with 5 µL PCR product, 2.5 µL
universal buffer, 1.5 µL enzyme, and 6 µL sterile deionized
water.

Strains were distinguished by TaqI (Jena Bioscience,
Germany) under the previous reaction condition. More-
over, DpnI (Thermo Fisher Scientific, USA) and HpaII (Jena
Bioscience, Germany) were used for mutation analysis
based on a reaction containing 6µL PCR product, 2µL uni-
versal buffer, 1µL enzyme, and 7µL sterile molecular-grade
water. All mixtures were incubated at 37°C for 3 hours, ex-
cept for the TaqI mixture that was incubated at 65°C for 3
hours. The 1.5% and 2% gel electrophoresis, followed by gel-
doc monitoring, was applied for PCR and digestion prod-
ucts, respectively.

4. Results

The results of the microscopic examination indicated
that all the 80 suspected slide smears collected in this
study were confirmed as cutaneous leishmaniasis (Figure
1). The PCR technique demonstrated genus Leishmania in
all specimens by representing a 350 bp band in accordance
with the amplification of the ITS1 region (Figure 2). On the
basis of HaeIII digestion, all samples showed 150 and 200
bp patterns, representing L. major species (Figure 3). Then,
TaqI digestion rendered A1 strain of L. major (LmA1) with
130 and 200 bp band patterns (Figure 4). Mutation analysis
was carried out byDpnI rendering 150 and 205 bp bands on
PCR products (Figure 5). Moreover, the application of HpaII
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Figure 1. Collected and Giemsa-stained smears indicating Leishmania amastigotes
inside macrophages

Figure 2. The amplified 350 bp bands of genus Leishmania, based on ITS1 fragment
(M = marker; N = negative control; P = positive control (MHOM/64/IR/ER75); lanes 1 -
7 = confirmed species of Leishmania)

restriction enzyme caused no digestion; thus, no mutation
was found in the ITS1 fragment of the isolated species.

5. Discussion

Leishmaniases are NTDs being endemic in 98 countries
with over 350 million at-risk individuals. However, the oc-
currence of this infection is more than expected, due to

Figure 3. Digestion pattern using HaeIII (M = maker; N = negative control; P = posi-
tive control (MHOM/64/IR/ER75); lanes 1 - 8 = 150 and 200 bp bands indicating Leish-
mania major)

Figure 4. Digestion pattern using TaqI (M = marker; N = negative control; P = positive
control (MHOM/64/IR/ER75); lanes 1 - 8 = 130 and 200 bp bands suggesting Leishmania
major A1 strain)

under-diagnosis and/or non-compulsory infection report
(6). Previously, the diagnosis was mostly based on tradi-
tional identification of lesions, as well as biological clas-
sification and isoenzyme typing. More recently, unprece-
dented nucleic acid-based techniques have facilitated the
determination of Leishmania species/strains (8). The cuta-
neous disease due to Leishmania is the most prevalent form
with an incidence rate of 20000 people annually in Iran
(3). The current study aimed to address the species/strains
of cutaneous leishmaniasis causative agents in people re-
ferring to the health centers of Dasht-e-Azadegan, Khuzes-
tan province, using ITS1 PCR-RFLP in 2016. According to
our findings, all samples showed a 350 bp band following
ITS1-PCR, suggesting the molecular identification of genus
Leishmaniaby the LITSR and L5.8S primer pair, which is con-
sistent to Schonian et al research (15). Similarly, most stud-
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Figure 5. Digestion pattern using DpnI (M = marker; N = negative control; P = pos-
itive control (MHOM/64/IR/ER75); lanes 1 - 7 = 150 and 205 bp bands indicating no
mutation)

ies in Iran have used this primer pair for the molecular de-
tection of Leishmania (9, 16-20).

However, Mohammadiha et al. also used another ITS-
specific primer pair yielding 800 - 850 bp PCR product (21).
Next, species-dependent digestion using HaeIII produced
150 and 200 bp bands belonging to L. major. TaqI digestion
revealed the A1 strain of L. major with digestion range of
120 to 210 bp. Moreover, no mutation site was determined
in the obtained isolates by DpnI and HpaII digestion (22).
Thus, all 80 samples isolated from suspected cases were
identified by PCR-RFLP as LmA1 strains. In a similar inves-
tigation in Ilam province, Kermanjani et al. determined
all microscopically confirmed clinical isolates as L. major;
however, strains and mutations were not analyzed (9).

Many studies have documented L. major and other
species in Iran and around the globe. For instance,
Mahmoudzadeh-Niknam et al. found 341 Leishmania iso-
lates including 58 L. tropica isolates and 283 L.major isolates
in 11 geographical territories of Iran (23). Another study in
Ahvaz, Dasht-e-Azadegan, Shush, Hendijan, and Ramhor-
moz revealed 14 Leishmania samples with 2 L. tropica iso-
lates and 12 L.major isolates (13). According to Maraghi et al.
90% of the isolates from Shush county were L. major, while
the remaining 10% were L. tropica (24). Based on previous
studies in the province, it could be expected that L. major
is the predominant species in the area. On the other hand,
the traits of Tatera indica (reservoir) and Phlebotomus pap-
atasi (vector) in the area, as well as various documentations

from Khuzestan province, implicate this province along
with Ilam and Bushehr provinces as the most highlighted
regions for zoonotic cutaneous leishmaniasis in Iran (3, 25-
27).

Mohammadiha et al. amplified ITS1 by MO-F and MO-
R primers and made digestion using TaqI, yielding L. ma-
jor (33 cases) and L. tropica (61 cases) in all clinical samples.
They could also identify L. tropica (43 cases) and L. major (12
cases) using LITSR and L5.8S primers and HaeIII digestion
(21). In addition, Doudi et al. used HaeIII and TaqI digestion
in isolates from Isfahan and Bam, resulting in two L. major
(LmA and LmB) and two L. tropica (LtA and LtB) strains, with
digestion patterns similar to ours (140 and 210 bp); how-
ever, TaqI digestion generated 150 and 200 bp fragments,
indicating a difference between central Iran isolates and
isolates from Dasht-e-Azadegan (10). Tashakori et al. deter-
mined the genotype heterogeneity in zoonotic cutaneous
leishmaniasis endemic areas of the country (Damghan,
Dehloran, Dezful, and Kashan) and identified five strains
(LmA, LmB, LmC, LmD, and LmE). Their results suggested
that LmA is dispersed throughout Iran, especially in the
southwestern part. LmC, LmD, and LmE were found only
in Damghan and LmB was the exclusive isolate in Kashan
(28).

Averting possible mutations, development of drug re-
sistance, and subsequent generation of new strains would
be dependent on the genetic persistence of a microorgan-
ism in reservoir hosts, thus preventing the impact of harsh
environments. Consequently, LmA of L. major with ro-
dent reservoir hosts naturally occurs in areas with L. ma-
jor dominance. Furthermore, it is suggested that LmA is
the most ancient strain with significant adaptive capabili-
ties to conditions of new foci and other genotypes have de-
duced from LmA. On the contrary, anthroponotic L. tropica
does not possess reservoirs; thereby, it is more exposed to
hostile milieu (environmental, seasonal, treatments, etc.)
and probable mutations in the genome. Hence, the forma-
tion of novel strains is more likely to occur in L. tropica than
in L. major (8, 10, 29).

Previously, a number of molecular studies on the diag-
nosis of cutaneous leishmaniasis were done in the South-
western endemic region, particularly Khuzestan province.
In a comparative study by Khademvatan et al. in some parts
of the province, 216 skin biopsies from cutaneous leishma-
niasis patients were examined using microscopy, culture,
and mini-exon PCR; the authors remarked that the molec-
ular technique is the gold standard technique that could
diagnose both L. major and L. tropica (11). Another molec-
ular study used real-time PCR and melt-curve analysis by
Kinetoplast DNA primers on 102 archived slides, empha-
sizing L. major as the predominant strain (93.75%), based
on our results in the southwest of Iran (30). A nested-
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PCR approach was also performed on 146 clinical samples
in four geographical regions of the province by Maraghi
et al., again with L. major as the prevailed species (94.5%),
followed by L. tropica (5.5%) (31). In addition, a mini-exon
PCR-RFLP study was conducted on 14 clinical cutaneous le-
sions of suspected patients from a different region of the
province; the results identified 12 cases as L.major and only
two cases as L. tropica. The authors used EaeI and HaeIII,
whereas they did not determine parasite strains, unlike to
our study we did (13).

5.1. Conclusions

In total, our results obtained by the PCR-RFLP method
showed leishmaniasis, in particular, due to L. major,
is predominated in Dasht-e-Azadegan region, Khuzestan
province, suggesting the importance of zoonotic cuta-
neous leishmaniasis in the west and southwest endemic
foci particularly with the presence of rodent reservoir
hosts in the Khuzestan plain. Hence, future preventive
measures should be taken into account. It is also suggested
that the species/strains of Leishmania parasites be identi-
fied in isolates from rodents and sand fly vectors dwelling
the area.
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