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rK39 ENZYME-LINKED IMMUNOSORBENT ASSAY
FOR THE DIAGNOSIS OF KALA-AZAR IN AN
ENDEMIC ZONE OF BANGLADESH
M. Abdus Salam1, Dinesh Mondal2, Mamun Kabir3, Rashidul Haque4
ABSTRACT
Objective: The diagnostic role of rK39 enzyme linked immunosorbent assay (ELISA) was
compared with the buffy-coat Leishmania nested polymerase chain reaction (Ln-PCR) for
kala-azar in an endemic zone of Bangladesh.
Methodology: This evaluation study included 100 cases comprising of 60 clinically suspected
patients of kala-azar and 40 healthy controls. Anti-rK39 antibody was estimated in plasma by
ELISA and buffy coat was utilized to detect Leishmania DNA by Ln-PCR from both patients and
controls. The diagnostic role of rK39 ELISA was then compared with Ln-PCR positive cases which
were considered as confirmed cases of kala-azar.
Results: Out of 60 suspected patients of kala-azar, 58 (96.67%) were found positive in ELISA
against 56 (93.33%) of Ln-PCR-positive cases. Further, 55 (98.21%) of ELISA-positive patients
were also found positive in Ln-PCR. Voluntary healthy controls (40) included 20 persons from the
endemic zone and 20 from non-endemic zone of kala-azar, were all found negative in both Ln-PCR
and rK39-ELISA. The sensitivity and specificity of ELISA were found to be 98.21% and 95.65%
respectively.
Conclusion: rK39-ELISA is a non-invasive serodiagnostic tool for visceral leishmaniasis with very
high sensitivity and specificity.
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Visceral leishmaniasis (VL) or kala-azar is a
vector borne parasitic disease caused by Leishmania donovani complex.1 Interhuman transmission of this disease occurs in the Indian subcontinent with the female sandfly of the genus
Phlebotomus as the vector. The disease is geographically and ecologically widespread
threatens 350 million people worldwide with
500,000 new cases of visceral leishmaniasis
every year.2 Surprisingly, India, Bangladesh
and Nepal together account for 60% of all reported VL cases in the world.3 Available reports show that many parts of Bangladesh are
endemic for the disease with the current prevaPak J Med Sci 2009 Vol. 25 No. 4
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lence is estimated to be 45,000 cases and out of
64 districts, at least 34 districts including 105
upazillas have been reportedly affected by
kala-azar.4 Kala-azar carries a high mortality
rate ranging from 80% to 100% and even with
treatment, case fatality rates in excess of 10%
are common.5
Isolation of the parasite in culture or demonstration in relevant tissues like spleen, bonemarrow or lymph node by light microscopic
examination of the stained specimen remains
“gold standard” and naturally, leads to the
definitive diagnosis of visceral leishmaniasis.6
But the diagnostic potential of conventional
smear or culture techniques is limited with low
sensitivity particularly in detecting the occult
and sub-clinical infections. Moreover, these
techniques are also cumbersome, time consuming and not suitable for field condition. The
development of Polymerase Chain Reaction
(PCR) has provided a powerful approach to
the application of molecular biology techniques
to the diagnosis of leishmaniasis. PCR assay
with buffy coat preparations to detect Leishmania DNA has been found to be 10 times more
sensitive than that with whole-blood preparation. 7 But unfortunately, sophisticated machines, trained personnel and cost are limiting
factors for PCR as a routine diagnostic test for
kala-azar. With the consequence, the scope
and reliability of specific serological tests like
the Enzyme Linked Immunosorbent Assay
(ELISA) for the diagnosis of VL is enormous.
However, the sensitivity and specificity of
ELISA is greatly influenced by the antigen
used.
Recently, several recombinant antigens like
rGBP from L. donovani, rORFF from L.
infantum, rgp63, rK9, rK26 and rK39 from L.
chagasi have been developed and tested.8-13 Of
these, the rK39 antigen has been found to be
highly sensitive and predictive of the onset of
disease manifestation in VL patients. A
kinesin-related protein encoding gene has been
discovered in L. chagasi that contains a repetitive 117-bp sequence encoding 39 amino acid
residues (K39) conserved at the C-terminal end
in all of the VL-causing isolates examined so
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far.14 The recombinant product of K39 (rK39)
has been proven to be very sensitive and
specific antigen used in ELISA for the serodiagnosis of VL in different endemic foci.
Early correct diagnosis of kala-azar is imperative as the treatment is of long duration and
can be complicated with many side effects. In
the present study, an attempt was made to
evaluate the diagnostic performance of rK39
ELISA as a non-invasive tool for kala-azar in
an endemic area of Bangladesh.
METHODOLOGY
Clinically suspected patients of visceral leishmaniasis (60) of different age and sex were
admitted at different Medical and Paediatric
wards of Rajshahi Medical College Hospital
(RMCH), Bangladesh. Apparently healthy persons of comparable age and sex without having past history of prolong fever, splenomegaly
or other clinical features suggestive of visceral
leishmaniasis served as controls (40). Among
the controls, twenty (20) were from non-endemic and twenty (20) from endemic areas of
kala-azar. Taking all aseptic precautions, 5.0
ml of blood was collected into an EDTA containing clean test tube from all patients and
controls.
Laboratory tests for rK39 ELISA and Ln-PCR
were done at the Parasitology Laboratory of
ICDDR,B, Dhaka, Bangladesh.
Ln-PCR for the detection of parasite DNA in
the buffy coat
Collection of Buffy coat and DNA extraction:
After 30 minutes of collection of blood it was
centrifuged @ 4000 rpm for 20 minutes. Using
tip of the micropipette, 500µl of buffy coat was
aspirated from the top of the centrifuged deposit and was kept into a 1.5ml microcentrifuge
tube to be preserved at – 200C for PCR amplification. DNA extraction from the buffy coat
was performed according to the procedure of
Qiagen blood DNA extraction methods.15
Protocol for Ln-PCR
Primers used: The kinetoplastida-specific primers R221 52 - GGTTCCTTTCCTGATTTACG32 , and R332 52 -GGCCGGTAAAGGC
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CGAATAG-32 were used in 1st PCR and
R223 52 -TCCCATCGCAACCTCGGTT-32
and R333 52 -AAAGCGGGCGCGGTGCTG32 were used in the nested PCR.
PCR amplifications were performed with
BioRad My Cycler and DNA fragments of 353
bp were amplified using nested PCR protocol
as described by Curz et al. 16 The amplified
products were visualized on UV illuminator
in 2% agarose gel stained with ethidium bromide. A 100 bp DNA ‘ladder’ was used as a
molecular size marker. A positive sample
yielded a PCR product of 353 bp. In all assays,
molecular grade water was used as blank, normal blood DNA as negative control and DNA
from cultured promastigotes served as positive
control (Fig-1).
rK39- ELISA for the detection of anti-leishmanial antibodies in plasma: ELISA was performed using ELx 808 Microplate Reader and
automatic washer (Bio-Tek Instruments, Inc,
USA) for all 60 patients and 40 controls according to the standard protocol of rK39 ELISA
for Leishmania.17 The cut-off value of ELISA
for antibody concentration was taken as 60AU
(Arbitrary Unit). Any value above 60 AU was
considered as positive for ELISA (Fig-2&3).
Case definition: Ln-PCR- positive for DNA were
considered as confirmed cases of kala-azar.
Ethical consideration: The protocol of this study
was approved by the ‘Institutional Review
Committee’ of Rajshahi Medical College,
Bangladesh for ethical issues related to this research. Informed written consent was obtained
from each patient or from the legal guardian
and control before venipuncture to collect
blood.
Statistical Analysis: The sensitivity and specificity were calculated by using the following
formulae:
Sensitivity = Number of samples with
true-positive results (a) x 100
Number of samples with true-positive results
(a) + Number of samples with false-negative
results (c)
Specificity = Number of samples with

true-negative results (d) x 100
Number of samples with true-negative results
(d) + Number of samples with false-positive
results (b)
RESULTS
Patient’s characteristics: Forty four were male
and 16 were female. Median age of the patients
was 25 years with quartile 14-35. All patients
had splenomegaly and chronic fever with a
median duration of four months. Other common symptoms such as history of weight loss
and darkening of skin were found in 98.33%
and 95% of the patients respectively (Table-I).
Laboratory results of patients and controls:
Table-II shows the results of Ln-PCR and ELISA
among study population. Out of 60 suspected
patients of kala-azar, Ln-PCR was found positive in 56 (94.33%) cases and remaining 04
(05.67%) were negative, while ELISA was positive in 58 (96.67%) and negative in 02 (03.33%)
patients. All controls were found negative for
both Ln-PCR and ELISA. Among the ELISApositive cases, 55 (98.21%) patients were also
found positive for Ln-PCR indicating its sensiTable-I: Characteristics of kala-azar patients
Characteristics

No.

%

Male

44

73.33

Female

16

26.67

Fever

60

100.00

Duration of fever

4.74 (2.5-6)

-

Anemia

59

98.33

Anorexia

52

86.67

Weight loss

59

98.33

Darkening of skin

57

95.00

Splenomegaly

60

100

Hepatomegaly

55

90.16

Lymphadenopathy

00

00

Past history of

05

08.33

16

26.67

in months
(Median, quartiles)

kala-azar
History of kala-azar
in the family
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Table-II: Results of PCR and ELISA among study population
Results

Study population
Study cases (60)

Controls (40)
Endemic (20)

Non-endemic (20)

PCR- Positive

56 (93.33)

00 ( 00.00)

00 ( 00.00)

PCR- Negative

04 (06.37)

20 (100.00)

20 (100.00)

ELISA-Positive

58 (96.67)

00 ( 00.00)

00 ( 00.00)

ELISA- Negative

02 (03.33)

20 (100.00)

20 (100.00)

Figures within parenthesis indicate percentage

DISCUSSION
Visceral leishmaniasis continues to be an
important public health problem with significant morbidity and mortality in the endemic
areas. The clinical and epidemiological findings of leishmaniasis are non pathognomonic
and these can mimic several other conditions.

Fig-1: Ln-PCR amplified leishmania DNA in gel
Lane 1, no DNA, lane 2-8, positive amplified bands of
358 bp size from VL patients, lane N, negative control
(healthy human blood ), lane M, molecular size
marker, lane B, blank (molecular grade water), lane P,
positive control (cultured promastigote DNA), lane 915, positive amplified bands from VL patients.
638 Pak J Med Sci 2009 Vol. 25 No. 4
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Improved diagnosis is of crucial importance for
any attempt to control visceral leishmaniasis
in the endemic areas. The low sensitivity of
smear or culture technique for detection of L.
donovani has urged researchers to shift the priority towards molecular and immunological
techniques for obvious reasons.
We have performed rK39 ELISA for the
detection of anti-leishmanial antibodies in the
plasma for 60 clinically suspected patients of
kala-azar and its diagnostic performance was
compared with Ln-PCR detection of Leishmania DNA in buffy coat. The Ln-PCR positive
cases were considered as confirmed cases of
kala-azar in this protocol. Due to its very high
diagnostic sensitivity and specificity, the PCRbased molecular diagnostics has been accepted
as confirmatory test for visceral leishmaniasis
as reported by many authors.18-20 Out of 60
suspected patients of kala-azar in this series,
rK39 ELISA was found positive with titres >60
AU in 58 (96.67%) against 56 Ln-PCR positive
cases, while all controls were found negative
by both ELISA and Ln-PCR (Table-II). When
Antibody titres (AU)

tivity to be 98.21%.
Antibody titres of 60 AU (Arbitrary unit)
were taken as cut-off value for ELISA and titres
above 60 AU were considered as positive
scores. Among 58 ELISA positive cases, 35
(60.34%) had titres within 1000 AU, and 23
(39.66%) had above 1000 AU (Fig-2). While
antibody titres of all controls were found
below the cut-off value of 60 AU (Fig-3).

Number of patients
Fig-2: rK39 ELISA antibody titres among patients
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Antibody titres (AU)

practice in its present settings but it can be well
adapted as a reliable non-invasive serodiagnostic tool for the secondary or tertiary care
centres.
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