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We performed a four year study to investigate the Visceral Leishmaniasis (VL) cases in, Turkey. Fifty-
nine patients with suspected VL from Istanbul were included in this work. Bone marrow and blood
samples of these patients were tested for possible VL infection using several methods including
serological tests, microscopy, PCR. Nineteen (32.2%) patients had positive results for VL after one or
more of the tests performed, while only 7 patients (11.8%) had positive results with all the tests
including Giemsa stain. Four (6.8%) patients had negative results based on all the serological tests
performed except for positive results with Giemsa stain, culture and PCR. The other 4 (6.8%) patients
had positive results with Formol-gel, ELISA IgG (>1.1 ISR) and IFAT IgG, (>1/256) but negative results
were obtained with direct microscopic examination, culture and PCR. Using PCR Leishmania infantum
DNA was detected in 11(18.6%) of the (Leishmania) cultures originated from the bone marrow samples.
Plasmodium vivax was found in 2 (3.4%) patients and leptospira was detected in 1 (1.7%) patient. One
(1.7%) patient was diagnosed with Pneumonia (Streptococcus pneumoniae). Forty (67.8%) patients had
negative results after direct microscopic examination, culture, serological tests and PCR. The kappa
coefficients k = 0.80 k = 1.00, k = 0.51, k = 0.55 and k = 0.45 were evaluated for PCR and direct
microscopic examination, PCR and culture, PCR and ELISA, PCR and IFAT and PCR and Formol-Gel, as
perfect agreement, perfect agreement, moderate agreement and moderate agreement fair moderate,
respectively. The probability values (p) for comparisons of all the above tests with PCR showed a
significant correlation (p < 0.000) In conclusion, we found that no single method alone was sufficient
enough to diagnose VL accurately; however, combined with PCR, all these methods can reveal better
and sensitive results ultimately leading to a correct diagnosis. We also suggest that PCR has to be
applied with other laboratory diagnostic tests in order to increase the sensitivity in diagnosis and
decrease the possible defects in diagnosis.
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INTRODUCTION

Visceral Leishmaniasis (VL) is a parasitic disease caused
by Leishmania infantum. It is transmitted through bites of
infected sand flies (female Phlebotomus). The reservoirs
of VL vary from region to region; dogs, Canidae, wild
rodents and house carnivorous are the most common
reservoirs (Kilic. 2002). VL is usually seen in children and
occasionally in adults (Unat et al., 1991; Pearson et al,,
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2000; Kilic. 2002). This disease is present in different
regions of the world but widely seen in the coasts of the
Mediterranean countries including Turkey. VL cases were
common the coastal Turkish cities such as lzmir, Aydin,
Denizli, Manisa, Mugla, Kastamonu, lIstanbul, Bilecik,
Karabuk as well as other cities located inlands like Kars,
Erzurum, Tokat, Konya, Nigde and Aksaray suggested
that the disease can be seen in any part of Turkey (Ok et
al., 2002; Ozensoy et al., 2002; Ertabaklar et al., 2003).
VL particularly affects individuals who have poor social-
economical status and live under poor hygiene
conditions. According to a Turkish Health Ministry report,



104 Afr. J. Microbiol. Res.

Table 1. Travel history of patients with definite visceral leishmaniasis and the comparison of some demographic characteristics.

Patient No Age Gender The first location Current location Hospital Travel history
1 7 M Usak Kagithane/IST® Sisli Etfal Hospital +
2 12 F2 Zonguldak Bagcilar/IST Bakirkoy SIH* +
3 4 M Istanbul Mecidiyekéy/IST Sisli Etfal Hastanesi -
12 6 F Kastamonu Kastamonu Sisli Etfal Hospital -
29 2 F Kastamonu Inebolu/Kastamonu Sisli Etfal Hospital -
30 12 M Hatay Hatay Sisli Etfal Hospital +
31 2 M Istanbul Kavacik/IST Kartal Government Hospital -
36 3 F Istanbul Kavacik/IST Kartal Government Hospital -
43 1 F Istanbul Halkall/IST Bakirkdy SIH -
46 6 M Kitahya Kltahya Afyon Kocatepe Medical Faculty +
54 16 M Kars Izmit Cerrahpasa Medical Faculty +

M': Male, F?: Female, IST?: Istanbul, SIH*: Social insurance hospital

the annual rate of VL was limited to 40 cases (Ok et al.,
2002). There are 12 millions leishmaniases cases world-
wide and 200 000 deaths as a result of VL every year
according to WHO report (One World Health
Organization: Treatment in Leishmaniasis (Access date:
www.oneworldhealth.org/diseases/leishmaniasis.php.:12.
05.2006).

Pre-diagnosis of VL can be made based on clinical
findings; however, definite diagnosis requires detection of
amastigotes in smears prepared from the clinical sam-
ples. ELISA, IFAT and Formol-Gel are generally used to
diagnose VL and recent reports have shown that PCR
method generated more sensitive and specific results.
(Schallig et al., 2001; Lachaud et al., 2001; Ozensoy et
al., 2002; Reithenger et al., 2002).

In this study, we aimed to investigate bone marrow and
blood samples obtained from the patients with suspected
VL. We used PCR, Giemsa staining, culture and other
serological methods to determine VL. We then compared
PCR results with those obtained from the laboratory
diagnostic tests.

MATERIAL AND METHODS

We investigated 59 patients with suspected VL between 2002 and
2006 in Istanbul. Bone marrow and blood samples were collected
from the hospitalized patients with suspected VL. Three N.N.N
(Novy-MacNeal Nicolle) media preparations were used for culture
per patient and smears were prepared from these cultures. Blood
samples were tested using Formol-gel, ELISA IgG (Leishmania Ab
R- Biopharm, Germany) and IFAT (It was tested with Leishmania
infantum which we prepared) tests. Most of the laboratory work was
performed in the Forensic Science Institute’s Forensic Microbiology
and Parasitology Laboratory of Istanbul University. All PCR studies
were conducted at the Charite Institute of Microbiology and
Hygiene, (Molecular Parasitology Department) of the Humboldt
University of Berlin using the portions of the bone marrow samples.

Statistical analysis

The data were processed with SPSS for Windows version 11.5

(SPSS, Inc., Chicago, IL). Statistical analysis of test results was
performed in terms of sensitivity, the degree of agreement between
tests and Kappa (k) values.

The degree of agreement between PCR, direct microscopic exa-
mination, culture, serological tests (ELISA, IFAT, Formol-Gel) was
determined by calculating Kappa (k) values with 95% confidence
intervals. Kappa values express the agreement beyond change,
and a k value of 0.21-0.60 represents a fair to moderate agreement.
0.60-0.80 a substantial agreement >0.80 almost perfect agreement
beyond change (Altman, 2001)

The calculation of the degree of agreement between the tests
and the k values for PCR-Direct Microscopic Examination, PCR-
Culture, PCR-ELISA, PCR-IFAT, PCR- Formol-Gel were based on
the results obtained with the suspected VL serum samples.

RESULTS

The travel histories and demographic characteristics of
the patients diagnosed with VL were shown in Table 1.
Five of the 11 patients were living in another place
different from Istanbul and 6 of the 11 patients were living
in Istanbul. Only five patients have a travel history in this
patient group. In 19 (32.2%) patients, positivity was
detected for VL after using one or more tests (Table 2).
Seven (11.8%) patients had positive results after all the
tests were performed including Giemsa stain. Otherwise
4 (6.8%) patients were negative with all the serological
tests, but these 4 patients were positive after Giemsa
stain, culture and PCR analyses. The other 4 (6.8%)
patients were positive using Formol-gel, ELISA 1gG >1.1
ISR, IFAT I1gG >1/256, but direct microscopic
examination, culture and PCR showed negative results.
Leishmania infantum was identified by PCR [R.A RFLP]
in 11(18.6%) of Leishmania cultures (Figure 1) from bone
marrow samples inoculated onto N.N.N media (Picture 1,
2). Plasmodium vivax was detected in 2 (3.4%) patient
and leptospira was in 1 (1.7%) patient. Pneumoniae
(Streptococcus pneumonia) was found in 1 (1.7%) patient
and 40 (67.8%) patients were negative with direct micro-
scopic examination, culture, serological tests and PCR.
The kappa coefficients k = 0.80 k= 1.00,k = 0.51, k=
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Table 2. The Distribution of patients with suspected Visceral Leishmaniasis who has one or more positivity
in visceral leishmaniasis after the diagnostic tests.

No Patient no Direct Culture  ELISA IFAT Formol-Gel PCR
1 1 + + + + + +
2 2 + + + + + +
3 3 + + + + + +
4 6 () () + + + ()
5 8 ()Pneu () () o) + 0
6 12 + + + + + +
7 18 0) () - v v o)
8 29 - v () 0] () +
9 30 + + + + + +
10 31 + + + + + +
11 36 + + (-) (=) (=) +
12 42 (-) (-) + + + (-)
13 43 + + (-) () (=) +
14 46 + + (=) (-) (=) +
15 47 (-)Leptospira (=) (=) () + (=)
16 49 (-)Malaria (=) + (-) (=) (-)
17 51 (-) (-) + + + (-)
18 54 + + + + + +
19 56 (-) Malaria (-) (-) (-) + (-)

PCR: Polymerase Chain Reaction IFAT: Immun fluorescense antibody test.
Pneu = Pneumoniae.

MAIN22N33N44NS55NG66N 7 7N 88N 99N 10 10N 11 11N +

Figure 1. The bands of PCR [R.A (RFLP)] products of bone marrow samples in the agorose-gel (M =
marker N = nested products).

0.55 and k = 0.45 were evaluated for PCR and direct above tests with PCR showed a significant correlation (p
microscopic examination, PCR and culture, PCR and < 0.000) (Table 3).

ELISA, PCR and IFAT and PCR and Formol-Gel, as

perfect agreement, perfect agreement, moderate agree- DISCUSSION

ment and moderate agreement fair moderate, respec-

tively. The probability values (p) for comparisons of all the Leishmaniasis is an important parasitic disease which
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TMP3.JPG

Picture 1. Amastigote form of Leishmania in bone marrow (Giemsa
10X100).

TMP1.JPG

Picture 2. Promastigote form of leishmania in N.N.N. media
(Giemsa 10 x 100).

affects large populations. Although Leishmaniasis has
been known for years, proper diagnosis, control, treat-
ment of this disease are always difficult. Basic diagnosis
for VL is often problematic due to negligence and phy-
sicians often do not consider the possibility of VL when a
patient comes with the symptoms of the disease. In order
to control Leishmaniasis, quick diagnosis is imperative so
that proper treatment for patients can be arranged
(Ozdener, 2005). The use of fast and reliable methods
such as PCR has gained big importance in VL diagnosis.
Among the eleven patients diagnosed with definitive VL,
we found some patients were original residents of
Istanbul, while the others were from the other cities of
Turkey (Table 1) confirming early studies indicated the

sporadic of the disease (Ok et al., 2002). It is conceivable
that factors such as migrations due to socio-economical
problems and easy travel have made the spread of
diseases from one place to another easy. The VL cases
have to be reported to the authorities of the cities which
have sporadical VL cases like Istanbul in order to take
some precautions to control the reservoir dogs and vector
Phlebotomus. VL cases were seen sporadically almost in
every regions of Turkey. VL cases are seen annually as
average 40 in Turkey according to the official reports (Ok
et al., 2002; Ozbel et al., 2002).

The each result from laboratory diagnostic tests for
patients with suspected VL and patients with one or more
positive results with diagnostic tests (Table 2) was com-
pared with PCR and statistically cappa test was used for
comparison. After the evaluation of cappa test results,
culture results were found statistically very significant and
in concordance with PCR results. Direct microscopy re-
sults were also found statistically significant. ELISA and
IFAT showed statistically moderate significance but
Formol-Gel showed a weak association.

Laboratory methods are also useful in making diagno-
sis for parasitic infections in addition to clinical symptoms,
clinical history, and travel history, geographical location.
Molecular methods based on the amplification of nucleic
acids are commonly used actually for the diagnosis of
parasitic infections. Diagnosis of the parasitic infections is
not a trivial task. For instance scarce parasites in
samples or parasite’s atypical morphology make proper
diagnosis difficult. There is always a contamination risk in
the culture methods. The direct methods for detecting
parasites are reliable; however they have a low
sensitivity. More sensitive PCR method can be used in
readily available blood samples from patients (Osman et
al., 1997; Aviles et al., 1999; Fissore et al., 2004; Silva et
al., 2004).

Non-invasive serological tests which have high sen-
sitivity and specificity are also very helpful in the specific
discriminative diagnosis of patients who are thinking as
VL. The gold standard is to show parasites in a smear of
bone marrow. However bleeding, insufficient sampling
can be a problem during bone marrow aspiration. In
addition amastigote forms cannot be found in aspiration
samples.

A few DNA of parasite can be used in PCR and the
sensitivity and specificity increase with the use of PCR.
PCR is a promising and alternative method and also
candidate for being gold standard in future. The number
of parasites decreases after treatment and a few para-
sites can be obtained with the aspiration of bone marrow.
These cause difficulties in direct microscopy because of
the scarce of parasites. Piarroux et al. (1999) reported
that no method has 100% sensitivity but the most
sensitive method is PCR in the diagnosis of VL. They
also reported that serological methods also have high
sensitivity but they fail to diagnose the relapses. We had
successful results with the use of PCR. PCR has some
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Table 3. The statistical evaluation of test results after the comparison of PCR with
the other laboratory tests of VL suspected patients

PCR (0) PCR (1) kappa’
N N K P
Direct Microscopy (0) 44 (91.7%) 0 (0%)
(1) 4(8.3%) 11(100%) 0.80 0.000
Culture (0) 48 (100%) 0 (0%)
(1) 0 (0%) 11 (100%) 1.00 0.000
ELISA (0) 43 (89.6%) 4 (36.4%)
(1) 5(10.4%) 7(63.6%) 0.51 0.000
IFAT (0) 44 (91.7%) 4 (36.4%)
(1) 4 (8.3%) 7 (63.6%) 0.55 0.000
Formol-Gel (0) 41 (85.4%) 4 (36.4%)
(1) 7 (14.6%) 7(63.6%) 0.45 0.000

N = Patient number, (0) = Negative test result, (1) = Positive test result, k = kappa
coefficient, p = probability value (SPSS 11.5 Programme), kappa correlation and

probability value (p).

disadvantages like to be expensive, difficulties in
performing test, contamination risk, and expensive
equipment. Twenty-three (38.6%) out of 70 patients were
diagnosed VL by PCR in a German study of two years
(Harms et al., 2003). Mathis and Deplazes (1995) applied
ssfRNA gene sequence for clinical samples collected
from human and dogs by PCR and compared with culture
results. They only detected a false negative result by
PCR in one sample and they suggested that it was
depend on collecting sample improperly.

Schoénian et al. (2003) applied different PCR methods
in 113 (69.7%) out of 162 cases with suspected leishma-
niasis various different clinical samples for the diagnosis
of leishmaniasis in Israel, Palestinian and Germany and
they showed the importance of PCR in the diagnosis of
leishmaniasis. Moreover, they stated that RFLP (RA) is a
very useful method for the identification of species.
Sundar and Rai (2002) reported that PCR has 100%
sensitivity when compared with ELISA and IFAT in 48
patients with VL in India. Cascio et al. (2002) investigated
10 (71.4%) out of 14 patients with suspected VL by direct
examination, culture, PCR and serological methods and
they compared all of the methods and they identified the
causative agent in the species level. Silvia et al. (2004)
detected VL in 19(22.3%) patient out of 85 patient and
compared PCR with ELISA and IFAT methods. They
emphasized the sensitivity and specificity of PCR method
and they stated that PCR could not sufficiently discri-
minate past and new infections and also cross reactions
from other infections. Brustoloni et al. (2007) evaluated
the sensitivity and specificity of PCR in VL diagnosis in
archived Giemsa-stained bone marrow slides of 91
patients with VL and 79 controls with other diseases and
they compared PCR with conventional diagnostic tech-
niques, like direct microscopy and parasite culture. While
PCR showing high sensitivity (92.3%) and good specifi-
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city (97.5%), direct examination detected 79.1% and
culture 59% of positive samples. In addition they
observed that PCR was able to detect VL in 16 of 19
patients (84.2%) with negative microscopy. They
concluded that PCR in Giemsa-stained bone marrow
slides is a suitable tool for VL confirmation. There are
difficulties in culture and culture needs long time to
recover parasites. The diagnostic value of direct micro-
scopy which was one of traditional diagnostic methods is
not sufficient and the reliability of ELISA is very low. For
all above reasons, recently most of the researchers
agreed on PCR which was faster and more sensitive
method compared with other methods for the diagnosis of
VL. (Osman et al., 1997; Aviles et al., 1999; Fissore et
al., 2004; Silva et al., 2004; Piarroux et al., 1999; Harms
et al., 2003 ; Mathis and Deplazes 1995; Schonian et al.,
2003; Sundar and Rai, 2002; Cascio et al., 2002;
Brustoloni et al., 2007).

Similar to other studies, we had more sensitive results
by PCR compared with serological tests and direct
microscopy but we noticed that sample taking procedure
is very important in PCR.

The direct microscopy is still gold standard in either our
study or in other studies. However, the sensitivity can be
low according to the mistakes in sample taking
procedure. Sensitivity in diagnosis increases with PCR.
Serological methods are also show high sensitivity and
specificity, but parasites can be detected in cases below
cut-off value by direct microscopic examination or the
DNA of parasites can be detected by PCR. PCR is an
important noninvasive tool which can be used for the
diagnosis of VL with great accuracy. PCR can also be
used to predict cure of the disease (Maurya et al., 2005).
On the contrary, false negative results can be obtained
occasionally according to the improperly sample taking or
PCR inhibitors (Reithenger et al., 2002; Mathis and
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Deplazes, 1995).

We suggest that PCR can be used collectively with
other methods in stead of being alternative against other
methods in the diagnosis and follow-up the leishmaniasis.

Serological methods with low reliability are commonly
used for the detection of leishmaniasis incidence and the
relationship between them in humans and dogs of
endemic areas. The results of any serological tests must
be evaluated and judged with other tests and clinical and
epidemiological data (Ozbel et al., 2002). Kilic et al.
compared the performances of agglutination tests [DAT
(Direct Agglutination Test) and FAST (Fast Agglutination
Screening Test)] with IFAT and ELISA on serum samples
of 59 patients with the clinical suspicion of VL. The
agreements (and k between, the groups were higher than
90.0% (0.80). They considered DAT; the most suitable
and low cost test (Kilic et al. 2008). Brustoloni et al.
(2007) compared the conventional methods for diagnosis
of 116 children with the suspected VL. They showed that
the association of microscopy and serology can provide
diagnosis in 98.5% of cases. The highest sensitivity in
laboratory diagnosis among the cases was obtained with
a combination of BMA (bone marrow aspirates) direct
examination and IFAT. They concluded that conventional
methods for diagnosis of VL are still indispensable in
regions with poor life standart.

Ertabaklar et al. (2003) reported that IFAT and DAT
had high specificity and sensitivity and they also stated
that a patient must be diagnosed serologically at first and
after, this diagnosis must be confirmed parasitologically
(4). Ak (1989), tested sera of 50 patients for antibodies by
IFAT and ELISA. Positive results were obtained in
6(12%) patients by IFAT and leishmania amastigotes
were detected in bone marrow smears at the same time.
Positive results were obtained in 1/16, 1/64, 1/256 and
1/512 dilutions of 2, 20, 3 and 3 sera of patients,
respectively and negative results were obtained in sera of
22 patients.

Ozbilgin et al. (1997) made cultures of bone marrows of
59 patients to the NNN media and also they dyed smears
by Giemsa stain. They also detected antibodies in serum
samples with IFAT, ELISA and DAT methods. They
detected Leishmania amastigotes in 15(25.4%) of 59
patients.

Ozbel et al. (2002) reported a positive Leishmania
serology in one child who were treated before for kala-
azar out of 54 children by ELISA, IFAT and DAT methods
in West Black Sea Region. 4 kala-azar cases were
reported previously in the same village of Nebioglu (West
Black-Sea region).

Ozensoy et al. (2002) reported that PCR has a high
sensitivity compared with direct smear and IFAT in the
diagnosis of VL from the bone marrow aspiration samples
collected from human and dogs.

VL was not detected as epidemic or endemic disease
in our study; it was seen as sporadic cases like other
regions of Turkey. However, the reservoir dogs can be

found in everywhere, especially in rural areas and
Phelebotomus which were vectors of VL have always the
ability to get parasites from the dogs and transmits to the
humans.

As a result, VL is an endemic disease for the most of
the regions of Turkey, but it is a sporadic disease for
istanbul and neighborhood. We suggest that PCR is a
useful method for the diagnosis of VL. There are
difficulties in PCR test procedure and needs expensive
equipment. Sometimes the samples are not enough to
test. We also suggest that PCR has to be applied with
other laboratory diagnostic tests in order to increase the
sensitivity in diagnosis and decrease the possible defects
in diagnosis. Migrations caused by social-economical
difficulties and travel easiness, made the transportation
disease possible from one place to another places easily
and VL must always in the mind in suspected cases.
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