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ABSTRACT

Objective: To report presence of Leishmania major in Khyber Pakhtunkhwa of Pakistan,
where cutaneous leishmaniasis (CL) is endemic and was thought to be caused by
Leishmania tropica only.
Methods: Biopsy samples from 432 CL suspected patients were collected from 3
southern districts of Khyber Pakhtunkhwa during years 2011–2016. Microscopy on
Giemsa stained slides were done followed by amplification of the ribosomal internal
transcribed spacer 1 gene.
Results: Leishmania amastigotes were detected by microscopy in 308 of 432 samples
(71.3%) while 374 out of 432 samples (86.6%) were positive by ribosomal internal
transcribed spacer 1 PCR. Subsequent restriction fragment length polymorphism
confirmed L. tropica in 351 and L. major in 6 biopsy samples.
Conclusions: This study is the first molecular characterization of Leishmania species in
southern Khyber Pakhtunkhwa. It confirmed the previous assumptions that anthroponotic
CL is the major CL form present in Khyber Pakhtunkhwa province. Furthermore, this is
the first report of L. major from a classical anthroponotic CL endemic focus identified in
rural areas of Kohat district in southern Khyber Pakhtunkhwa.
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1. Introduction

Leishmaniasis is categorized as a class I disease by the World
Health Organization [1], and the three important clinical forms
are visceral, cutaneous and mucocutaneous [2,3]. In Pakistan,
cutaneous leishmaniasis (CL) is estimated to affect 15 000–
20 000 people annually [4]. CL cases are widely distributed in
all provinces of Pakistan and are being reported from Sindh,
Balochistan, Khyber Pakhtunkhwa (KP) and Punjab [5–7]. The
KP province is located in the north-west of Pakistan and
shares about 2300 km long border (Durand line) with
Afghanistan. Kabul the capital of Afghanistan which is located
at distance of 290 km from Peshawar (KP) is thought to have the
highest incidence of CL in the world, with an estimated 67 500–
200 000 cases annually among population of 3.7 million in-
dividuals [8]. After Afghan–Russia war, millions of Afghan
refugees migrated to Pakistan. In 1990, the official figures of
Afghan refugees population was 3.27 million but the actual
number was more than 5 million Afghan refugees with
majority of them residing in different camps and others
illegally in different areas of Balochistan province and KP
province [9]. In 1997, a major outbreak of anthroponotic CL
was reported from Timargara Afghan refugee camp located in
Dir District north western Pakistan [10]. During a survey of
Afghan Refugee camps and some local Pakistani population in
KP in 1998, the average annual anthroponotic CL infection
rate was estimated to be 4.6 cases per 1000 persons every
year [11]. Although parasite identification was not carried out
in that study and it is assumed that Leishmania tropica
(L. tropica) is the etiologic agent seems probable because of
its characteristic dry form lesions and also because of
endemicity of anthroponotic CL in South Asia, Central Asia
[10,11] and Palestine [12].

However, recent molecular studies have determined that dry
and wet lesions do not automatically indicate that infections are
caused by L. tropica and Leishmania major (L. major),
respectively, demonstrating that the manifestations of the skin
lesions do not indicate the etiological Leishmania species [6]. CL
has a high prevalence in the KP province and federal
administered tribal areas at Pak-Afghan border because of
cross border movements and presence of dry, hot and humid
climate with abundance of sand fly vector [7,8]. Kohat, Karak
and Hangu are Southern districts of KP. Kohat and Hangu are
important because they host more than 2 million of internally
displaced people that have migrated from CL hyper endemic
zone (Pak–Afghan border) where military operations against
terrorist camps are in progress [13]. CL outbreaks are
frequently reported from different parts of Southern KP,
particularly Karak [14,15].

Surprisingly, considering the importance of KP province as a
focus of CL, little is known about the identity of Leishmania
species responsible for CL in this area. The differentiation of
Leishmania species is important for eco-epidemiology, clinical
diagnosis, and management of patients. Previously, no report
was available regarding presence of L. major in KP province
where anthroponotic CL caused by L. tropica was thought to be
the only major form of CL. The objective of this study was
molecular identification of Leishmania species from biopsy
samples of CL patients from Southern KP.
2. Materials and methods

2.1. Study area

KP province is located in the north-west of Pakistan (27� 20N
to 31� 420 N and 50� 420 E to 55� 360E). The topography of the
Kohat, Hangu and Karak districts are well dominated by series
of small mountains and hills. The present study was conducted
at Department of Microbiology, Kohat University of Science
and Technology, Kohat in collaboration with ANSES, Animal
Health Laboratory, Maisons-Alfort, France.

2.2. Sample collection

A study was carried out from April 2011 to March 2016 to
record the cases of CL in Kohat, Hangu and Karak districts. The
study was ethically approved by Research Ethical Committee of
Kohat University of Science and Technology, Kohat and Higher
Education Commission, Pakistan. Informed consents on consent
form were obtained before sample collection from suspected CL
patients. Data regarding age, sex, characteristic of lesions,
traveling history and other related information were recorded on
questionnaires from 432 patients visiting hospitals of the three
districts. Two biopsy smears were obtained from each of sus-
pected CL patients. One of these smears was used for micro-
scopy while the second part was used for DNA extraction. The
smears were prepared as described by Evans in 1989 [16] on a
microscopic slide, air dried, fixed with absolute methanol,
stained by Giemsa 10% and examined microscopically.

2.3. DNA extraction, internal transcribed spacer 1-PCR
analysis and RFLP

DNA was extracted from 432 biopsy smears using Tissue
DNA extraction kit (Nucleospin II, Machery Nagel, Germany)
as per manufacturer's protocol and were analyzed by internal
transcribed spacer 1 (ITS1) PCR as described by Schonian et al
[17]. The positive ITS1 amplicons (374) were analyzed by RFLP
using Hae III enzyme (Biolabs, UK). Further, 30 positive
samples were confirmed by ITS1 gene sequencing (Eurofins,
MWG, Operon, Germany). The sequences were cleaned and
aligned, and phylogenic analysis was conducted using Clustal
W software.
3. Results

Leishmania amastigotes were detected by microscopy in 308
of 432 samples (71.3%) while 374 out of 432 samples (86.6%)
were positive by ITS1 PCR that produced approximately
330–350 bp products for all reference strains of L. tropica,
Leishmania infantum and L. major and clinical samples. RFLP
analysis using Hae III showed restriction profile (20, 57, 60 and
200 bp) similar to L. tropica for 351 out of 374 samples while 6
samples produced L. major specific restriction pattern (2 bands
of 130 and 220 bp). The sequence analysis of 30 samples
confirmed RFLP results and revealed L. tropica as the major
prevailing specie in southern districts of KP province whereas
L. major was also described for the first time. Phylogenetic tree



Figure 1. Phylogram (ITS1 gene) built using clustal W and Mega 7 software.
S13P147, S14P147, S12P147, S10P147, K7P147, K1P147, D23P147, S16P147, S3P147 and D18P147 represent Pakistani strains of L. tropica isolated from
study districts of khyber pakhunkhwa province of Pakistan.
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showed that the Leishmania strains from Pakistan are close
(99%–100% similarity) to the already deposited sequences of
reference L. tropica strains in GenBank database (Accession
numbers KJ420483, JX560482, HG512922, KP410403,
KU680855, HG512965, HG512933). All of the Pakistani strains
sequenced were different variants of L. tropica (Figure 1).

4. Discussion

The endemic profile of CL in KP particularly Southern dis-
tricts could be attributed to migration of large number of inter-
nally displaced people from CL hyper endemic tribal zone
(federal administered tribal areas) [7,8,13]. Previously, L. tropica
has been molecularly characterized only from Dir district
(northern KP) whereas in southern KP, prevalent Leishmania
species were unknown [11]. In this study, the ITS1-PCR-RFLP
analysis and sequencing identified L. tropica as prevailing
species in Southern KP. It confirmed previously through
epidemiological studies that were not based on molecular
analysis but on typical dry form of active CL lesion [11,18].
Various epidemiological studies also described the presence of
L. tropica in all provinces of Pakistan [5,19]. It was therefore
concluded that L. tropica is the prevailing specie in KP, which
confirms previously epidemiological studies that were not
based on molecular analysis [11]. In the present study L. major
was identified in five samples from Hangu and one from
Karak. Two of the patients diagnosed with L. major infection
had traveling history to Sindh province and one of them had
traveled to Afghanistan. The remaining three (from Kohat)
claimed that they had never traveled anywhere in the past
2 years. This is the first ever report of autochthonous L. major
infection from any part of KP province. Rodents are usually
reservoirs of L. tropica so further studies by our research
group on screening of rodents in this area are in progress. In
Pakistan, zoonotic CL caused by L. major is mainly found in
Sindh province and Southern Balochistan bordering Iran while
in KP it was always considered to be anthroponotic [20].
Afghanistan is considered to be one of world's largest endemic
anthroponotic CL foci but zoonotic CL (L. major) is endemic
in Mazar-e-Sharif Province of Afghanistan [21]. Phlebotomus
paptasi and Phlebotomus sergenti that are considered as
vectors of anthroponotic CL and zoonotic CL respectively are
widely distributed in KP province [22]. The zoonotic CL focus
(three autochthonous L. major cases without traveling history)
in Hangu district has dry habitat but extensive cultivation of
seasonal crops is practiced, using irrigation systems of canals
and springs that favors dense populations of vectors and
rodents. The high densities of the natural zoonotic CL animal
reservoirs and its associated sand-fly vector are the key ele-
ments in establishing new disease foci. But to date animal res-
ervoirs are still unknown in any part of Pakistan [18,20].

Establishment of new zoonotic CL foci could be strongly
related to human activities, such as climate changes, mass
migration of people during war (internally displaced people in
present case) or natural disasters, development of agricultural
and industrial projects. In general, the boundaries between the
different nosogeographical forms of leishmaniasis overlap and
have ability to progress [23]. The present findings about L. major
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may predict in future the possibility of encountering new
endemic zoonotic CL foci in other southern districts of KP.
Since intraspecific polymorphisms were found among
Pakistani L. major populations [5] as well as among L. major
populations in Central Asia, the Middle East, and Africa [24]

further studies like isoenzyme electrophoresis, multi-locus
sequencing technique and microsatellite analysis are inevitable
to reveal the origin of L. major strains identified in present study.
Such data represent a first step for future incrimination of vec-
tors, animal reservoirs, disclosing the eco-epidemiologic picture
of this disease in KP province.

This is the first report of molecular detection of L. major and
L. tropica co-existence from southern KP province. However
this work has shown that L. tropica is probably prevalent specie
in this region. The results indicated that L. major has recently
become established in this classical focus of L. tropica.
Although three cases of L. major claimed not to have traveled
out of the vicinity of Kohat district, local sand fly vectors must
be caught, identified and, if possible, shown to harbor L. major
infections. Furthermore, role of animal reservoir host should also
be explored to endorse whether the cases caused by L. major
were autochthonous or imported.
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