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Abstract: Cutaneous leishmaniasis in Iran is usually caused by Leishmania major or L. tropica. However, the
direct examination or the cultures of biopsies for diagnosis are not very sensitive. The objective of this
study was to identify the responsible species obtained from patients suspected of cutaneous leishmaniasis
referred to the reference laboratory at Yazd in Iran during 2010-2011 using parasitological and molecular
assays. After completing a clinical/epidemiologic data questionnaire for 145 patients with suspected skin
lesions, scraping samples were collected. Each specimen was examined using both direct microscopy and
molecular assay using polymerase chain reaction-restriction length polymorphism (PCR-RFLP). Location of
the lesions included 47.7% on hands, 30.7% on face, 15.4% on feet, and the remainder on other regions. Out
of 145 samples, Leishman body was observed in 52 by direct smear and 73 by PCR assay. Molecular assay
indicated 36 cases as L. major, 36 cases as L. tropica and one case as unknown.  In conclusion, molecular
characterization showed changing profile of Leishmania species in the study area which may have
implications on treatment and/or control strategies.
______________________________________________________________________________________
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Introduction

Leishmaniasis is caused by more than 20 species of Leishmania, and is a geographically-
widespread severe disease. It includes visceral leishmaniasis (VL), cutaneous leishmaniasis (CL),
and mucocutaneous leishmaniasis (Herwaldt, 1999). It is estimated that 350 million people are at
risk in 88 countries, with a global incidence of 1– 1.5 million cases of cutaneous and 500,000 cases
of visceral leishmaniasis (Desjeux, 2001; Dujardin, 2006). Cutaneous leishmaniasis is usually
caused by Leishmania mexicana and Leishmania braziliensis complex in the New World, and by
Leishmania major, Leishmania tropica and Leishmania aetiopica complex in the Old World. About
90% of cases occur in Afghanistan, Algeria, Iran, Iraq, Saudi Arabia, Syria, Brazil, and Peru
(Scarisbrick et al., 2006). In Iran, the causative agents of anthroponotic and zoonotic CL are L.
tropica and L. major, respectively (Nadim & Faghih, 1968). One of the important endemic foci in
Iran is Yazd Province. Cutaneous leishmaniasis is a clinically polymorphic disease, its
manifestations ranging from asymptomatic infection to benign self-limited cutaneous ulcer or to
more protracted and extensive lesions (Masmoudi et al., 2007). This clinical polymorphism may
result from variability either in the host immune response or in the parasite pathogenic diversity.
This heterogeneity is thought to result in gradual accumulation of divergent mutations, sexual
recombination (Nolder et al., 2007; Ravel et al., 2006), genetic exchange and hybridization (Jenni
et al., 1986; Gaunt et al., 2003).

Diagnosis of CL is critical because of the high cost and significant toxicity of current
treatment regimens (Vega-Lopez, 2003). Also, for both clinical and epidemiological reasons, it is
important to identify the species of Leishmania in each region. Although various species require
distinct management approaches, different species of Leishmania can cause similarly-appearing
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cutaneous lesions in the same geographical region. Unfortunately, the conventional diagnostic
techniques for CL have some limitations. Microscopic examinations are rapid and cheap, but they
have low sensitivity particularly in chronic lesions (Chargui et al., 2005). While cultures of
Leishmania are more sensitive, they are susceptible to microbiological contamination and are
difficult due to particular growth requirements of different strains (Dilmec et al., 2008).
Furthermore, some strains grow better than others in vitro, and this fact causes selective growth
of dominant strains during culture in mixed infections (Minodier et al., 1997). Currently, L. tropica
is considered the predominant species in Iran. Molecular techniques, such as polymerase chain
reaction (PCR), permit precise identification and characterization of parasites in isolates obtained
from patients (Marfurt et al., 2003; Bensoussan et al., 2006). Of all molecular methods used for
species determination, PCR-RFLP is proved to be the most sensitive and specific technique (de
Oliveira et al., 2003; Culha et al., 2006). Skin biopsy and also materials obtained by skin
scrape/exudate have been used for PCR in different studies (Laskay et al., 1995). The objective of
this study was therefore to identify and molecular characterize the parasites responsible for CL in
endemic area of Yazd, Iran, using PCR-RFLP.

Materials and Methods

Study area and subjects
This study was restricted to Yazd, the capital of the province of Yazd at the central of Iran. The
study was conducted during 2010 to 2011. A total of 145 patients clinically suspected of CL and
referred by dermatologists to the reference central laboratory and Nikoupoor clinic laboratory of
Yazd, Iran for confirmation were examined. The skin lesions showed different clinical
morphologic manifestations ranging from an erythematous nodule to ulcerated lesions to
nodular, nodulo-ulcerative, and non-ulcerative diffuse types with or without crusting. A clinical
questionnaire was used to collect information on site of lesion, duration of its development, and
geographical location of the patient’s house.

Isolation and parasite examination
Two microscopic smears were taken from each patient by scraping of the raised internal border
of skin lesions by an experienced parasitologist. One smear was used for molecular assay, and the
other was methanol-fixed in and stained with Giemsa for microscopic examination. Three
reference strains were used as control in the molecular study, the Iranian reference strain of L.
major (MRHO/IR/75/ER), L. tropica (MHOM/IR/99/YAZ1), and L. infantum (MCAN/IR/97/LON49).

All of the unstained slides were soaked in sterile phosphate-buffered saline (PBS; pH=7.4).
The samples were completely removed aseptically with surgical blades and transferred to a
sterile 1.5 mL microtube (El Tai et al., 2001), washed 3 times with sterile PBS, and centrifuged at
3000 rpm for 5 minutes at room temperature. Then the pellets were resuspended in 200 μL of TE
(10 mM Tris, 1mM EDTA, pH=8.0), 200 μL of binding buffer, and 20 μL of proteinase K, and were
incubated either at 72°C for 2 hours or at  56°C overnight. Finally, all DNA extractions were
conducted using the High Pure PCR Template Preparation Kit (Cat. No. 11796828001; Roche,
Germany) as recommended by the manufacturer. Extracted DNA was assessed by gel agarose
electrophoresis and spectrophotometer, and then was stored at 4°C for further work.

Small subunit (SSU) ribosomal RNA (rRNA) and 5.8S rRNA regions that are related to
ribosomal ITS1 were amplified using the primers LITSr (5’-CTGGATCATTTTCCGATG-3’) and L5.8s
(5’TGATACCACTTATCGCACTT-3’) (Davila & Momen, 2000). Amplification of the DNA was
performed in a 50-μL reaction tube containing 0.2 mM deoxyribonucleotide triphosphates
(dNTPs) mix, 1.5 mM MgCl2, 1 U of Taq DNA polymerase (Fermentas, Leon-Rot, Germany), 10 pmol
of each primer, and 100-1000ng of extracted DNA obtained from isolates. Amplification stages
were as follows in an Eppendorf (Eppendorf, Germany) thermo cycler: initial denaturation at 95°C
for 5 minutes followed by 40 cycles of denaturation at 95°C for 45 seconds, the annealing at 50°C
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for 45 seconds, and the extension at 72°C for 45 seconds, with an additional and final extension at
72°C for 5 minutes. Five microliters of PCR product were run along with a 50-base pair (bp) ladder
on a 1% agarose gel containing ethidium bromide at 5 V/cm. The gel was observed on a UV
transilluminator, and was evaluated in comparison with the 3 Leishmania standards (El Tai et al.,
2001; Toz et al., 2009).

The PCR products were digested with restriction enzyme HaeIII (Fermentas, Leon-Rot,
Germany) and its related buffer at 37°C for 1 hour to analyze the species. Digested fragments
were assessed using 2% agarose gel in 0.5 X TBE buffer and visualized through staining with
ethidium bromide under a UV transilluminator (El Tai et al., 2001; Schonian et al., 2003). Samples
with different pattern versus of all standards were sent for sequencing, and the results were
assessed using BLAST software (Altschul et al., 1997).

Results

Among 145 isolates obtained from patients with suspected cutaneous leishmaniasis, 52 (71.2%)
and 73 (100%) samples were positive for Leishman body using microscopic examination and
molecular assay, respectively. Alternatively, 21 (28.8%) of PCR-positive patients were not detected
by microscopic examination. PCR-positive cases included 58.9% males and 41.1% females (Table1).
PCR-negative persons comprised of 59.7% males and 40.3% females. The most common age group
for both PCR-positive and PCR-negative persons was 20-29 years. The most common clinical
forms of the lesion for PCR-positive and PCR-negative persons were papule and ulcer,
respectively. All of the PCR-positive cases were Iranian except 13 Afghan people. The time lapse
between initiation of signs and diagnosis was less than 90 days in 50 (68.5%), 91-120 days in 9
(12.3%), 121-150 days in 2 (2.7%), and more than 150 days in 12 cases (16.5%). PCR-positive patients
included 61 (83.6%) urban and 12 (16.4%) rural residents (table1). For PCR-negative persons, 66
(91.7%) were living in urban areas and 6 (8.3%) in rural areas (Table1).

Table1:  Demographic characteristics and types of clinical lesions in all samples (mean age=20-29 years)
PCR results Sex N (%) Residential Setting N (%) Clinical lesion N (%)

Female Male Urban Rural Papule Ulcer
Positive 30 (41.1%) 43 (58.9%) 61 (83.6%) 12 (16.4%) 29 (39.7%) 44 (60.3%)
Negative 29 (40.3%) 43 (59.7%) 66 (91.7%) 6 (8.3%) 26 (36.1%) 46 (63.9%)

Locations of lesions were 47.7% on the hands, 30.7% on the face, 15.4% on the feet, and the
remainder in other regions. The observed lesions were in different sizes and shapes, including
acute necrotizing, ulcerative, nodular, volcano-shaped, impetiginous, erysipeloid, eczematoid,
verrucous, tumoral, recidivans, abortive and lupoid. The 73 positive samples were confirmed by
ITS1-PCR method, in which 72 (98.6%) cases exhibited the amplicon with 350bp in length (the
presence of which confirms the genus as Leishmania), and 1 (1.4%) sample showed apparent
variability as an ITS1- PCR product size which was 100bp different from the standard specimens,
since the amplicon was 450bp in length (Figure 1).

Figure 1: Electrophoresis results of ITS1-PCR from smears
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M: Molecular marker (50 bp); Lane 1: Standard Leishmania major (MRHO/IR/75/ER); Lane 2: Standard Leishmania
tropica (MHOM/IR/99/YAZ1); Lane 3: Leishmania infantum (MCAN/IR/97/LON49); Lane 4,5: PCR product according to
standard sample; Lane 6: PCR product with no accordance with standard sample; Lane 7: negative control
The ITS1-PCR results identified 36 (49.3%) samples as L. major (which after digesting showed
210bp and 140bp fragments) and 36 (49.3%) as L. tropica (which after digesting showed 200bp
and 60bp fragments). After digesting, one (1.4%) sample showed a different pattern versus of all
standards, since it had fragments of 153 bp and 296 bp (Figure 2).

Figure 2: Restriction enzyme digestion profile of amplified ITS1 region with the restriction enzyme of
HaeIII
M: Molecular marker (50 bp); Lane 1: Standard Leishmania major; Lane 2: Standard L. tropica; Lane 3: Standard L.
infantum; Lane 4: L. major according to standard; Lane 5: L. tropica according to standard; Lane 6: The one sample
different from the normal samples and standard patterns; Lane 7: negative control

Discussion

DNA-based molecular techniques have improved the identification of Leishmania parasites at the
species level (Weirather et al., 2011; Galaï et al., 2011; Parhizkari et al., 2011; Ghasemian et al., 2011;
Veland et al., 2012). The differential diagnosis of species and also suitable therapeutic strategies
for the disease can be determined through precise protocols for identification of isolates from
endemic areas where more than one Leishmania species may be present. Treatment for
Leishmania is expensive and has considerable side effects. Such information can therefore, be
used for ecologic, clinical, and epidemiologic studies on Leishmania species.

In the present study, PCR amplification of ITS1 from all isolates yielded fragments of
about 350 and 450bp, whereas most standard strains show a similar 350bp fragment (El Tai et al.,
2000; Schonian et al., 2001; Rotureau et al., 2006; Toz et al., 2009). This substantial difference in
the PCR product sizes directed us to sequence the mentioned PCR product. Molecular analysis by
Blast software showed that the selected sequence had a close similarity with Crithidia fasciculate
(97%), and Crithidia luciliae (90%), and a similarity of 40% with L. infantum (MCAN/IR/97/LON49).
Also, it had similarity with the species found elsewhere in Iran (Doudi et al., 2010). Our results
confirmed some other documents in digestion with HaeIII resulted in 140bp and 220bp fragments
corresponding to L. major, and 60bp and 200bp fragments corresponding to L. tropica, and also
fragments of 60, 80 (Schonian et al., 2001; Schonian et al., 2003;  Rotureau et al., 2006; Toz et al.,
2009). In L. tropica, with regard to the restriction map of the enzyme used, 4 fragments with
approximate sizes of 20, 55, 64, and 200bp should be observed in this case. However, because of
the small size of the first fragment (20bp) and overlapping of 2 fragments with similar molecular
weights (55 and 64bp), we only observed 60bp and 200bp fragments for L. tropica (Toz et al.,
2009).

This study showed a different identification profile compared with the report by
Yaghoobi-Ershade et al. (2002) which showed that L. tropica is the dominant species. This could
claim new emergence of L. major in this area. On the other hand, according to the interview
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statements, most of the subjects had history of travelling to villages around the Yazd city such as
Ardekan where the dominant species is L. major (Yaghoobi-Ershadi et al., 2004). This movement
of people in such areas provides the necessary circumstances, in which parasite can be
introduced to non-endemic areas, leading to the emergence of new zoonotic cutaneous
leishmaniasis (ZCL) foci, provided that ecological conditions such as the presence of potential
vectors and reservoir hosts, are in favor of the parasite lifecycle. Therefore, we could hypothesize
that zoonotic cutaneous leishmaniasis had not previously been endemic in the study area. A
similar changing profile has already been reported from Jahrom, another part of Iran (Davami et
al., 2010).

Similar to the findings of some other studies (Yaghoobi-Ershadi et al., 2001; Fazaelia et al.,
2009), the most affected part of the body was upper limb followed by the face. This is one of the
usual characteristics of the zoonotic cutaneous leishmaniasis; whereas, for the anthroponotic
cutaneous leishmaniasis, the most commonly involved sites are face and upper limbs (Sharma et
al., 2005). However, this is not always consistent, and there are some reports indicating
predominant involvement of the face in zoonotic cutaneous leishmaniasis (Talari et al., 2006;
Momeni & Aminjavaheri, 1994).

In conclusion, the emergence of ZCL in Yazd is likely to have been originated from other
foci around the city. To find the original source of the parasite, further studies such as genotype
analysis of the Leishmania isolates in comparison with isolates from other ZCL endemic areas are
required. However, further information based on a search for the L. major reservoir and hosts
and/or infected Phlebotomus papatasi are needed to confirm the emergence of a new L. major in
Yazd province.
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