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Abstract Leishmaniasis is one of the most important

vector borne diseases caused by kinetoplastid protozoa

Leishmania sp. Among all forms of Leishmaniasis, Vis-

ceral leishmaniasis (VL) or Kala-azar is the severest form

of the illness. VL is characterized by fever, hepatospleno-

megaly, anaemia, edema, weight loss and invariably fatal if

left untreated. Characterization of Leishmania sp. is

extremely necessary to understand the epidemiology, tax-

onomy and population genetics of the parasites which

ultimately helps in designing appropriate drug regimen to

combat the disease. In this study, we aimed to type the

clinical isolates of Leishmania species collected in the

period 2006–2010 from patients (n = 9) diagnosed with

Kala-azar and post Kala-azar dermal leishmaniasis (PKDL)

by RAPD-PCR method using eight selected primers.

Genome of the clinical isolates were amplified and elec-

trophoresed in agarose gel. These were compared with

the RAPD PCR profiles of WHO reference strains for

L. donovani (DD8) and L. tropica (K27) respectively. We

calculated the Jaccard’s Similarity Coefficient and found

one (study code T5) out of nine isolates as L. tropica while

the rest were L. donovani. This pilot study supports the

earlier single report claiming that both the species are

responsible for Kala-azar in India and it also emphasizes

the need for more systematic typing of clinical isolates of

Indian Kala-azar.
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Introduction

Kinetoplast protozoan parasites belonging to the Genus

Leishmania cause a spectrum of diseases ranging from

simple cutaneous lesions to devastating mucocutaneous

disfiguring to fatal systemic form. The parasites are

transmitted by the bite of the female sand fly and are

prevalent in four continents, being endemic in 88 countries,

72 of which are developing countries (Desjeux 2004). The

visceral form of the disease known as Visceral Leish-

maniasis (VL) or Kala-azar (KA) occurs in India, Ban-

gladesh, Brazil, Iran, Nepal and Sudan (Sundar 2001). The

symptoms of VL include fever, weight loss, anemia and

hepatosplenomegaly (Bittencourt and Barral-Netto 1995).

Post Kala-azar Dermal Leishmaniasis (PKDL), on the other

hand, is a sequel of KA where 10–20% of the patients

develop unusual cutaneous lesions in the form of hypo-

pigmented macules, erythema and nodules that appear
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several months or years after apparent cure from the dis-

ease. The epidemiology of the disease is further compli-

cated due to the overlapping of HIV infection with VL

(Desjeux and Alvar 2003).

In India, VL dramatically broke out in epidemic pro-

portions in the early nineties after an apparent dormancy

with the state of Bihar and adjoining districts of Uttar

Pradesh and West Bengal facing the brunt (Thakur 1993;

Mallik and Basu 1993; Desjeux 1993). The situation has

been aggravated further due to the emergence of over 60%

KA cases becoming unresponsive to antimonials, the first-

line drug (Croft et al. 2006). The aromatic diamidine

pentamidine represents the second line of treatment

(Amato et al. 1998) and along with Amphotericin B has

high toxicity (Jackson et al. 1990).

Leishmania parasites have similar morphology and

sometimes cause similar clinical manifestations and

therefore, differentiation between species requires molec-

ular or biochemical techniques. The characterization of

Leishmania by the Isoenzyme method is considered as the

‘Gold standard’ even today (WHO 1994) but the procedure

is lengthy, complicated and expensive. The Random

Amplified Polymorphic DNA (RAPD) technique (Welsh

and McClelland 1990; Williams et al. 1990) has exten-

sively been used for molecular characterization as well as

phylogenetic relationship studies of parasitic organisms

including kinetoplastids (Tibayrenc et al. 1993). The

RAPD PCR has been used to discriminate between dif-

ferent species of Leishmania (Gomez et al. 1995; Manna

1998; Hajjaran et al. 2004; Manna et al. 2005; Oliveira

et al. 2007; Alimoradi et al. 2009; Hamad et al. 2010).

RAPD uses random oligomers to amplify genomic DNA

and thus does not necessitate any prior knowledge of the

organism’s genome. As the Leishmania genome is GC rich,

the randomly selected primers (all decamers but one

twelve-mer) were selected with 60–70% GC (Noyes et al.

1996). In the present study, we have described the RAPD

PCR profiles of nine recent (2006–2010) clinical isolates of

KA and PKDL of which three were from Bangladesh and

rest from India.

Materials and methods

Chemicals and reagents

The tissue culture chemicals like medium M199, medium

RPMI-1640, sodium bicarbonate, streptomycin, and

penicillin and other reagents used were obtained from

Sigma chemical (St. Louis, MO, USA). Fetal Bovine

Serum (FBS) was purchased from Invitrogen, USA.

Random primers were procured from Eurofins Scientific

GmbH, Germany.

Clinical isolates and reference strains

We have collected nine clinical isolates of which three

were isolates of KA from International Centre for Diarrheal

Disease Research, Dacca, Bangladesh. The Indian isolates

of KA were taken from patients admitted in the Calcutta

National Medical College, Kolkata. The presence of

amastigotes in the bone marrow of the patients were con-

firmed by Giemsa staining as well as transforming into

promastigote forms in culture medium M199. The PKDL

isolate was collected from Department of Dermatology,

School of Tropical Medicine, Kolkata, India. World Health

Organization (WHO) reference strains for Leishmania

donovani (DD8) and L. tropica (K27) were kindly provided

by Dr. L. F. Schnur, Hebrew University-Hadassah Medical

School, Jerusalem, Israel.

Preparation of nucleic acid from the clinical isolates

of KA and PKDL

Total nucleic acids from all clinical isolates and two WHO

reference strains were prepared as per standard protocol

(Bhattacharya et al. 1993). Briefly, Leishmania prom-

astigotes were suspended in Phosphate Buffered Saline

(PBS, 0.02 M, pH 7.4). The cell pellets from different

strains were obtained by centrifugation at 6000 rpm for

10 min at 4�C. Pellets were washed in PBS and resus-

pended in 400 ll of NET buffer. DNA was prepared from

the samples by digestion with 100 lg/ml proteinase K in

the presence of 1% SDS overnight at 37�C, followed by

phenol chloroform extraction and ethanol precipitation.

The DNA was dissolved in Tris EDTA buffer and stored at

-20�C till use.

PCR amplification of the DNA of clinical isolates

of KA and PKDL with random primers:

DNA amplification using random primers were preformed

according Manna et al. (2005) with the following eight

primers of which, seven were decamers while Universal

Minicircle Sequence (UMS) was twelve-mer. The

sequences were given as follows: 50-TGC CGA GCT G-30

(OPA 2), 50-GGG TAA CGC C-30(OPA 5), 50-GTG ATC

GCA G-30(OPA 6), 50-GAA ACG GGT G-30(OPA 7), 50-
AGT CGG GCT G-30(OPA 8), 50-AAT CGG GCT

G-30(OPA 9), 50-GGT CCC TGA C-30(OPA 10), 50-GGG

GTT GGT GTA-30(UMS). As Leishmania genome is GC

rich, sequences were selected randomly with the require-

ment that their GC contents are 60–70% and that they have

no self complementary ends.

In brief, the procedure was as follows, reaction mixtures

(20 ll) contained 109 PCR buffer, 50 mM MgCl2,

200 lM of each dNTP, 1 lM of each primer, 25 ng total
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nucleic acid and 1.2 units of Taq DNA polymerase, volume

was made up to 20 ll with PCR grade distilled water.

Amplification was performed in a thermal cycler with the

protocol: 30 total cycles using the program, 5 min at 94�C,

1 min at 94�C, 2 min at (50–60�C), 2 min at 72�C. At the

end of the PCR cycle, all tubes were kept for 5 min at 72�C

for extension to go to completion. The products after the

PCR run were electrophoresed in 1.2% agarose gel in TAE

buffer and analyzed.

Results

We amplified all clinical isolates with eight random

decamers (sequences stated in ‘‘Materials and methods’’

section). Information regarding the patients’ sex, age,

country and year of collection of the isolates from KA and

PKDL patients had been described in Table 1. We checked

for each primer whether they could amplify genomic DNA

of reference strains of different species in a species specific

manner and if they did so, we used these primers for further

amplification experiments taking the DNA isolated from all

clinical isolates of KA and PKDL. The random primer

OPA 2 (Fig. 1) has been found out to discriminate between

DD8 (L. donovani) in lane 2 and K27 (L. tropica) in lane

12 faithfully and can be used for identification and char-

acterization of the clinical isolates of Leishmania sp. This

is true for all the random primers stated here but OPA 7 i.e.

out of eight random primers, OPA 7 could not score well to

amplify the Leishmania genome characteristically.

Amplification of genomic DNA of all clinical isolates

along with WHO reference stains, DD8 (L. donovani) and

K27 (L. tropica) with random primer OPA 2 showed

(Fig. 1) that T5 (lane 11) was matching exactly with

K27(lane 12) while banding patterns present in lanes 3–10

(other KA and PKDL isolates) were identical with

DD8(lane 2). Bangladeshi KA isolates, PG2 (lane 6), PG3

(lane 7) and PG4 (lane 8) were all very similar to DD8 and

different from K27. The same was true for PKDL isolate,

P1 in lane 4. The other KA clinical isolates collected from

Calcutta National Medical College, Kolkata, T2 (lane 3),

T3 (lane 5), T4 (lane 9) and T7 (lane 10) respectively

showed similar banding profiles to that of DD8 and they

were different from K27 in terms of the mobilities of the

amplified DNA.

The amplification of genomic DNA with OPA 5 (Fig. 2)

showed three Bangladeshi isolates (lanes 6–8 respectively)

having similar banding pattern to DD8 and they were not

like K27. The clinical isolate, T5 (lane 11), on the other

hand, again showed matching banding profile with K27 but

not with DD8.

These findings were true for all other primers studied

here i.e. OPA 6 (Fig. 3), OPA 8 (Fig. 4), OPA 9 (Fig. 5)

and UMS (Fig. 6). T5 (lane 11 for each figure) showed

banding profile very much similar to L. tropica (lane 12 in

each figure) but no similarity with L. donovani (lane 2 in

each figure). On contrary, other clinical isolates of KA

from both India and Bangladesh and one PKDL isolate

studied here showed congruence with DD8 in term of

genome amplification with the primers mentioned in the

present study but they showed dissimilarity with K27.

These observations hold true also for OPA 10 (data not

shown).

We calculated the relatedness among different clinical

isolates studied here (Table 2) by Jaccard’s Similarity

Coefficient method (Sneath and Sokal 1973) using our

RAPD PCR data set. In short, the calculation for Jaccard’s

Coefficient was done with numbers of total bands and with

numbers of primers used in the study and the Similarity

Coefficient, Sj was defined as

Sj ¼ a=aþ bþ c

where a = number of bands (DNA) in common, b = bands

unique to the first or reference stock, c = bands unique to

the second stock whose relatedness to the first stock needs

to be ascertained. In simpler cases, where only relatedness

or similarity between two stocks or clinical isolates were to

be determined, the mean of all the Sj values for different

arbitrary primers were calculated.

The Jaccard’s Similarity Coefficient has values

between 1, for identical Operational Taxonomic Unit

(OTU) and 0 for OTUs with no similarity at all. For an

average analysis with ten primers, if the coefficient falls

between any values, 0.75–1, one arbitrarily assumes the

strains to belong to the same species or species complex

(Tibayrenc et al. 1993). In our study, we calculated

(Table 2) the Coefficient of Similarity for all clinical

isolates with L. donovani and L. tropica and found that

besides T5, all were within the L. donovani species range

while T5 showed 24% homology with DD8 and with

other isolates including the PKDL (P1) and three isolates

from Bangladesh (PG2, PG3 & PG4 respectively). Inter-

estingly, it showed 100% homology with K27, the WHO

reference strain for L. tropica.

Discussion

Our study with limited number of isolates (nine) showed

eight of them were L. donovani while remaining one (T5)

possessed RAPD PCR profiles similar to L. tropica refer-

ence strain, K27. This observation is lending credence to

the previous findings by other group in the past that

L. tropica causes Visceral Leishmaniasis in India (Sacks

et al. 1995). Historically, it is known that Leishmania

donovani is the aetiological agent for Indian Kala-azar. The
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species is endemic in the eastern part of the country (Sa-

lotra and Singh 2006) whereas L. tropica causing cutane-

ous disease in India is restricted to the western part (Kumar

et al. 2007). The causal agent for PKDL is found out to be

L. donovani (Salotra et al. 2001) and the incidence of

PKDL might have importance in the transmission of VL in

India, as PKDL provides the only known reservoir of the

parasites (Thakur and Kumar 1992). The population

structure of Leishmania donovani causing Indian Kala-azar

was repeatedly reported to be homogeneous (El Tai et al.

2000; Chatterjee et al. 1995; Manna et al. 2005). Same type

of observation was made in adjacent country, Bangladesh

(Shamsuzzaman et al. 2000) which shares same border

with eastern part of India and occasional human migration

Table 1 List of different clinical isolates of KA and PKDL used for present study

Study codea Reference Codeb Agec Sexd Countrye/Datef

T2 MHOM/IN/10/IICB-AKS 2 years 3 months Male INDIA/2010

T3 MHOM/IN/10/IICB-MS 11 years Male INDIA/2010

T4 MHOM/IN/10/IICB-LH 56 years Male INDIA/2010

T5 MHOM/IN/10/IICB-LB 12 years Male INDIA/2010

T7 MHOM/IN/10/IICB-SIB 17 years Female INDIA/2010

P1g MHOM/IN/08/PG-MA 35 years Male INDIA/2008

PG2 MHOM/BD/06/MJ 39 years Male BANGLADESH/2006

PG3 MHOM/BD/07/MM 17 years Male BANGLADESH/2007

PG4 MHOM/BD/07/SA 8 years Male BANGLADESH/2007

DD8h MHOM/IN/80/DD8 WHO reference strain for Leishmania donovani

K27h MHOM/SU/74/K27 WHO reference strain for L. tropica

a Study codes given to the collected clinical isolates of KA and PKDL for the present study
b Reference codes were given to the isolates according to the WHO nomenclature rules followed for Leishmania sp. [Evans DA (1989) World

Health Organization, Geneva, pp 15–40]
c Age of the patients of KA or PKDL
d Sex of the patients of KA or PKDL
e Country of the patients
f Year of collection of the isolates from patients
g PKDL isolate
h DD8 and K27, two WHO reference strains for Leishmania donovani and L. tropica

Fig. 1 RAPD-PCR amplification of 25 ng of total nucleic acid of

different clinical isolates of Kala-azar along with DD8 and K27 using

primer OPA2. Lane 1 MW marker (100–2000 size in bp); lane
2 DD8, lane 3 T2, lane 4 P1, lane 5 T3, lane 6 PG2, lane 7 PG3, lane
8 PG4; lane 9 T4, lane 10 T7, lane 11 T5, lane 12 K27. DD8 and K27

are WHO reference strains for Leishmania donovani and Leishmania
tropica respectively, T2, T3, T4, T7 and T5 were clinical isolates of

Kala-azar from India; P1 was PKDL isolate; PG2, PG3 and PG4 were

clinical isolate of Kala-azar from Bangladesh

Fig. 2 RAPD-PCR amplification of 25 ng of total nucleic acid of

different clinical isolates of KA along with DD8 and K27 using

primer OPA5. Lane 1 MW marker (100–2000 size in bp), lane 2
DD8, lane 3 T2, lane 4 P1, lane 5 T3, lane 6 PG2, lane 7 PG3, lane
8 PG4; lane 9 T4, lane 10 T7, lane 11 T5, lane 12 K27. DD8 and

K27 are WHO reference strains for Leishmania donovani and

Leishmania tropica respectively, T2, T3, T4, T7 and T5 were clinical

isolates of Kala-azar from India; P1 was PKDL isolate; PG2, PG3 and

PG4 were clinical isolate of Kala-azar from Bangladesh
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is common. Alam et al. (2009) claimed that the circulation

of a single homogeneous population of L. donovani is

responsible for the epidemic outbreak in India [Bihar],

Bangladesh and Nepal and there exists a grade of respon-

siveness of the parasites to the antimonial drugs.

There was no report of co endemicity of both L. dono-

vani and L. tropica in eastern part India until 1995 when

Sacks et al. (1995) claimed that L. tropica causes nearly

25% of current Kala-azar cases in India. The author also

suggested that this has some bearing with the unrespon-

siveness to pentavalent antimonials in the field. This rela-

tionship between unresponsiveness to antimonials and

L. tropica infection manifested in visceral Leishmaniasis in

Kenya was first reported by Mebrahtu et al. (1989). Vis-

ceral infection caused by L. tropica has also been reported

from the veterans of ‘Operation Desert Storm’ (Magill

et al. 1993) though the clinical features were not same with

the classical KA. Hajjaran et al. (2004) reported the asso-

ciation of L. tropica with canine visceral leishmaniasis in

Iran which was in concordance with the observation made

by Sacks et al. (1995) for Indian Kala-azar. In recent time,

Sharma et al. (2005) reported the occurrence of both

L. donovani and L. tropica in the Localized Cutaneous

Leishmaniasis (LCL) or ‘Oriental sore’ patients from Hi-

machal Pradesh. LCL is endemic in the deserts of Rajas-

than and is known to be caused by L. tropica (Kumar et al.

2007). In Sri Lanka, similar type of observation had been

Fig. 3 RAPD-PCR amplification of 25 ng of total nucleic acid of

different clinical isolates of KA along with DD8 and K27 using

primer OPA6. Lane 1 MW marker (100–2000 size in bp), lane
2 DD8, lane 3 T2, lane 4 P1, lane 5 T3, lane 6 PG2, lane 7 PG3,

lane 8 PG4, lane 9 T4, lane 10 T7, lane 11 T5, lane 12 K27. DD8

and K27 are WHO reference strains for Leishmania donovani and

Leishmania tropica respectively, T2, T3, T4, T7 and T5 were clinical

isolates of Kala-azar from India; P1 was PKDL isolate; PG2, PG3 and

PG4 were clinical isolate of Kala-azar from Bangladesh

Fig. 4 RAPD-PCR amplification of 25 ng of total nucleic acid of

different clinical isolates of KA along with DD8 and K27 using

primer OPA8. Lane 1 MW marker (100–2000 size in bp), lane
2 DD8, lane 3 T2, lane 4 P1, lane 5 T3, lane 6 PG2, lane 7 PG3,

lane 8 PG4, lane 9 T4, lane 10 T7, lane 11 T5, lane 12 K27. DD8

and K27 are WHO reference strains for Leishmania donovani and

Leishmania tropica respectively, T2, T3, T4, T7 and T5 were clinical

isolates of Kala-azar from India; P1 was PKDL isolate; PG2, PG3 and

PG4 were clinical isolate of Kala-azar from Bangladesh

Fig. 5 RAPD-PCR amplification of 25 ng of total nucleic acid of

different clinical isolates of KA along with DD8 and K27 using

primer OPA9. Lane 1 MW marker (100–2000 size in bp), lane
2 DD8, lane 3 T2, lane 4 P1, lane 5 T3, lane 6 PG2, lane 7 PG3,

lane 8 PG4, lane 9 T4, lane 10 T7, lane 11 T5, lane 12 K27. DD8

and K27 are WHO reference strains for Leishmania donovani and

Leishmania tropica respectively, T2, T3, T4, T7 and T5 were clinical

isolates of Kala-azar from India; P1 was PKDL isolate; PG2, PG3 and

PG4 were clinical isolate of Kala-azar from Bangladesh

Fig. 6 RAPD-PCR amplification of 25 ng of total nucleic acid of

different clinical isolates of KA along with DD8 and K27 using

primer Universal Minicircle Sequence (UMS). Lane 1 MW marker

(100–2000 size in bp), lane 2 DD8, lane 3 T2, lane 4 P1, lane 5 T3,

lane 6 PG2, lane 7 PG3, lane 8 PG4, lane 9 T4, lane 10 T7, lane
11 T5, lane 12 K27. DD8 and K27 are WHO reference strains for

Leishmania donovani and Leishmania tropica respectively, T2, T3,

T4, T7 and T5 were clinical isolates of Kala-azar from India; P1 was

PKDL isolate; PG2, PG3 and PG4 were clinical isolate of Kala-azar

from Bangladesh
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documented by Karunaweera et al. (2003), where they

claimed the cases of Cutaneous Leishmaniasis caused by

L. donovani. Concomittant natural infection of L. major

with L. donovani had been seen in Iraq (Al-Diwany et al.

1995). There are occasional reports of co endemicity of

other species of Leishmania with L. donovani or vice versa.

In India, this situation has become complicated further as,

in somewhat startling report Srivastava et al. (2010)

showed the association of Leptomonas sp. parasites with

Kala-azar patients.

All the above observations along with our finding

strongly suggested that the issue of systematic typing of the

clinical isolates of Indian Kala-azar should be taken into

serious consideration which is still lacking. In Latin

America where different Leishmania sp. are endemic

(Reithinger and Dujardin 2007), characterization and

identification of the clinical isolates has been given utmost

importance. We are employing other molecular character-

ization techniques like amplification of Internal Tran-

scribed Spacer (ITS) of ribosomal operon of the

Leishmania parasites, Restriction Fragment Length Poly-

morphism analysis (RFLP) of ITS by various restriction

enzymes and sequencing (unpublished data) to ascertain

the extent of genetic diversity present among the clinical

isolates of Leishmania sp. in the eastern endemic zone of

India. This kind of attempt is extremely necessary to

understand the population dynamics of the causal agents of

Indian Kala-azar.
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