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Abstract

Background: Direct identification of Leishmania species in Giemsa-stained slides without parasite culturing in the areas
where multiple species exist, is very helpful. This study was designed to isolate Leishmani spp. from Giemsa-stained smears
and to characterize them by PCR technique.

Methods: A total of 48 Giemsa-Stained slides from confirmed cases of leishmaniasis were examined under a light micro-
scope atx1000 and classified based on grading of Leishmania parasites. DNA from each slide was extracted separately and
subjected to PCR. The ribosomal internal transcribed spacer 1 (ITS1) was amplified with specific primers and the PCR
products were digested with a restriction enzyme (Haelll).

Results: Of the 48 microscopy-positive slides, 43(89.6%) were positive by PCR-RFLP and Leishmania species were identi-
fied. A statistically significant difference was observed between the both methods (P< 0.05) and also a concordance was
found between microscopy and PCR-RFLP (k= 0.55).

Conclusion: PCR-RFLP seems to be an effective method to identify Leishmania species from Giemsa-stained smears which

have been collected from both infected humans and animal reservoir hosts in Iran.
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Introduction

Leishmaniasis is one of the 8 priority targets of
the WHO and almost 1500000 new cases of the
disease occur annually (1).

Cutaneous leishmaniasis (CL) caused by Leishma-
nia major, L. tropica and visceral leishmaniasis
(VL) caused by L. infantum, are major health
problems in Iran (2). The majority of VL cases
are reported from northwest, northeast and south
of Iran and CL is also endemic in different parts
of Iran (3). As the leishmanial signs and symp-
toms can be varied, characterization of Leishma-
nia species is crucial for correct diagnosis and
prognosis of the disease as well as for making de-
cisions regarding treatment and control measures
4,5).

Traditionally, Leishmania parasites are directly de-
tected by microscopic examination of clinical speci-

mens. However all Leishmania species are very
similar and their species identification is not possi-
ble morphologically (5). Currently isoenzym analy-
sis isagold standard for differentiation of Leishma-
nia species but this technique is demanding, la-
borious and usually requires prior cultivation in
vitro (5,6). Frequently Leishmania species are
identified based on their geographical distribu-
tion and on clinical manifestations of the result-
ing disease. However, geographical origin is an
inadequate criterion in non-endemic areas, as
well as endemic regions where multiple species
of Leishmania may co-exist (7, 8).

Identification of the infected Leishmania species
based on clinical signs and symptoms can be
problematic because several species cause both
visceral and cutaneous involvement (9). With
the advent of the PCR technology, several PCR
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based assays such as the ssu rRNA gene (10),
repetitive sequences (11), the gp63 gene locus
(12), kinetoplast minicircle sequences (13-15),
mini-exon gene sequences (8) for Leishmania
species differentiation, were developed.

While all these different approaches provide a
multitude of valid taxonomic characters for dif-
ferentiation, most of the time it is necessary to
multiply parasite in culture before using them
(16). Culture techniques require a sophisticated
laboratory set up, are time-consuming and increase
risk of contamination (15) thus, in this study; we
aimed to optimize a PCR method for the direct
identification of Leishmania species on Giemsa-
stained slides in Iran without need for their
cultivation.

Materials and Methods

Specimens Altogether, 48 Giemsa-stained
smears from confirmed cases of leishmaniasis,
were used. The smears were either referred to
the Dept. of Medical Parasitology, Tehran Univer-
sity of Medical Sciences, Tehran, Iran, or from
different studies which had been conducted for
the epidemiological studies of cutaneous and vis-
ceral leishmaniasis in endemic areas of Iran. The
smears were prepared form 33 human skin le-
sions, 4 rodent ear scrapings, 7 dog spleen bi-
opsies, and 4 human bone marrow aspirations.
Cutaneous and visceral samples were prepared
based on Evans protocol (6) and the samples
were then smeared on a microscope slide, air
dried, fixed with absolute ethanol and stained
by Giemsa stain (17).

All the collected slides were examined under light
microscope with high magnification (1000x). The
slides had been prepared either less than one year
(2006-2007) or more than 4 yr ago (2002-2003)
and the positive smears were scored for amas-
tigote numbers (17). Moreover, 12 smears from
other infectious diseases including 6 mycotic and
6 bacterial diseases were included as control.
DNA extraction  All the slides were washed
with absolute ethanol and covered with 250 pl
lysis buffer (50mM Nacl, 50 mM Tris, 10mM

EDTA, pH 7.4, 1% v/v Triton x-100 and 100 pg
of proteinase k per ml).

After a short time the smears removed completely
and transferred to a 1.5 ml reaction tube (5). Cell
lysis was accomplished after incubation for at
least 3 h or over night at 56 °C (5). The lysate
was extracted by phenol-chloroform followed by
ethanol precipitation (18). The DNA was resus-
pended in 50 pl double distilled water (DDW)
and stored at 4 °C (4).

PCR amplification A PCR was used to
amplify the ribosomal internal transcribed spacer
1 (ITS1) region, which separates the genes cod-
ing for the ssu rRNA and 5.8S rRNA using the
primers LITSR(5-CTGGATCATTTTCCGATG-
3) and L5.8S (5-TGATACCACTTATCGCAC-
TT-3) (5, 7,19).

Amplification reaction was performed in volume
of 50pl. Five pl of isolated DNA were added to
a PCR Master Mix, containing 2.0 mM Mgcls,
200 uM dNTP's, 20 pmol of each primers and
2U of Taq polymerase (Roche Biotech) in the
PCR buffer (5). Reaction were over laid with 50pl
of mineral oil and amplified in a thermocycler
(Techne USA) as follows: initial denaturation at
95 °C for 5 min followed by 35 cycles of 94 °C
for 30s, 48 °C for 30s, and 72 °C for 1 min. Fif-
teen pl of PCR product were run along with a
50bp ladder on a 1.2% agarose gel containing
ethidium bromide for 2 h at 70V. The gel was
observed on a UV transilluminator and then, digi-
tal photographs were prepared (4). Also, PCR
was evaluated with three Leishmania standard
species including L. major (MHOM/ IR/75/ER).
L. infantum (MCAN/IR/97/LON49) and L. tropica
(MHOM/IR/99).

RFLP analysis of amplified ITS1 PCR prod-
ucts (20ul) were digested with 2ul of Haelll at
37 °C for 4 h without prior purification using con-
ditions recommended by the supplier (Fermentas
Life Sciences, Germany). The restriction fragments
were subjected to electrophoresis in 3% agarose
gel containing ethidium bromide (0.5 pg/ml) for 3h
at 65v and visualized on a UV transilluminator (5).
DNA sequencing  DNA for sequencing was
prepared by the ITS1-PCR. The products of 3

55



Iranian J Publ Health, Vol. 37, No.1, 2008, pp.54-60

different standard species of Leishmania were se-
quenced at Kawsar Biotechnology Center, Te-
hran, Iran. Nucleotide sequence data reported in
this article have been submitted to the GenBank
database with accession numbers, L. tropica EF
653267, L. infantum EF653268, and L. major
EF653269.

Results

In this study, 48 Leishmania positive Giemsa-
stained smears were used. Thirty one (64.6%)
of the smears had been stored for more than 4
yr ago and 17 (35.4%) smears were prepared less
than 1 yr. Twenty-six (60.5%) and 17 (39.5%)
of PCR- positive slides, were prepared old (more
than 4 yr ago) and freshly (less than one yr), re-
spectively. No statistically difference was ob-
served between old and freshly prepared smears
(P< 0.05) (Table 1).

Table 2 shows that demonstration of DNA
bands of Leishmania amastigotes is directly re-
lated to score of Leishmania numbers on the
prepared smears.

Of the 48 positive slides tested with ITS1-PCR,
43 were positive (89.6%) for leishmanial DNA
(The 300-350 bp ITS1 amplicon) (Fig.1).

All the PCR-RFLP negative slides were pre-
pared 4 yr ago and kept without cover slip, and
also observed scarce amastigotes in the whole
prepared slide during microscopy observation
(Table 1, 2). By comparing the results obtained
by ITS1-PCR with microscopy, a statistically
significant difference was observed between the
both methods (P< 0.05) and also a concordance
was found between two the methods (k= 0.55).
In addition, a total of 12 leishmanial negative
smears with other infectious diseases including
6 mycotic and 6 bacterial diseases were exam-
ined by PCR. No PCR band was observed in
these samples.

Moreover, the ITS1-PCR products of three dif-
ferent standard species of Leishmania were se-
quenced. GenBank was searched for similar se-
quences with the BLAST program and a signifi-
cant homology was detected with other Leishma-
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nia sequences. ITS1 region varies between the
Leishmania species in nucleotide sequence
thus; ITS1-PCR amplicons were digested by
Haelll, for the Leishmania characterization.
The fragments of 220 and 140 bp for L. major,
and the fragments of 200, 80 and 60 bp for L.
infantum were diagnostic. A banding pattern in-
cluding two fragments of 200 and 60 bp were
observed for L. tropica. Regarding to restriction
map of the used enzyme, four fragments with
approximate size of 200, 64, 55, and 20 bp
should be observed in this case. However, due
to small size of last fragment (20 bp) and over-
lapping of two fragments with near molecular
weight (64 and 55) the above mentioned frag-
ments (200, 60) were diagnostic for L. tropica.
So by comparing the pattern of unidentified
Leishmania isolates with those of ref. strains,
Leishmania species were identified (Fig.2).
Table 3 shows the distribution of Leishmania
species, isolated from clinical samples of human
or animal reservoirs and their identification by
PCR-RFLP inthe prepared Giemsa-stained smears.
The results showed that 17 (39.5%), 17(39.5%)
and 9 (20.9%) of the isolates were similar to L.
tropica, L. major and L. infantum reference
strain, respectively. Nine isolates that were
determined by PCR-RFLP as L. infantum were
causative of visceral Leishmania infection in in-
fected human and animal reservoir hosts. Also
all Leishmania had been isolated from skin
lesions, were the same of L. tropica and L. ma-
jor of reference strain.

Table 1: Comparison of microscopy and PCR-RFLP
results based on old and freshly prepared Giemsa-stained

smears.

Microscopy- PCR-RFLP
Slide prepara’[ion Positive Positive
time

No. % No. %

< 1yr (2006-2007) 17 354 17 395
> 4 yr (2002-2003) 31 646 26 605
Total 48 100 43 100
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Table 2: Relation between PCR-RFLP demonstration of Leishmania DNA with grading* of Leishmania amastigote num-
bers on Giemsa-stained smears

Grading of Leishmania Parasites Total
PCR-RFLP results
1+ 2+ 3+ 4+
Positive 3 8 15 17 43
Negative 5 0 0 0 5
Total 8 8 15 17 48

* Grading of Leishmania Parasites was obtained by average parasite density using x10 eyepiece and x100 oil-immersion

lens as follows:

4+ 1-10 parasites/fields

3+ 1-10 parasites/10 fields

2+ 1-10 parasites/100 fields
1+ 1-10 parasites/1000 fields

Table 3: The results of microscopy examination and PCR-RFLP method on Giemsa-stained smears, prepared from human
and animal reservoirs based on clinical features and Leishmania species identification.

Material Kind of lesion/ sign and microscopy-Positive  PCR-RFLP Positive Species
symptom n % n % identification
Human skin Skin lesion(dry) 19 39.6 17 39.5 L. tropica
Human skin Skin lesion(wet) 12 25 12 27.9 L. major
Human skin Skin lesion(impetigo) 2 4.2 2 4.7 L. major
Smears from gerbil® ear Papule 2 4.2 1 2.3 L. major
Smears from Balb/c” Skin lesion ( wet) 2 4.2 2 4.7 L. major
Dog spleen Skin lesion, weigh less, 7 14.6 7 16.2 L. infantum
Human bone marrow Lymphadenopathy 4 8.3 2 4.7 L. infantum
Total Skin lesion, Fever, Anemia, 48 100 43 100 L. 'r?];igtrl;rﬁ/ L.
Hepatosplenomegaly tropica

a - Gerbils included on Rhombymos opimus

b- In the first, Leishmania sp. was detected from P. papatasi and then inoculated to the tail of Balb/c, the parasites were

detected from skin lesion of inoculated Balb/c 3 months post inoculation.

DO
-

- 500

300
250

Fig. 1: Electerophoresis results of ITS1-RCR from Leishmania stocks and Giemsa-stained smears. Lane 1, Negative
control. Lanes 2, 3 and 4 represent L. major, L. tropica and L. infantum reference stocks respectively. Lanes 5, 6, 7, 8, 9 and
10 are isolates from Giemsa-stained smears. M: 50 bp size marker (Fermentas).
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Fig. 2: Restriction fragment length polymorphism (RFLP) patterns obtained from Leishmania stocks and Giemsa-stained
smears. Lane 1, Negative control. Lanes 2, 3 and 4 represent L. major, L. tropical and L. infantum reference stocks
respectively. Lanes 5 and 6 are L. major. Lane 7 is L. tropica. Lanes 8 and 9 are L. infantum. M: 50 bp size marker

(Fermentas).

Discussion

In endemic areas where more than one Leishma-
nia species is present, diagnostic tools are re-
quired for the detection of parasites directly in
samples and distinguish all relevant Leishmania
species (5).

Characterization of Leishmania species is impor-
tant, because different species may require dis-
tinct treatment regimens (1). Furthermore, such
information is also valuable in epidemiologic stud-
ies where the distribution of Leishmania species
in human and animal hosts, as well as in insect
vectors, is a prerequisite for designing appropri-
ate control measures (5, 7).

Based on previous experiments (5, 20, 21), we
used PCR-RFLP methods for diagnosis and
characterization of Leishmania species on Giemsa-
stained slides without the need for cultivation them.
Giemsa-stained slides are appropriate for field
condition as such samples can be easily stored
and sent to the diagnostic laboratory (5, 22).
This study showed that Leishmania DNA could
be efficiently extracted and amplified even from
old Giemsa-stained microscopic slides that were
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stored more than 4 yr and if these were pro-
tected by a cover slip, DNA extraction could
have been more efficient.

This method can be helpful when re-evaluating
the diagnosis of controversial cases or in retro-
spective epidemiologic studies (5).

In this study, the Giemsa-stained slides were
examined by both microscopy and ITS1-PCR.
Most of the slides that were high scored amas-
tigote numbers as microscopy- positive were
also positive by PCR-RFLP.

This study also showed that Giemsa-stained slides
used for the diagnosis with microscopy, could
readily be used as samples for identifying of
Leishmania species with PCR-RFLP.

Although the costs for PCR-RFLP diagnosis are
higher and its concordance is lower than micro-
scopic examination but this method can identify
Leishmania species without need for cultivation
them (5, 20). In a study in Iran, Leishmania sp.
was detected from archived, Giemsa-stained slides,
for the diagnosis of cutaneous leishmaniasis by
PCR, but species of Leishmania had not been
determined (22).
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The advantage of PCR-RFLP is sufficient to dis-
tinguish almost all medically relevant Leishma-
nia species including L. major, L. tropica and
L. infantum that predominate in Iran. A draw-
back to the present study is the relatively small
number of healthy controls because it is very
important to evaluate validity of the PCR-RFLP
method in low leishmanial prevalence popula-
tions, such as patients from non-endemic areas.
In conclusion, the PCR-RFLP procedure seems
to be applied as a suitable tool for direct diag-
nosis and characterization of Leishmania spe-
cies from Giemsa-stained slides.
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