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ABSTRACT
Background & objectives: Rapid and accurate diagnosis and identification of Leishmania sp causing cutaneous
leishmaniasis is crucial in control and therapeutic programs. The problem of diagnosis with traditional methods
is that they have a low sensitivity or time consuming but molecular techniques would be an alternative method
for rapid and accurate diagnosis. In this work, tryparedoxine peroxidase gene-based real-time PCR was used for
accurate identification of Leishmania spp causing Old-World cutaneous leishmaniasis.
Methods: In this study, biopsies of specimens were taken from the ulcerative sites in 100 patients and used for
direct microscopy, culture in NNN or fixed in alcohol for identification of Leishmania spp using tryparedoxin
peroxidase gene-based realtime PCR (qPCR).
Results: Using direct microscopy and culture method, Leishmania parasites were isolated from 68 out of 100
patient samples. However, 13 patients with negative finding on traditional tests, had positive results on RT-PCR
test. After melting curve analysis of PCR product, Leishmania major in 75 and L. tropica in 4 cases were
identified. The sensitivity and specificity of RT-PCR for diagnosis of cutaneous leishmaniasis was 98.7 and
59.8%, respectively.
Conclusion: Results of this study showed that RT-PCR was the most sensitive diagnostic test for cutaneous
leishmaniasis and represents a tool for rapid species identification.
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INTRODUCTION
Leishmaniasis comprises a group of diseases caused
by the genus Leishmania widely distributed in tropical
and subtropical regions throughout the world. These diseases transmitted by various species of Phlebotomus
sandfly in Old World. Leishmania genus can be divided
into several species complexes and some of them including L. major, L. tropica and sometimes L. infantum are
the causative agents of cutaneous leishmaniasis in Old
World1. Cutaneous leishmaniasis has been increased in
endemic and non-endemic regions due to geographical expansion of the disease; changing patterns of international
travel; and population migrations2,3.
Identification of Leishmania is crucial to select the
most appropriate therapeutic regimen to be administered
to each individual, to determine possible control measures
in epidemiological studies and to predict the risk of dissemination in immunocompromised patients4,5.
Frequently, geographical distribution and clinical

manifestations6 are applied for Leishmania species identification. However, geographical distribution is not a suitable index in non-endemic areas, as well as endemic areas
where multiple species of Leishmania may co-exist; and
clinical manifestations could not be useful since several
species cause cutaneous leishmaniasis and these clinical
presentations are not specific enough to allow species identification7. Due to similar morphology, it is not possible
to identify Leishmania species by parasitological methods. Moreover, direct microscopy is not sensitive enough
and culture method is time consuming8,9. The gold standard for species identification is multilocus enzyme electrophoresis (MLEE)10 which requires expertise, isolation
of the parasites and cultivation in vitro. Therefore, MLEE
would not be rapid enough to guide first-line therapeutic
decisions. PCR-based methods, as a powerful tool to detect Leishmania directly in clinical samples as well as for
parasite characterization, have proven to be highly sensitive and specific compared with traditional methods8,11
providing results in one or two working days7. Peroxidase
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gene with antioxidant activity is an important gene in parasite validity. Three copies of this gene in the form of tandem repeat are located in chromosome 15. With these properties it is easy to detect the parasite even in low quality in
patient samples. In the present work, the tryparedoxin peroxidase gene-based qPCR method including a diagnostic
step of cutaneous leishmaniasis followed by species identification has been developed.
.
MATERIAL & METHODS
Clinical patients
In this experimental investigation, study population
consisted of patients with cutaneous sore suspected to
leishmaniasis referred to Sedighe Tahereh Clinic in Isfahan,
Iran from 2007–08. Sample size was 100 patients and
biopsy specimens were taken with informed and free consent from the ulcerative sites of every individual and used
for direct microscopy, culture in NNN or fixed in alcohol
for molecular investigations. Results of each method were
recorded and for determination of sensitivity and specificity, combination results of direct microscope slide and
culture was considered as golden standard. Sensitivity was
calculated by dividing the number of true positive cases to
total number of positive cases and false negative cases.
Specificity was also calculated by dividing the number of
true negative cases to total number of negative cases and
false positive cases.
Parasites
Two standard strains, L. major (MRHO/IR/75/ER)
and L. tropica (MHOM/IR/NADIM3) were used as positive controls. Promastigotes were cultured on NNN medium supplemented by BHI (4%), penicillin (100 U/ml)
and streptomycin (100 g/ml) at 24°C.
DNA extraction
DNA was extracted using QiAampDNA mini kit
(Qiagen, Courtaboeuf, France) according to the
manufacturer’s instructions. The incubation time with
proteinase K was increased to 1 h at 56°C and DNA was
eluted from the column with 100 l of PCR-grade H2O.
The extracted DNA was analyzed by spectrophotometric
determination of A260.
Real-time PCR
The identification of the parasites was done by qPCR
of the tryparedoxin peroxidase gene with accession number of EU251502 . All RT-PCR assays were performed
on the Corbett Rotor gene 3000 as per the manufacturer’s
instructions. Amplification was done in reactions using

Quantifast SYBR green (Qiagen) with the following primers: TRYP-F(5’ GGGAATTCCATATGTCCTGCGGTAACGCCAAG 3’ ) and TRYP-R (5’CGCGGATCCTTACTTGTTGTGGTCGACCTTCATGC 3’). The
amplification and detection program of (95°C for 3 min,
35 cycles: 7s at 95°C, 30s at 60°C, 30s at 72°C) was
used. Melting program consists of one cycle of 95°C for
0s, 65°C for 20s and heating at 98°C. The PCR products
of interested gene in L. major and L. tropica presented
amplicons with TM of 91.3  0.7 and 89.5 + 0.2. Therefore, they were distinguishable by two distinct peaks in
the melting curves obtained from the real-time apparatus.
Analysis
All the reactions were analyzed by the software provided with the instrument. The generation of amplification plots, standard curves, and dissociation stage analysis were as per the manufacturer’s protocol. The calculation
of the melting temperature of each amplicon (Tm) was done
directly by the software provided. Each of the assays was
repeated at least thrice to check the reproducibility and
reliability.
RESULTS
Leishmania parasite was detected in lesion of 59
patients (59%) in microscopic examination and in lesion
of 36 patients (36%) according to the culture method
(Table 1). DNA of patient’s biopsy samples was extracted
and subjected to qPCR and melting curve analysis. Considering the species-specific difference in melting temperature of reference strains (L. major and L. tropica) and
comparing melting temperature of samples with standard
strains, 79 positive cases in qPCR were detected, of which
75 were L. major and 4 were L. tropica. As an example
qPCR melting curves of two patient’s samples, standard
strain of L. major and negative control have been demonstrated in Fig. 1.
Overall, 68 out of 100 samples were positive in parasitological diagnostic methods (culture and/or direct microscopy) and 81 out of 100 samples were positive by at
Table 1. Results of various diagnostic techniques applied for the
diagnosis of cutaneous leishmaniasis in skin biopsy
samples of 100 patients referred to Sedighe Tahereh
Clinic, Isfahan, Iran
Diagnostic technique
Smear
Culture
RT-PCR

No. (+)ve samples

No. (–)ve samples

59
36
79

41
64
21
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Fig. 1: Melting curve analysis of amplification products of samples
from two patients (4, 5, 6, 7), standard strain of L. major as
positive control (1, 2, 3) and negative control (8). Detection
was done using the double-stranded DNA-binding dye SYBER
Green.
Table 2. Sensitivity and specificity of the different techniques
applied for the diagnosis of Cutaneous leishmaniasis in skin biopsy
samples of 100 patients referred to Sedighe Tahere Clinic in
Isfahan, Iran. Combination positive results of direct microscopy
and culture were considered as gold standard
Diagnostic technique
Smear
Culture
RT- PCR

Sensitivity (%)
86.8
52.9
98.7

Specificity (%)
100
100
59.8

least one of three methods (microscopic examination or
culture or qPCR) and 13 out of 100 samples were positive
only in qPCR.
Sensitivity and specificity of qPCR in comparison to
other methods considering culture method as golden standard have been shown in Table 2. Statistical analysis
showed a significant difference in the sensitivity of qPCR,
microscopy and culture.

a complex mixture of DNA. However, its application requires the availability of primers and probes that must be
selected according to very rigid conditions, which cannot
always be easily applied.
Wortmann et al20 investigated diagnosis of leishmaniasis using qPCR. They showed a sensitivity of 96% for
this test while that of direct microscopy and culture was
30 and 33% respectively7, 9, 18-20. Moreover, they showed that
comparing with other methods qPCR was a rapid test18,21.
qPCR has also been used in diagnosis of Leishmania species in animals such as dogs and mice, and demonstrated
that it is a rapid and sensitive test12-17. It has also been
shown that qPCR is more sensitive than conventional PCR
in diagnosis of Leishmania species22.
In this study, 13 samples which were negative for leishmania parasite, converted positive in qPCR. This result is
in agreement with what Schulz et al13 found in clinical
samples of patients. Results of this study together with
finding of other investigations emphasize on high sensitivity of qPCR in detection of leishmania infection and the
ability of test in species discrimination. Therefore, this
test can be used in reference laboratory for rapid diagnosis and species determination of leishmaniasis.
Also it is recommended to design convenient primers
and probes for diagnosis of different species of leishmania using Syber Green and taqman reagents. Finally, further work is recommended for diagnosis of other forms of
leishmaniasis by this technique.
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