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Abstract

Parasitological diagnosis of cutaneous leishmaniasis is absolutely necessary before treatment. Direct microscopy of scrapings
taken from the margins of skin lesions is the most commonly used method for clinical diagnosis of leishmaniasis. In this study to
evaluate the usage of stained smears as samples for PCR and the possible advantage of PCR, we compared the sensitivity of the
diagnosis of Giemsa-stained skin scrapings by standardized graded direct microscopy with that of ITS1-PCR with the material of the
same area of the slide. Three 5 mm × 5 mm squares were marked on each of the 20 Giemsa-stained touch smears from 20 clinically
diagnosed Palestinian patients. Out of the 60 squares scanned for amastigotes under 100× oil-immersion light microscopy, 45 (75%)
gave usable results and 23 of these were positive for Leishmania. Fifteen (25%) squares could not be scanned microscopically, 12
because of staining that was too thick and 3 because of inadequate staining. DNA from each scanned square was extracted separately
after microscopy and run through ITS1-PCR. Of the 23 microscopy-positive squares, 20 (87%) of these were positive by PCR. Of
the three that were negative, one failed to extract for DNA, the second showed only one amastigote in the entire square, and the third
was normally graded as +1 but was not amplified for unknown reasons. Of the 22 squares negative for microscopy, 18 (82%) were
ITS1-PCR positive. Additionally, all three improperly stained squares were ITS1-PCR positive. Of the 12 darkly stained squares,
11 were positive. A negative control group of 15 German individuals from which Giemsa-stained slides containing three squares
each was prepared and these slides were also microscopically scanned and tested by ITS1-PCR. Both tests were negative with
both methods. Compared to microscopy (data in parenthesis), PCR showed a sensitivity of 87% (37%) and a specificity of 100%
(100%). We have concluded that Giemsa-stained smears are a readily usable sampling method for PCR and that ITS1-PCR is far
more sensitive than microscopy.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Cutaneous leishmaniaisis (CL) in the Jericho area, or
Jericho boil (Habat A’riha) as known by local inhabi-

∗ Corresponding author. Tel.: +972 2 2321294; fax: +972 2 2321294.
E-mail address: islahjr@yahoo.com (A. Al-Jawabreh).

tants, is a mainly zoonotic infection transmitted by the
bite of the phlebotomine sandfly (Schlein et al., 1982,
1984) and caused by protozoan Leishmania major and
L. tropica (Al-Jawabreh et al., 2004). CL is endemic
and is a major health problem in Jericho (A’riha) and the
adjacent hilly areas of Jerusalem (Al-Quds), Nablus, and
Bethlehem with dozens of cases reported annually (Anis
et al., 2001; Greenblatt et al., 1985; Al-Jawabreh et al.,

0001-706X/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.actatropica.2006.07.001
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2003; Sawalha et al., 2003; Abdeen et al., 2002; Jaffe
et al., 2004; MOH, 2004). The District of Jericho has
been a very active CL focus for decades (De Beurmann,
1910; Huntemüller, 1914; Mastermann, 1914; Adler and
Theodor, 1925; Canaan, 1945; Arda and Kamal, 1983).

In Jericho (A’riha) and its surrounding hilly areas,
diagnosis of CL depends mainly on the clinical picture
of the lesion. With improvements in medical laboratory
infrastructure over the past decade it has been possible
to introduce microscopy of Giemsa-stained touch smears
as a parasitological diagnostic tool to visualize amastig-
otes. Due to the presence of other pathological conditions
that mimic CL (Singh and Sivakumar, 2003) and the inva-
siveness, toxicity, and high cost of Pentostam treatment
(Davidson, 1998; Hepburn, 2003), microscopy became
adopted as protocol before treatment. Additionally, iso-
lation of parasites using NNN media has been a routine
diagnostic method since the late 1990s. Molecular meth-
ods including PCR-based techniques, which have gained
momentum as highly sensitive and specific tests as they
detect parasitic DNA, have been applied recently on a
limited scale. PCR-based methods have provided the
ability to both diagnose and also identify Leishmania
species, which in some cases has consequences for treat-
ment.

Several studies have compared conventional para-
sitological detection methods (i.e., microscopy, in vitro
culture, and ELISA—enzyme-linked immunosorbent
assay, in case of visceral leishmaniasis) with PCR-based
methods. These studies were performed for the diagnosis
of all forms of leishmaniasis – cutaneous leishmaniasis
(CL), mucocutaneous leishmaniasis (MCL), and visceral
leishmaniasis (VL) – using different types of specimens
including dermal scrapings, whole blood, buffy coat,
bone marrow aspirate, stained smears, skin biopsies,
and formalin-fixed-paraffin-embedded tissue and serum
(Piarroux et al., 1994; Momeni et al., 1996; Lachaud et
al., 2000; Rodrigues et al., 2002; Medeiros et al., 2002;
Motazedian et al., 2002; Reithinger et al., 2003; Fissore
et al., 2004). Grading or scaling of microscopic exami-
nation has been used to check for parasite load in slides
and subsequently in patients in the case of both VL and
CL (WHO, 1999; Ramirez et al., 2000).

In this study, we evaluated the use of Giemsa-stained
slides of skin scrapings from Palestinian patients that
had been used for microscopy, as a potential sampling
method for ITS1-PCR. This was done by assessing the
sensitivity and rate of positivity of standardized graded
microscopy with that of ITS1-PCR of Giemsa-stained
skin scrapings. To our knowledge, no studies of this type
have had a solution for the problem that a less sensitive
method, microscopy—is the gold standard and therefore

tests with more sensitive and more specific methods that
give differing results will be evaluated as false positive or
false negative, respectively. To minimize this problem,
we defined the Palestinian patients with typical ulcers as
definitively positive and a group of German blood donors
that had no history of leishmaniasis and had not been in
any endemic area for at least 1 year as the negative group.

2. Materials and methods

2.1. Patients and study area

In the period between July 2002 and December 2003,
a total of 86 patients living in the Jericho area of Pales-
tine presenting skin lesions were referred to Islah Med-
ical Laboratory-Jericho for diagnosis of CL by direct
smear microscopy. Stratified random sampling was used
to select 20 patients from the 86 for comparison with
PCR. Of the 20 patients, 11 had microscopically posi-
tive samples (slides) and 9 were negative. As the rate of
positivity for microscopy in Jericho is 30% (Al-Jawabreh
et al., 2003), the 11 positives were an overrepresentation,
but gave us the opportunity to select areas with different
staining outcomes.

To check for the validity (sensitivity and specificity)
of ITS1-PCR as a diagnostic test, 15 EDTA blood sam-
ples were obtained from the blood bank of the Charité
Hospital, Berlin. These blood donors were all native Ger-
mans that had not visited a tropical country within the
past year, had no history of leishmaniasis, had no typi-
cal skin ulcers, and tested negative for diseases routinely
screened at the blood bank.

The patient profile represented by these samples cor-
responds to those patients seen at the laboratory: 50%
(10/20) were children (<14), 40% (8/20) were adults
(>14 years), and 10% (2/20) were of unknown age; 55%
were male. Thirty-five percent of the patients (7/20) had
only a single lesion, the same number had double lesions,
and the remaining 30% (6/20) had multiple lesions (>3).
The distribution of lesions was known in 44 cases and
was as follows: 57% (25/44) on the head and neck, 39%
(17/44) on the upper extremities, and 4.5% (2/44) on
the lower extremities. Sixty-five percent (13/20) of the
lesions were ≤1 month old, 10% (2/20) were 1–2 months
old, and 15% (3/20) were 3 or more months old.

2.2. Sample collection and preparation

All tested patients showed typical lesions. These
lesions were cleaned using sterile gauze and physiologic
saline and disinfected five times in an outward circular
motion with 70% alcohol-immersed cotton. Using a ster-
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Fig. 1. Standardized grading microscopy: Giemsa-stained smears
showing the three labeled 5 × 5 mm squares. Slide 777 prepared for
microscopy with square 3 being purposefully selected as a darkly
stained area. Slide 738 is a slide after the material has been scraped off
and the DNA has been extracted.

ile lancet or sterile surgical blade, 2–3 mm long super-
ficial incisions were made on the margins of the lesion
and pressure was maintained with a finger to achieve
hemostasis. From each patient, three touch smears of
dermal tissue scrapings were collected, air-dried, fixed
in absolute methanol, and Giemsa-stained.

2.3. Standardized graded microscopy

For all 20 Giemsa-stained slides selected for the
comparative analysis, three 5 mm × 5 mm squares were
marked with a fine marker on the back surface of the slide
and given the designations 1, 2, and 3 (Fig. 1). The size of
the area marked corresponds to the area of approximately
600–1000 oil-immersion fields (OIF), as 1000 OIF per
slide must be screened before declaring negative (World
Health Organization, 1990). The squares were purpose-
fully selected for marking on areas of differing density of
the slide so as to have examples of the various outcomes
of the staining procedure. Each square was completely
scanned with an 100× immersion lens by the same
blinded person using the same bright-field microscopy
(Fig. 1). A maximum of four slides were scanned daily
to prevent exhaustion and related subjective interpreta-
tion. The average time taken to scan a 5 mm × 5 mm
square was 17.5 min. The number of amastigotes in each
square was quantified and graded as compared to WHO
grading used in splenic aspirate smears (World Health
Organization, 1990) and the semi-quantitative scaling
adopted by Ramirez et al. (2000) for touch smears from
lesions of CL. The semi-quantitative grading to eval-

uate the parasitic density in each slide was performed
as follows: grade/average of amastigotes/minimum of
OIFs scanned: −/0/625 (whole square), +/1 amastigote
per square to 1 per OIF/625 (whole square), ++/2–10
amastigotes per OIF/50, +++/11–20 amastigotes per
OIF/50, and ++++/>20 amastigotes per OIF/10.

The blood of the control group (German blood
donors) was treated exactly the same: three squares were
marked on each slide, DNA was extracted, PCR ampli-
fication for ITS1 was performed, and DNA extraction
control for human �-actin housekeeping gene and the
control panels were carried out.

2.4. PCR

2.4.1. Preparation of samples
The 20 selected slides contained 60 squares. DNA

was extracted from each square as a separate sample.
The immersion oil left from microscopy was gently
wiped away using fine tissue paper. On the 5 mm × 5 mm
square, 50 �l of lysis buffer (50 mM NaCl, 50 mm
ethylenediaminetetraacetic acid (EDTA) pH 7.4, 1% Tri-
ton X-100 and 200 �g proteinase K/ml) was applied to
prevent loss of stained material when scraped off the
slide using a fine spatula. The material was then aspirated
and inserted into 200 �l of lysis buffer. The mixture was
incubated for 3 h or overnight at 60 ◦C. Lysates were
then subjected to phenol–chloroform extraction (Van
Eys et al., 1992; Meredith et al., 1993). The DNA pellets
were dried using a speed vacuum dryer (savant, speedvac
100) for 5–10 min and re-dissolved in 100 �l TE buffer
(10 mM Tris and 1 mM EDTA pH 7.5). To reduce the
amount of possible inhibitors like hemoglobin and/or
stain in clinical samples, the extracted DNA was then
purified using Nucleospin® Extract (Macherey Nagel
GmbH & Co. KG, Dueren, Germany). The 30 �l samples
were kept at −20 ◦C until used.

2.4.2. PCR amplification
A PCR was used to amplify the ribosomal internal

transcribed spacer 1 (ITS1) region, which separates the
genes coding for the ssu rRNA and L5.8S rRNA using
the primers LITSR and L5.8S as described by El Tai et
al. (2000) and Schoenian et al. (2003).

Approximately, 0.4 pg/�l of DNA from the inter-
national reference strain of L. turanica (MRHO/MN/
83/MNR-6) was used as positive control and sterile dis-
tilled water was used as the negative control as described
by Schoenian et al. (2003).

A PCR inhibition control as described by Al-
Jawabreh et al. (2004) was used in which 0.4 pg/�l puri-
fied L. turanica DNA from cultured promastigotes was
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run along each diagnostic sample. This was to recognize
and overcome inhibitors found in clinical samples such
as hemoglobin.

The �-actin primer pair Aco1/Aco2 pair (5′-ACC
TCA TGA AGA TCC TCA CC-3′)/(5′-CCA TCT CTT
GCT CGA AGT CC-3′), which targets a 120-bp frag-
ment within the fourth exon of the human �-actin gene,
was used as a DNA extraction control to check the
integrity of DNA and therefore the true negativity of the
ITS1-PCR under the same conditions described above
for ITS1-PCR. All PCR negative were subjected to DNA
extraction control (Musso et al., 1996).

To obtain enough material for subsequent restriction
analysis, the ITS1-PCR products were re-amplified using
the same primer combination and PCR conditions as for
the first round of amplification.

2.5. Statistical analysis

McNemar’s test was used to compare the matched
pairs for graded microscopy and ITS1-PCR. McNemar’s
test was performed using the free Quickcalcs Web cal-
culator available at http://www.graphpad.com.

Sensitivity and specificity of diagnostic tests
employed in this study, ITS1-PCR, and graded
microscopy, were calculated with samples from patients
living in endemic areas (namely Jericho-Palestine) and
showing typical lesion(s) for CL with compatible epi-
demiological history and from healthy German individ-
uals.

3. Results

3.1. Positivity rates and sensitivities of ITS1-PCR
and graded microscopy

Seventy-five percent (45/60) of the 5 mm × 5 mm test
squares could be scanned and graded for amastigotes
microscopically (Fig. 1). The remaining 15 squares could
not be scanned microscopically because of staining fail-
ure: in 12 cases the stain was too thick and in three cases
the stain was too thin (see Table 2). These slides were
considered negative. Table 1 shows that a parasite den-
sity of (+) in graded microscopy was observed in 21
squares; (++) in 2 squares; (−) in 22 squares thus 38%
(23/60) were positive taking all samples into account and
52% (23/45) were positive if the badly stained slides are
excluded; this (52%) can thus be considered the sensi-
tivity of microscopy.

Of the 60 squares tested with ITS1-PCR, 52 were pos-
itive (87%) for leishmanial DNA (Table 2 and Fig. 2).
The rate of positivity for ITS1-PCR among the 45

Table 1
Graded microscopy and ITS1-PCR results of patients’ Giemsa-stained
slides

Microscopy grades
(no. of amastigotes)

No. of
scanned
squares

Microscopy
results
(positive)

ITS1-PCR
positive

++ (2–10 per OIF) 2 2 (2) 2
+ (1 per square to 1 per

OIF)
21 21 (21) 18a

− (0 per square) 22 22 (0) 18
No microscopical

evaluation possibleb
15b 0 14

Total 60 45 (23) 52

a One sample is counted negative as a result of extraction failure.
b Failure in staining did not allow microscopy.

Table 2
Comparison of the results of graded microscopy and ITS1-PCR for CL
in the 60 square-test group

PCR (+) PCR (−) Total

Microscopy (+)
20 2 23a

1a

Microscopy (−)
18 4 37
3 poorly stainedb

12 darkly stainedb 1

Total
52 8 60

a One sample is counted negative as a result of extraction failure.
b No microscopical examination possible due to failed staining.

Fig. 2. PCR amplification of the 350 bp ITS1 region represented on
1.5% agarose gel. A 1 kb ladder is the molecular size marker. Num-
bers in brackets represent number of squares tested, while the (+) is the
inhibition control. Samples 704(1), 704(2), 705(3), and 707(1) are pos-
itive while 708(1) is negative. The size difference between the bands
is due to the presence of two species: L. major (335 bp) and L. tropica
(319 bp).
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squares screened by graded microscopy was also shown
to be 87% (39/45), as shown by Table 1.

3.2. Statistical comparison of sensitivities

When comparing the results obtained by ITS1-PCR
with those of graded microscopy, it was obvious that
the improvement in diagnostic capability using ITS1-
PCR is statistically very significant (McNemar’s test,
P < 0.0013). In the first group, or stratum, of the 23
squares that were positive by microscopy, 20 were
ITS1-PCR positive (87%). Of the remaining three that
were ITS1-PCR negative, one failed at the point of
DNA-extraction, one showed only one amastigote in
the whole square (more than 625 OIF) when exam-
ined by microscopy, and one was not quantified but
rather was graded as +1 (Table 1). In the second group
(22 microscopy negative squares), 18 were ITS1-PCR
positive (82%) and 4 remained negative. Out of the
60 squares scanned for amastigotes under 100× oil-
immersion bright-field microscopy, 15 (25%) squares
could not be scanned due to improper staining. Of the 12
darkly stained squares, 11 were ITS1-PCR positive and
one was PCR negative. The three poorly stained squares
were all ITS1-PCR positive, thus 93% (14/15) of the
slides for which microscopy failed were positive by PCR.
The DNA extraction control in the ITS1-PCR negative
probe was positive, ruling out extraction failure and indi-
cating true negativity of PCR results from the extraction
point of view.

The 45 squares that represented the 15 human nega-
tive controls were all negative by microscopy and ITS1-
PCR. When merging the results of negative controls
with those of the patient in 2 × 2 contingency tables,
the sensitivity of microscopy becomes 37% (22/60) and
specificity is 100% (Table 3).

In reality, one would attempt to prepare a new slide
in the case of improper staining. We thus calculated
the data of the sufficiently stained slides separately

Table 3
Sensitivity and specificity of microscopy using a negative control group

CL (+) CL (−) Total

Microscopy (+) 22 0 22
Microscopy (−) 38a (23)b 45 83a (68)b

Total microscopy 60a (45)b 45 105 (90)b

PCR (+) 52 0 52
PCR (−) 8 45 53
Total PCR 60 45 105

a Including the 15 staining failures.
b Without staining failures.

(45). Microscopy then appears better: sensitivity is 49%
(22/45) and specificity is 100% as shown in Table 3.

Comparing the results with ITS1-PCR, the advantage
is obvious. Sensitivity becomes 87% (52/60) and speci-
ficity is 100% as shown in Table 3.

4. Discussion

The evaluation of a new diagnostic method in the
absence of a valid or acceptable gold standard has always
presented a dilemma particularly with regard to sensitiv-
ity. Quinnell et al. (2001) and Lachaud et al. (2002) have
discussed the question of a gold standard. All conven-
tional methods employed for the diagnosis of cutaneous
leishmaniasis have modest to low rates of positivity. The
positivity of microscopy was 42% according to Aviles
et al. (1999); 46.7% according to Weigle et al. (2002);
48% according to Andresen et al. (1996); 67% accord-
ing to Rodrigues et al. (2002). The positivity rate of
histopathology was found to be 33% by Aviles et al.
(1999), 76% by Andresen et al. (1996), and 66.2% by
Rodrigues et al. (2002), who also found that of culture
to be 46.5%. This broad range may be partly explained by
varying parasite densities in different biological materi-
als. Thus, Andresen et al. (1996) achieved the best results
with histological sections (76%) and only 48% positivity
in smears from ulcerations. Skin scrapings in compari-
son to other materials show heterogeneity with regard to
the number of parasites per smear as the parasites are
not equally distributed in the tissue and the number of
cells fixed on the slide can also differ. More invasive
sampling of specimens (biopsies versus scrapings) will
improve the results.

To overcome the problem of gold standard, a broad
case definition for CL was adopted, which depended
on the presence of skin lesion(s), epidemiology of the
area, and compatible clinical history of the patient.
In this way we obtained the case group of Palestini-
ans, all of whom presented typical lesions and lived
in an endemic area with high probability of becoming
infected.

In leishmaniasis diagnostics, the real problem is to
find a highly sensitive method to correctly diagnose cases
with only few parasites in the material. In this study, if we
consider the demonstration of amastigotes in a stained
smear as the ‘gold standard’ (WHO, 1999) the ITS1-
PCR proved more sensitive (87%) compared to graded
microscopy (37% or 49% using only the correctly stained
samples). The fact that there were no positive PCR reac-
tions in the negative group and negative controls were
always negative confirmed the real positivity of the PCR
results.
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In general, the sensitivity of ITS1-PCR is in good
agreement with that of other studies that evaluated
microscopy and PCR-based methods. Sensitivity ranged
from 75.7% to 100% depending on the DNA target
amplified (i.e., kinetoplast DNA, ribosomal RNA genes,
minicircle DNA), the specificity of primers (genus-,
subgenus-, or species-specificity), and the nature of clin-
ical specimens (Piarroux et al., 1994; Andresen et al.,
1996; Belli et al., 1998; Aviles et al., 1999; Weigle et al.,
2002; Rodrigues et al., 2002; Motazedian et al., 2002;
Medeiros et al., 2002). Thus, also in case of PCR, the
result depends on the material and choosing the right
material may improve the results.

In this study, the same area of Giemsa-stained slides,
and thus the same quantities of clinical material, were
analyzed by both graded microscopy and ITS1-PCR for
the first time. This allowed subsequent statistical analy-
ses of matched pairs, which was meant to strengthen and
validate the comparison process. Furthermore, a control
group from a non-endemic area was introduced.

ITS1-PCR as a diagnostic test for skin scrapings
was clearly advantageous over graded microscopy in its
increased sensitivity. Most of the clinically positive cases
that were graded as negative by microscopy were posi-
tive by PCR, which makes grading, particularly (−) and
(+1), invalid as a diagnostic tool. Procedural mishaps
such as excessive or inadequate staining did not prevent
diagnosis by ITS1-PCR, which eliminates the need for
re-sampling and thus saves time, effort, and materials. It
is likely time to replace microscopy as the “gold stan-
dard” of leishmaniasis diagnostics with PCR assuming
that the lab has the appropriate expertise to perform PCR
and that all precautions to avoid carry-over contamina-
tion are taken.

This study also showed that Giemsa-stained slides
used for diagnosis with microscopy could readily be used
as samples for diagnosis with PCR. ITS1-PCR-based
techniques offer a very sensitive method for the diagno-
sis of CL using Giemsa-stained smears as compared to
graded microscopy similar to that adopted by the WHO
for VL (WHO, 1999). The genus-specific PCR primer
pair used in this study (El Tai et al., 2000) makes it possi-
ble not only to diagnose leishmaniasis directly, but also to
differentiate all relevant Old World species of Leishma-
nia including L. major and L. tropica, which predominate
in the district of Jericho-Palestine (Al-Jawabreh et al.,
2004). Nonetheless, in addition to negative and posi-
tive controls containing distilled water and Leishmania
DNA, respectively, inhibition and DNA extraction con-
trols should be included for every sample analyzed to
ensure reliability and validity of the amplification reac-
tion. The challenge that remains is to make ITS1-PCR,

and PCR-based methods in general, more economically
and technically attractive in regions of high endemicity
and to bring them from research institutions into routine
clinical use.
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