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Leishmaniasis in Turkey: first clinical isolation of Leishmania
major from 18 autochthonous cases of cutaneous leishmaniasis
in four geographical regions
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Abstract OBJECTIVE To report isolation of Leishmania major strains obtained from 18 Turkish
autochthonous cutaneous leishmaniasis (CL) patients infected with L. major between 2011 and 2014.
METHODS Initial diagnosis relied on microscopy and culture in enriched medium, prepared by
adding specific amounts of liver extract, protein and lipid sources to NNN medium. Promastigotes
were then transferred to RPMI medium including 10% of foetal calf serum for mass culture. Species-
specific real-time PCR targeting ITS1 region of Leishmania spp. was performed using both lesion
aspiration samples and cultured promastigotes. Two of 18 isolates were identified by isoenzyme
analysis in the Leishmaniasis Reference Center in Montpellier, France. Each isolate was inoculated
into the footpads of six mice to observe the pathogenicity of L. major. Developing lesions were
observed, and the thickening of footpads was measured weekly.

RESULTS Melting curve analyses of 18 isolates showed a peak concordant with L. major, and two of
them were confirmed by isoenzyme analyses as L. major zymodeme MON103. In the mouse model,
acute lesions seen on day 21 were accepted as an indication of heavy infection. Severe impairments
were observed on all mouse footpads over 3 weeks, which even progressed to extremity amputation.
CcONCLUSION Cutaneous leishmaniasis-causing L. major was recently identified in Adana province in
southern Turkey, with PCR. Our study shows that such CL cases are not limited to Adana but
currently present from western to Southeastern Anatolia, and along the Mediterranean coast. The
role of small mammals, the main reservoirs of L. major in Anatolia, needs to be elucidated, as do the
underlying factors that cause severe clinical manifestations in L. major infections in Turkey, contrary
to the infections in neighbouring countries.
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. territories, with more than 350 million people at risk [1].
Introduction . . . .
The causative agents are Leishmania species, flagellate
Leishmaniasis is a common vector-borne infection protozoa, that live inside the macrophages in humans
worldwide, affecting 12 million people in 98 countries or and are transmitted by sand flies — Phlebotomus spp. in
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the Old World and Lutzomyia spp. in the New World [2,
3]. Dogs and some rodents such as Rhombomys opimus
may act as reservoir hosts for Leishmania species in nat-
ure [4]. This is also seen in many countries around the
Mediterranean Basin, including Turkey, where cutaneous
and visceral infections are documented. The main clinical
manifestations of leishmaniasis are cutaneous (CL),
visceral (VL) and mucocutaneous (MCL) infections

[1, 2]. The causative agents of VL and CL in Turkey are
Leishmania infantum, and L. tropica and L. infantum,
respectively [3, 6].

Cutaneous leishmaniasis (CL) is a parasitic dermal
infection that involves the epidermis and sometimes the
mucosal tissue, and spontaneously heals with a scar on
the infected area. Leading causative agents of CL in the
Old World include L. tropica, L. major, L. aethiopica
and L. infantum. CL is a common infection in Turkey
and its eastern neighbours, such as Iran, Iraq and Syria
[4, 5]. Iran is reported as one of the six countries in
the world where almost two-thirds of global CL cases
occur [3]. In Iraq and more recently in Syria, CL
incidence has risen dramatically after the civil wars
[3, 7, 8].

Turkey is located on the crossroads between Europe,
Asia and Africa in a subtropical climate zone. CL has
been a significant public health problem and the most
important notifiable vector-borne disease in Turkey (Fig-
ure 1). A self-healing anthroponotic form of CL is ende-
mic in the Southeastern Anatolia and Mediterranean
Regions and has also been reported from the Central
Anatolia and Ege Regions [5, 9]. Between 1988 and
2010, a total of 50 381 CL cases were notified in Turkey,
more than half of which were from Southeastern Anato-
lia, mainly Sanlurfa province [6, 10]. These cases were
thought to be caused predominantly by L. tropica; how-
ever, some CL cases are thought to be caused by L. in-
fantum in the eastern Mediterranean part of Turkey [3,
11]. Recently, L. major and L. donovani were identified
by molecular methods using clinical samples of patients
with CL from Adana [12] and Sanlurfa [6] provinces in
the eastern part of the country.

Phlebotomus papatasi and P. sergenti are well-known
specific vectors for L. major and L. tropica in nature,
respectively, with a widespread distribution in the Old
World [13, 14]. Phlebotomus papatasi is highly anthro-
pophilic and abundant in leishmaniasis-endemic areas in
Turkey, according to sand fly surveys [5, 15-17].

Identification of Leishmania species is clinically impor-
tant as L. major may cause severe, single or multiple,
nodular cutaneous lesions involving the regional lymph
nodes and accompanied by secondary bacterial or fungal
infections in humans [6, 18]. Indeed, recent reports of
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genetic exchange between Leishmania species which
created hybrid Leishmania isolates also indicate the
necessity of species identification for effective planning of
diagnosis and treatment [19]. This is not possible by rou-
tine diagnosis with microscopic examination or culture,
but with molecular methods such as PCR followed by
DNA sequencing or RFLP [20].

In this study, a total of 18 autochthonous CL cases from
different regions of Turkey due to L. major, collected
between 2011 and 2014, are presented. These are the first
isolates obtained from the clinical samples of CL cases due
to L. major in Turkey. We also aimed to report the
isolation of L. major strains from patients with CL using a
new, enriched medium, and to establish a mouse model to
identify the pathogenic effects of the isolates.

Materials and methods
Patients and sampling procedure

The Leishmania isolates included in the study were
obtained from the patients initially admitted to the Der-
matology Clinics of the hospitals in different provinces,
where they were suspected clinically as CL, and then
referred to either Microbiology or Parasitology Laborato-
ries of their hospitals for sample collection and certain
diagnosis. After application of molecular techniques, iso-
lates identified as L. major were included in the study
(Table 1, Figure 2).

For sample collection, the surrounding intact skin of
the patients was cleaned with 70% ethanol. Then, 0.2—
0.5 ml saline solution was injected in the margin between
the lesion and intact skin, and aspiration material was
drawn and first inoculated into the enriched medium
(EM), described below. The culture tubes were kept at
24 °C and checked regularly for the presence of pro-
mastigotes every other day for 1 month. After initial
reproduction of the promastigotes, they were transferred
to RPMI-1640 medium containing 10% of foetal calf
serum (FCS), 200 U/ml penicillin and 0.2 mg/ml strepto-
mycin for mass production. When the medium volume in
the flasks reached 10 ml, promastigotes were collected by
centrifugation and used for trials after washing five times
[21]. All isolates were also cryopreserved in liquid nitro-
gen at —196 °C. Two isolates (MHOM/TR/2012/CBU18;
MHOM/TR/2011/MK32) were sent to the National Ref-
erence Center for Leishmaniases, Montpellier, France, for
isoenzyme analyses.

At least two smears were also prepared from each
patient. One was stained with Giemsa after fixation in
methyl alcohol and examined under a light microscope at
x 1000 magnification for the presence of Leishmania
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Figure | The prevalence of cutaneous leishmaniasis cases in Turkey between 2007 and 2009 (Courtesy by M. Kirami Olgen).

amastigotes, while the other was kept at —20 °C for fur-
ther molecular analysis.

Preparation of the enriched medium

The enriched medium (EM) was developed during the
trials to cultivate Leishmania isolates that were not
successfully cultivated with NNN medium, through
modifications on the conventional medium formula.
The solid phase of regular NNN medium was enriched
with liver and yeast extracts, beef infusion and fresh
blood. The final mixture was immediately distributed
to sterile tubes at 4 ml, and the tubes were kept at
room temperature until becoming solid and then trans-
ferred to +4 °C. The liquid phase of the medium con-
sists of 1 ml of RPMI-1640 medium containing 15%
FCS [22].

Molecular analysis

For DNA isolation and the PCR assay, genomic DNA
was extracted from isolates and non-stained smears using
a ‘High Pure PCR Template Preparation Kit’ (Roche
Diagnostics) according to manufacturer’s instructions. All
DNA samples were kept at —20 °C until use.

Real-time ITS1-PCR was performed using Old World
species-specific primers and probes. All procedure was
carried out as described in Ozensoy Toz et al. [23]. Melt-
ing curves were analysed using channel 2 and 3. Four
WHO reference strains were used as controls: L. infan-
tum/chagasi (MHOM/XX/99/LRC-L774), L. donovani
(MHOM/IN/80/DDS), L. tropica (MHOM/IL/90/LRC-
L590 and MHOM/IL/96/LRC-L691) and L. major
(MHOM/IL/2000/LRC-L779).

© 2016 John Wiley & Sons Ltd

To observe the in vivo clinical manifestations of L. ma-
jor infections and compare them with the control group,
two new Leishmania isolates (MHOM/TR/2012/CBU18;
MHOM/TR/2011/MK32) were used in an animal model.
Two study groups and one control group were estab-
lished; each consisted of six mice (20-25 g/5- to 7-week-
old female BALB/c) [24]. Two isolates were removed
from liquid nitrogen and after confirming their viability
under the microscope; promastigotes were inoculated into
the left footpads of the mice at 100 pl (1 x 10® pro-
mastigotes/ml). Using a digital micrometre, the sizes of
any developing lesions on the footpads of each mouse
were measured weekly for 3 months; any redness and/or
swelling at the infection site after the 2nd week of inocu-
lation was also documented. At the end of 3 months,
lesion samples were obtained through aspiration of
injected saline solution at the border of the lesion and
intact skin. This aspiration material was immediately
inoculated into NNN medium and also used for Giemsa-
stained smear preparations to identify amastigotes.

Ethical approval

This study aimed to present all CL cases due to L. major
in Turkey between 2011 and 2014; therefore, the cases
were selected from different studies, all of which had
already been approved by ethical committees as follows:
(i) Ege University Local Ethical Committee for Labora-
tory Animals (No: 2011-006-28.01.2011); (ii) Celal
Bayar University Local Ethical Committee for Laboratory
Animals (No: 77.637.435-73-11.12.2013); (iii) Celal
Bayar University Local Ethical Committee for Research
Studies on Humans (No: 003-08.02.2011; No: 16-
17.01.2013; No: 17-17.01.2013).
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Table | The data related to patients, their lesions and isolates

No. of
Patient No  Sex Region  Province/town WHO code of isolates lesions  Site of lesion(s)
1 M M Antalya/Serik MHOM/TR/2013/CBUANT009 3 Hand, arm, finger
2 M M Antalya/Alanya/ MHOM/TR/2013/CBUANTO012 1 Ankle
3 F M Antalya/Kepez MHOM/TR/2013/CBUANTO014 1 Face
4 F M Antalya/Gazipasa MHOM/TR/2013/CBUALAO16 1 Face
5 M M Antalya/Alanya MHOM/TR/2013/CBUALA17 1 Hand
6 F M Antalya/Alanya MHOM/TR/2013/CBUALA00S 2 Face, shoulder
7 M M Adana/Yiiregir MHOM/TR/2013/CBUADNO019 1 Arm
8 F M Adana/Sarigam MHOM/TR/2013/CBUADNO021 2 Wrist
9 F M Hatay/Reyhanli MHOM/TR/2011/MK32* (L. major MON103) 2 Wrist
10 M SE Mardin/Kiziltepe MHOM/TR/2013/CBUDYR19 4 Leg
11 M SE Mardin/Kiziltepe MHOM/TR/2013/CBUDYR45 4 Legs, feet
12 F SE Diyarbakir/Dicle MHOM/TR/2013/CBUDYR16 2 Leg
13 M SE Diyarbakir/Silvan MHOM/TR/2013/CBUDYR27 1 Face
14 M SE Diyarbakir/Hani MHOM/TR/2013/CBUDYR43 1 Hand
15 M SE Sanliurfa/Ceylanpinar ~ MHOM/TR/2014/CBUDYR98 1 Foot
16 M  EA Bitlis/Hizan MHOM/TR/2012/CBU18* (L. major MON103) 1 Face
17 F E Manisa/Merkez MHOM/TR/2014/CBU33 1 Face
18 M E Burdur/Mamak MHOM/TR/2013/CBUANTO013 1 Face

Regions: M, Mediterranean; SE, Southeastern Anatolia; EA, East Anatolia; E, Ege.

*Isolates identified by isoenzyme analysis.

Results

Basic information about the patients and their lesions is
shown in Table 1. Men outnumbered women [11
(61.11%) vs. 7 (38.89%)]. Eleven of the 18 patients had
only one lesion, mostly on the face, and two had four
lesions on their body (Table 1). Interestingly, geographi-
cal distribution of the patients was not limited to CL-
endemic Southeastern Anatolia; instead, patients were
from provinces from four different geographical regions:
Eastern Anatolia, Southeastern Anatolia, Ege Region and
Mediterranean Region (Figure 2). The lesions were larger
than the lesions observed with L. tropica. They were also
ulcerated, surrounded by large redness and sometimes
infected secondarily with bacteria (Figure 3). All patients
were local Turkish villagers, with no previous history of
travel abroad, or any history of travel out of their pro-
vinces in the last 12 months. They were either farmers or
stockbreeders, with low incomes (<700 US Dollars/
month). All were diagnosed with CL between January

and March (8 in January, 3 in February and 7 in March).

Initial microscopic examinations of Giemsa-stained
smears and cultures of all samples identified Leishmania
spp. Further assessments with ITS1T RT-PCR of both clin-
ical samples and culture material revealed melting curves
concordant with L. major. Moreover, isoenzyme analyses
of two selected cultivated samples identified the parasite
as L. major zymodeme MON103.
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In vivo assessments revealed that the acute lesions
had developed on the footpads of mice just after the
3rd routine control, on the 21st day of inoculation,
indicating an early and heavy infection. These lesions
progressed within 3 weeks; their sizes increased day by
day and led to severe impairments on the skins of all
mice, except controls, even to the total amputation of
the extremity (Figure 4).

Discussion

Cutaneous leishmaniasis caused by several Leishmania
species has long been known in subtropical Anatolia; its
public health importance has been on the rise due to the
detection of different Leishmania species as causative
agents in Turkey. There has been a marked increase in
CL incidence in recent years in Turkey, both in terms of
clinical cases and the foci of infection, which may be
related in part to the intense and continuing influx of Syr-
ian refugees to Turkey [6, 12], raising concern for possi-
ble future epidemics.

Cutaneous leishmaniasis due to L. major, known as
zoonotic cutaneous leishmaniasis (ZCL), is still an
increasing public health problem in the Middle East and
northern African countries [25-27]. It is transmitted by a
well-known and widespread proven vector species,

P. papatasi, and the disease is present at least in 15 of 30
provinces of Iran, existing with three genetic clusters of

© 2016 John Wiley & Sons Ltd
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Figure 3 Lesions of cutaneous leishmaniasis on the face (a), wrist (b) and on the legs (c) of the patients.

L. major [28]. It is more common than the anthroponotic
form, and the rodents such as R. opimus and Meriones
libycus erythrosus are indicated as the leading reservoirs
of L. major in Iran [29, 30]. Indeed, unusual clinical
manifestations of CL due to L. major have also been
reported in Iran, such as disseminated CL [31] and muco-
sal leishmaniasis [32]. It is mainly transmitted by Ph. pa-
patasi while the fat sand rat, Psammomys obesus, is its
reservoir in most foci between Morocco in the west and
Syria and Saudi Arabia in the east [26, 33, 34]. To date,
there is no information or previous study about the local
reservoirs of L. major in Turkey. Therefore, further stud-
ies especially focused on small rodents are now urgently
necessary in Turkey.

In the present study, 18 CL cases caused by L. major
were determined from nine provinces of Turkey in
Mediterranean (9), Southeastern Anatolia (6), East

© 2016 John Wiley & Sons Ltd

Anatolia (1) and Ege (2) Regions. This is the first study
performed by molecular and isoenzymatic tools using
clinical isolates obtained from autochthonous CL patients
from different provinces. Our results confirm previous
findings of the presence of L. major in Turkey. They also
show its widespread distribution from the Ege Region to
the Southeast along the Mediterranean coast. The rising
incidence of L. major infections is due to many factors.
One is the recent arrival of more than 2 million refugees
from Syria, where CL, including L. major infections, was
more prevalent than in Turkey [35]. Another is the effect
of the predicted increase in average temperatures in Tur-
key, especially in summer, which may extend the survival
times of the vectors [36-38]. Finally, our results point
out the importance of species-specific diagnosis for CL
cases that can affect the treatment regimen and control
measures in endemic areas.
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Figure 4 (a) Developed cutaneous leishmaniasis lesion on the
footpad of the mice infected with Leishmania major; (b) The
average thickening of the infected footpads of mice in 3 weeks.

We also studied the pathogenic effects of two of these
L. major isolates in a mouse model. Skin lesions devel-
oped just after 21 days of inoculation in all mice, which
indicated a severe and fast-developing infection (Fig-
ure 4). The sizes of the skin lesions enlarged constantly
and ended with total loss of the extremity. This aggres-
sive behaviour of autochthonous L. major isolates is
opposite to the behaviour of the isolates from Iran and
other Middle East countries [3]. They act rather more
severely on mice than L. #ropica isolates in Turkey as
well [39]. This may be due to several factors such as the
immune response of the host, genetic diversity of the par-
asite or the presence of natural viruses of Leishmania spe-
cies [Leishmania RNA Virus (LRV)] [40]. There are no
data about LRV in Leishmania isolates from Turkey at
the moment; thus, further study of LRV will not only
help understanding its pathological effects but also
provide new information on L. major to the scientific
community.
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Entomological surveys have already been conducted in
more than 30 provinces including the locations where
L. major cases were detected, such as Adana, Manisa,
Sanliurfa and Hatay. The proven vector species of L. ma-
jor, P. papatasi, is one of the most common sand fly
species in Turkey. In entomological surveys on sand flies
in Turkey, P. papatasi was found to be present in 16.4%
and 25% of samples in Adana [41, 42]; 48% in Manisa
[43]; 27.2% and 45.4% [17, 44] in Sanhurfa and 18.8%
and 28.5% [42, 45] in Hatay provinces. In view of the
wide distribution of P. papatasi and its high population
density, it would not be surprising to diagnose more ZCL
cases caused by L. major in Turkey in the near future.

Turkey’s southern and eastern neighbours have also
been suffering from CL for centuries. In Iran, CL is docu-
mented from 17 of 31 provinces with an increasing
annual trend over the last years, with more than 20 000
new cases reported annually. Leading species are L. trop-
ica and L. major, which are responsible from anthro-
ponotic and zoonotic infections, respectively [46]. Civil
wars in Turkey’s southern neighbours, Iraq and Syria,
cause migration of many non-immune citizens to endemic
regions for certain infections, or vice versa, which may
result in epidemics [47]. In Iraq, CL has been endemic
with L. tropica and L. major as the main causative
agents. Lack of proper data prevents precise assessments
of the current prevalence of the disease, just as in Syria
[3]. Syria is among the 10 countries with highest CL case
counts in the world, and CL has long been seen in
Aleppo where it is popularly known as ‘Aleppo Boil’. CL
incidence has been on the rise after the 1990s; it reached
53 000 cases in 2012 and 41 000 in the first half of
2013. There are no data for 2014, but considering that
many Syrians are now immigrants in neighbouring coun-
tries, CL epidemics now constitute an obvious risk for
the whole region [35]. ZCL due to L. major has long
been reported in Syria, mainly in the suburbs of the capi-
tal city, Damascus [35, 48]. One of the patients in our
study group is a Turkish driver who had been working in
the Refugee Camp of Syrians. He initially presented with
a lesion on his left foot and reported working only in
and out of the refugee camp, without any travel to Syria.
This indicates the role of human movements as one of
the major risks for spreading vector-borne infections.
Another example was reported from Lebanon, where
more than 1 million Syrian refugees are present. In an
outbreak of leishmaniasis in 2013 with 1033 leishmania-
sis cases, 998 were Syrian refugees (96.6%). In the first
3 months of 2014, an additional 217 cases were diag-
nosed, of whom 208 were Syrian refugees and almost
70% of these cases were children, aged 0-18 years [7].
Among the patients in our study, L. major was first

© 2016 John Wiley & Sons Ltd
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identified in a patient with CL in 2011, before the arrival
of Syrian refugees to Turkey. This strongly suggests that
autochthonous ZCL due to L. major was already present
in Turkey and is not related to the arrival of Syrian
refugees. Indeed, none of the patients in the study group
has reported any recent visit to a Leishmania-endemic
neighbouring country.

We also report the use of an enriched culture medium
for more efficient parasite isolation. Interestingly, it was
noted that some of the amastigotes of L. major obtained
from the patient samples or laboratory animals could not
be transformed to promastigotes, while some others
could not reproduce after transforming to promastigotes
and died shortly after becoming round particles. Using
NNN-EM, it was possible to amplify those L. major pro-
mastigotes in vitro successfully. We believe it is likely
that many CL cases due to L. major were overlooked in
Anatolia before our trials with enriched medium. Indeed,
the recent report of the retrospective assessment of
patient samples in south-eastern Turkey by molecular
methods indicated the presence of L. tropica, L. infan-
tum and L. major in autochthonous cases [12, 49, 50].
Therefore, given that molecular methods are still too
expensive for routine work, the efficacy of NNN medium
should be re-evaluated in the diagnoses of CL and VL
and our enriched medium should be tested for its efficacy
in larger populations as a new candidate.

In conclusion, L. major was recently reported as a cau-
sative agent of CL in Adana province, Turkey; however,
our study showed that it has spread more widely, from
Ege Region to Southeastern Anatolia along the Mediter-
ranean coast. This is also the first report of clinically iso-
lated and successfully cultivated L. major parasites from
autochthonous CL cases in Turkey. Dermatologists work-
ing in regions with higher CL incidence should consider
CL when they encounter patients with odd, aggressive
skin lesions, particularly on the arms, legs, faces and even
mucosa. Regarding its strategic location on the cross-
roads between Asia, Africa and Europe, Turkey is cur-
rently under threat of a wide range of infectious diseases
and epidemics across the country. Our findings and previ-
ous surveys indicate the presence of several Leishmania
parasites and their insect vectors in Turkey; reservoirs of
leishmaniasis, especially small rodents, should be exam-
ined thoroughly across Anatolia, to assess their role in
the transmission of leishmaniasis and to take measures to
control it.
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