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Editorial
Leishmaniasis research - the challenges ahead
W.B. Leishman described stained parasite of
Leishmania in 1903 1the same time as L H Donovan
described parasite of kala-azar 2. Widespread in 22
countries in the new World and in 66 nations in the
old World, leishmaniasis is however, not found in
south-east Asia. Human infections are reported from
16 countries in Europe, including France, Italy,
Greece, Malta, Spain and Portugal3. Among the 88
countries endemic for the disease, 72 are developing
countries,13 of which are least developed.

800 cases in 1998 to 30 550 cases in 1999 and 35 000
in 2000), in Kabul, Afghanistan (14 200 cases in 1994
to 200 000 cases in 1999), and in Aleppo, Syria (3900
cases in 1998 to 4700 cases in 1999 and 5900 cases
in 2000). This is related to economic development,
and to behavioural and environmental changes which
increase exposure to sandfly vectors4.
The epidemiology of the disease is extremely diverse:
20 Leishmania species are pathogenic for humans, and
30 sandfly species are proven vectors. There are two main
epidemiological entities: zoonotic, where animal
reservoir hosts are involved in the transmission cycle;
and anthroponotic, where man is the sole reservoir and
sole source of infection for the vector.

Leishmaniasis is a group of diseases caused by
protozoan parasite of genus Leishmania (L. donovani
complex, L. major complex, L. tropica complex). Different
clinical forms of leishmaniasis constitute severe public
health problems : visceral leishmaniasis (VL) also known
as kala-azar is the most serious form, usually fatal if left
untreated; cutaneous leishmaniasis (CL), the most
common form and is disabling when lesions are multiple;
muco-cutaneous leishmaniasis (MCL) is a mutilating
disease while diffuse CL (DCL) produces disseminated
and chronic skin lesions resembling those of lepromatous
leprosy and is also disabling. Most form of leishmaniasis
are originally infections of small mammals (reservoir
hosts), which play a major role in the epidemiology of
the disease. Old World forms of Leishmania are
transmitted by sandflies of the genus Phlebotomus, while
New World forms mainly by flies of the genus Lutzomyia.
Sandflies become infected by ingesting blood from
infected reservoir hosts or from infected people.

For treatment, first-line drugs are the pentavalent
antimonials, and second-line drugs are amphotericin
B and Ambisome (amphotericin B in liposomes), the
latter available only in industrialized countries and
are expensive. Newer drugs have also come in the
market. Miltefosine, an oral tablet, and paromomycin
that has just completed phase 3 trial in India and
waiting for registration. Most available drugs are
costly, require long treatment regimens and are
becoming increasingly ineffective, necessitating the
discovery of new drugs.
The Indian Council of Medical Research has
contributed significantly in conducting clinical trials
of antileishmanial drugs like miltefosine and
paromomycin. An ICMR/WHO/TDR/Zentaris
sponsored phase IV clinical trial of orally administered
miltefosine was started in 13 clinical centres spread over
6 VL endemic districts in Bihar in 2003 and is ongoing.
Another ICMR/WHO/TDR/iOWH sponsored
randomized, control, open, clinical trial was also being
done to assess the efficacy of injectable paromomycin
vs. amphotericin B in VL patients.

Ninety per cent of VL cases occur in five countries
namely Bangladesh, India, Nepal, Sudan and Brazil
while 90% of CL cases occur in 7 countries:
Afghanistan, Algeria, Brazil, Iran, Peru, Saudi Arabia
and Syria. Annual incidence is estimated at 1-1.5
million cases of CL, 500 000 cases of VL. Overall
prevalence is 12 million people and the population
at risk is 350 million. The DALY burden is 860 000
for men and 1.2 million for women3.

More recently, the overlapping of VL and AIDS has
led to an emerging new entity: Leishmania/HIV coinfection. In Europe, intravenous drug users have been

In several areas of the world, there is a disturbing
increase in the number of CL cases, e.g. in Brazil (21
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identified as the main population at risk. In east Africa
and India, the problem is encountered in migrants,
seasonal workers, refugees, sex workers and truck
drivers. Individual risk factors such as malnutrition and
immunosuppression play important roles.
The leishmaniases, as a complex of diseases, are
as yet impossible to control with a single approach
or tool (a vaccine may prove a cost-effective
exception). Control depends on early case detection
and drug treatment where the reservoir is infected
humans. The main control strategy is case finding
and treatment plus, when feasible, vector control and,
in zoonotic foci, animal reservoir control5.
Kala-azar is present in India for more than 100
years. The epidemic of febrile disease with
splenomegaly was reported in about 1850 in Jessore
district and in Bardwan in 1872. The disease with
fever and enlarged spleen seen in Muzzafarpur and
Dharbhanga districts in Bihar in late 18th century and
early 19th century was given the name kala-azar. DDT
spray under the malaria control programme had a
secondary effect on sandflies, the vector of kala-azar.
DDT spray for kala-azar was discontinued in 1964
and sporadic cases were reported from different parts
of country in the early 1970s6. A big epidemic of
kala-azar occurred in 1977 with 100,000 cases. It was
suggested that presence of chronic cases of kala-azar
and post kala-azar dermal leishmaniasis (PKDL)
provided the reservoir infection7 and withdrawal of
DDT spray led to rise in vector density. A big
epidemic of kala-azar occurred again in 1991-1992
with 250,000 cases in Bihar 8.
At present almost all districts of Bihar, 11 districts
of West Bengal and five districts of Uttar Pradesh
are affected in India. Elimination of kala-azar is
feasible and possible. Early detection and treatment
of cases of kala-azar and PKDL to eliminate reservoir
of infection, and spray of insecticides for reduction
of sandflies will add to rapid elimination of disease.
Proper planning, firm political decision, effective
implementation of the control programme are needed
to eliminate the disease from India and other parts
of the subcontinent.
This special issue of the Indian Journal of Medical
Research (IJMR), features articles from many leading
experts from India and abroad on various facets of
the disease. Understandably, many of the articles are

from laboratories from those parts of India which
are endemic for this disease. Significant progress has
been made in the last few decades and a lot of effort
has gone into R&D to develop new drugs and vaccine.
This special issue includes a comprehensive
collection of recent advances in the area covering
from the epidemiology of the disease across the world
to the basic biological aspects of parasite
Leishmania, diagnostics including the challenges in
the diagnosis of PKDL, clinical features, current
therapeutic
modalities
including
drug
unresponsiveness, combination therapies and newer
drugs available, and preventive strategies including
vector control and vaccine development. Lacunae in
the knowledge as well as areas for future research
have been highlighted. I am sure the special issue
should interest scientists engaged in leishmaniasis
research, practicing physicians and policymakers.
Dr C. P. Thakur
Guest Editor
Chairman, Balaji Utthan Sansthan
Kala-azar Research Centre
Uma Complex, Fraser Road
Patna- 800 001, India.
e mail : cpthakur1@rediffmail.com
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Editorial
Elimination of leishmaniasis (kala-azar) from the Indian subcontinent is
technically feasible & operationally achievable
The global estimate for the incidence and
prevalence of kala-azar cases per year is 0.5 and 2.5
million, respectively1. More than 90 per cent of the
world’s cases are in India, Bangladesh, Nepal, Sudan
and Brazil. The incidence of kala-azar in India is
among the highest in the world 2. Further, Leishmania/
HIV co-infection is on the rise and may pose a real
diagnostic and therapeutic challenges3,4.

amphotericin B is prohibitively costly and requires
intravenous administration and hospitalization. Post
kala-azar dermal leishmaniasis (PKDL) cases may act
as potential reservoir of infection. There are no standard
guidelines for treatment of PKDL cases. Current
treatment involves prolonged courses of antimonials
or amphotericin B. Soon, 8 and 12 wk regimen of
miltefosine will be evaluated in the treatment of PKDL
cases by 4 centres in Bihar including Rajendra Memorial
Research Institute of Medical Sciences, Patna.

VL or kala-azar has been one of the major health
problems in the State of Bihar in India, for the past
three decades or more. At present, 28 of 37 districts are
endemic at different levels. Ninety per cent of all the
cases in India are reported from Bihar State alone. VL
is also being reported from several districts (neighboring
Bihar) of the States of West Bengal and Uttar Pradesh
in India. Bihar, being the second largest populated State
in India, has reported as many as 200,000 deaths from
kala-azar since 1977. In India, the calculated DALYs
(disability-adjusted life years) lost due to kala-azar in
1990 were 6.8 million for men and 0.5 million for
women5. Using official records, the burden of disease
was estimated as 15 and 11 thousand in 2001 and 2002,
respectively (unpublished data from Rajendra Memorial
Research Institute of Medical Sciences, Patna).

Since the disease is mostly confined to a limited area
in the Indian subcontinent, it may be possible to control
and even achieve elimination of the disease from the
region. Reduction of incidence/prevalence of disease or
infection as desired, as a result of targeted intervention,
is ‘control’. ‘Elimination’ may apply to disease or
infection. The achievement of zero incidence in a defined
geographic territory is elimination. Eradication applies
to zero incidence of infection worldwide. The proposed
strategy is to achieve zero incidence of Leishmania
donovani in the kala-azar endemic territories in India,
Bangladesh and Nepal. The disease affects the poorest
of the poor and aggravates poverty and therefore, the
elimination programme can be considered as a
component of poverty alleviation strategies.

The adjoining low land regions of Nepal-Bihar
border are endemic zones for VL. During 1995-1997
in Nepal, about 1850 VL cases were reported annually
corresponding to incidence rates of 2 to 8 cases per
10,000 populations in VL-endemic districts. Bangladesh
reports current prevalence of 30,000 cases with the total
population at risk being around 20 millions6. These
passive facility-based surveillance data are considered
to be gross underestimates6. The difficulty of controlling
VL in the past in this region included lack of political
will, non-availability of a reliable diagnostic tests and
unresponsiveness to first line drug (antimonials) as well
as inadequate vector control. The second line drug

Scientific feasibility of the elimination strategy is
based on the epidemiological vulnerability, and
effectiveness and feasibility of intervention.
Geographically, VL occurs in 88 countries around the
world, of which 60 per cent are in well-defined areas
of Bangladesh, India and Nepal. Two main ecoepidemiological entities have been documented across
the world: zoonotic (ZVL), where dog, and
anthroponotic (AVL), where untreated patients, are
the sole sources of infection for the vector. These AVL
foci are at the origin of the most severe and deadly
epidemics. In the 1960s, during the malaria eradication
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programme, due to the adoption of intensive vector
control measures, VL was almost eliminated in this
part of the world, illustrating the vulnerability of the
transmission cycle. Based on geographical and
epidemiological criteria, VL-endemic areas of
Bangladesh, India and Nepal deserve foremost
attention for a VL elimination programme. Past
experience of all success stories of leishmaniasis
elimination are from anthroponotic foci.

(Bangladesh, India and Nepal) is gaining momentum.
Recently in India, the National and State ministers
of health expressed commitment to such an initiative
and allocated funds. During an inter-country meeting
held in October 2003, representatives of Bangladesh
and Nepal confirmed their interest in joining the
Indian effort. Donors and the WHO (SEARO) are
also supporting the programme of Kala-azar
elimination from the Indian subcontinent.

The control/elimination strategy for AVL is based
on aggressive case finding, effective management and
vector control measures for reduction of not only
morbidity and mortality but also disease transmission.
Recently, new tools have been made available for more
cost-effective case management viz., simple, reliable
and inexpensive tests for field-level serological
diagnosis (dipstick rk39) 7, new oral drug (easy to
administer at community-level) registered in India
(Miltefosine) 8,9 and long-lasting insecticide
impregnated bed nets (LLN)6 which provide a more
sustainable approach for vector control. Effective
application of these tools is expected to substantially
decrease the cases, reduce transmission and prevent
epidemics. Thus, presently the feasibility of an
elimination programme is potentially high.
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A focused regional effort is urgently required to
eliminate the disease from the Indian subcontinent.
In 1991-1992, an enhanced effort by the Government
of India combining widespread availability and easy
accessibility of drugs (antimonials), and DDT spraying
of houses, led to a 67.7 per cent reduction in morbidity
and 73.3 per cent reduction in mortality by 1995.
However, the strategic approach should include proper
assessment of the disease burden, logistic requirements
and financial implications along with scaling up of
the existing facilities for case management (e.g., largescale drug distribution), vector control measures
(insecticide spraying and environmental control),
distribution and proper utilization of impregnated bed
nets and strengthening of public sector (government
health centres and district hospitals). Emphasis should
be given on appropriate procurement and delivery
systems, improved and intensified health education
programmes, strengthening of human resources,
innovative socio-economic development programmes
at community level, regular monitoring and
evaluation, research to strengthen all above
components and strong public-private partnership.
An initiative by the Government of India towards
elimination of kala-azar from the Indian subcontinent
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Background & objectives: The risk of human immunodeficiency virus (HIV) co-infection in patients
with visceral leishmaniasis (VL) or kala-azar in endemic areas has posed a major challenge in
control programmes. We undertook this study to identify the high risk groups vulnerable to
Leishmania-HIV co-infection in VL endemic State of Bihar, India. Further, immunological responses
were also evaluated in these patients before and after treatment for VL to see the immune
impairment associated with CD4 T cell count.
Methods: A total of 1511 subjects attending Voluntary Counselling and Testing Centre (VCTC) at
Patna, Bihar were included in this study. VL was confirmed by splenic or bone marrow aspirates
testing for parasite. HIV states was confirmed by two kits. Immunological parameters (CD4, CD8,
IFN-γγ , IL-4) were studied in co-infection patients.
Results: Of the 280 (18.53%) HIV-positive individuals, eight were diagnosed serologically and
pathologically as VL patients co-infected with HIV. The humoral and cellular immune responses
were evaluated in 18 Indian VL patients with (n=8) or without HIV (n=10) and 10 HIV seropositive
subjects. Among the eight confirmed cases of VL, false negative direct agglutination test (DAT)
result was observed in two who had HIV co-infection (sensitivity 80%), while none in 10 other VL
cases who were HIV negative (sensitivity 100%). A very low CD4 cell count was observed in VL
cases that had HIV co-infection compared to HIV negative VL or controls. All VL cases with or
without HIV infection had lower Th1/Th2 ratio compared to controls. VL patients with or without
HIV infection responded well to anti-leishmanial/anti-retroviral therapy with considerable degree
of immunological reconstitution.
Interpretation & conclusion: A different immune response was noticed in patients with co-infection
of HIV and Leishmania. Anti-leishmanial drug treatment led to improvement in immunological
response in co-infected patients. Further studies need to be done to see the effect of combined
therapy for VL and HIV on immunological parameters in these patients.

Key words Direct agglutination test - gama-interferon - HIV - interleukin 4 - visceral leishmaniasis
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The spread of human immunodeficiency virus
(HIV) infection to areas where visceral leishmaniasis
(VL) is endemic has become a major challenge to
the control of VL infection1. Berhe et al2 in 1995 first
reported seven cases of HIV and Leishmania coinfection in Ethiopia (Africa) that increased to 72 by
1998. Up to 70 per cent of VL cases with HIV
infection have been reported in Southern Europe3.
The first case of VL-HIV co-infection was identified
from the State of Bihar in India in the year 2000 4.
Subsequent studies diagnosed six more cases of HIVVL co-infection from this State 5 . Since AIDS
epidemic is looming large on the horizon of new
millennium in India 6, the State of Bihar which is
endemic for VL, needs to be looked seriously for
HIV-VL co-infection. It is anticipated that the coinfection by HIV and Leishmania donovani might
cause reciprocal enhanced immunological
disturbances. However, data on prospective
distribution on CD4 cell count and cytokine pattern
elicited by Th1 and Th2 functional subpopulation of
T cells in HIV cases and cases co-infected with VL
are relatively scarce. In order to identify the high
risk groups vulnerable for HIV-Leishmania coinfection or HIV/AIDS, a large number of subjects
attending a voluntary testing centre in Panta, Bihar
were evaluated epidemiologically for magnitude of
infection and risk load over a period of one year. A
representative number of these subjects were later
investigated for immune impairment associated with
CD4+T cell count before and after treatment for VL.
Type 1 and type 2 cytokine pattern in VL cases with
or without HIV infection were also explored by the
peripheral blood mononuclear cells of these patients
compared to HIV cases and healthy controls.
Material & Methods
Screening for HIV: A total number of 1511
consecutive subjects (1127 males, 384 females, age
range 1- >45 yr) were studied at Voluntary
Counselling and Testing Center (VCTC) at Rajendra
Memorial Research Institute of Medical Sciences,
(RMRIMS), Patna, India during a period of one year
(2004-2005). Their demographic details and risk
behavior if any, were recorded. Blood samples
(7.5 ml) were collected from these subjects. Most of
the blood samples were tested immediately while a

few samples were stored at 2-80C in the refrigerator
and tested within 48 h. These samples were tested
by ELISA (Lab System Kit) and Rapid test following
the instructions given by the manufacturers. A
representative number of serologically reactive HIV
positive subjects were immnuphenotyped for CD4+
and CD8+ T-cell count.
Parasitological and immunological investigations:
Among the HIV seropositives, 8 were observed to
be co-infected with Leishmania. These cases
presented with typical signs of kala-azar including
fever, splenomegaly, pancytopenia, and weight loss.
Confirmation of VL infection was done by diagnostic
splenic or bone marrow aspirates. Slides after Giemsa
staining were examined microscopically for parasite
density by logarithmic scale from zero (zero parasite
per one thousand oil immersion field) to +6 (>100
parasite/field) following the methods of Chulay &
Bryceson7. A total of 10 HIV seropositive subjects
along with 5 HIV cases co-infected with Leishmania
were selected for the immunological investigations
before and after completion of treatment for VL. Ten
cases of clinically (fever, hepatosplenomegaly, pallor
etc.), parasitologically (splenic aspiration) and
serologically direct agglutination test (DAT)
confirmed cases of VL and 10 apparently healthy
controls were also studied to compare the level of
immune-competence in co-infection. Immunological
investigations included demonstration of antileishmanial antibody titre by DAT 8. Subsequent
experiments
were
performed
using
immunoflourescent staining for CD4 and CD8 count
and detection of level of interferon-γ (IFNγ) and
interleukin-4 (IL4) cytokines in culture supernatants.
For CD4 and CD8 count, whole blood was collected
in EDTA-containing vacutainer tubes (Becton
Dickinson, Rutherford, USA). The blood was stained
with 20 µl fluorescent BD Tri Test monoclonal
antibodies specific for CD4/CD8/CD3 conjugated to
(FITC), (PE) and per (CP) respectively and incubated
for 30 min at room temperature in a dark area. After
staining, cells were suspended in 450 µl of 1 x Lysing
solution and incubated at room temperature for 10
min in dark. Cells were examined for fluorescence
in a FACS-calibur (BD, San Diego, USA).
Flowcytometry data were evaluated on Cell Quest
software. For cytokine detection, whole blood was
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Treatment: VL patients were treated with
amphotericin B intravenously in the dose of 1 mg/
kg body weight in 5 per cent dextrose slowly over 46 h for 15 injections on alternate days. HIV patients
were treated with anti-retrovirtal therapy
(combination of zidovudine 200 mg, lamivudine 150
mg and nevirapine 200 mg tablets twice daily). HIVVL co-infection patients were treated with a
combination of the above-mentioned drugs.
Results
HIV testing: The common symptoms among the HIVpositive individuals at the time of screening were
gastrointestinal problems associated with genital/
venereal diseases infections, weakness and loss of
appetite.
Of the 1511 samples, 280 (18.53%) were detected
positive with ELISA and/or rapid test. Among the
seopositives, 91 (24%) were females and 189 (17%)
were males. The maximum positivity (17%) was
observed in the age group 15-30 yr followed by 11
per cent in 1-14 yr age group. The characteristic
pattern of CD4+ T cell counts in different categories
of HIV-positive subjects (n=58) was studied by
flowcytometry. These included 35 commercial sex
workers (CSW), 18 spouses, 2 cases of mother-to
child transmission (MTCT) and 1 each of intravenous
drug user (IVDU), sexually transmitted disease
(STD) patient, and homosexual CSW group recorded

a more declined CD4 cell count (<200 per µl) as
compared to other groups. The immunophenotyping,
done for CD4+ cell count in these groups, was part
of an initial screening to support serology.
Co-infection cases: Amongst the 280 HIV
seropositives, eight cases were diagnosed as coinfection cases with VL. There was no significant
difference with respect to duration of illness, spleen/
liver size and Leishman Donovan (LD) grade among
the VL and co-infection cases.
Anti-leishmanial antibody response: The sensitivity
of the DAT was 80 per cent for HIV-positive VL
cases and 100 per cent for the VL cases. Two coinfection cases were shown to have anti-leishmanial
antibody titre below the cut-off level (1 : 800). All
VL cases had antibody titre above the cut-off value.
Cellular immune responses: In blood from 10 healthy
controls, CD4+ cell count was 1099 ± 429.1 (Table).
CD4+ cell count in kala-azar patients was lower
compared to that of controls. The CD4 cell count in
HIV cases alone and a co-infection cases were
somewhat different: a very low cell count was
observed in co-infection cases compared to VL cases
alone, although HIV cases also recorded a much
declined CD4 count compared to both VL and control
groups. Sufficient mononuclear cell samples were
available in a total of 25 samples (5 from co-infection

Th1 & Th2 cytokine ratio

collected in vacutainer tubes containing heparin.
Peripheral blood mononuclear cells (PBMC) were
separated by Ficoll-Hypaque density gradient
centrifugation, washed in phosphate buffered saline,
pH 7.2-7.4 and resuspended in (RPMI) 1640 medium
with 10 per cent foetal calf serum, 100 U/ml of
penicillin and 100 µg/ml of streptomycin. These cells
were cultured in 24-well plate at a concentration of
1x 106 cells/ml and incubated at 370C in a in a water
saturated air atmosphere with 95 per cent humidity,
5 per cent CO2 (CO 2 incubator). The supernatants
after 48 h of infection were tested for the cytokines.
(IFNγ and IL4 level) by ELISA. The ELISA kits used
were purchased from Quantikine R & D
(Minneopolis, USA) for quantitative estimation of
cytokine levels of IL4 and IFNγ.

Fig. Pre-treatment Th1 and Th2 cytokine (IFN-γ/IL4) ratio in
VL cases with or without HIV, compared to HIV cases and
control.
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Table. Detection of anti-leishmanial antibody and cytokine activities in VL cases with or without HIV

Parameters

Control

VL (n=10)

VL with HIV (n=8)

HIV (n=10)

(n=10)

BT

AT

BT

AT

BT

AT

0

10

0

6

6

0

0

CD4µ/µl

1099±429.1

453±265.8

723±190.4

162.33±144.6 180.66±140.9 325.1±254.1

CD8/µl

653±287.6

222±96.8

421±59.0

840.33±295.4

1009±212.1

CD4/CD8 ratio

2.046±1.7

2.153±1.1

1.650±0.5

0.298±0.2

0.202±0.2

Anti L. donovani
Ab (DAT) positive

524.2±359.3

1304.1±683.4 1433.1±830.1
0.230±0.2

0.379±0.2

Values are mean ± SD
*CD4 and CD8 count (per ml of peripheral whole blood) was done by using Tri test antibodies with true count tubes (BD Bio
Sciences, USA) and analysed through Cellquest-software on flowcytometry
BT, before treatment; AT, after treatment

group) for both IFN-γ and IL4. Th1/Th2 ratio become
low in both categories of VL infection as well as in
HIV infection when compared to controls (Fig.). This
reduction was more prominent in co-infection cases
indicative of enhanced immunological disturbances
in this group.
After treatment for VL and co-infection cases,
response pattern as manifested by immunological
parameters was eitirely different. The kala-azar
patients recorded a much higher CD4+ cell count
along with more pronounced IFN-γ dominated Thelper cell response in these patients. The coinfection cases failed to demonstrate any significant
change in the Th2 dominated CD4+ T-cell response
as detected prior to start of anti-leishmanial therapy
in them (Table).
Ten HIV-positive patients started anti-retroviral
treatment and were further evaluated for CD4 count
6 months post-treatment. The CD4 cell count
increased in the patients who started these treatment
regimens. One patient voluntarily interrupted the
treatment, which showed a decrease of CD4 cell
count to <200/µl after 6 months.
Discussion
Morenso et al 9 previously reported that HIV
infection in VL patients usually depresses both
components of the immune responses (humoral and
cell-mediated) of the human host. This is unlike to
VL patients where a high anti-leishmanial antibody
titre is demonstrated8,10. Our study is in agreement

with other reports which suggest that a seizable
proportion of VL patients with HIV co-infection fail
to demonstrate anti-leishmanial antibodies by using
sensitive methods such as DAT, ELISA, indirect
immunofluorescent antibody test (IFAT) 1,11,12. We
recommend that detection of anti-leishmanial
antibodies in VL patients with HIV co-infection may
be done by alternative approaches such as immunoblotting, which has been reported to have acceptable
sensitivity in diagnosis of VL infection in these
patients11,13,14.
As apparent from the present study, the
immunological competence with respect to CD4 cell
count was low in HIV cases. The patients presenting
with kala-azar also recorded a low CD4 count
compared to the control. The cellular immune
response was highly suppressed with more severely
reduced CD4 cell count in co-infection cases. Several
reports suggest that visceral infection with
Leishmania
is
marked
by
profound
immunosuppression and that preferential expansion
of either one of the two subsets of CD4+ T cells,
Th1 (IFN-γ and IL2 releasing cells) or Th2 (IL4, IL5
and IL10) dictate the outcome of leishmanial
infection15-19. Among these cytokines IFN-γ usually
produced by CD4 cells is key mediator given its
ability to promote cellular immune activation in
human VL patients20. However, studies to examine
the role of this cytokine are relatively scarce in coinfection cases. Our study showed that the disease
in VL cases without HIV was associated with much
profound expansion of IL4 mediated Th2 cytokine
response. A similar IL4 dominated Th2 cytokine
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response was also seen in HIV infected individuals
and even in cases with Leishmania infection among
HIV co-infected subjects. This shift from a TH1 to
Th2 cytokine pattern was accompanied with CD4+
cells impairment. Interestingly, we recorded more
progressive depletion of CD4+ cells in VL patients
with co-infection. These co-infection cases released
very high IL4 compared to VL cases. Thus, it appears
that IL4 plays an important role not only in VL cases
with or without HIV infection but also during the
course of HIV infection. Mayanja-Kizza et al 21
reported increased rate of spontaneous and antigen
induced apoptosis in T-cells. The inhibition of IFNγ in HIV patients as shown in the present study might
be because of tumour necrosis factor (TNF) that has
shown to provide an important signal for the
apoptosis of activated CD4 T-lymphocytes 22. It is
tempting to speculate that leishmanial infection was
facilitated by limited immunological control by
severe reduction of T-helper cells during the coinfection. These results imply that VL in HIV positive
subjects may be the consequence of a re-activation
of a latent infection. We hypothesize that Leishmania
might be serving as an important co-factor in the
progression of HIV related diseases in VL endemic
areas.
Anti-leishmanial drug treatment led to
significant rise in the CD4 count with IFN-γ
dominated cell response in the VL cases. HIV cases
after treatment for 6 months were also shown to
have high CD4 cell count with some improvement
in the cytokine pattern. These HIV cases if followed
up further, might give information on the time
period during which CD3, CD4 and CD8 cell count
would suddenly drop down making a complete
immunological collapse despite the best use of
therapy. It was also shown that prolonged antileishmanial treatment in co-infection cases did not
favour a shift from a Th2 to a Th1 response. We
used sodium stibogluconate and amphotericin B for
treating these co-infection cases. Possibly, some
endogenous cytokine production might be
mandatory for these drugs to function optimally in
such cases. More advanced highly active antiretroviral drugs, if given in combination can
accelerate the efficacy of these drugs in the coinfection cases.
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Leishmania donovani, the causative organism of visceral leishmaniasis (VL) is one of the deadliest
of the entire known Leishmania species. This protozoan parasite displays immense adaptability to
survive under extremely harsh conditions. Cell surface glycoconjugates play a pivotal role in parasite
virulence and infectivity. This review mainly highlights on the importance of these molecules and
their reported roles with special emphasis on L. donovani sialobiology. The recently evolved
information reported by our group regarding the identification and characterization of sialoglycans
and their possible mode(s) of acquisition as also the detailed identification, characterization of
anti-O-acetylated sialic acid (anti-OAcSA) antibodies and their emerging biological roles, notably
as molecules that may aid in host defense against the pathogen has been vividly discussed in this
review.

Key words Anti-O-acetylated sialic acid antibodies - complement pathway - Leishmania donovani - lipophosphoglycan - O-acetylated
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Leishmaniasis is endemic in about 88 countries and
is responsible for the annual loss of 2.4 million disability
adjusted life-years and over 59,000 deaths1. The visceral
form of the disease is mainly caused by Leishmania
donovani, L. chagasi, or L. infantum, and 500,000 new
cases of visceral leishmaniasis (VL) occur each year2.
Approximately 50 per cent of the world’s cases of VL
occur in the Indian subcontinent, and about 90 per cent
of Indian patients with VL live in Bihar3.

whether such interactions could be exploited to target
parasite death.
Leishmania parasites while shuttling between
intermediate carriers and vertebrate hosts encounter
extremely harsh conditions and their survival
strategies are designed to keep invaders at bay.
Their survival strategies frequently involve the
participation of glycoconjugates that form a
protective barrier against hostile environment. In fact,
a common feature of parasite cell surface architecture
is the presence of an elaborate and highly decorative
glycocalyx that allows the parasite to interact with
and respond to its external environment. Cell
membrane bound carbohydrates and sugars play a
key role in parasite survival and proliferation. Most

Considering the wide global distribution and
consequent burden of leishmaniasis, research efforts
are presently being directed towards discovering
novel molecular determinants on the parasite surface.
These molecules may help us in gaining an insight
into their role in host pathogen interaction as also
203

204

INDIAN J MED RES, MARCH 2006

of these specialized molecules are members of a
family of phosphoglycans while others are a family
of glycoinositol phosholipids 4.
Glycoconjugates of Leishmania donovani
Throughout their life cycle, Leishmania survive
and proliferate in highly hostile environments and
have evolved special mechanisms that enable them
to endure these adverse conditions. To protect
themselves from such harsh conditions one of
the adaptive mechanisms includes the production
of a dense cell surface glycocalyx composed of
lipophosphoglycan (LPG), glycosylinositol
phospholipids, or GIPLs 5,6 and secreted
glycoconjugates, proteophosphoglycan (PPG)7-9, and
secreted acid phosphatase (sAP)10-12.
Lipophosphoglycan (LPG)
The cell surface of leishmania promastigotes
predominantly comprises of LPGs. It is localized
over the entire parasite surface, including the
flagellum. Found in all species of Leishmania that
infect humans, it is composed of four domains, (i) a
1-O-alkyl-2-lyso-phosphatidyl(myo)inositol lipid
anchor, (ii) a glycan core, (iii) Gal(b1,4) Man (a1)PO 4 backbone repeat units, and (iv) an
oligosaccharide cap structure 13,14. Structural analysis
of LPG from different species has revealed complete
conservation of the lipid anchor, the glycan core, and
the Gal (β1, 4) Man (α1)-PO 4 backbone of repeat
units. The distinguishing features of LPG are in the
variations in the carbohydrate chains that branch off
the main backbone and in the cap structures15. The
C3 hydroxyl of the repeat unit Gal is the site of most
side chain modifications. The LPG of L. donovani
from Sudan does not possess any side chains, whereas
the L. donovani LPG from India possesses one to two
β-Glc every four to five repeat units 16 . The most
common L. donovani cap is the branched
trisaccharide Gal (β1,4) [Man (α1,2)] Man (α1).
LPG serves as the ligand for binding to lectins in
the sandfly midgut, and thus structural variations
correlate with infectivity and transmission by various
sandfly species. Structural modifications are
observed as the parasite progresses through various

life stages. L. donovani attaches to its natural sandfly
vector’s midgut via the LPG cap structure, which
terminates in a b-linked Gal and a-linked Man.
Although both are required for binding, there is no
information on the putative receptor or lectin. As the
procyclic promastigotes undergo metacyclogenesis,
the number of repeat units doubles from
approximately 15 to 3017. This is believed to result
in a conformational change that masks the terminal
cap sequence and thus allows the parasite to detach
from the midgut and migrate anteriorly.
The number of LPG molecules expressed by
the intracellular amastigotes is substantially
downregulated. A number of functions have been
implicated for LPG in the mammalian host. In the
blood stream, LPG prevents complement-mediated
lysis by preventing insertion of the C5b-9 membrane
attack complex into the promastigote membrane. It
serves as a ligand for receptor-mediated endocytosis
by the macrophage via complement receptors as well
as the mannose receptor. Inside the macrophage LPG
inhibits protein kinase C and the microbicidal
oxidative burst as well as phagosome-endosome
fusion14 (Table I).
GIPLs
The GIPLs are a major family of low molecular
weight glycolipids synthesized by Leishmania
parasites, which are not attached to either proteins
or polysaccharides 18-20,4 . These are expressed in
very high copy numbers, approximately 107 copies
per cell on both promastigote and amastigote
surfaces. There are three major lineages of GIPLs
that are expressed to different levels in different
species or developmental stages. Based on the
pattern of their glycan head groups they are
classified as type I (analogous to protein GPI
anchors and based on the structure Manα1,6
Manα1,4GlcNα1,6-PI), type II (analogous to LPG
anchors and based on the structure
Manα 1,3Manα 1,4GlcN α1,6-PI), or hybrid
(contains features of both and based on the
Manα1,6(Manα1,3)Manα1,4GlcNα1,6-PI motif).
The lipid components of the hybrid and type I
GIPLs are rich in alkyl-acyl-PI with shorter
(C18:0) alkyl chains. The type II GIPLs are more
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Table I. Major glycoconjugates of Leishmania donovani: occurrence and possible biological roles
Glycoconjugates

Promastigote

Amastigote

References

Number of LPG molecules bear
direct correlation with infectivity,
during metacyclogenesis the
carbohydrate repeat units doubles
from approx 15 to 30. LPG prevents
complement-mediated lysis of the
promastigote and serves as a ligand
for receptor-mediated endocytosis by
the macrophage

Number of LPG down-regulated.
LPG of amastigotes inhibits
protein kinase C and the
microbicidal oxidative burst as
well as phagosome-endosome
fusion

13, 14, 17

GIPLs
(Protein free glycolipids)

Present.
Have a role in macrophage invasion

Major constituents of the
4, 18, 19,
amastigote surface.
20, 21, 22,
Involved in modulating signaling
23, 24, 25
events in the macrophage such as
NO synthesis and the oxidative burst.

gp63
(Glycoprotein, zinc
metalloprotease)

Major cell surface glycoprotein found
on entire surface. Serves as a ligand for
the macrophage receptor via complement
components protect against complement
mediated lysis.Proteolytically cleaves
host macromolecules

Expressed in lower level found in
the flagellar pocket

26, 27, 28,
29

sAP (glycosylated proteins)

Secreted from the flagella

Not reported

7, 8, 10, 30,
31, 32

PPG
(Proteophosphoglycans)

GPI-anchored cell associated
filamentous form termed mPPG The
gel-like matrix, formed by these
interlocking filaments, traps the
parasites in the sandfly anterior gut

Secrete their own non filamentous
form termed aPPG.aPPG is believed
to contribute to the formation of the
parasitophorous vacuole, thus
participating in the maintenance of
infection.Activate the complement
system via the mannose-binding
pathway

8, 9, 11, 32,
33, 34, 35,
36

Phosphoglycan
(hydrophilic phosphoglycan
consisting of capped
oligosaccharide repeat units
but minus the GPI anchor and
the glycan core

Present function not yet defined.

Not reported

13

Sialoglycans
(sialic acid derivatives)

Sialic acid derivatives present, but
Neu 5Gc absent the O acetylated forms
activate the classical complement
pathway.

Sialic acid derivatives present.
Neu5Gc present. Role not yet
known.

37, 38, 68

LPG
(Structure composed of
phosphatidyl(myo)inositol lipid
anchor, glycan core,
Gal(β1,4)Man(α1)-PO 4
backbone repeat units
oligosaccharide cap structure)

LPG, lipophosphoglycans; GIPLs, glycosylinositol phospholipids; gp63, glycoprotein63; sAP, secreted acid phosphatase;
GPI,glycosylphosphatidylinositol

heterogeneous and contain longer alkyl chains
(C24:0 or C26:0).
Not much is known about the functions of the
GIPLs. The use of the mannose receptor in parasite
attachment to the macrophage suggests that the

mannose-rich GIPLs may play a role in macrophage
invasion. Because the levels of LPG and the major
promastigote surface protease, gp63, are dramatically
downregulated, the GIPLs are the major constituents
of the amastigote surface and are presumably
involved in protecting the parasite from
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environmental hazards as well as playing some role
in parasite-host interactions, especially in the
mammalian stage. In fact, there is evidence that
GIPLs are involved in modulating signaling events
in the macrophage such as NO synthesis and the
oxidative burst21-24. There are recent data to show that
enzymes involved in glycosylphosphatidylinositols
(GPI) biosynthesis are essential for parasite
virulence 25 , thus emphasizing the importance of
protein-free GPI glycolipids in parasite viability.
gp63
gp63 is the major cell surface glycoprotein of
Leishmania promastigotes with 500,000 copies per cell
and accounting for 1 per cent of all cellular proteins.
In amastigotes gp63 is expressed to a lower level, and
the bulk of it is found in the flagellar pocket as opposed
to covering the entire surface, as in promastigotes26.
It is a 63-kDa zinc metalloprotease and is anchored to
the cell surface via a myristic acid containing gpI
anchor. The amastigote gp63 subpopulation found in
the flagellar pocket lacks a membrane anchor. The
crystal structure has been solved and found to contain
an active site structural motif found in other zinc
proteases that may aid design of specific inhibitors27.
Primary sequence analysis has shown that gp63
contains three potential glycosylation sites 28. The
glycans are biantennary high mannose-type, and some
bear a terminal Glc in α1,3 linkage. The two major
structures found in all promastigote species examined
are Man 6 GlcNAc 2 and GlcMan 6 GlcNAc 2 . In
amastigotes the structures are more variable, and in
L. donovani there appear to be no N-linked glycans.
The presence of terminal Glc in the gp63 glycan is
highly unusual with respect to oligomannose structures
found in glycoproteins. Whether the stage-specific
changes in glycan structure affect parasite infectivity
and development is unknown.
The importance of gp63 in parasite life cycle is
not well defined. gp63 has been shown to be
proteolytically active against a number of substrates
and thus may be involved in degradation of host
macromolecules. It may also serve as a ligand for
the macrophage receptor via complement components
and protect the parasite against complement mediated
lysis 29.

Secreted glycoconjugates
In addition to cell surface LPG and GIPLs,
Leishmania secrete a family of heavily glycosylated
proteins and proteoglycans that are important for
parasite virulence. Most of these express glycans that
are similar in structure to those found on LPG, notably
the Gal-Man-PO4 repeat unit motif. The structural
features of secreted acid phosphatase, phosphoglycan
and proteophosphoglycan are briefly outlined below30.
sAP: With the exception of L. major, all Leishmania
promastigotes secrete sAP from the flagellar pocket,
their chief secretory organelle 10,31,32. The secreted
glycoproteins and proteoglycans tend to form distinct
macromolecular complexes found both in the
flagellar pocket as well as the culture media. Old
World species, such as L. donovani, L. tropica, and
L. aethiopica secrete mono- or oligomeric sAPs,
whereas the South American species, such as
L. mexicana, L. braziliensis, and L. amazonensis
secrete sAPs that aggregate into large pearl-like
filamentous polymers7,8,30. The sAPs are encoded by
multiple genes that have very high levels of sequence
identity, even within different species. The
L. donovani sAP peptides are heavily glycosylated
on C-terminal serine/threonine-rich domains. The
glycans are phosphodiester-linked to serine residues
and commonly consist of the 6Gal(β1,4)Man
(α1-)PO 4 repeat units found on LPG. The average
number of repeat units is 32. The target sites of
phosphoglycosylation are not random, rather, they are
composed of repetitive motifs, with modifications
on select serine residues.
PPG
Proteophosphoglycans (PPG) identified to date in
promastigotes include filamentous PPG or fPPG and
a putative GPI-anchored cell-associated form or
mPPG 8,11,32 . Amastigotes secrete their own
nonfilamentous and stage-specific form termed
aPPG 33. The filamentous form, fPPG, is secreted by
promastigotes of all Leishmania species and forms a
highly viscous mesh within which the parasites lie
embedded. Compositionally fPPG consists of 95 per
cent phosphoglycans, with an abundance of serine,
alanine, and proline in the peptide component. Over
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80-90 per cent of the serine residues are
phosphoglycosylated with short Gal-Man-PO 4
repeats attached via phosphodiester bonds, which are
terminated by small oligosaccharide cap structures 9.
Although there is no direct evidence for the function
of fPPG, it is believed that the gel-like matrix, formed
by the interlocking filaments, traps the parasites in
the sandfly anterior gut. Further, it has been
hypothesized that the presence of the parasite plug
deters the ingestion of a second blood meal, thereby
encouraging the sandfly to probe several hosts and
in the process improve the chances of transmission 34.
Within the macrophage, aPPG is believed to
contribute to the formation of the parasitophorous
vacuole, thus participating in the maintenance of
infection in the mammalian host35,36. Amastigote PPG
is believed to activate the complement system via the
mannose-binding pathway by virtue of the large
number of potential mannose-binding lectin-binding
sites. There is also evidence that PPG may contribute
to the binding of Leishmania to host cells and may
play a role in modulating the biology of the infected
macrophage at the early stage of infection.
Phosphoglycan
Culture supernatants of Leishmania promastigotes
contain a hydrophilic phosphoglycan consisting of
capped oligosaccharide repeat units identical to those
found on LPG, but minus the GPI anchor and the
glycan core13. The structure precludes the possibility
of phosphatidylinositol-specific phospholipase C (PIPLC)-mediated release from LPG, rather it is thought
to have been released from the flagellar pocket via
exocytosis.
Sialoglycans on L. donovani
The topography of Leishmania parasites with
regard to their sialoglycan profile remains a poorly
investigated area and it is only recently that the status
of sialoglycans on L. donovani promastigotes as well
as amastigotes has been reported from our
laboratory 37,38.
Sialic acids typically present as terminal residues
on glycoproteins and glycolipids are known to play
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a significant role in the mediation of many biological
phenomena involving cell-cell and cell-matrix
interactions by either reacting with specific surface
receptors or masking other carbohydrate recognition
sites39,40.
Sialic acids are a structurally complex family of
nine-carbon polyhydroxy amino ketoacid of N- and
O-substituted derivatives of neuraminic acid, a
monosaccharide commonly referred to as Nacetylneuraminic acid or Neu5Ac 41. It is the most
abundantly available monosaccharide present as the
terminal residue of cell surface sugar chains. Its
strategic terminal position provides it accessibility,
reflected in its regulation of a multitude of cellular
and molecular interactions 39 . Over 50 different
modifications of sialic acid are generated following
substitution of the amino group by an acetyl or
glycolyl group and one or more hydroxyl groups by
methylation or esterification with acetyl, lactyl,
sulphate or phosphate groups40.
However, the most frequently occurring
modification (over 18) is O-acetylation at position
C-7/8/9 to form N-acetyl-7/8/9-O-acetylneuraminic
acid respectively generating a family of O-acetylated
sialoglycoconjugates or O-AcSGs41.
To address the status of sialoglycans on the
protozoa, several analytical, biochemical and
Immunological methods were performed in our
laboratory. Interestingly, The chromatogram of the
parasite promastigote exhibited well-resolved peaks
that coincided with that of sialic acid and one, comigrating with 9-Oacetylated sialic acid, which
resembles 7.7 per cent of total sialic acids. The cells
contained about 800 ng of sialic acid in 2 x 10 9 cells
corresponding to 7 x 105 molecules of sialic acid per
cell (Table II). The total amount of sialic acids and
derivative quantified on the amastigotes was 658 ng/
1.6x109 cells of which the majority is only sialic acid
corresponding to 385ng. The number of copies of
sialic acid residues per cell was thus found to be
12.8 x 105. This data were further confirmed with
mass spectrometry analysis of trimethylester
derivatives of the parasite promastigote sample, sialic
acid was clearly detected in the parasite as evident
from the mass fragmentography of sialic acid having
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Table II. Quantitative analysis of sialic acids on Leishmania
donovani by high pressure liquid chromatography (HPLC)
analysis
Derivative

Promastigotes*
9

ng/2x10 cells
Number of sialic
acid molecules/
cells
7x10 5
Neu5Gc
Could not be
detected
Neu5Ac
800
Neu5Gc9Ac
Could not be
detected
Neu5Ac9Ac
7.7 per cent of total
sialic acid

Amastigotes**
ng/1.6x109 cells

12.8x10 5
175
385
12
4

*Adapted from Chatterjee et al, Glycobiology, 2003 (Ref. 37)
**Adapted from Chava et al, J Biol Chem, 2004 (Ref. 38)

fragment ions (m/z) at 668, 624, 478, 400, 317, and
298, respectively37. Mass spectrometric analysis also
confirmed the presence of sialic acids on amastigotes
by mass fragmentography, principally being sialic
acid and Neu5Gc showing fragment ions (m/z).
Although the presence of Neu5Ac and Neu5Gc
was detectable on L. donovani amastigotes both by
HPLC and mass spectroscopy, Neu5Gc was not
observed on promastigotes by similar analysis 37 .
Although Neu5Gc is a major sialic acid derivative
in most mammals (including our closest evolutionary
relatives, the great apes 42), it is thought to be absent
in healthy humans 43 . Considering the wide
differences in Neu5Gc expression in certain parasitic
diseases44, it is important to check the status of this
sugar and its functional relevance in L. donovani;
such studies are ongoing. HPLC analysis also
demonstrated that amastigotes have a 2.0 fold higher
copy number of Neu5Ac than promastigotes 38
(Fig. 1).
The surface density of sialoglycoconjugates present
on L. donovani promastigotes was examined further
by flow cytometric analysis using two sialic acidbinding plant lectins, Sambucus nigra agglutinin
(SNA) and Maackia amurensis agglutinin (MAA), that
recognize α2-6 and α2-3 sialylgalactosyl residues,
respectively 45,46. Low binding with MAA and high
amounts of SNA binding indicated the predominance

Fig. 1. Fluorimetric high performance liquid chromatography
(HPLC) analysis of sialic acid (Neu5Ac) and its derivatives on
Leishmania donovani promastigotes and amastigotes.
[Reproduced from (Ref. 37 & 38) with permission of the
publishers, Oxford University Press and Walter de Gruyter
GmbH & Co press].

of α2-6 linked sialylglycotopes on the parasite
promastigote. Corroborative evidence for the presence
of α 2-3 and α2-6 linked sialoglycans on the
L. donovani promastigotes was provided further by
the binding of various recombinant sialic acid binding
lectins (Siglecs). Siglecs, members of the
immunoglobulin superfamily, bind to sialic acids and
are mainly expressed by cells of the haematopoietic
system 47. Although the binding pattern appeared
complex, most Siglecs tested showed some degree of
binding (Table III). Siglecs exhibit widely differing
preferences for sialic acid linkage to subterminal
sugars. For example, CD22/Siglec-2 binds only to
α2-6-linked sialic acids, whereas sialoadhesin/Siglec1 prefers α2-3-linked sialic acids and Siglec-5 binds
both linkages. The presence of α2-6 linked sialic acids
on the parasite cell surface was consistent with their
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Table III. Lectin binding patterns of Leishmania donovani
Probe

Linkage specificity

SNA

α 2-6

MAA

α 2-3

Achatinin-H
Siglec-1
Siglec-2
Siglec-5
Siglec-7
Siglec-8
Siglec-10

9-OAcSA α 2-6 GalNAc
α 2-3 > α 2-6
α 2-6 >> α 2-3
α 2-3 = α 2-6
α 2-6 > α 2-3
α 2-3
α 2-3 = α 2-6

Occurrence

Binding (%)

Sambucus nigra agglutinin
(SNA)
Maackia amurensis
agglutinin (MAA)
Achatina fulica snail
Macrophage
B cell
Neutrophils, myeloid cells
NKcells, monocytes
Eosinophils
Myeloid cells

Promastigotes

Amastigotes

72.0 ± 14.3

87.7 ± 6.5

41.0 ± 6.3

27.24 ± 3.4

44.3 ± 3.4
17.3 ± 3.7
50.5 ± 11.4
31.4 ± 3.7
19.0 ± 4.3
28.65 ± 4.2
32.5 ± 1.5

49.3 ± 4.5
48.0 ± 2.7
54.0 ± 3.5
60.0 ± 2.6
61.0 ± 3.1
65.0 ± 3.7
40.0 ± 2.2

Mean ± SD of positive cells as determined by flow activated cell sorter (FACS) analysis using sialic acid binding probes
Adapted from Chava et al, J Biol Chem, 2004 (Ref. 38)
NK, natural killer

binding to Siglec-2/CD22, known to require sialic
acids α2 α6 linked to Galb1 a 4GlcNAc sequences
for recognition48. Further, the lower binding with
Siglec-1 and Siglec-8 that prefer α2-3-linked sialic
acids points toward the predominance of α2-6 linked
sialic acids. Taken together, these results support the
idea that sialic acids, both α2-3 and α2-6 linked, are
present on Leishmania promastigotes.
A similar pattern of binding was also observed
with Leishmania amastigotes. In general, the binding
of siglecs was 2-3 fold higher in amastigotes than
promastigotes. More importantly, siglec 1 which is
abundantly present on macrophages showed an
almost three-fold higher binding with amastigotes
than promastigotes. It remains to be investigated
whether these sialoglycans are playing a major role
in the infectivity and intracellular survival of the
parasite.
Molecular characterization of sialoglycans
present on the promastigote parasite surface, was
examined by their reactivity towards two plant
lectins, SNA and MAA by western blotting. Using
SNA, the presence of three sialoglycoproteins
corresponding to 123, 90, and 70 kDa were
identified on parasite membranes. As compared to
90 and 70 kDa, the expression of 123 kDa was much
weaker. In case of MAA, five sialoglycans were
identified that corresponded to 130, 117, 106, 70,
and 61 kDa37 (Fig. 2A).

Western blotting of amastigote membrane
glycoproteins with SNA demonstrated the presence
of two sialoglycoconjugates 164 kDa and 150 kDa.
Similarly, binding of MAA demonstrated the
presence of five distinct sialoglycans corresponding
to molecular masses of 188, 162, 136, 137 and 124
kDa. Interestingly, the sialoglycans adsorbed from
serum onto promastigotes are different from those
present on amastigotes. This raises the possibility that
during transformation to the amastigote form,
parasites acquire a new array of sialoglycans onto
their surface (Fig. 2B).
Futher, to examine the possible presence of
O-Acetylated derivative of sialic acid on the cell
surface of L. donovani promastigotes and amastigotes
Achatinin-H, a snail lectin with defined specificity
towards 9-O-AcSA, was used as a probe. The
selective binding of Achatinin-H with promastigotes
was observed through agglutination, enzyme linked
immunosorbant assay as also by flow cytometric
analysis (Fig. 3). The presence of 9-O-acetylated
determinants on L. donovani promastigotes was also
confirmed using the CD60b-specific monoclonal
antibody UM4D4, whose epitope has been, defined
as 9-O-acetylated ganglioside GD3 and related
structures49.
To further characterize the O-acetylated
sialoglycoproteins present on L. donovani
promastigote membranes, western blotting was
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Fig. 2. Flow cytometric analysis of cell surface sialoglycans on
Leishmania donovani promastigotes (A) using Achatinin-H
before (light gray dashed line) and after esterase treatment (bold
line) as compared to control (solid thin blak line) and
amastigotes (B) control vs using Achatinin-H before and after
esterase treatment.
[Reproduced from (Ref. 37 & 38) with permission of the
publishers, Oxford University Press and Walter de Gruyter
GmbH & Co press].

performed. Achatinin-H bound to two O-acetylated
sialoglycoproteins corresponding to 123 and 109
kDa. Similarly, two O-acetylated sialoglycoproteins
corresponding to 164 and 150 kDa could be detected
on the amastigote cell surface upon blotting with
Achatinin-H37,38 (Fig. 2A, B).
Biosynthetic pathways of glycoconjugates
Leishmania synthesize a range of mannose-rich
glycoconjugates that form the cell surface
glycocalyx or are secreted. These glycoconjugates
comprise GPI-anchored glycoproteins, the GPIanchored
lipophosphoglycan,
the
glycoinositolphospholipids (GIPLs) and the PPGs
described above. Biosynthesis of all these
macromolecules depends directly or indirectly on
the availability of GDP-mannose. As mentioned

Fig. 3. Western blot analysis of sialoglycoproteins present
on Leishmania donovani (A) Molecular characterization of
sialoglycoproteins present on L. donovani promastigotes were
electrophoresed (7.5% SDS PAGE) and following transfer
onto nitrocellulose membranes were incubated with SNA
(lane 1) or MAA (lane 3) or Achatinin-H (lane 5). Similarly
Western blot was carried out to demonstrate the binding of
SNA (lane 2), MAA (lane 4) and Achatinin-H (lane 6) to
medium M199 containing 10 per cent fetal calf serum. (B)
Amastigote membrane was electrophoresed (10%SDS PAGE)
and transferred onto nitrocellulose. The membranes were
incubated with MAA (lane 1) or SNA (lane 2) or AchatininH (lane 3). [Reproduced from (Ref. 37 & 38) with permission
of the publishers, Oxford University Press and Walter de
Gruyter GmbH & Co press].

above, several of these molecules are considered
virulence factors, and parasites lacking them cannot
survive in macrophages or mice.
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A prerequisite for the biosynthesis of
glycoconjugates in Leishmania, like in other
eukaryotes, is the conversion of monosaccharides to
activated sugar nucleotides and dolicholphosphate
derivatives. The activation of mannose involves
phosphomannomutase
(PMM),
GDP-Man
pyrophosphorylase
(GDP-MP)
and
dolicholphosphate-Man synthase (DPMS). GDP-MP
is a critical enzyme in the mannose biosynthetic
pathway. The consecutive action of PMM and GDPMP transforms Man-6-PO 4 to GDP-Man which is
essential for glycoconjugate synthesis in eukaryotes.
The gene encoding GDP-MP is a single copy gene
expressed in both parasite life cycle stages. Deletion
of the GDP-MP leads to the loss of virulence as
reflected by survival in macrophages or mice.
The first distinct step in GPI biosynthesis is the
generation
of
N-acetylglucosaminylphosphatidylinositol (GlcNAc-PI) from UDPGlcNAc and specific PI substrate (different PI pools
are used for GPI anchor, LPG and GIPLs pathway in
the parasite) catalyzed by the GPI-N-GlcNActransferase (GPI-GnT), the GlcNAc-PI is then Ndeacylated
to
form
glucosaminyl
phosphatidylinositol (GlcN-PI). This has been
proposed that the synthesis of GlcN-PI occurs on the
cytoplasmic side of endoplasmic reticulum (ER) and
then these intermediate GlcN-PI and/or GlcN-acylPI translocate to the luminal side (mediated by a
putative “flippase”) where first three mannosyl
residues are transferred from Dol-P-Man50.
The most striking feature of LPG structure is the
variable phosphoglycan (PG) domain composed of
[6-Gal (β1, 4) Man (1α-PO4) repeats linked together
by phosphodiester groups. The PG repeats are
signature motif of phosphoglycan family of
molecules expressed both in the promastigote (lipid
linked phosphoglycan such as LPG) and amastigote
(protein linked phosphoglycan PPG) phase of the
parasite. The biosynthesis of PG repeats occurs inside
the golgi (after the pre-assembled GPI core is
translocated from ER to golgi) and involve a set of
putative initiating and elongating Man-1α-PO 4 transferases (iMPT and eMPT respectively). These
MPTs are unique to Leishmania parasite and are
capable of transferring intact Man-a-phosphate (and
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not just the Man) from the GDP-Man nucleotide
sugar donor. Interestingly a unique GDP-Man
transporter (GMP antiporter) has recently been
identified in Leishmania golgi vesicles 51 . The
biosynthetic assembly and trafficking of PG repeats
and involvement of unique MPTs and GDP-Mantransporter are interesting target for synthesis,
conformation and inhibitor design51,52.
Detection of these sialic acids raises the obvious
question regarding the mechanism(s) adopted by the
parasite to acquire these terminal sugar molecules.
No biosynthetic machinery for sialic acid has been
elucidated in Trypanosoma parasites possessing sialic
acids on their cell surface53. Barring a few bacteria,
biosynthesis of sialic acids is restricted to
multicellular organisms, the key enzyme being UDPGlcNAc 2-epimerase, which catalyzes the first step
of this pathway and shows a strong feedback
inhibition54. Therefore, it follows that, if L. donovani
should have its own sialic acid biosynthesis,
expression of UDP-GlcNAc 2-epimerase activity
would be necessary. The accumulated data from our
laboratory clearly showed that L. donovani has no
UDP-GlcNAc 2-epimerase activity and consequently
does not possess a machinery for sialic acid
biosynthesis37. Trypanosomal parasites possess transsialidases, which enable them to transfer
glycosidically linked sialic acids from the
environment (e.g., serum sialoglycoconjugates onto
parasite surface molecules) 55 . However, among
Leishmania species, the presence of such transsialidases has not been demonstrated56. The presence
of serum trans-sialidases is still a matter of debate,
and it would be interesting to analyze whether such
trans-sialidases are operative in leishmaniasis,
accounting for parasite sialylation. Alternatively,
another approach that the parasite might well utilize
is ecto-sialyl transferases or serum sialyl transferases
that would catalyze the transfer of sialic acid from
the nucleotide sugar donor CMP-sialic acid onto
acceptor glycoconjugates 57 . However, such
enzymatic reactions would require the presence of
CMP-sialic acid, whose presence in serum of VL
patients is yet to be substantiated. Another option
that the parasite may adopt is to acquire sialic acid
from the growth medium either by transglycosylation
or by incorporation of serum components to the
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parasite polyanionic lipophosphoglycan, LPG/
proteophosphoglycan- rich cell surface58,59. However,
this maybe ruled out because the Western blotting
showed discrete glycoprotein bands and not a smear
(10 to 60 kDa) characteristic of lipophosphoglycan 60.
Parasitologists are limited by lack of availability of
genomic data on protozoa, and therefore the search
for genes possibly involved in the biosynthesis,
activation or transfer of sialic acids in protozoa still
remains unanswered40. Our studies indicate that there
is a direct transfer, that is, adsorption of certain
sialoglycoproteins from culture medium onto the
parasite surface, as binding of SNA and MAA to
parasite membranes and culture medium
demonstrated the presence of analogous
sialoglycans 37 . This was reconfirmed with the
decreased binding of SNA and MAA to parasites
when cultured in decreasing concentrations of FCS.
Our investigations therefore demonstrate that the
parasite is “borrowing” sialoglycans from the culture
medium through simple adsorption to possibly
compensate for the deficient sialic acid 37. It may be
speculated that incorporation of serum
sialoglycoconjugates onto the parasite surface might
be related to the membrane architecture, and they
are accordingly adsorbed under different stimuli or
stress conditions 57. However, what remains to be
investigated is whether these adsorbed components
of FCS are transferred wholly or partially following
fragmentation by cellular enzymes or are degraded
otherwise.
Humoral responses of glycoconjugates of
L. donovani
Carbohydrate epitopes in parasitic infections are
also known to produce profound humoral response
in the host. The overall importance of glycanspecific antibodies in protection against infection
or in the pathological nature of the infection is still
not clear, and only a relatively modest amount of
information is available about specific structures
or expression of relevant glycan antigens. This
section of the review highlights some of attempts
made from our laboratory in discovering antibodies
directed against these sialoglycotopes which can
cause complement mediated death of the
Leishmania promastigote.

Antibodies directed against sialoglycans, their
importance and role
Antibodies directed against carbohydrate epitopes
are reported to be present in the human host in high
titres. VL patients contain elevated levels of IgM and
IgG antibodies directed against 9-Oacetylated
sialoglycoconjugates (9-O-AcSG) 61. These affinity
purified antibodies bound to 9-OAcSGs epitopes of
L. donovani promastigotes as detected through
Immunoflurescence microscopy. Remarkably,
immunofluorescence microscopic analysis revealed
a strong binding of this purified IgM with the cytosol
of L. donovani promastigotes. This binding appears
to be specific, because Achatinin-H, a snail lectin
with binding specificity toward 9- O-AcSA
a2,6GalNAc, also bound to promastigote cytosolic
glycotopes, and the binding of anti-O-AcSGIgM is
decreased after preincubation with Achatinin-H 61
(Fig. 4). Because these purified anti-O-AcSG
antibodies showed significant binding to L. donovani
promastigotes, the biological relevance of these
disease-specific antibodies was next investigated. As
it is known that enhanced levels of O-AcSA
glycotopes can be correlated with an increased
sensitivity towards complement lysis. Therefore, the
biological relevance of these antibodies, with regard
to activation of the classical complement pathway
(CP), was investigated 62.
The disease process of leishmaniasis is initiated
by promastigote inoculation into the host
macrophage62, whereby the host defense responds by
activating its complement system, culminating in
cleavage of the third complement component (C3)
and followed, ultimately, by the lytic pathway63-65.
This promastigote-C3 opsonization is mediated
mainly by 3 pathways—namely, the classical
pathway (CP), the alternate pathway (AP), and the
lectin-mediated pathway, leading to the formation
of a cytolytic membrane attack complex (C5b-9). The
involvement of anti-leishmanial IgM, a complement
activator minimally present in normal human serum
(NHS), causes parasite agglutination, CP activation,
and parasite killing66,67, Additionally, parasite-specific
IgG induces lysis of Leishmania and Trypanosoma
organisms 67 . Anti-O-AcSGs, even under normal
physiological conditions, could trigger CP mediated
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Fig. 4. Fluorescence microscopic analysis of anti-OAcSG IgM binding to Leishmania donovani promastigote. (Panel 1) Represents
binding of anti-O-AcSG IgM with L. donovani. A, Red fluorescence represents DNA binding. B, Green fluorescence represents antiO-AcSG binding. C, The merged image represents the localization of anti-O-AcSG binding in promastigotes. D, Represents the
differential interference contrast (DIC) image of the cells in view. (Panel 2) Control set for anti-OAcSG binding. Cells were preincubated
with Achatinin-H, whose lectinogenic glycotope has been previously defined as 9-O-AcSA, linked to subterminal GalNAc through
an α2-6 linkage, followed by addition of FITC-labeled anti-O-AcSG. The (E) red and (F) green fluorescence represents DNA and
anti-O-AcSA binding, respectively. G, The merged image represents the localization of anti-O-AcSA binding in promastigotes. (H)
represents the DIC image. (Panel 3) Represents binding of Achatinin-H with L. donovani. I, Red and (J) green fluorescence represents
DNA and Achatinin-H binding. K, The merged image represents the localization of binding of Achatinin-H in promastigotes. L,
Represents the DIC image. (Panel 4) The control set for Achatinin-H binding. M, Red and (N) green fluorescence represents DNA
binding and Achatinin-H binding. O, The merged image represents the localization of Achatinin-H binding in promastigotes. P,
represents the DIC image.
[Reproduced from (Ref. 61) with permission from Elsevier].

C3 (CP-C3) deposition on promastigotes, causing
their lysis, whereas other complement pathways were
demonstrated to play a negligible role (Fig. 5).
Anti-O-AcSGs from both healthy donors and
patients with VL elicited C3 deposition as early as
3 min, which triggered parasite lysis, as

demonstrated by use of 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide (MTT) assay
and corroborated by the high rate of uptake of PI 62
(Fig. 6). Analysis of complement activation by
mannan-binding lectin and C-reactive protein
demonstrated their negligible contribution during
the 3-min time frame. Anti-O-AcSGs were thus
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Fig. 5. Classical complement pathway activation induced by anti–O-acetylated sialoglycoconjugate (AcSG)normal human serum
(NHS) vs. that induced by total antibodyNHS. The parasites were incubated in presence of Ads-NHS (25%) as a source of complement
and several complement activators. The amount of C3-deposition was measured by using 125I-anti-C3mAb. (A) A fixed concentration
(6 µg/ml) of different antibodies namely, Anti-O-AcSGIgM NHS (l), anti-O-AcSGIgGNHS (▲), total IgMNHS (o) and total IgGNHS (∆)
was selected to study C3-deposition as induced by them individually at different time periods. (B) Comparison of C3-deposition
within 3 minutes as triggered by Anti-O-AcSGIgM (▲, ∆) and anti-O-AcSGIgG (l, o) purified from sera of VL patients (▲, l) and
NHS (∆, o) in different concentrations. (C) Comparison of C3-deposition within 3 minutes as triggered by 6 µg/ml of anti-OAcSGIgMVL ( ) and anti-O-AcSGIgGVL ( ) in four strains MHOM/IN/83/AG83 (1), MHOM/IN/90/GE1 (2), NS1(3) and NS2 (4)
isolated from VL patients.
[Reproduced from (Ref. 62) with permission of the publishers, the University of Chicago Press].

identified as an important source of CP activation
under normal physiological conditions, suggesting
that they play a role in conferring host protection
against parasite infection.

Previous reports have demonstrated that total IgM
antibodies present naturally in NHS are a source of
CP activation65. However, we have reported that antiO-AcSGNHS is 3-fold more potent than are total

MUKHOPADHYAY & MANDAL: LEISHMANIA GLYCOBIOLOGY

215

Fig. 6. Induction of promastigote lysis due to C3 deposition induced by anti–O-acetylated sialoglycoconjugate (AcSG). (A) A
representative profile of cell death (%) as detected by MTT assay using 6 µg/ml of purified anti-O-AcSGIgMNHS (1) and anti-OAcSGIgGNHS (3) vs. total antibodies NHS IgM (2) and IgG (4) in the presence of Ads-NHS (25%) within three minutes at 37oC. The
cells were washed and incubated for another 3 hours at 370C with MTT (100 µg/50 µl) and processed. (B) Comparison of cell death
in MHOM/IN/83/AG83 (1), MHOM/IN/90/GE1 (2), NS1(3) and NS2 (4) isolated from VL patients using fixed concentration of
). (C-G) Promastigote lysis was also analyzed
6 µg/ml of different antibodies anti-O-AcSGIgMVL ( ) and anti-O-AcSGIgGVL (
by uptake of PI through Flow cytometric analysis as triggered by Ads-NHS (25%) along with 6 µg/ml of purified anti-O-AcSGIgM VL
(E), anti-O-AcSGIgMNHS (F) and total IgMNHS (G) as compared to absence of complement activators (C) and maximum PI uptake
(97%) after methanol : acetone treatment (D).
[Reproduced from (Ref. 62) with permission of the publishers, the University of Chicago Press].

antibodies in NHS, demonstrating, for the first time,
that natural anti-O-AcSG is one of the major triggers
of CP activation and promastigote opsonization62.
Interestingly, in elicitation of C3 deposition on
promastigotes, purified disease-specific anti-O-AcSG
IgMVL and anti-O-AcSG IgGVL antibodies (6 µg/ml) were
5-fold more potent than anti-O-AcSG IgMNHS and antiO-AcSG IgGNHS antibodies (Fig. 6B). The enhanced
presence of 9-O-AcSG containing the 9-O-AcSAα26GalNAc glycotope, on the parasite surface, has been
reported elsewhere37,38,68 and has been corroborated here
by the high rate of binding of anti-O-AcSG antibodies to

promastigotes. Therefore, the enhanced presence of
9-O-AcSGs on parasites corroborates their increased
susceptibility to complement lysis. Previous reports have
shown that, irrespective of their linkage specificity,
9-O-AcSGs present on the surface of murine erythrocytes
and murine erythroleukaemia cells contribute
significantly to their susceptibility to lysis by activation
of the AP69. Further investigations from our group have
shown that, in mammalian erythrocytes, the complement
lysis induced via the AP correlates more significantly
with linkage-specific 9-O-AcSAα2-6GalNAc70. This
correlation has been extended to erythrocytes from
patients with VL70.
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Sialic acids are critical determinants of parasite
protection against attack by the host complement
system 71. The removal of sialic acid by treatment
with neuraminidase is known to increase MBL
binding, with a subsequent increase in MBL
mediated complement-dependant cell cytolysis, in
Neisseria meningiditis72. Sialylation is also known
to protect N. gonorrhoeae from MBL-activated
complement killing 73 and confer protection to both
epimastigote and trypomastigote forms by hindering
the binding of lytic anti-galactose antibodies 74 .
Thus, it may be envisaged that the host induces
enhanced 9-O-acetylation on the parasite, thus
generating anti–9-O-AcSG titres that, in turn,
induce parasite lysis via CP activation. The role that
9-O-AcSG glycotopes on parasites play in
mediating complement activation was further
corroborated by O-acetylesterase-treated parasites,
which resulted in the removal of O-acetyl moiety
from sialic acid. These treated cells, when incubated
with anti-O-AcSG IgM and anti-O-AcSG IgG,
caused a significant reduction of C3 deposition.
Quantitation of the number of C3-bound molecules
per cell revealed that, in triggering the activation
of C3 deposition, anti-O-AcSG IgMVL was 2.5-fold
more potent than was anti-O-AcSG IgGVL 62 .
Interestingly, although total antibodies in NHS are
capable of inducing cell lysis, as confirmed by use
of MTT assay, however, they were 3-fold less potent
than anti-O-AcSG NHS , establishing the critical role
of these glycotope-specific antibodies. Further, antiO-AcSG–induced death, compared with that
induced by total antibodies in NHS, revealed a much
higher population of necrotic cells, as confirmed
by the massive uptake of PI. The importance of
9-O-AcSGs was further demonstrated when
promastigotes grown in serum-free medium were
found to be incapable of undergoing anti-O-AcSGmediated complement lysis; however, they became
susceptible to lysis when they were transferred to
medium supplemented with FCS, the source of this
interesting 9-O-AcSG 62. The susceptibility to lysis,
even in medium supplemented with low FCS (5%),
confirmed that these glycotopes play important in
vivo roles in complement activation. In contrast to
CP, within the 3 min time frame, AP, CRP and MBL
have a negligible effect, and no cell death could be
detected during this time, as confirmed by use of

MTT assay 62 . A comparative analysis distinctly
revealed that the C3 deposition (mean ± SEM)
triggered by anti-O-AcSGVL (94% ± 5% by IgM
and 72% ± 10% by IgG) was maximal, compared
with that triggered by CRP (22% ± 9%), MBL (24%
± 5%), or AP (27% ±1.4%) (Fig. 7)65.
The above study demonstrated, for the first time,
the biological role that these OAcSG-specific
antibodies play in host protection. Thus, a vivid
analysis of the differential recognition of antigenic
glycoconjugates and antibodies is required for
comprehension of the immune response in VL.
Perspective
The Identification of novel molecular
determinants on L. donovani monitoring their mode
of acquisition and their subsequent characterization
will provide insight into the disease biology of
visceral leishmaniasis. Proteomics of these newly
identified molecules will lead to the development of
future vaccine candidate.
The influence of these molecules in triggering host
responses via the production of high titres of anti-OAcSA antibodies have also been reported 61,62 .
Therefore, identification of these antibodies and
probing for their detailed mechanism of their
interaction may help us in identifying novel anti-

Fig. 7. A comparative analysis of C3-deposition on
promastigotes by all the complement pathways as induced by
the different complement activators namely, CRP ( ) 50 µg/
ml, MBL ( ) 20 µg/ml, AP ( ), anti-O-AcSGVL IgM ( ) 6 µg/
ml or IgG ( ) 6 µg/ml within 3 min.
[Reproduced from (Ref. 62) with permission of the publishers,
the University of Chicago Press].
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leishmanial molecules which may subsequently have
therapeutic application. A detailed understanding of
sialoglycans on L. donovani and their subsequent
interaction with the host will help to foster innovative
new strategies for diminishing the mortality and
morbidity caused by this pathogen.
The current problem in Indian leishmaniasis is the
increasing unresponsiveness to first-line treatment
with pentavalent antimonial drugs, namely sodium
antimony gluconate 37 . In view of the alarming
increase in antimonial unresponsiveness, it would be
interesting to study whether surface sialoglycans of
antimonial resistant parasites are differentially
adsorbed. They would then potentially serve as
molecular targets helpful in distinguishing drugresponsive from drug unresponsive patients and
allowing development of new drug strategies. In the
future, it will be important to find whether these
sialylated determinants, especially the 9-O-acetylated
derivative, are present in other Leishmania strains,
whether their expression is stage-specific, and what
is the machinery that regulates sialylation and
O-acetylation of the Leishmania parasites. The
potential payback is a greater understanding of the
endogenous roles of sialoglycans that may be relevant
with regard to the host-parasite relationship.
The metabolism of O-AcSA is under the control
of two groups of enzymes, O-acetyltransferases and
9-O-acetylesterases 75 . O-acetyltransferases are
difficult to purify, and attempts to clone their genes
have failed in isolating the true 9-O-acetyltransferase
cDNA, accounting for the limited information
regarding expression of O-AcSA76. In this context it
is worthwhile to consider whether such a system
exists in L. donovani amastigotes; such studies are
underway. Parasitologic research is limited by the
lack of availability of genomic data on protozoa and
therefore the search for genes possibly involved in
the biosynthesis, activation or transfer of sialic acids
in protozoa has to be continued in the future.
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Protozoan parasites of the order Kinetoplastida cause severe diseases primarily in the tropical and
subtropical areas. The enormous development of molecular and cellular biology in recent times
have provided opportunities for discovering newer molecular targets for drug designing, which
now form a rational basis for the development of improved anti-parasitic therapy. DNA
topoisomerases play a key role in cellular processes affecting the topology and organization of
intracellular DNA. Recently, emergence of the bi-subunit topoisomerase I in the kinetoplastid family
has brought a new twist in topoisomerase research related to evolution, functional conservation
and as a potential target that can be exploited in drug designing and development of new intervention
strategies. This review summarizes the biology of kinetoplastid topoisomerases, which are the key
molecular targets in antileishmanial chemotherapy.
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Leishmaniasis constitutes an array of human
diseases caused by obligate intracellular protozoan
parasites of genus Leishmania. Natural transmission
of Leishmania is carried out by certain species of
sandfly vectors of the genus Phlebotomus (Old
World) or Lutzomyia (New World). The disease
leishmaniasis is present in four clinical forms: (i)
visceral leishmaniasis (VL), (ii) cutaneous
leishmaniasis (CL), (iii) mucocutaneous
leishmaniasis (MCL), and (iv) diffuse cutaneous
leishmaniasis (DCL). Visceral leishmaniasis or kalaazar (KA) is primarily caused by parasites belonging
to the Leishmania donovani complex and is widely
prevalent in many tropical and subtropical regions
of the world including the eastern part of India1,2.

Since the first epidemic, management of VL has been
a major health problem in India. It is the most severe
form of the disease and if left untreated, is usually
fatal. Although confirmed cases of VL have been
reported from 66 countries, 90 per cent of world’s
VL burden occur in Indian subcontinent and Sudan3.
After recovery some patients (50% in Sudan and
1-3% in India) develop post kala-azar dermal
leishmaniasis (PKDL), which requires prolong and
extensive treatment. PKDL patients also play a vital
role in VL transmission. With the spread of human
immunodeficiency virus (HIV) and general low
standard of public hygiene, the parasites pose a much
greater threat than before particularly in developing
countries. To make the situation even worse, some
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parasite strains have also developed resistance
against the classical antimonial drugs, like sodium
stibogluconate and megalumine antimonite. The
second line of drug, amphotericin B and
pentamidines, although used clinically are very toxic.
Therefore, improved chemotherapy of leishmanial
infection is still desirable and the need for new
molecular targets on which to base the future
treatment strategies is clearly justified. In search for
such strategies DNA topoisomerases of Leishmania
offer most attractive targets. The aim of this review
is to provide an insight into the target based
therapeutic approach against leishmaniasis.
The unusual
kinetoplastids

DNA

metabolisim

of

the

Trypanosoma and Leishmania are ancient
eukaryotes. The distinctive features include
structurally and metabolically unusual kinetoplast
DNA (kDNA) within the single mitochondrion of the
organism. Unlike any other DNA in nature, kDNA is
a network containing thousands of DNA minicircles
topologically interlocked into an elliptical shape of
about 10-15 µm in size and arranged in a planar array.
The isolated networks can be easily viewed by electron
microscopy (EM) (Fig. 1). It appears to have a fairly
regular structure and accounts for 5-20 per cent of the
total cellular DNA. It has a relatively high AT content

Fig. 1. Electron microscopy of Leishmania donovani (MHOM/
IN/1978/UR6) kDNA networks (left panel). kDNA network
treated with the topoisomerase II enzyme under standard
decatenation assay condition as described by Das et al 45.
Decatenated maxicircles and minicircles are indicated
respectively.

with a molecular weight up to 4 X 1010 daltons. Each
kDNA network comprises two types of DNA
molecules, minicircles and maxicircles. About 90 per
cent of the kDNA is made up of minicircles. Each
minicircle is joined to three other minicircles4 and a
single interlock links the minicircles to one another
within the network. They are generally heterogenous
in sequence, but are usually homogenous in size
(commonly 0.5-2.5 kb, depending on the species). In
Leishmania, they are about 830 bp. Minicircles do not
appear to encode information for protein but replicate
very well. The genetic function of the minicircles are
now known to encode small guide RNAs (gRNAs), of
about 70 nt in size with a short oligo-U tail at the 3'
end, that governs the specificity of mRNA editing5 in
these parasites. Although the kDNA network structure
has no counterpart in nature, there is functional
similarity with conventional mitochondrial DNA from
higher eukaryotes. Maxicircles resemble
mitochondrial DNA of other eukaryotes in size (2040 kb, depending on the species) and in their
transcripts, including rRNAs and mRNAs for several
subunits of respiratory complexes. Unlike other
mitochondrial DNAs, the maxicircles do not encode
tRNAs which therefore must be imported into the
mitochondrion6. One of the most striking properties
of maxicircles is that their transcripts undergo posttranscriptional uridine insertion and deletion to create
functional open reading frames, a process termed as
RNA editing. The kDNA network is a highly dynamic
structure with topological interlocks between the DNA
circles, which are continuously broken and re-attached.
During kDNA replication the DNA content of the
network doubles and the progeny networks partition
into the two daughter cells. kDNA replication occurs
in approximate synchrony with nuclear DNA
synthesis 7,8 , unlike mitochondrial DNA of other
species whose replication occurs throughout the cell
cycle9. It is clear that the minicircles actually detach
from the network for replication and there is
significant network remodeling during and after
replication.
Free
minicircles,
replicate
unidirectionally as theta (θ) structure. A vital feature
of kDNA replication is that the minicircles can
replicate only when they are released from their
network. DNA topoisomerases from the kinetoplastid
parasites plays a key role in many aspects of nucleic
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acid metabolism. DNA topoisomerase II has been
implicated in this process, where it decatenates the
kDNA network into minicircles prior to replication10.
Recently, it has been reported that the L. donovani
topoisomerae I enzyme is located both in the nucleus
and the kinetoplast11, thus revealing a probable role
of the enzyme in kDNA metabolism.
DNA topoisomerases: the cell’s magician
DNA topoisomerases are ubiquitous enzymes that
play a pivotal role in modulating the dynamic nature
of DNA secondary and higher order structures and
thus carrying out essential functions inside the cell.
These functions relate mainly to nucleic acid
metabolism namely replication, transcription,
recombination and repair 12,13 . All known
topoisomerases share two characteristics: (i) their
ability to cleave and reseal the phosphodiester
backbone of DNA in two successive transesterification reactions; and (ii) once a topoisomerase
cleaved DNA intermediate is formed, the enzyme
allows the severed DNA ends to come apart, opening
a gate for the passage of another single- or doublestranded DNA segment.
Classification of DNA topoisomeases
DNA topoisomerases can be classified into three
evolutionary independent families: type IA, type IB
and type II. Those that cleave one strand of DNA
and allow single step changes in the linking number
of circular DNA are defined as type I DNA
topoisomerases. The Escherichia coli topoisomerase
I and topoisomerase III, Saccharomyces cerevisiae
topoisomerase III and reverse gyrase belong to the
type IA or type I-5' subfamily as the protein link is
to a 5' phosphate in the DNA. The prototype of type
IB or I-3' enzymes are found in all eukaryotes and
also in vaccinia virus topoisomerase I where the
protein is attached to a 3' phosphate 14 . Though
essentially similar in their action, these enzymes have
a broader specificity than that of E. coli enzyme.
Despite the differences in the mechanism and
specificity between the bacterial and eukaryotic
enzymes, the yeast DNA topoisomerase I has been
shown to functionally complement a bacteria mutant
in DNA topoisomerase I 15 . A certain degree of
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divergence also exists in the substrate preference, cofactor requirement and subunit composition of
different topoisomerase families. Type IA
topoisomerases are able to relax only negatively
supercoiled DNA and require magnesium and singlestranded stretch of DNA for their function.
Topoisomerases IB, however, are able to relax both
positively and negatively supercoiled DNA with
equal efficiency and do not require a single-stranded
region of DNA or metal ions for function16.
The type II family includes E.coli DNA gyrase,
E.coli topoisomerase IV (par E), all known
eukaryotic type II topoisomerases and archaic
topoisomerase VI. Type II enzymes are homo
dimeric (eukaryotic topoisomerase II) or tetrameric
(gyrase), cleaving both strands of a duplex that
changes in linking number in steps of two. The
current mechanistic model for topoisomerase II
catalysed reactions involves the binding of two
segments of DNA: a G (gate) segment, which is
cleaved in both strands by the enzyme with the
formation of an ester bond between active tyrosines
and 5'-phosphates in the DNA and a T (transport)
segment, which is captured by an ATP operated
clamp that passes through the enzyme-stabilized
break in the G segment 17,18.
The discovery of several new DNA
topoisomerases has brought a deeper understanding
of their important roles in living cells. The biological
functions of DNA topoisomerases are deeply rooted
in the double helical structure of DNA and the
selection of double stranded DNA as substrate has
set the stage for their entrance19. Broad classifications
of the different types of topoisomerases in different
organisms are represented in the Table.
Because DNA topoisomerases play key roles in
cellular processes, affecting the topology and
organization of intracellular DNA, it is important to
define the physiological functions and understand the
molecular basis of their action. Moreover, beyond
their normal cellular activities, these enzymes are
proven molecular targets for clinically useful
antitumor 20-22 and antimicrobial drugs 23-25 . In this
context work on topoisomerases from the parasites
has been a growing focus of interest.
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Table. Classification of type I and type II DNA topoisomerases
from different species
Subfamily

Representative members

1A

Bacterial DNA topoisomerase I & II, Yeast DNA
topoisomerase III, Drosophila DNA topoisomerase
IIIα and IIIβ Mammalian DNA topoisomerase IIIα
and IIIβ

1B

Eukaryotic monomeric topoisomerase I,
Mammalian mitochondrial DNA topoisomerase I,
Kinetoplastida Bi-subunit DNA topoisomerase I,
Pox virus topoisomerase I

IIA

Bacterial gyrase, DNA topoisomerase IV, Phage
T4, DNA topoisomerase, Yeast DNA
topoisomerase II, Drosophila DNA topoisomerase
II, Mammalian DNA topoisomerase IIα and IIβ

IIB

Sulfolobus shibate DNA topoisomerase VI
(subunit A homologous to yeast SPO11)

Toxic chemotherapy, increasing drug resistance
of some parasite strains to classical drugs along with
co-infection of Leishmania with HIV, have made
them a severe threat to public health in developing
countries. Development of vaccines is still under trial
and improved therapy desirable.

DNA topoisomerase I of kinetoplastid protozoan
parasite L. donovani is distinct from other eukaryotic
counterparts with respect to its biological properties
and preferential sensitivity to many therapeutic
agents29. The first DNA sequence of topoisomerase
IB like gene from kinetoplastid L. donovani was
reported by Broccoli et al30, but the overexpressed
protein in E.coli failed to show any relaxation activity
in vitro or complement a mutant deficient in
topoisomerase I activity. The consensus SKXXY
motif harbouring the active site tyrosine was absent
in this protein (Fig. 2A).

Domain organization of monomeric mammalian topl

Domain organization of Leishmania donovani
Bi-subunit Topoisomerase l

DNA topoisomerases of the kinetoplastid parasites
Type I DNA topoisomerase: All eukaryotic type IB
topoisomerase is monomeric and consists of four
domains 2 6 . The unconserved amino terminal
domain contains putative signals for nuclear
localization of the enzyme and is highly sensitive
to proteolysis and dispensable for in vitro
activity 27 . The largest core domain is essential for
enzyme activity and shows high phylogenic
conservation, particularly in the amino acid
residues interacting closely with DNA. The third
domain is known as the linker, which is poorly
conserved and is variable in length. Finally, the
carboxy terminal domain is highly conserved and
contains the SKINYL motif. Cleavage occurs by
trans-esterification reaction involving nucleophilic
attack by an active site tyrosine (Tyr 723 in human
Topo I) on a DNA phosphodiester bond resulting
in the formation of a covalent DNA 3'
phosphotyrosyl linkage. In relegation, phase, a
similar trans-esterification reaction involves attack
by the free DNA 5' hydroxyl that releases the
enzyme from DNA 27,28.

Fig. 2 A. Schematic representation of the domain organization
of monomeric mammalian topoisomerase I and Leishmania
donovani bi-subunit topoisomerase I. The enzymes contain a
central DNA binding core domain and a C-terminal catalytic
domain harbouring SKINYL motif. The linker domain (L),
which is poorly conserved and variable in length, links the two
domains. But, in L.donovani topo I the core DNA binding
domain (LdTOP1L) and the catalytic domain (LdTOP1S)
harbouring the consensus SKXXY motif lies in separate
subunits. B. Under standard plasmid relaxation assay condition
reconstituted enzyme (LdTOP1LS) showed reduced
processivity as well as 2 fold reduced affinity for DNA compared
to eukaryotic monomeric rat liver topoisomerase I (RLTOP1)
as described by Das et al 11.
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Recently, emergence of the bi-subunit
topoisomerase I of Leishmania 31 in the kinetoplastid
family has brought a new twist in topoisomerase
research related to evolution and functional
conservation of type IB family. The core DNA
binding domain, LdTOP1L (73 kDa) and the catalytic
domain LdTOP1S, (29 kDa) harbouring the
consensus SKXXY motif lies in separate subunits.
The two subunits are synthesized by two different
genes, which associate with each other through
protein-protein interaction to form an active
heterodimeric topoisomerase I within the parasite.
This unusual structure of DNA topoisomerase I may
provide a missing link in the evolution of type IB
enzyme. Another report32 from Trypanosoma brucei
also shows that the topoisomerase I activity is
comprised of two subunits encoded by two different
genes, one for the 90 kDa DNA binding domain and
the second for the 36 kDa C-terminal catalytic
domain harbouring the conserved pentad with the
nucleophilic tyrosine 32. However, both the groups
were unsuccessful in the in vitro reconstitution of
the enzyme.
Das et al 11 has shown for the first time the in vitro
reconstitution of bi-subunit topoisomerase I of
L. donovani. The reconstituted enzyme
(LdTOP1LS) is characterized by a direct 1:1 molar
interaction between the large (LdTOP1L) and the
small (LdTOP1S) subunits. Under standard
relaxation assay condition reconstituted enzyme
showed reduced processivity as well as 2-fold
reduced affinity for DNA compared to eukaryotic
monomeric rat liver topoisomerase I (Fig. 2B). The
enzyme is conventional in its Mg +2 independence,
and binds with eukaryotic type 1B specific
recognition site. Camptothecin (CPT) enhanced the
formation of 'cleavable complex' at low salt11 . A
precise insight into the intracellular location of the
expressed bi-subunit topoisomerase I proteins in L.
donovani
was
gained
by
indirect
immunoflourescence experiments. A polyclonal
antiserum raised against a conserved portion of
LdTOP1L and full length LdTOP1S showed nuclear
and kinetoplast localizations for L. donovani
topoisomerase I protein (Fig. 3). This laboratory has
shown the importance of the large subunit which
resembles the core DNA binding domain with an
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identity score of 37 per cent and a similarity score
of 49 per cent with human topoisomerase I. Two
N-terminal truncation constructs, LdTOP1∆39L
(lacking 1-39 amino acids) and LdTOP1∆99L
(lacking 1-99 amino acids) of the large subunit were
generated and mixed with intact small subunit
(LdTOP1S). The results suggest that 1-39 amino
acid residues of the large subunit (LdTOP1L) of the
unusual bi-subunit enzyme regulates DNA
dynamics during relaxation by controlling noncovalent DNA binding or by co-ordinating DNA
contacts by other parts of the enzyme and
camptothecin (CPT) sensitivity. The residues within
40-99 amino acid region of LdTOP1L appear to be
important in relation to interaction with LdTOP1S33.
CPT induces cellular dysfunction in L. donovani
promastigotes and amastigotes with features that are
well characterized by several cytoplasmic and
nuclear events of apoptosis34,35.

Fig. 3. Immunocytochemical localisation with anti-LdTOP1L
and LdTOP1S antiserum using fluorescent detection methods.
Late log phase L. donovani promastigotes were fixed. No
fluorescence was observed when pre-immune serum was used
as primary antibody and FITC-tagged secondary antibody
(Panel a) as described by Das et al 11 . Panel b, same as Panel
a, but probed with anti-LdTOP1L. Panel c, same as panel a,
but probed with anti-LdTOP1S primary antibody. Parasite
cells were also stained with ethidium bromide to locate the
nucleus and kinetoplast and the area of the overlapping
fluorescien isothiocyanate (FITC) and ethidium bromide
(EtBr) stain are shown in merged pictures. Cells were viewed
at an original magnification of 100 X under a Leica DM IRB
inverted microscope. The nucleus (N) and kinetoplast (K)
are indicated.
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Type II DNA topoisomerase: Active topoisomerase
II has been purified from Crithidia fasciculata 36-38,
T. cruzi, T. equiperdum 39 and L. donovani 40,41 .
Intriguingly L. donovani and T. cruzi are reported to
have both ATP-dependent and ATP independent
decatenating activities, though the artifactual
occurrence of ATP independence on the basis of
partial proteolysis remains a possibility 42 . Two
apparently distinct mitochondrial topoisomerases
have been isolated from C. fasciculata, one consisting
of four 60 kDa subunits38 and the other a dimer of
132 kDa43. Polyclonal antibody to the dimer does not
recognize the enzyme with four 60 kDa subunits.
Genes for topoisomerase II have been isolated and
sequenced from kinetoplastid organisms,
C. fasciculata44, L. donovani45, T. brucei46, T. cruzi47
and Bodo saltans48. Although smaller than the genes
reported from other eukaryotes, they share the
expected functional domains and are more
homologous to eukaryotic than prokaryotic type II
enzymes with 30-35 per cent identity and 45-65 per
cent similarity to human topoisomerase II. The
predicted proteins are 137-160 kDa in size. The
recombinant L. donovani enzyme showed ATPdependent decatenating activity and could
complement a temperature sensitive topoisomerase
II mutant of Saccharomyces cerevisiae49, just like the
protein from a related parasite, L. infantum 50. A
precise insight into the intracellular location of the
expressed topoisomerase II protein in L. donovani
was gained by indirect immunoflourescence. A
polyclonal antiserum raised against a conserved
portion of LdTOP2 showed nuclear and kinetoplast
localizations for L. donovani topoisomerase II
protein45. Recently topoisomerase II from primitive
kinetoplastid B. saltans was also found to localize
both in the nucleus and kinetoplast 48 . Evidences
demonstrate a nuclear localization for T. cruzi as well
as C. fasciculata type II enzymes51. On the contrary,
a type II enzyme of 132 kDa has been found to be
immunolocalized at the antipodal sites of kinetoplast
of C. fasciculata43 which also colocalizes with DNA
polymerase β 52 . This type II enzyme probably
facilitates minicircle replication or could be involved
in the attachment of the newly replicated minicircles
to the network 52 . It was shown that monoclonal
antibodies raised against C. fasciculata mitochondrial

topoisomerase II (CfTOP2mt) recognized only the
mitochondrial or kinetoplast topoisomerase II
counterparts in both C. fasciculata43 and T. cruzi
epimastigotes 47. It has been hypothesized that the
enzyme recognized by the anti CfTOP2mt antibodies
in the kinetoplast of T. cruzi is the same as recognized
by antiTcTOP2 serum in the nuclei of T. cruzi and
C. facsiculata and differences in cellular localization
might be explained in terms of which epitopes were
available for the recognition by the two different
antisera47. RNA interference of topoisomerase II of
T. brucei has been shown to cause dyskinetoplasty
and the major cause of progressive kDNA loss was
the inefficient attachment of newly replicated
minicircles to the network52.
DNA topoisomerases as a 'key molecular targets'
for anti parasitic agents
The dramatic advances in molecular and cellular
biology have provided opportunities for discovering
and evaluating molecular targets for drug designing,
which now form a rational basis for development of
improved antiparasitic therapy. Topoisomerases are
fundamentally dualistic in nature, catalyzing
essential cellular reactions and possessing an inherent
dark side capable of inflicting great harm to the
genome of an organism. For these reasons DNA
topoisomerases have been recognized as potential
chemotherapeutic targets for anti tumor and antiparasitic agents51,52. Studies show that the parasite
topoisomerases are sufficiently distinct from their
human counterparts so as to allow differential
chemical targeting and will therefore make good
cellular targets.
Classification of topoisomerase inhibitors
The known DNA topoisomerase drugs can be
divided into two classes. The class I drugs act by
stabilizing the covalent topoisomerase-DNA
complexes and are also referred to as
'topoisomerase poisons' 53-55 . They include the
bacterial gyrase inhibitors e.g., quinolones, the
DNA topoisomerase I drug camptothecin 55 and the
DNA topoisomerase II drugs doxorubicin,
amsacrine, etoposide, teniposide, quercetin 56 and
related flavonoids56.
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The stabilization of cleavable complexes by these
class I poisons subsequently leads to cell death, but
the process leading to it is a myriad spectra of
complex pathways, namely, (i) initiation of damage
induced signaling, (ii) cell cycle alterations with
subsequent arrest, and (iii) engagement of the
enzymatic machinery that results in apoptosis.
However, a fraction of the cells treated with
topoisomerase poisons survive the treatment due to
efficient DNA repair mechanisms and other
processes, which are still to be explored. Nonetheless,
they contain an increased frequency of chromosomal
aberrations and mutations. Programmed cell death
after treatment of topoisomerase directed agents are
brought about by (i) stress activated kinases and death
receptor pathways; and (ii) caspase activation
resulting in caspase mediated cleavages 57-59.
The class II drugs interfere with the catalytic
functions of DNA topoisomerases without trapping
the covalent complexes, and are referred to as
'catalytic inhibitors'. This class of drugs includes the
coumermycin family of antibiotics that act on
bacterial gyrase54 and the eukaryotic topoisomerase
II inhibitors suramin 60, fostriecin 61, merbarone62 and
bis (2,6-dioxopiparazine) 63,64 . Several Class II
inhibitors of eukaryotic topoisomerase I have also
been reported65,66. All class II drugs mediate their
action by either binding to the enzyme, which
prevents them to sit on the substrate DNA, e.g.,
merbarone 62 and acetyl boswellic acids 67 or by
intercalating/binding to DNA and making it
inaccessible for the enzyme, e.g., aclarubicin and
choloroquine 68,69 . Coumermycins interact with the
ATPase domain of gyrase and thus interfere with the
ATPase activity70,71.
To begin with, several anti-tumor drugs were used
as starting compounds in preliminary screens for
antiprotozoal activity. Camptothecin, a plant
alkaloid, a specific inhibitor of eukaryotic
topoisomerase I, that promotes cleavable complex
in mammalian cells have been shown to be cytotoxic
to three pathogenic kinetoplastids, T. brucei, T. cruzi
and L. donovani. The cytotoxicity of 9-substituted10, 11-methylenedioxy analogs of camptothecin
correlates well with cleavable complex formation in
the nucleus and kinetoplast, and structural motifs
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have been identified that disproportionately increase
toxicity to parasites, compared with mammalian
cells24. Sen et al34 has demonstrated that CPT induces
programmed cell death (PCD) both in the amastigotes
and promastigotes form of L. donovani parasites.
CPT-induced cellular dysfunction in L. donovani
promastigotes is characterized by several
cytoplasmic and nuclear features of apoptosis. CPT
inhibits cellular respiration that results in
mitochondrial hyperpolarization taking place by
oligomycin-sensitive F0-F1 ATPase-like protein in
leishmanial cells. During the early phase of
activation, there is an increase in reactive oxygen
species (ROS) inside cells, which causes subsequent
elevation in the level of lipid peroxidation and
decrease in reducing equivalents like reduced
glutathione (GSH). Endogenous ROS formation and
lipid peroxidation cause eventual loss of
mitochondrial membrane potential. Further,
cytochrome c is released into the cytosol in a manner
independent of involvement of CED3/CPP32 group
of proteases and unlike mammalian cells it is
insensitive to cyclosporin A. These events are
followed by activation of both CED3/CPP32 and ICE
group of proteases in PCD of Leishmania.
These studies provide information that could be
exploited to develop newer potential therapeutic
targets34.
Other inhibitors of type IB topoisomerase activity
include the antileishmanial compounds such as
pentavalent antimonials, sodium stibogluconate and
urea stibamine, a secoirdoid glycoside, amarogentin 72
and a bisnaphtoquinone, diospyrin 73 . Diospyrin
appears to be a class I inhibitor as it stabilizes
topoisomerase I cleavable complex formation in
L. donovani. One of the earliest anti-tumor
compounds, the 9-anilinoacridines and other acridine
derivatives that act by topoisomerase II poisoning
was shown to possess potent antileishmanial and
antitrypanosomal activities 74 . These compounds
stabilized cleavable complexes with both nuclear and
kinetoplast topoisomerase II in L. chagasi, however,
they also exhibited cytotoxicity against the human
enzyme and were not selective agents 75. Selective
targeting of leishmanial topoisomerase II and human
topoisomerase II was shown to be achieved by some
mitonafide analogs 76. Incubation of T. equiperdum

228

INDIAN J MED RES, MARCH 2006

cells in presence of mammalian topoisomerase
II inhibitors like epipodophyllotoxins (etoposide and
teniposide), 2-methyl, 9-hydroxy-ellipticinium,
acriflavine and m-AMSA resulted in release of
sufficient amounts of kDNA minicircles with the
enzyme linked to 5'-end of the cleaved minicircle
catenane 77 . These results strongly implicate the
kinetoplast topoisomerase of these parasites to be the
intracellular target of these compounds. Classical
antitrypanosomal drugs such as pentamidine, berenil
and samorin were found to promote linearization of
T. equiperdum minicircles from the kDNA
networks 78 . These drugs were shown to act at
minimum therapeutic concentrations and their
selective inhibition of kinetoplast type II
topoisomerase might explain why they preferentially
disrupted kDNA structure and generated
dyskinetoplastic trypanosomes.
Some drugs that poison bacterial type II enzymes
by promoting cleavable complex formation have
also been tested against trypanosomes. Among
them,
some
tetracyclic
analogs
of
fluoroquinolones 79,80 were found to exhibit two-fold
greater toxicity in vitro towards T. brucei than
towards L1210 leukaemia cells. The toxicity was
measured by determining the extent of protein-DNA
covalent complexes formed between topoisomerase
II and DNA in presence of the drug 79 . Recently
fluoroquinolones with pyrrolidinyl substitutions
were found to show increased antitrypanosomal
activity81. These compounds promoted trapping of
protein-DNA covalent complexes, and inhibited
nucleic acid biosynthesis in trypanosomes,
indicating that they target the parasitic
topoisomerase II enzyme. The gyrase inhibitors
coumarmycin A1 and chlorobiocin were found to
be effective against epimastigote and amastigote
forms of T. cruzi but exhibited no effect against the
trypomastigote forms of the parasite 82 . The
mechanism of action of these drugs might involve
antagonism of T. cruzi topoisomerase II, although
the possibility of other molecular targets cannot be
ruled out. Bacterial topoisomerase II inhibitors such
as ofloxacin and its commercial derivatives were
also found to block T. cruzi differentiation and
proliferation83, and the kinetoplast organelle of these
parasites might be a target of these drugs.

Oxocarboxylic acid, acridines and other gyrase
inhibiting derivatives showed moderate activity
towards African trypanosomes in vitro, that could
be correlated with the parasitic topoisomerase
inhibition, however no significant trypanocidal
activities could be observed in vivo84,85.
Flavonoids that promoted topoisomerasemediated site-specific DNA cleavage in mammalian
cells in vitro86 were recently tested for antileishmanial
activity. Luteolin and quercetin were found to inhibit
growth of L. donovani promastigotes and amastigotes
and induce cell cycle arrest leading to apoptosis.
These compounds also promoted topoisomerase II
mediated kDNA cleavage and the cleavable complex
formation induced by these compounds could be
correlated with their cytotoxicity towards the
parasites in vitro87. There are also reports of dual
inhibition of the relaxation and decatenating
activities of Leishmania topoisomerase I and II by
indolylquinolene compounds at least sensitive doses
from their host counterparts 88 . Betulinic acid, a
pentacyclic triterpenoid with a wide spectrum of
pharmacological properties was reported to be a
potent inhibitor of DNA topoisomerase I and II 89 .
More recently, it was reported that dihydrobetulinic
acid (DHBA), a derivative of betulinic acid that
exhibits anti-HIV activity 90, is another excellent
inhibitor of Leishmania DNA topoisomerase I and
II91 with the potential to become a lead therapeutic
compound. DHBA is a potent antileishmanial agent
that induces apoptosis by primarily targeting parasitic
topoisomerases.
Summary
DNA topoisomerases within the kinetoplastid
parasites are primarily involved in kDNA replication,
an essential event for parasitie survival. In addition,
interactions between topoisomerases and other
proteins which are related to mechanisms of parasite
DNA
replication
and
share
common
immunolocalizations, e.g., LACK antigen (Leishmania
analogue of receptor for activated PKC), DNA
polymerase β, and the mechanistic and functional
consequence of these interactions, might be further
explored to shed light on the many unanswered queries
regarding the parasite biochemistry.
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Topoisomerase
genes
and
proteins
characterized from these lower eukaryotes appear
to share many characteristics associated with their
human homologues, but certain striking
differences, including different enzyme activity
requirements, and different sensitivities to
topoisomerase poisons provide insight for the
development
of
topoisomerase-directed
antiparasitic therapeutics. It has been established
by several studies that the inhibitors of
topoisomerases convert these essential enzymes
into intracellular proliferating cell toxins and
thereby provide a good tool for preferentially
killing of the highly replicative parasite cells
within the host. The interaction of the enzyme with
specific inhibitors and poisons screened from
natural or synthetic sources will help in the quest
to selectively target the topoisomerase-based
replication apparatus as a means to therapeutically
control the parasitic menace in the foreseeable
future.
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Apoptosis is a morphologically distinct form of cell death necessary for embryogenesis, tissue
homeostasis and disease control in metazoans. Earlier, it was thought that apoptosis is the
prerogative of multicellular organisms. However, it is now evident that unicellular organisms are
also capable of undergoing apoptosis. In the context of Leishmania spp., a unicellular eukaryote
responsible for causing leishmaniasis, the process of apoptosis is important for successful survival.
The flagellated promastigote form of the parasite resides in the midgut of the insect vector, the
female sandfly and at this niche; the cell fittest to survive to pass onto the pharynx of the fly is
selected by eliminating unfit cells through apoptosis. Within the mammalian host, inside the
macrophage, apoptosis is necessary to regulate cell numbers and to minimize immune reactions.
With most apoptosis inducing stimuli, L. donovani shows typical features of apoptotic death like
cell shrinkage, nuclear condensation and DNA fragmentation. Agents capable of precipitating
apoptosis in this parasite include anti-leishmanial drugs like antimony, amphotericin B, pentamidine
and miltefosine. Other agents like heat shock, treatment with staurosporine, knocking out centrin
gene also precipitate apoptosis of the parasites. A pivotal role in cellular apoptosis is played by the
single mitochondrion of Leishmania spp., where a fall or increase in mitochondrial potential leads
to cell death by apoptosis. Ca2+ appears to be a vital ion involved in Leishmania apoptosis and
partial inhibition of cytosolic Ca2+ increase achieved by chelating extracellular or intracellular
Ca2+ during oxidative stress results in significant rescue of the fall of the mitochondrial membrane
potential and consequently apoptosis. Elucidation of the molecular events linked to apoptotic death
of Leishmania spp. might help define a more comprehensive view of the cell death machinery in
terms of evolutionary origin and identify new target molecules for chemotherapeutic drug
development and therapeutic intervention.
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Apoptosis, a morphologically distinct form of cell
death is crucial for embryogenesis, tissue
homeostasis and disease control in metazoans 1 .
Although it was initially assumed that apoptosis arose
with multicellularity and would have been
counterselected in unicellular organisms 2, several

findings have indicated that a similar process of
apoptosis operates in single-celled eukaryotes3,4. Till
date, various forms of apoptotic death have been
described in at least nine species of unicellular
eukaryotes that belong to four different branches of
the phylogenic tree. The phylogenic divergence of
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these species is believed to range from around 2
billion years ago to 1 billion years 4. Among the
unicellular eukaryotes where apoptosis has been
observed, are the kinetoplastid parasites of the
genuses Trypanosoma and Leishmania, which are
believed to be among the earliest diverging
eukaryotes. These kinetoplastid parasites are the
causative agents of trypanosomiasis and
leishmaniasis, respectively, and these tropical
diseases affect around 30 million people worldwide.
Leishmaniasis can manifest itself as self-healing
cutaneous lesions, mucocutaneous lesions or fatal,
generalised visceral infection. Trypanosoma spp. and
Leishmania spp. are the most well studied parasites
in terms of apoptotic features and conditions that
precipitate apoptosis. Unicellular organisms in which
apoptosis has been described include slime mold
Dictyostelium discoideum 5 , the kinetoplastid
protozoans Trypanosoma brucei6 and Leishmania
amazonensis 7, the ciliate Tetrahymena thermophila 8
and the dinoflagellate Peridinium gatunense9. This
review will be confined to a detailed analysis of data
available in Leishmania spp. and mention
Trypanosoma spp. apoptosis for comparison purposes
as it is a related parasite.
The process of apoptosis
Apoptosis was first described by Kerr, Wyllie and
Currie in the early 1970s 10 and is defined by the
morphologic appearance of the dying cell, which
includes blebbing, chromatin condensation, nuclear
fragmentation, rounding and cell shrinkage.
Biochemical features associated with apoptosis
include high molecular weight DNA fragmentation
into an oligonucleosomal ladder, phosphatidyl serine
externalization, and proteolytic cleavage of a number
of intracellular substrates. These biochemical
features are the result of the operation of complex
pathways involving different kinds of proteins.
Among many other components, the aspartatespecific cysteine protease (caspase) cascade is now
believed to be the main pathway by which cellular
death is orchestrated. Several different caspases are
constitutively expressed in cells and reside in the
cytosol in an inactive form. The most prevalent
caspase in the cell is caspase-3. This caspase is
ultimately responsible for the majority of the effects

finally leading to dismantling of the cells. Other than
caspase 3, there are several other caspases taking part
in different parts of the pathway, caspase 3 being the
terminal caspase. In general, caspase activation
requires a cleavage, preferentially after an aspartate
residue, leading to the formation of the active enzyme
from the inactive proform11.
There are two pathways through which death
process can be initiated. The first involves death
receptors such as the tumour necrosis factor (TNF)
receptor and the Fas receptor, and the second one
depends on the participation of the mitochondria. The
death receptors of the tumour necrosis factor receptor
(TNFR) family include TNFR1, Fas receptor, DR3/
WSL, and the TRAIL/Apo-2L receptors (TRAIL-R1/
DR4, TRAIL-R2/DR5). When these death receptors
are bound by their ligands [TNF or lymphotoxin, Fasligand (FasL), the ligand for DR3, or TRAIL/Apo2L, respectively] apoptosis can occur. Ligation of
death receptors results in the rapid formation of an
intracellular death-inducing signaling complex
through an amino acid stretch within the carboxy
terminus of the receptor called the “death domain”.
This domain is responsible for coupling the death
receptor to either a cascade of caspases, leading to
induction of apoptosis, or to the activation of kinasesignaling pathways, resulting in gene expression
through NF-kB or activator protein 112.
Other than the death receptor pathway which can
work independent or dependent of the mitochondria,
a mitochondrial pathway capable of responding to
various stimuli independent of death receptors exist.
Mitochondrion acts by releasing apoptogenic factors,
such as cytochrome c, from the intermembrane space
into the cytoplasm, which activates the downstream
execution phase of apoptosis. In living cells,
mitochondrial changes are predominantly prevented
by anti-apoptotic members of the Bcl-2 family of
proteins. Bcl-2 was first discovered as a protooncogene in follicular B-cell lymphoma 13 .
Subsequently, it was identified as a mammalian
homologue to the apoptosis repressor ced-9 in
Caenorhabditis elegans14. Since then, at least 19 Bcl2 family members have been identified in mammalian
cells. Apaf-1 is a protein contained in the cytosol,
and cytochrome C binds and induces it to

SHAHA: APOPTOSIS IN LEISHMANIA SPP.

oligomerize. This then recruits an initiator caspase,
procaspase-9. The apoptosome now recruits
procaspase-3, which is cleaved and activated by the
active caspase-9 and released to mediate apoptosis.
Recently, a new protein with the dual name Smac/
DIABLO has been discovered, which is also released
from the mitochondria along with cytochrome c 15.
The mitochondrial pathway involving Bcl-2 family
members, mitochondria, cytochrome c, Apaf-1, and
caspase-9 is fundamentally distinct from that of the
death receptors. Cells lacking caspase-8 or FADD
do not respond to death ligands but are capable of
undergoing apoptosis that is induced by other agents,
such as cellular stress. Cells lacking caspase-9 or
Apaf-1 are incapable of undergoing apoptosis that is
induced by such stressors, but they readily die in
response to death ligands16.
The above is an overview of how metazoan
apoptosis works, however, pathways operative in
unicellular organisms are not available in such details
and are slowly coming to light through the study of
various models using different apoptogenic agents.
The relevance of study of apoptosis in
Kinetoplastid parasites
Apoptosis, being a process that can clear cells
without causing an immune response is very
important in the context of pathogenesis of a disease.
Also, this process might contribute to successful
survival of the fittest cell in a given colony. The
promastigote form of the parasite, flagellated and
extracellular, resides in the midgut of the insect
vector, the female sandfly (Phlebotomus) and at this
niche, the cells fittest to survive and pass onto the
pharynx of the fly is probably selected by eliminating
unfit cells through apoptosis17. The survival within
the macrophage is also an important issue in disease
pathogenesis in the mammalian host. An
understanding of cell death processes in the
macrophages, might offer new possibilities for
controlling the parasitic diseases. In addition to this,
the extent of overlap between effectors and regulators
of apoptosis in these parasites and mammalian hosts
might also help to identify specific pathways leading
to cell suicide that could be exploited for parasite
control. Apart from the understanding of the
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apoptotic process in the Leishmania spp. in the
context of a disease, these cells serve as interesting
models to dissect apoptotic pathways that can be used
for analysis of apoptosis in higher eukaryotes.
Life cycle of Leishmania spp.
The Leishmania has two morphological forms in
its life cycle, the immotile amastigotes and the motile
promastigotes. The amastigotes live inside
phagolysosomes present in phagocytic cells of the
vertebrate host, namely monocytes and macrophages,
which are ingested by the female phlebotomine
sandfly when it takes an infecting bloodmeal 18,19.
Diptera of the subfamily Phlebotominae are the only
vectors of the various Leishmania species, with the
genus Phlebotomus hosting the Old World species
and Lutzomyia the species of the New World20. In
these blood-sucking insects, the parasite develops a
complex series of morphological modifications21,22.
Here, the parasite differentiates from a dividing
procyclic promastigote stage that is attached to the
gut wall, to a non-dividing metacyclic promastigote
stage that is unable to attach to the midgut and
migrates to the mouth parts 21-23. Coincidentally, the
maximum infective capacity occurs at the time of a
new bloodmeal. When the infected sandfly probes a
new host, it regurgitates about 1 to 1000 metacyclics,
closing the life cycle18. It seems clear that this coordination of events takes the parasite to an optimum
opportunity to infect the vertebrate host and
perpetuate its cycle.
Possible life-cycle phases where apoptosis is
relevant
The life cycle pattern shows that the guts of the
sandfly harbouring the promastigotes and the
macrophages where the parasites exist in very close
contact with each other are possible points at which
apoptosis might occur. When the procyclic
promastigotes divide in the sandfly gut, a control
mechanism for regulation of absolute number of cell
is required so that excessive division does not
compromise the survival of the sandfly. Similarly,
within the macrophages, the amastigotes divide and
might generate superfluous cell numbers. In addition
to controls in cell division, induction of apoptotic
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death would be relevant in these stages of life cycle
to eliminate unfit cells and control cell numbers
which is vital for the survival of the promastigotes
within the insect gut and amastigote survival within
the macrophages. In the bloodstream or at the site of
inoculation, apoptosis is not logically relevant and
no data exist on the issue.
The apoptotic process in L. donovani
Various models of apoptosis induction have been
tested in L. donovani which were developed using a
variety of apoptosis inducing agents. In this review,
the analysis of data available is divided into apoptosis
caused by antileishmanial drugs and other agents. A
section is dedicated to mitochondrial changes because
kinetoplastids are single-celled eukaryotes that belong
to one of the most ancient diverging branches of the
eukaryote phylogenic tree24 and are amongst the first
mitochondrial eukaryotes containing only one giant
mitochondrion. By virtue of having a single giant
mitochondrion kinetoplastids provide an interesting
model to investigate primarily the mitochondrial
changes that occur during apoptosis.
Induction of apoptosis by antileishmanial drugs
in L. donovani
Treatment available for visceral leishmaniasis is
far from ideal and the classic first line of treatment is
pentavalent antimony Sb(V), traditional second line
drugs being pentamidine and amphotericin B whose
use are limited by toxicity and availability 25 .
Pentavalent antimony is generally regarded as a prodrug requiring conversion to a trivalent form in order
to be cytotoxic and this reduction takes place in the
parasite or the host cells or both26,27. Antimonials are
thought to act by inhibiting metabolic pathways
although the mode of action is poorly understood28.
The clinical value of antimony therapy is now
threatened because of emergence of drug resistance29
and co-infection with human immunodeficiency
virus30, in addition to side effects of high doses of
antimony. There are several reports showing that
Leishmania apoptosis occur in response to
antileishmanial drugs. Most of these reported studies
were carried out in vitro. One of the systems that are
commonly used are the axenic amastigotes generated

in the laboratory by subjecting the promastigotes to
changes in pH and temperature. Although not totally
resembling intracellular amastigotes, these organisms
are frequently used as drug testing models26.
During the late log growth phase of L. donovani
axenic amastigotes, treatment with increasing
concentrations of Sb(V) shows a significant induction
of caspase-like activity31. On the contrary, no significant
caspase-like activity is observed in promastigotes upon
treatment with Sb(V) even at a higher concentration or
when treated for a longer period of time31, showing that
there is a distinct difference into how the different forms
of the parasite respond to Sb (V). In contrast to the above
observations reported by Lee et al31, no caspase-like
activity upon treatment of axenic amastigotes of
L. infantum with trivalent antimonial compound Sb(III)
was detected although presence of apoptotic features
such as DNA fragmentation was seen32. However, in
studies of Lee and co-workers, promastigotes were
found to show DNA laddering after antimony exposure
without any increase in caspase activity31. Therefore,
these observations provide possibilities of existence of
a caspase independent apoptotic pathway in the
Leishmania spp. Caspase-independent cell death in
multicellular organisms is known33,34, where release of
death factors from mitochondria has been shown to
cause apoptosis without involving caspases. While all
the above data are with free-swimming forms, some
reports are available on the immotile intracellular
amastigotes. The capability of the L. donovani to survive
within the host cell parasitophorous vacuoles as nonmotile amastigotes determine disease pathogenesis,
therefore, apoptosis in the intracellular forms is very
important. Our studies have shown that potassium
antimony tartrate, the active form of Sb (V), kills
intracellular L. donovani amastigotes by apoptosis
characterized by nuclear DNA fragmentation and
externalization of phosphatidylserine35. Holzmuller and
co-workers 36 showed that when intracellular
amastigotes were exposed to nitric oxide (NO) donating
compounds or lipopolysaccharide (LPS) generated NO,
DNA fragmentation occurred. In another study, DNA
fragmentation was observed in the infective form of
the parasite in response to serum deprivation, heat shock
and NO 37. Therefore, intracellular amastigotes are
competent to undergo apoptosis as is evident from the
above studies.
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When Sb(V) fails to combat Leishmania infection,
patients are treated with amphotericin B.
Amphotericin B, a pore forming polyene antibiotic,
induces caspase-like activity in both axenic
amastigotes and promastigotes of L. donovani
resulting in DNA fragmentation within 2 h in vitro31
implying that the effect of amphotericin B is faster
as compared to antimony. Another drug, the aromatic
diamidine pentamidine, initially developed for use
against Trypanosoma brucei, is considered an
alternative to pentavalent antimony in treatment of
leishmaniasis38. Concurrent inhibition of respiratory
chain complex II with pentamidine administration
increases cytotoxicity of the drug leading to death
by apoptosis.
Miltefosine, a recently developed oral drug for
leishmaniasis induces apoptosis-like death in
L. donovani that show nuclear DNA condensation,
DNA fragmentation with accompanying
ladder formation 39 . Pentacyclic triterpenoid,
dihydrobetulinic acid (DHBA), is a novel lead
compound for antileishmanial therapy. It acts by
targeting DNA topoisomerases and induces
apoptosis. Therefore it is a strong candidate for use
in designing new antileishmanial drugs40. Luteolin
and quercetin are effective antileishmanial agents and
these compounds arrest cell cycle progression in
L. donovani promastigotes, leading to apoptosis 41.
The above reports indicate that the process of
apoptosis is operative when a variety of
antileishmanial drugs are given in both the
promastigote and amastigote forms.
Other agents causing apoptotic death
Apart from antileishmanial drugs, other modes of
inducing cell death have been used to study
Leishmania apoptosis. For example, heat-shocked
parasites present ultrastructural and molecular
features characteristic of cells dying by apoptosis.
Morphological changes observed only in the presence
of calcium are mainly nuclear while cytoplasmic
organelles are preserved. Heat shock is also able to
induce DNA cleavage into oligonucleosomal
fragments 37,42 . Staurosporine, a protein kinase
inhibitor, that induces apoptosis in all mammalian
nucleated cells, also induces in L. major a death
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process with several cytoplasmic and nuclear features
of apoptosis, including cell shrinkage, phosphatidyl
serine exposure, and maintenance of plasma
membrane integrity3. Other than drugs and chemicals,
knocking out genes relevant to cell cycle have been
studied. For example, centrin, a calcium-binding
cytoskeletal protein involved in the duplication of
centrosomes in higher eukaryotes has been used as a
marker gene. Leishmania deficient in the centrin gene
shows selective growth arrest at the G(2)/M stage as
axenic amastigotes but not as promastigotes. The
axenic amastigotes also show failure of basal body
duplication and failure of cytokinesis resulting in
multinucleated “large” cells. Increased DNA
fragmentation is observed in centrin mutant axenic
amastigotes compared with wild type cells,
suggesting the activation of apoptotic pathway43. The
Silent Information Regulator (SIR2) family of genes
have been cloned from a variety of species ranging
from bacteria to man. Leishmania major gene
encoding a protein with extensive homology to yeast
SIR2p is expressed by different Leishmania species
and parasite developmental stages and is termed
LmSIR2 44. Using L. infantum as a recipient for a
plasmid vector which allows overexpression of
LmSIR2p led to the accumulation of the protein in
the parasite cytoplasm of both promastigote and
amastigote forms and a striking increase in the
survival of amastigotes, was observed under normal
axenic culture conditions. This phenotype was also
observed when L. infantum parasites were transfected
with a cosmid vector (CLHyg), isolated from a
L. infantum cosmid library, carrying the L. infantum
SIR2 gene (CLHyg-LiSIR2). In contrast, no effect
was observed on survival of the promastigote forms
under similar culture conditions. These results
demonstrated the existence of SIR2-related proteins
encoding genes in different Leishmania species and
suggest that LmSIR2p could participate among other
factors in the control of cell death44. Under a variety
of stress conditions such as serum deprivation, heat
shock and nitric oxide, cell death can be induced
leading to genomic DNA fragmentation into
oligonucleosomes where no caspase activity increase
is found. These data are consistent with the presence
of a caspase-independent cell death mechanism in
Leishmania, induced by stress28. There are not many
observations on Leishmania apoptosis in vivo. One
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study found apoptotic death of the parasites after 90
days of initiation of infection in hamsters indicating
apoptosis as a mode of death in case of in vivo
infection 45 . It is necessary to initiate studies that
investigate the extent of parasite apoptosis and host
cell apoptosis that occur in vivo and correlate how
these two events contribute to infection.
Involvement of mitochondria in apoptosis of
Leishmania spp.

in abrupt shutting off of the survival machinery
leading to necrosis. Therefore, the single
mitochondrion of L. donovani adopts a variable
energy generating state to sustain ATP generation
and viability till the apoptotic process is complete.
The maintenance of about 20 per cent of ATP
generation till late after H2O2 treatment is evidence
that a minimal level of ATP is maintained to take
the cell through the apoptotic process48.

Mitochondria are the sites of respiratory chain
location and generates adenosine tri phosphate (ATP)
to maintain viability of cells. Maintenance of proper
mitochondrial transmembrane potential (∆ψ m) is
essential for the survival of the cell and the study of
mitochondrial potential has become a focus of
apoptosis regulation as many investigations
demonstrate a major functional impact of
mitochondrial alterations on apoptosis 46,47 . The
protozoan parasites have a single mitochondrion and
the importance of functioning of this organelle in
Leishmania spp. is very vital as compared to
organisms with numerous mitochondria because the
presence of multiple mitochondria ensures
compensation for the injured ones but for organisms
with a single mitochondrion, no such choice exists
and survival depends on proper functioning of a
single organelle.

In metazoans, mitochondrial megachannel is
involved in the process of apoptosis leading to the
release of mitochondrial factors for initiation of the
apoptotic process 51 . In our studies, we noted a
considerable variation in the involvement of this
channel which was dependent on the type of apoptotic
stimulus given. We used cyclosporin A, an inhibitor
of the megachannel during oxidative stress and found
that ∆ψm loss was not reversed by cyclosporin A,48
ruling out the involvement of the megachannel in
oxidative stress induced apoptosis. In contrast,
limitation
of
electron
transport
by
thenoyltrifluoroacetone and antimycin A, inhibitors
of complexes II and III respectively, resulted in
dissipation of mitochondrial membrane potential that
was sensitive to cyclosporin A52. The involvement
of this channel needs to be probed further to
understand how and when this channel is involved
in apoptosis.

Studies from our laboratory demonstrate that
L. donovani promastigotes undergo an apoptosis-like
death in response to a well established model of a
biologically active oxygen derived intermediate H2O 2. While the H2O2 induced death shares many
features common to metazoan apoptosis such as
nuclear condensation, DNA fragmentation (Fig. 1)
and cell shrinkage 48, it also leads to ∆ψm disruption
(Fig. 2) and areas of high and low ∆ψm within the
single mitochondrion of the promastigotes are
detectable. This is of obvious importance for the
survival of these parasites because metazoan cells
with multiple mitochondria have the advantage of
containing these organelles in different energy states
giving the cell the opportunity to survive based on
the ATP generated by the active ones49,50. However,
in a single celled organism with a single
mitochondrion, total loss of potential would result

Inhibitors of respiratory chain complexes I, II
and III were able to induce apoptotic death of the
blood stream form of L. donovani, however, the
involvement of the mitochondrial potential was
variable. While complex I inhibition resulted
in mitochondrial hyperpolarization that was
preceded by increased superoxide production,
thenoyltrifluoroacetone (complex II inhibitor)
showed maximal generation of hydrogen peroxide
with a moderate elevation of superoxide levels and
a fall in ∆ψ m and complex III inhibition provoked
superoxide generation only with a fall in ∆ψ m52 .
Studies on the involvement of mitochondrion with
stationary phase Leishmania culture shows lower
∆ψ m than a log phase culture implying that aging
Leishmania lose ∆ψ m 28 . The third line of
antileishmanial drug, amphotericin B treatment
causes a significant fall in ∆ψ m that is followed by

SHAHA: APOPTOSIS IN LEISHMANIA SPP.

239

Fig. 1. Effect of H2O2 on cell survival and nuclear morphology in Leishmania donovani. A. Figure shows the effect of oxidative
stress on apoptotic death in the parasite. Note the percentage of cells undergoing apoptosis-like death as counted by a combination of
Hoechst dye and PI staining. Symbols: ■, control; ▲, 1 mM H2O2; ▼, 4 mM H2O2; l, 4 mM H2O2 + catalase (100 IU ); B. DNA
profile in agarose gels from treated and untreated promastigotes. (a) Without H 2O2 exposure. (b) After 2 h of 4 mM H2O2 treatment.
(c) After 4 h of 4 mM H 2 O 2 exposure. (d) After 6 h of 4 mM H 2 O 2 treatment. Arrow indicates the DNA ladder.
C. Changes in nuclei at different stages of cell death. Close ups of nuclei from a cell not exposed to H2O2 (a), a cell exposed to 4 mM
H2O2 for 4 h showing nuclear condensation (b) and a cell exposed to 4 mM H 2O2 for 6 h showing breakdown of nuclear material (c).

membrane permeability increase and a rise in
caspase-3 activity 28 . Topoisomerase I poison
camptothecin, induces apoptotic death in
L. donovani through interference with ∆ψ m 53 .
Intracellular amastigotes are very different from
promastigotes in their response to drugs. Potassium
antimony tartrate induced apoptotic death in
intracellular L. donovani shows a fall in the
amastigote mitochondrial membrane potential prior
to expressing features of apoptosis35. Staurosporine
induced death is also mediated through interference
with ∆ψ m3. Therefore, it is apparent that the single

mitochondrion of Leishmania plays a pivotal role
in cellular apoptosis.
Role of ions during apoptosis in L. donovani
The role of various ions during apoptosis forms a
very important component of any study on the
apoptotic pathways because many of these ions are
intimately related to the process of apoptosis. Ca2+
appears to be a vital ion that is involved in
Leishmania apoptosis. ∆ψm modulation is linked to
Ca 2+ homeostasis and partial inhibition of cytosolic
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Fig. 2. Dissipation of ∆ψ m occurs in Leishmania donovani
promastigotes after exposure to H 2 O 2 . L. donovani
promastigotes (10 7 /ml) were exposed to different doses of H 2O2
(0.1, 1 and 4 M) in vitro for the time periods indicated and
were subsequently stained with the potentiometric probe - JC1 (10 µM). Dose and time dependent changes of relative
mitochondrial potential value is expressed as the ratio of the
reading at 590 nm (aggregate) to the reading at 530 nm
(monomer). Data are ± SD of 4 experiments. **P<0.001 in
comparison to 0 h values.

Ca 2+ increase achieved by chelating extracellular or
intracellular Ca2+ by the use of appropriate agents
during oxidative stress results in significant rescue
of the fall of the mitochondrial membrane potential
and apoptosis-like death. The increase in cytosolic
Ca 2+ during oxidative stress is an additive result of
release of Ca2+ from intracellular stores as well as by
influx of extracellular Ca2+ through flufenamic acid
sensitive non-selective cation channels, contribution
of the latter being larger45. The antileishmanial drug
potassium antimony tartrate, which induces apoptotic
death in intracellular L. donovani amastigotes
characterized by nuclear DNA fragmentation and
externalization of phosphatidylserine, demonstrates
elevation of intracellular Ca2+ concentrations in both
the parasite and the host that is preventable by
antioxidants 35 . Flufenamic acid, a non-selective
cation channel blocker decreases the elevation of Ca 2+
in both the host and the parasite and reduces
amastigote death, thus establishing a central role of
Ca 2+ in intracellular parasite clearance 35 . As
mentioned earlier, inhibitors of respiratory chain
complexes I, II and III induce apoptosis through

modulation of mitochondrial activity. In such events,
interference with complex II but not complexes I and
III increased intracellular Ca 2+ . Chelation of
extracellular Ca 2+ is able to abrogate the early
increase of reactive oxygen species (ROS) providing
evidence that Ca2+ elevation was downstream to ROS
generation. Ca2+ influx in the above situation occurred
through non selective cation and L-type channels and
Na +/ Ca2+ exchanger like pathways 52. In camptothecin
induced leishmanial apoptotic death, oxidative stress
causes impairment of the Na+ - K + -ATPase pump
and subsequently decreases the intracellular K +
levels. A decrease in both intracellular pH and K+
levels propagates the apoptotic process through
activation of caspase 3-like proteases by rapid
formation of cytochrome C-mediated apoptotic
complex. In addition to caspase-like protease
activation, a lower level of intracellular K + also
enhances the activation of apoptotic nucleases at the
late stage of apoptosis 54 . This suggests that the
physiological level of pH and K+ are inhibitory for
apoptotic DNA fragmentation and caspase-like
protease activation in leishmanial cells.
Promastigotes from Leishmania (Leishmania)
amazonensis, when shifted from their optimal in vitro
growth temperature (22oC) to the temperature of the
mammalian host (37 oC), die by a Ca2+-modulated
mechanism showing features of apoptotic death.
More parasites die in the presence of this ion than in
its absence47.
In summary, the data analyzed above clearly
indicate that Ca2+ is very vital for the survival of the
parasites. These parasites differ from the metazoans
in the storage of Ca2+ and acidocalcisomes represent
the bulk Ca2+ storage organelle. However, no data are
available as to how these organelles respond to
apoptotic stimuli.
Caspases in Leishmania apoptosis
Although several studies report a caspase-like
activity upregulation with apoptotic stimuli55,31, the
cysteine proteases that play a role in metazoan
apoptosis have not yet been detected in L. donovani.
One metacaspase -like sequence for L. donovani was
reported56. Recently, five metacaspases (analogs of
caspases) were identified in the T. brucei genome.
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Expression of T. brucei metacaspase 4 in yeast
resulted in growth inhibition, mitochondrial
dysfunction and clonal death of the yeast. Moreover,
studies on T. brucei have confirmed that, as
previously reported for mammalian caspases,
metacaspase 4 is also a cysteine proteinase 57 .
Therefore, clearly it is a substantial lack of
knowledge of the proteases that bring about cell
dismantling.
How apoptotic mimicry may help parasites
Phosphatidylserine (PS) is one of the ligands
displayed by apoptotic cells that participates in their
noninflammatory removal when recognized by
neighbouring phagocytes. Advantageous features of
the apoptotic process can operate without death as
the necessary outcome is an interesting concept.
Leishmania spp. are able to evade the killing activity
of phagocytes and establish themselves as obligate
intracellular parasites by exposing PS and inhibiting
macrophage activity. Exposed PS participates in
amastigote internalization. Recognition of this
moiety by macrophages induces transforming growth
factor (TGF-β) secretion and interleukin 10 (IL-10)
synthesis, inhibits NO production, and increases
susceptibility to intracellular leishmanial growth58.
Other types of death in Leishmania spp.
Autophagy is a form of death that occurs in
L. donovani which is independent of caspases and
occurs without DNA fragmentation59.
Apoptosis in a related parasite group - the
Trypanosoma
Trypanosoma, the haemoflagellate shares close
similarity to Leishmania in many biochemical features.
Trypanosoma brucei brucei responds to ROS by
undergoing apoptotic death via a Ca 2+ mediated
mechanism but nuclease activation observed was not
a consequence of caspase 3, caspase 1, calpain, serine
protease, cysteine protease activation and hence the
process is caspase independent60. T. brucei rhodesiense
can be induced to undergo apoptosis after stimulation
with Con A and twenty two differentially displayed
products have been cloned and sequenced which are
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believed to be related to cellular apoptosis in this
organism61. Two upregulated genes late during ConAinduced apoptosis have been characterized. The first
represents a homologue of prohibitin, a protooncogene originally described in mammals and
subsequently in yeast, which is involved in cell cycle
control and senescence and the second gene,
homologous to a family of regulatory proteins which
are receptors for activated protein kinase C, is also
shown to be upregulated in terminally differentiated
bloodstream form trypanosomes 62 . Treatment of
T. cruzi parasites with the antibiotic drug geneticin
which induces the death of epimastigotes by apoptosis
showed selective localization of elongation factor-1
(EF-1) alpha in the nucleus of dying parasites. This
observation supports the notion already reported in
the case of mammalian cells that EF-1 alpha could
participate in the transcription processes and possibly
in the case of T. cruzi, in the expression of genes
involved in the control of cell death63.
Significance of apoptosis in Leishmania
Since cell death is the final outcome of apoptosis
it is almost intuitive that this process serves only
multicellular organisms. If one considers a
unicellular organism as a self-sufficient individual,
there is no a priori reason to believe that such an
organism can benefit from a suicidal programme. A
corollary of this way of thinking is that programmed
cell death has evolved after the onset of
multicellularity. However, this notion has been
challenged over the past few years. The identification
of a regulated cell death programme inducing an
apoptotic phenotype in nine different single celled
eukaryotes that belong to four diverging branches of
the eukaryote phylogenic tree provides a paradigm
for a widespread role for programmed cell death in
the control of cell survival, and raises the question
of the origin and nature of the genes that may be
involved in the execution and regulation of such a
process. Evolutionary advantages conferred by such
programme of self-destruction could include the
constant selection for the survival of the fittest cell
in the single-celled eukaryote colony, optimal
adaptation of the cell numbers to the environment,
and tight regulation of cell cycle and cell
differentiation in response to environmental changes.

242

INDIAN J MED RES, MARCH 2006

In such a context, it is important to realize that the
frontiers between multicellular organisms and singlecelled organisms may not be as stringent as usually
believed. Thus, the regulation of programmed cell
death in this single celled eukaryote allows a stringent
coupling of appropriate cell differentiation with cell
survival. In the three kinetoplastid parasites, T. cruzi,
T. brucei, and in the Leishmania, programmed cell
death may play an important role in the regulation
of the complex interactions between unicellular and
multicellular organisms that allow the establishment
and persistence of stable host/parasite interactions,
and the ‘apoptosis-like’ phenotype of the parasite
death process may reduce the onset of inflammation
and favour parasite evasion from the host immune
system. Therefore, in the context of host immune
response and the successful establishment of an
infection, apoptosis is very relevant.
Trypanosomatids might be endowed with an
apoptosis mechanism that is derived from ancestral
death machinery. Apoptosis in trypanosomatids could
be a process without a defined function, inherited
through eukaryotic cell evolution, which might be
triggered in response to diverse stimuli and stress
conditions. However, recent observations suggest that
apoptosis might be used by trypanosomatids to
maximize their biological fitness 64. Apoptosis could
represent an altruistic mechanism for the selection of
cells, from the parasite population, that are fit to be
transmitted to the next host. Alternatively, apoptotic
death could help in controlling the population of
parasites in the host, thereby increasing host survival
and favouring parasite transmission, Therefore,
apoptosis in trypanosomatid parasites may represent
a pathway involved both in survival and propagation
of the species, also it could represent a potential
pharmacological target for protozoan control65.
The elucidation of the molecular events which
tightly regulated the processes of growth arrest,
differentiation and death of T. cruzi, Leishmania spp.
and African trypanosomes, might allow not only to
define a more comprehensive view of the cell death
machinery in terms of evolutionary origin but may
also be useful to identify new target molecules for
chemotherapeutic drug development and therapeutic
intervention.
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Human infection with Leishmania results in diverse clinical and immunopathological situations.
The capacity of the parasites to cause this wide range of disease manifestations depends upon their
ability to evade the immune defense mechanisms by performing a well-tuned orchestra of hostparasite interactions inside the macrophages. While updated knowledge focus on the key role of
cell-mediated immunity (CMI) in protection, the survival strategies of the parasites leads to the
suppression of CMI which can further be aggravated by the co-infections with HIV, tuberculosis
etc. The present review describes the immune mechanisms in human leishmaniasis with a special
attention to visceral leishmaniasis or kala-azar, one of the most important epidemiological health
problems in Indian subcontinent. Modulations of the both humoral and cell-mediated immune
responses during asymptomatic infections, active disease and after successful chemotherapy are
discussed. The components responsible for the regulation of the critical balance of Th1/Th2 type
of responses are re-evaluated. Co-infection of HIV and visceral leishmaniasis and their
interdependence has been addressed. Although the specific role of an elevated humoral response
in kala-azar is yet to be established, attempts for its application in diagnosis, precisely for the
development of field diagnostic techniques, are presented. Also discussed are attempts to utilize
the immunogenic potentials of different leishmanial antigens in the development of anti-leishmanial
vaccines.
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Leishmaniasis represents a spectrum of diseases
with important clinical and epidemiological
diversity. There are three major forms of
leishmaniasis in human viz., cutaneous (CL),
mucocutaneous (MCL) and visceral leishmaniasis
(VL). The diseases are caused by the obligate
intracellular protozoan parasites belonging to various
species of the genus Leishmania. Leishmaniasis is
endemic in 88 countries, of which 72 are developing
countries, including 13 of the least developed
countries. Ninety per cent of CL occurs in seven

countries - Afghanistan, Algeria, Brazil, Iran, Peru,
Saudi Arabia and Syria, while 90 per cent of VL
occurs in five countries - Bangladesh, India, Nepal,
Sudan and Brazil 1. CL is caused by a wide range of
species, including Leishmania major, L. aethiopica
and L. tropica in the Old World, and L. mexicana,
L. braziliensis, L. amazonensis, L. pifanoi,
L. garnhami, L. venezuelensis, L. guyanensis,
L. peruviana, and L. panamensis in the New World.
The disease, which is usually localized and heals
spontaneously, is characterized by skin lesions rich
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in parasites. MCL is most commonly caused by the
New World species, L. braziliensis 2,3 , though
L. aethiopica has also been reported to cause this
syndrome. A persistent cutaneous lesion that
eventually heals characterizes initial infection.
Several years later, oral and respiratory mucosal
involvements occur, causing inflammation and
mutilation of the nose, mouth, oropharynx, and
trachea. Progressive disease is difficult to treat and
often recurs. With prolonged infection, death occurs
from respiratory compromise and malnutrition 4. VL,
commonly known as kala-azar, is caused by
L. donovani and L. infantum in the Old World and
L. chagasi in the New World. It is characterized by
fever, cachexia, hepatosplenomegaly, and blood
cytopaenia, and is usually fatal without specific
chemotherapy. VL is of higher priority than CL since
anthroponotic VL foci are the origin of frequent and
deadly epidemics. The name ‘kala-azar’ has
originated from India, meaning ‘black-fever’, which
refers to the hyperpigmentation of skin during the
course of the disease. Alternatively, the term might
be derived from the word ‘kal’ meaning ‘death’,
which signifies the fatality of the disease5. Patients,
cured of VL from Sudan and India, often develop
post-kala-azar dermal leishmaniasis (PKDL), which
appears as a dermatotropic form of L. donovani
infection. According to recent reports, there are
1.0-1.5 million cases of CL and 500,000 cases of VL
each year, and a population of 350 million is at risk.
Disability-adjusted life years (DALYs) lost due to
leishmaniasis are close to 2.4 million all over the
world 1,6.
Leishmania are protozoa belonging to the order
Kinetoplastida and the family Trypanosomatidae.
The parasites have a digenetic life cycle and exist in
two distinct morphologies, the promastigote in the
sand fly vector, and the amastigote in the mammalian
host. The motile flagellated promastigotes exist,
multiply and develop extracellularly in the
alimentary tract of the blood sucking female sand
fly vectors and are transmitted during the blood meal
into mammalian hosts. Inside the mammalian hosts
they infect macrophages of the reticuloendothelial
tissue7,8 and differentiate into nonmotile amastigotes
and multiply as such in the phagolysosomal vacuoles.
Macrophages play a primary role in the host defense

and regulation of immune responses upon activation9.
The parasites perform a complex host-parasite
interaction inside the severe environment of the
phagolysosomes and eventually evade this immune
defense mechanism10. Infection of macrophages with
Leishmania results in impaired microbicidal
machinery as evidenced by decreased responsiveness
to the lipopolysaccharide required for induction of
interleukin (IL)-1 production 11. Although most of the
informations on the immunologic mechanisms upon
infection and protection from the Leishmania
parasites were accumulated from the studies in mice,
some critical findings of murine CL have been
confirmed in humans in recent years. However, the
immune response due to VL and the pathogenesis of
the disease in human deviates considerably from the
murine model.
Although it is evident that cell-mediated immune
response (CMI) plays a very important role in the
susceptibility or resistance and prophylaxis in
response to chemotherapy, the role of humoral
immune response cannot be ruled out as VL is marked
by high levels of Leishmania-specific antibodies12,13
which appear soon after infection and before the
development of cellular immunologic abnormalities.
The role of these elevated antibodies in resolution
of the disease and protective immunity is mostly
unknown. The occurrence of subclinical or
asymptomatic infections among a large population
of individuals residing in the endemic areas with
development of specific antibodies and/or T-cell
response to leishmanial antigens, however, suggests
naturally acquired immunity 14-17.
Humoral responses in leishmaniasis
Infection of Leishmania in human is characterized
by the appearance of anti-leishmanial antibodies in
the sera of the patients. In CL, usually they are
present at low levels during the active phase of the
disease18. However, in some studies the presence of
antibodies against L. braziliensis infection in the sera
of infected patients has been critically monitored and
utilized for the diagnosis and prognosis of the
disease 19-23. Contrastingly, strong anti-leishmanial
antibody titres are well documented in VL 12,13 .
Although it is known that the Th1 cytokine
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interferon-gamma (IFN-γ) probably upregulates
isotypes IgG1 and IgG3, and the Th2 cytokines IL-4
and IL-5 stimulates the production of IgG4 in
human24,25, the role of the elevated anti-leishmanial
antibodies in kala-azar patients towards protection
or pathogenesis is still unclear. Critical analysis of
Leishmania antigen-specific Ig isotypes from our
laboratory and others has revealed the elevated levels
of IgG, IgM, IgE and IgG subclasses during disease2631
. To establish a correlation of these isotypes with
progression and resolution of infection, another
report from our laboratory has shown that antimonial
drug resistance is associated with a reduction in IgG2
and IgG3 antibodies, with no significant change in
the titres of IgG, IgM, IgA, IgE, and IgG4. However,
a marked elevation of IgG1 was observed in all the
patients studied32. Another study attempted to utilize
the relative abundances of the anti-leishmanial IgG
subclasses to discriminate among the immunity of
the active and cured patients as well as the endemic
healthy individuals and showed that a low CMI, in
terms of delayed type hypersensitivity (DTH), is
correlated with high IgG1, IgG3 and IgG4 and vice
versa 33 . As it is still debatable whether these
antibodies have any role in the protection of the
disease, a recent experimental study postulated that
IgG not only fails to provide protection against this
intracellular pathogen, but it actually contributes to
disease progression. Passive administration of antileishmanial IgG resulted in larger lesions in
BALB/c mice with greater amount of IL-10
production34. This result can be correlated with the
highly elevated titres of anti-leishmanial antibodies
during the active phase of the disease and a
consecutive fall in the antibody titre after a successful
cure. The elevated antibody titres against
promastigote or amastigote antigens, their fractions
or recombinant antigens have been extensively
exploited for specific serodiagnosis in last two
decades in the form of direct agglutination test
(DAT), ELISA, dot-ELISA, immunoblot, strip test,
indirect immunofluorescence test (IFAT), indirect
haemagglutination antibody (IHA) etc. However,
diagnosis of leishmaniasis remains problematic.
While differential diagnosis of symptomatic kalaazar from other fever related diseases with splenic
or hepatic disorders like malaria, typhoid,
tuberculosis etc., is difficult, CL, MCL and PKDL
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are often confused with leprosy and numerous other
primary and secondary skin diseases like psoriasis,
vitiligo, ringworm, lupus vulgaris, etc 35,36. Although
the serological tests have been evaluated with various
degree of sensitivity and specificity, a universal
method of field diagnosis to replace the gold standard
of kala-azar diagnosis by histological demonstration
of parasites from the splenic or bone marrow aspirate
is still lacking35,37-39. A recent systematic analysis
from our laboratory on the serodiagnostic potential
of L. donovani promastigote membrane antigen
(LAg) has revealed differences in the recognition
pattern among VL and PKDL sera of Indian origin40.
While the IgG- and IgG1-specific reactivity for both
VL and PKDL is 100 per cent, PKDL sera from the
patients with varied degree of disease manifestation
showed a wide range of anti-leishmanial IgG titres.
IgE and IgG4, which were elevated in VL were
negligible or absent in PKDL. Moreover, Western
blot studies revealed that IgG specific recognition
of 67 kDa band of LAg is specific for PKDL while
IgG-specific recognition of 31 kDa band is specific
for VL 40. ELISA, immunoblot, IFAT and IHA are
too sophisticated for field use. DAT with different
leishmanial antigens and strip test based on the
detection of serum-IgG against recombinant K39
(rK39)41 antigen have so far been proved to be the
best options for serological field diagnosis.
Determination of cut-off titre due to fluctuation of
sensitivity and specificity at different serum
dilutions, relatively high cost (US$ 4.5 per test),
storage of liquid antigen at 4°C, and a lengthy method
(18 h) are the constraints for DAT42. Although fast
agglutination screening test (FAST), a modified
version of DAT performed with freeze-dried antigen,
has overcome the problem of antigen storage and
assay time (3 h), it is costlier. Strip test using rK39,
which is a 39 amino acid repeat within the 230 kDa
LcKin protein of kinesin superfamily, can be used to
diagnose VL caused by L. donovani, L. chagasi and
L. infantum. It has been shown to produce very high
sensitivity and specificity among the patients of the
Indian subcontinent42-48. However, for African, Latin
American and Mediterranean VL patients, the
sensitivity and specificity of this test are lower49-53.
Appearance of anti-K39 IgG in the healthy
individuals of endemic regions and long persistence
of these antibodies in the patients after successful
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Table. Summary of reports of utilization of humoral responses in diagnosis of visceral leishmaniasis (VL) and post kala-azar dermal
leishmaniasis (PKDL) in the last seven years
Reference

Country

Sample
used

Assay
method

Ag/Ab used

Sensitivity (%); No. of study
Specificity (%) subjects

Boarino56
2005

Mediterranean
Region

Serum

ELISA

K9-K39-K26
chimeric Ag

99; 99.4

VL 185, HIV/VL 19,
HC 41, OD 139,
Canine VL 232,
Canine control 362.

Saha40
2005

India

Serum

ELISA
Immunoblot

LAg - IgG

PKDL 23; OD 15; EC 5; HC 10.

LAg
72 kDa
67 kDa
63 kDa
31 kDa

PKDL:
100.0; 96.7
PKDL:
100; 100
100; 100
100; 8.3
82.6; 100

LAg (Ld Pro
membr. Ag)
78 kDa
72 kDa
63 kDa
51 kDa

73.3; 100
73.3; 100
100; 27
100; 100

VL 15, OD 12, HC 3.

Ravindran57
2004

India

Serum

Immunoblot

PKDL 23, OD 4, EC 4, HC 4

Boelaert58
2004

Nepal

Serum

DAT
Dipstick

Ld crude Ag
rK39

95.1; 77.8
87.4; 77

VL 184, Suspected VL 13, NonVL 113.

Rijal592004

Nepal

Urine

KAtex

IgG in KAtex kit

47.7; 98.7

VL 155, OD 79.

Islam 2004

Bangladesh

Urine

DAT
ELISA

Ld Ag
Ld Ag

90.7; 96.4
93.3; 97.3

VL 75, EC 59, HC 65, CL 23, OD 78.

Abdallah61
2004

Sudan

Serum,
Blood

DAT
DAT

Ld freeze dried Ag 96.8; 96.2
Ld liquid Ag
91; 96.6

VL 61, OD 24, HC 102.

Riera622004

Spain

60

Urine

KAtex

Anti-Leish IgG

85.7; NA

HIV/VL 49, HIV 16, EC 43

Maalej632003 Tunisia

Serum

ELISA

Li Crude SLA
rK39
rH2A
rH2B
rGBP
rLACK
rgp63
rP20
rPSA-2-GST
rPSA-2-TR1-GST
rPSA-2-MBP
purified LPG

100; 94
100; 97
100; 91
100; 92
97; 92
97; 84
86; 90
68; 95
47; 96
36; 85
57; 97
92; 92

VL 38, EC 75, OD 33.

Veeken50
2003

Sudan

Serum

Dip-stick
DAT

rK39
Leish Ag

92; 59
100; 55

VL 50, Suspected VL 27.

Chappuis42
2003

Nepal

Serum

DAT
Dipstick

Ld Ag
K39

91; 69
97; 71

VL 139, OD 45.

Carvalho52
2003

Brazil

Serum

Dipstick

rK39

90; 100

VL 128, OD 39, CL 11, HC 10.

Goswami46
2003

India

Serum

Dipstick

rK39

100; 98.2

ActiveVL 70, Cured VL 30,
EC 20, OD 80.
Contd.....

SAHA et al: IMMUNE RESPONSES IN KALA-AZAR

249

Reference

Country

Sample
used

Assay
method

Ag/Ab used

Sensitivity (%); No. of study
Specificity (%) subjects

Sarker48
2003

Bangladesh

Serum

Strip test

rK39

96.6; 98.3

VL 60, EC 60, OD 60,

Sundar44
2002

India

Serum

Strip test

rK39

100; 93

VL 225, OD 100, EC 104.

Singh45
2002

India

Serum

Strip test
ELISA

rK39
rK39

100; 100
100; 100

VL 228, EC 150, HC 80, PKDL 12.

Schallig51
2002

Ethiopia,
Brazil,
Kenya

Serum

DAT
Strip test

Ld freeze dried
Pro Ag
rK39

100; 100

VL 21, Braz EC 19, Braz CL 5, OD 37.

India

Serum

ELISA
ELISA
ELISA

rK39
Ld Pro lysateLd
axenic Am lysate

Ryan302002

Brazil, Italy,
North Africa,
Nepal

Serum

ELISA

Ld s. exo Ag- IgG 100; 100

VL 129, CL 143, HC 12.

Carvalho65
2002

Brazil

Serum

ELISA

Ld rA2 Ag

VL 68 (Gr1: from Minas Gerais 48, Gr2:
from Bahia 20) MCL 13, CL 33, OD 40.

Kumar66
2002

India

Serum

Immunoblot

Ld pro s. Ag 65 kDa

100; 100 VL 10, EC 10, HC 10.

Attar67
2001

Brazil,
Yemen, Nepal

Urine

KAtex

Anti- leish IgG

81.4; 100

VL 132, EC+OD 64, CL 12, HC 312.

Zijlstra48
2001

Sudan

Serum

Strip test
ELISA

rK39
rK39- IgG

67; ND
100; ND

VL 55.

Kaul68
2000

India

Serum

ELISA

200 kDa Ld axenic VL: 96.6; 100
VL 30, PKDL 10, EC 10, OD 20, HC 10.
Am Ag
PKDL: 10; 100

Bern47
2000

Nepal

Blood,
Serum

DAT
Dipstick

Ld Pro Ag
rK39

da Matta29
2000

Brazil

Serum

IFA

Dried Lc promastigotes
IgG
100; 100
IgG4
100; 100

Anam26
1999

India

Serum

ELISA

LAg
IgG
IgG1
IgG3

100; 85
100; 83.3
100; 100

VL 25, OD 48, HC 12.

Jelinek53
1999

Mediterranean
Region

Serum

Dip-stick

rK39

71.4; 100

VL 14, OD 82

Salotra
2002

64

85.7; 82
VL: 100; 93.5
VL 30, PKDL 88, OD 91, HC 32, EC 22.
PKDL:94.5;93.5
VL: 100; 90.3
PKDL: 86.4; 90.3
VL: 100; 90.3
PKDL: 92; 90.3

Gr1: 78.8; NA
Gr2: 76.5;NA

98; 93
93; 100

VL 92, Controls 113.

VL 33, EC+HC 39.

Ag, antigen; HC, Healthy controls; OD, other diseases; EC, Endemic controls; LAg, L. donovani promastigote membrane antigen;
DAT, direct agglutination test; Ld, L. donovani; Li, L. infantum; Lc, L. chagasi; s. Ag, soluble antigen; Pro, promastigote; Am,
amastigote; ND, not done; IFA, indirect immunofluorescence assay; SLA, soluble Leishmania antigen; CL, cutaneous leishmaniasis;
MCL, mucocutaneous leishmaniasis. Superscript numerals denote reference numbers
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treatment (up to 2 yr), are other constraints of using
this method 54,55. Another field diagnostic approach
based on latex agglutination test (KAtex), to detect
the leishmanial antigens in the urine of the patients
has shown very high sensitivity and specificity.
Reports of the performances of different diagnostic
methods of VL based on the humoral responses in
the last seven years are summarized in the Table.
Cell mediated immune responses in human
visceral leishmaniasis
Immune suppression and Th1/Th2 paradigm: Despite
the differences between CL and VL, resistance to
disease in both the forms of leishmaniasis is marked
by a dominant Th1 response. Severe manifestation
of CL is associated with a strong Th2 compared to a
predominant Th1 response in the mild manifestation
of the disease 69 . On the other hand, it is well
documented that VL is characterized by suppression
of CMI, which is proved from the unresponsiveness
of the patients to the Leishmanin skin test (LST) or
Montenegro test. This test measures a DTH reaction
to an intradermal injection of leishmanial antigens70.
Containment of the disease following a successful
treatment is associated with a strong cell mediated
DTH response 71 . The cell mediated immune
suppression is also evident from blastogenesis assay
of the peripheral blood mononuclear cells (PBMCs)
(lymphoproliferation) from untreated VL patients
from Brazil, Africa and India 72-75 . Reduction in
proportion of the helper T cells and the
immunosuppression 76 is rapidly reversible with
effective chemotherapy. The control and protection
of VL, in general, is dependent on the IFN-γ induced
innate and adaptive cellular immune responses,
which induce the intracellular killing by activated
macrophages77. That this immunosuppression due to
VL is antigen specific is evident from the positive in
vitro response as observed from lymphoproliferation
or IFN-γ production from the PBMCs from both the
infected and cured patients stimulated with
Phytohemaglutinin (PHA) or an unrelated antigen,
purified protein derivative of tuberculin (PPD)17,74,78.
It has long been strongly suspected that this
immunosuppression in the active stage of the disease
is regulated by a population of suppressor T cells,
different from the conventional CD8+ T cells17,79,80.

It was suspected that this suppressor activity could
be mediated by a subpopulation of the CD4+ T cells
and could be distinguished by the CD45RB low
phenotype 81,82.
In genetically predisposed murine models of
L. major infection, a clear Th1/Th2 polarization with
distinct patterns of cytokine production by CD4+ T
cells, i.e., IFN-γ/IL-2 associated with resistance and
IL-4/IL-10 associated with susceptibility was
determined 83 . The existence of such a distinct
immunologic spectrum in human VL remains
unclear. Different reports suggest that mixed Th1 and
Th2 kind of responses are elicited upon Leishmania
infection in humans84-87. Under this mixed Th1/Th2
milieu, a suppressed Th1 response along with an
elevated Th2 is the hallmark of the active disease
while protective immunity is achieved by
upregulation of Th1 response after a successful
chemotherapy33,37. Inability of the PBMCs of the VL
patients to produce IL-2 and IFN-γ and their
restoration after chemotherapy in response
to the leishmanial antigens is also documented
elsewhere 88,89 . A generalized scheme of disease
development and associated immune status in human
kala-azar infection is shown in the Fig.
It is well known that IFN-γ induces microbicidal
activity against both the promastigote and amastigote
of L. donovani in monocyte derived human
macrophages, in H2O2-dependent90,91 as well as in NO
mediated pathway 92. Therefore, why high parasite
burden is favoured in active VL patients can be
explained by the deficiency of IFN-γ during disease.
Upon infection with L. donovani, the monocytes from
healthy individuals, pretreated with IFN-γ, were
shown to produce increased tumour necrosis factoralpha (TNF-α) and IL-1, two important elements in
the host response to microbial infection. This
suggested a potential mechanism by which IFN-γ
mediates its effect11 . There are reports that show
PBMCs isolated from all active VL patients fail to
produce IL-1 and TNF-α equally, upon stimulation
with L. chagasi antigen lysate93,94. This led to the
postulation that only the populations of the
parasitized reticuloendothelial cells were responsible
for the production of these circulating IL-1 and
TNF-α while these two cytokines were not produced
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Fig. Generalized scheme of disease development and associated immune status in kala-azar. Infection with Leishmania parasites causing
visceral disease leads to different pathological conditions. Most of the infected individuals develop symptomatic kala-azar. A considerable
percentage of the infected population undergoes subclinical infection and remains immune to symptomatic disease. Highly seropositive
asymptomatic individuals may convert to kala-azar. A small percentage of L. donovani infected individuals may directly result in
PKDL, a dermatotropic manifestation, without occurrence of the visceral disease. Symptomatic kala-azar patients present characteristic
antileishmanial serum antibodies and suppression of parasite specific CMI. Successful antimonial therapy leads to recovery of CMI
with mixed Th1/Th2 response. Despite a decline, antileishmanial antibodies persist in the sera of the cured individuals for many years.
Many VL patients in India and Sudan, after successful cure of VL, develop PKDL. Although seropositive, PKDL patients differ from
VL in the absence of CMI suppression. A generalized mixed TH1/Th2 response in PKDL proceeds towards upregulation of Th2
corresponding with the chronic disease. Thickness of the lines corresponds with the likelihood of the occurrence of the different events.
LST, Leishmanin skin test; CMI, cell mediated immunity; IFN-γ, interferon-gamma; Leish-Ag. Leishmania antigen; IL-2, interleukin2; TNF-α, tumor necrosis factor-alpha; IL-4, interleukin-4; IL-13, interleukin-13; IL-5, interleukin-5; TGF-β, transforming growth
factor-beta; IL-10, interleukin-10; MΦ, macrophage; PKDL, post kala-azar dermal leishmaniasis.

by the nonparasitized antigen stimulated PBMCs.
Serum level of IL-4 was found to be high in the
Brazilian VL patients compared to no or very low
level of IFN-γ 86 . However, considerable level of

IFN-γ is secreted at the very initial stages of the
exposure to the parasites as observed in the
seroconverted or subclinically infected individuals
in the endemic area95. Although the reasons behind
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high levels of IFN-γ secretion at the initial phase of
infection and the decline in its production at the
active stage of the disease is not clear, this IFN-γ is
found to come from the natural killer (NK) cells and
might be important as a component of innate immune
mechanism for the macrophage activation96. Reports
on the administration of IFN-γ in the VL patients for
therapy imply the functional importance of this
cytokine to establish the immune environment for
the clearance of the parasites 97-105.
Importance of IL-10: IL-10 was initially characterized
as a Th2 cytokine but later on it was proved to be a
pleiotropic cytokine, secreted from different cell types
including the macrophages106. Experimental evidences
indicate that IL-10 plays an important regulatory role
in the progression of VL. The suppressive ability of
IL-10 on the IFN-γ mediated microbicidal activity of
macrophages is well established for other
diseases106,107. Recombinant IL-10 is shown to have
inhibitory effects towards NO mediated killing of L.
infantum, L. major and L. braziliensis in human
macrophages, derived from the monocytes of healthy
individuals 92 . Investigation on Brazilian patients
showed that IL-10 production from L. chagasi antigen
stimulated PBMC cultures of acute VL was
significantly higher than in cured individuals, whereas
asymptomatic leishmanin skin test (LST) positive
individuals had no release of IL-10108. In active VL
patients of Sudan and India, production of high levels
of IL-10 mRNA is reported from the bone marrow
aspirate, lymph nodes, PBMCs, and splenic aspirates,
and the levels decrease after successful
chemotherapy 109-111 . These studies also showed
detectable levels of IFN-γ mRNA in the bone marrow,
lymph node, PBMC or the splenic aspirate samples
from the infected individuals though their specific
cellular sources were not determined. This is
interesting because, the production of IFN-γ at mRNA
level is in contrast with the studies where evidences
suggest that there is suppression of the Th1 kind of
response, observed from the inability to produce IFNγ by the PBMCs in active VL. Carvalho et al78 showed
that while a combination of exogenous IL-2 and IFNγ were able to restore only the lymphoproliferative
response, a combination of anti-IL-4 and anti IL-10
mAb were able to restore both the lymphoproliferative
response and the IFN-γ production of leishmanial

antigen stimulated cultures of PBMCs from VL
patients to a large extent. These observations clearly
indicate that the suppression of the Leishmaniaspecific Th1 kind of response in the patients is the
main reason for the disease susceptibility and this
suppression is regulated by IL-10 78 . Decline in the
level of IL-10 mRNA after successful chemotherapy
therefore supports the fact that persistence of high
levels of IL-10 in the host cells is beneficial for the
parasite survival and pathology. Besides its possible
role
in
susceptibility
and
progressive
immunopathology in VL infection, high levels of
endogenous IL-10 correlate with in the progression
of PKDL. Along with PBMCs, dermal keratinocytes
of the African PKDL patients who eventually
developed PKDL produced significantly higher
amounts of IL-10 than the cured VL patients who did
not develop PKDL112.
Importance of IL-12: IL-12, known as an natural
killer (NK) cell stimulating factor, cytotoxic
lymphocytes maturation factor, and a central
immunoregulator of the initiation and maintenance
of the Th1 response, plays an important role in the
induction of IFN-γ production by T and NK
cells113-117. IL-12 is shown to be a potent inducer of
the Th1-type response and protective immunity in
murine L. major infection 118,119. Along with IFN-γ,
IL-12 was reported to be produced from the PBMCs
of cured VL patients but not from the active VL
patients following stimulation with Leishmania
lysate. That IL-12 plays a counter-regulatory effect
against IL-10 in Leishmania infection, is proved from
the observation that addition of recombinant IL-12
or neutralizing anti-IL-10 mAb could restore the
IFN-γ production as well as the lymphoproliferative
response in the Leishmania lysate stimulated PBMCs
of active VL patients120,121. Conversely, neutralizing
anti-IL-12 or rIL10 inhibits the production of
IFN-γ120. As there are strong evidences that IL-10
inhibits IFN-γ production in human PBMCs by
suppressing IL-12 synthesis from the accessory cells
like macrophages, B cells or dendritic cells 122 ,
overproduction of IL-10 from different immune cells
is most likely the key driving force to decline the
Th1 environment and therefore establishing a
Th2 type response in the active human VL. Further
studies prove that this counter-regulatory activity of
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IL-10 and IL-12 plays a fundamental role in
modulating the immune responses of Leishmania
infection in human towards Th2 or Th1 probably by
modulating the B7/CD28 costimulatory interaction
respectively123. Recent experimental observations on
L. major revealed that these two counteractive
functions, i.e., IL-12 and IFN-γ-dependent hostprotective immune responses and IL-10-dependent
progressive Leishmania infection, are differentially
regulated by CD40 signaling. While weak CD40
signals induce extracellular stress-related
kinase-1/2 (ERK-1/2)-dependent IL-10 expression,
stronger signals induce p38 mitogen-activated
protein kinase (p38MAPK)-dependent IL-12
production. Induction of ERK-1/2 inhibits p38MAPK
and vice versa. Upon Leishmania infection, CD40
signaling is skewed towards ERK-1/2, therefore
inducing IL-10 and inhibiting IL-12 and iNOS-2
expression. Conversely, ERK-1/2 inhibition or IL10 neutralization restores CD40-induced p38MAPK
activation and parasite killing124.
Involvement of different cells in immune regulation
of human VL: Studies on the involvement of the
different immune cells in the maintenance of Th1/Th2
environment through the secretion of different
cytokines help to understand the nature of
immunomodulation in VL. Most of the T cell clones
derived from the PBMCs of the active VL patients
and asymptomatic subjects (seropositive and DTH
positive) were CD8+ with negligible CD4+, while the
situation is reversed in the cured individuals with more
numbers of CD4+ than CD8+ cells. CD8+ T cells
isolated from the asymptomatic subjects produced
high amounts of IFN-γ, which strongly suggests a role
of CD8+ cells in human resistance to Leishmania
infection. However, a unique popuplation of CD4+
cells producing both IFN-γ and IL-5 is found to
contribute in the control of infection in asymptomatic
subjects 125. An earlier study demonstrated higher
number of CD4+ clones than CD8+ clones in the
asymptomatic DTH positive individuals, although
clones isolated from active VL were mostly CD8+112.
Addition of the CD8+ clones isolated from acute kalaazar patients, augmented IL-10 production from the
PBMC cultures of same patients after recovery,
suggesting that CD8+ T cells may have a role in
mediating IL-10 production during active disease112.
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Further observations suggested that CD8+ cells are
likely to mediate the endogenous IL-10 secretion
rather than antigen-specific IL-10, and thus the
immunodominance of CD8+ T cells could probably
play an important role in progressive VL126. An earlier
study by the same author postulated that CD8+
suppressor T cell (Ts) population and Th1 CD4+
populations have counter-regulatory effects for
susceptibility and resistance, and predicted that the
basic immunoregulatory mechanism during infection
is the prevention of endogenous IL-10 secretion
mediated by CD8+ Ts cells by the activity of
leishmanial antigen-specific Th1 CD4+ cells.
Symptomatic infections occur when this immune
regulatory cycle fails due to antagonistic demands on
the immune system by, malnutrition, stress or other
causes127. Epidemiological and clinical investigations
suggested association of undernutrition with the
development of clinically apparent VL and that the
disease itself has a profound effect on nutritional
status 128 . There are evidences that PBMCs from
healthy individuals, not exposed to Leishmania, show
some natural reactivity to the leishmanial antigens by
production of IFN-γ and IL-4 as well as proliferation
of the PBMCs. This might be caused as a consequence
of cross-activation by other micro-organisms or some
evolutionarily conserved crosseracting antigens like
heat shock proteins (HSP)129-134. As mentioned earlier,
Th1/Th2 dichotomy is much debated in human VL
mostly at the cured stage 135 . Flowcytometric
investigation for the specific T cells producing these
cytokines in the culture of PBMCs of the cured VL
patients revealed that these cytokines were produced
mainly from the CD4+ cells, while a very low
percentage of CD8+ cells were also involved in
cytokine production 136 . Examination of the coexpression of the cytokines revealed three types of
cytokine producing cells viz. (i) IFN-γ producers,
(ii) IL-4 producers, and (iii) IFN-γ and IL-10
producers; IFN-γ and IL-4 were never co-expressed136.
This study demonstrated that besides conventional Th1
and Th2 subsets there is existence of a T cell
population producing both IFN-γ and IL-10, which
could be functionally important as the regulatory
subset that allows a balance between Th1 and Th2 cells
in the cured VL patients. Comparative flowcytometric
analysis on the PBMCs of healthy individuals and CL
patients infected with L. aethiopica, in response to
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L. aethiopica antigen reveal that the CD16+/CD56+
NK cells in the healthy individuals are the main
responder cells rather than the T cells in the CL
patients while the few T cells which responded in the
healthy individuals were identified to be CD8+137.
Elevated levels of IFN-γ were produced in similar
cultures of PBMCs from healthy individuals. Further
studies show that live Leishmania promastigotes are
able to stimulate human NK cells to secrete IFN-γ as
an early response96,138. This stimulation is contributed
largely by the Leishmania homologue of receptors for
activated C-kinase (LACK)139.
Involvement of other cytokines in immuneregulation
of human VL: IL-4 is considered to be the signature
cytokine of Th-2 response. Although known to
correlate with disease in murine CL but not murine
VL3, IL4 is reported to be present in the sera, PBMC
supernatant86,140 or as mRNA in human VL78,110,111.
But there are reports that IL-4 is not always
produced in VL patients 78,81,141 and that it has no
immunomodulatory effect in downregulating the Th1
response during disease 78,123 . However, these
inconsistent detections of IL-4 in VL patients might
be due to the fact that there are disease specific
soluble IL-4 receptors in the serum of VL patients,
which can neutralize both the bioactivity and
immunologic detection of this cytokine 142 . Other
Th-2 cytokines like IL-13 143 and transforming growth
factor-beta (TGF-β)144-146 have been reported to be
produced in VL though their biological role in
modulating the Leishmania specific immune
responses is not well defined. Studies on regulatory
T cells (CD4+ CD25+), which function through
TGF-β and IL-10 production could help to understand
the role of TGF-β. However, it is evident that parasite
survival is favoured by the conversion of latent
TGF-β of the host to active TGF-β by some parasitederived factors, which help to create its immediate
microenvironment to its own survival advantage146.
Implications of immunogenecity of different
leishmanial antigens towards human cells
The development of vaccines is the essential aim
of studies on leishmaniasis. In the endemic areas of
visceral leishmaniasis, a significant population of
individuals does not manifest any clinical symptoms

of the disease, but show elevated antileishmanial
antibodies and/or a T cell response to leishmanial
antigens15-17. Moreover, patients recovered from kalaazar are usually immune to re-infection 70,74. These
observations provide the idea that these individuals
have somehow gathered life long protection from VL,
possibly through the appropriate stimulation of
protective host response by the Leishmania antigens.
As discussed previously, it is known that the
immunosuppression observed in VL is antigenspecific. The in vitro stimulation of immune cells from
active or successfully treated VL patients by different
leishmanial antigen preparations or purified antigen
fractions provides idea about the potential
immunogenicity of those antigens as possible vaccine
candidates. While there is still no effective form of
immunoprophylaxis against this disease, extensive
investigations in this field include human vaccine trials
with killed promastigotes and immunization of mice
with attenuated, killed, and crude parasite fractions,
as well as purified and recombinant antigens and their
DNA147-150. The impressive recent advances in this area
may soon result in the development of a safe and
effective vaccine. Search for the effective vaccine
candidates basically involves screening of the different
immunodominent antigens, studies on the inherent
mechanisms of host immune responses and evaluation
of selected antigens as vaccine candidates either in
native or recombinant forms.
To identify some potential vaccine candidate
antigens, screening of immunogenicity of L. donovani
promastigote antigen fractions, isolated by electroelution, revealed that different antigen fractions of
14-80 kDa were almost equally potent to stimulate
the PBMCs of the Kenyan cured VL patients to
proliferate and produce IFN-γ87. A more recent study
from our laboratory has revealed that seven
polypeptides of L. donovani promastigote membrane
antigen preparation (LAg) of approximate MW 31,
34, 51, 63, 72, 91, and 120 kDa were recognized by
100 per cent kala-azar patient sera57. The promising
potentiality of these antigens as vaccine candidates
against VL is under investigation. LPG
(lipophosphoglycan) and glycoprotein (gp63), which
are involved in the attachment of the parasite to the
host cells, are two abundant molecules on the surface
of all species of Leishmania151-155. Observations on CL
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patients caused by L. braziliensis and L. mexicana
showed that LPG is a potent stimulator for
lymphoproliferation of the PBMCs of these patients
while gp63 is unable to stimulate similar cultures156,157.
Supportive results were found from the studies on
Kenyan VL patients where LPG isolated from L. major
were able to specifically proliferate the T cells of the
VL patients158. On the other hand, gp63 could not even
stimulate the PBMCs of cured VL or healthy
individuals while crude L. donovani sonicate could
stimulate both. This study demonstrated that the clonal
expansion of LPG-specific T cells might contribute
to the defense against infection 158 . However,
information regarding the immunogenicity of gp63 is
conflicting, since cells from spontaneously healed
Sudanese CL patients were reported to proliferate in
response to purified native gp63 from L. major141.
Moreover, gp63 stimulated T cell clones isolated from
the cured CL patients, infected with L. major, were
found to be of Th1 type and culture supernatants of
these cells inhibited the L. major infection in human
macrophages159.
Analysis of the host immune responses towards the
parasite antigens is important for vaccine strategies.
Evidences from the studies of CL caused by
L. aethiopica suggested that there are differences in
responsiveness towards L. aethiopica antigens
between T cells from local cutaneous leishmaniasis
(LCL) and diffused cutaneous leishmaniasis (DCL)
patients. While the progressive DCL is characterized
by nonresponsiveness, LCL, which is self-healing,
shows antigen specific cellular immune function 133.
In case of VL, though mixed Th1/Th2 is characteristic
of cure, an essential Th1 bias at this stage has to be
achieved by an effective vaccine. This could be
confirmed from the observations that nonspecific
antigens like PPD presents a positive stimulation in
the PBMCs of cured VL patients while tetanous toxoid
(TT) could not stimulate the similar cultures87,160,161. It
is known that PPD generally induces Th1-like and TT
induces Th2-like responses in human162. A recent study
on human trial of vaccination with alum-precipitated
autoclaved L. major (Alum/ALM) ± bacille CalmetteGuerin (BCG), has postulated that cellular immune
response to human leishmaniasis is dichotomous 163.
An early production of IFN-γ precedes over a positive
LST and it declines with time while LST positivity
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persists. These indicate that IFN-γ production and
elevated LST, two markers of protective Th1 response,
probably measure two different facets of cellular
immunity. One is mediated by IFN-γ production
through less differentiated T cells or NK cells, while
the other is mediated by more specialized and
differentiated T cells capable of induction of a varied
inflammatory reaction through chemotactic mediators.
There are several reports in the literature, which
focus on the immunogenic potential of different
synthetic or recombinant peptides. Among these,
kinetoplast membrane protein-11 (KMP-11) of
molecular mass 11 kDa, is physically associated with
LPG (therefore previously known as LPGAP) in
L. donovani. It was found to stimulate the production
of both Th1 and Th2 type of T cell clones from the
cured African VL patients with vigorous
lymphoproliferation 160 . Three 38-mer synthetic
peptides KMP-11-1 (a.a. 1-38), KMP-11-2 (a.a. 2865) and KMP-11-3 (a.a. 55-92) had been shown to be
potent immunogen with variable antigenicity for B and
T cells as observed through humoral and cell mediated
immune response during disease. However, these
synthetic peptides presented weaker proliferative
responses than the native KMP-11, which might be
the result of either different processing and
presentation of native protein and peptide by APCs,
or the lack of association with the glycolipid LPG,
thereby losing a natural adjuvant 164. Promastigote
surface antigen 2 (PSA-2), which is basically a
complex of three polypeptides of molecular mass 96,
80 and 50 kDa and tethered to the promastigote
membrane with glycoinositol phospholipid anchors165
was tested for its immunogenic properties on the T
cells isolated from the cured Sudanese CL patients.
While responses towards native PSA-2 isolated from
L. major as well as L. donovani was a clear Th1 type
as compared to the parallel TT stimulated cultures,
there was a lack of response to the recombinant
Escherichia coli derived PSA-2. This might be due to
importance of glycosylation in defining the T cell
epitopes of the antigen which probably determine the
glycosylated antigens as better vaccine candidates for
leishmaniasis in human161. In contrast to crude parasite
lysate, which induced a mixed Th1/Th2 response,
recombinant LeIF was shown to induce a dominant
Th1 type of immune response, which is largely IL-12
mediated, in the PBMCs of CL patients infected with
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L. braziliensis166. This is important in relation to the
observation that crude L. amazonensis lystate was able
to give rise to Leishmania-specific T cell lines with
potent Th1 response from the PBMCs of healthy
individuals in presence of IL-12. Moreover, these cell
lines contained high percentage of CD8+ populations,
which could lyse autologous Leishmania-infected but
not uninfected macrophages167. Other recombinant
leishmanial antigens rHSP-70, Leishmania type 2C
serine/threonine protein phosphatase (rLcPP2C) and
rgp63 were found to induce Th1 type of response in
asymptomatic and cured VL infected with L. chagasi,
with elevated IFN-γ production and very low IL-10168.
Lymphoproliferation in response to all these three
antigens were comparatively low than the crude LAg.
Interestingly, response in the PBMCs of the healthy
controls in this study is contrasting to those as reported
earlier 129-131 . Recombinant papLe22, a 22 kDa
potentially disease-aggravating protein of
L. infantum has been found to induce the production
of IL-10 in the PBMCs of active VL patients 169 .
Leishmania homologue of receptors of activated
protein kinase C (LACK), a 36kDa protein, is known
to induce an early induction of IL-4 secreting cells in
L. major susceptible BALB/c mice and drive the
immune response towards Th2 phenotype170. LACK
was found to stimulate the proliferative response of
CD8+ and NK cells in healthy individuals as well as
active CL patients139,171. Both IFN-γ and IL-10 were
secreted in the supernatants of the LACK-induced
PBMC cultures of these individuals. Therefore, the
vaccine strategies with this antigen in human CL might
be through directing the LACK response away from
Th2 towards Th1 171. However, the absence of any
response towards LACK in cured VL patients 171
suggests that LACK might not be the right candidate
for vaccination against VL. Further studies on
phenotyping of LACK stimulated PBMCs of healthy
individuals revealed that stimulation with recombinant
LACK induced production of IFN-γ from CD8+ naïve
(CD45RA+) cells and IL-10 from the CD4+ memory
(CD45RA-, CD45RO+) cells172.
Immune responses in kala azar patients with HIV
co-infection
Among all types of leishmaniasis, VL is the most
frequent potential opportunistic disease associated
with HIV-1 since the mid 1980s. Although ninety

per cent of the reported cases are from southwestern
Europe, incidences of co-infection are increasing
in eastern Africa and the Indian subcontinent173,174.
VL is found to promote the clinical progression of
AIDS 175 and it was suggested that Leishmania
parasites could be seen as potential co-factor in
HIV-1 pathogenesis 176 . Studies on latently HIV1infected U1 moncytoid cell line, treated with live
L. donovani or LPG, showed very significant
elevation of reverse trancriptase activity as well as
production of TNF-α, a potent inducer of HIV-1
expression, in the culture supernatants 177 .
L. donovani-induced immunosuppression is also
enhanced by HIV-1. When PBMCs from healthy
individuals are costimulated with both the antigens,
addition of HIV antigens did suppress L. donovaniinduced proliferation in a dose-dependent fashion
compared to only L. donovani antigen stimulation178.
On the other hand, increased production of IL-6 and
TNF-α, potent inducers for HIV-1, was found to be
associated with L. donovani -induced viral
replication. Further, L. donovani promastigotes and
LPG were proved to mediate CD4+ T cell activation
induced HIV-1 replication. Leishmanial antigeninduced TNF- α produced in the culture was
important for the replication 178,179 . The mutual
interdependence as the agents for co-infection
between these two pathogens is also reported. Coinfection in THP-1 macrophage cell line increases
the multiplication of L. donovani amastigotes in the
macrophages. Again, killed HIV preparation was
shown to abrogate the proliferative response as well
as IFN-γ production from the L. donovani antigen
induced PBMCs of healthy individuals. Moreover,
anti-IL-10 could not enhance IFN-γ production in
HIV-VL co-infected patients as is generally found
in only VL patients 180,181.
Role of regulatory T cells
Evidences from experimental murine models of
L. major infection suggest that endogenous CD4+
CD25+ T cells (Treg) play an important role in the
infectivity of this parasite. These cells are unique in
expressing CD25 molecule, which is the IL-2
receptor α-chain, on their surface and characterized
by their ability to control the excessive or misdirected
immune response to microbial or self-antigens 182-184.
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Constituting 5-10 per cent of the peripheral T cell
populations in both human and mice at the steady
state, CD4+CD25+ cells execute their suppressive
or regulatory function either by cell contact
dependent manner or by secretion of regulatory
cytokines IL-10 and TGF-β185,186. Activation of these
cells is also triggered to some extent by the
stimulation of toll-like receptor-4 (TLR-4) with it
ligand 187. Production of high levels of IL-10 and
TGF-β in the patients with acute infection of
Leishmania and the resultant immunosuppression in
them led to the investigation of the function of these
cells in leishmaniasis and is in fact shown to
accumulate in huge number in the cutaneous lesions
of mice infected with L. major and therefore suppress
the CD4+ CD25- effector cell functions to eliminate
parasites188. Another report tends to impart that CD4+
CD25+ cells in murine infection functions in
exclusively IL-10 independent manner rendering
their suppressive effect both on Th1 and Th2 cells
and thereby playing important role in suppressing
disease development of L. major infection in SCID
mice reconstituted with naïve CD4+ CD25- cells.
This study also postulates that Th2 cells are more
susceptible to the inhibitory effect of CD4+ CD25+
cells than the Th1 cells 189 . These informations
strongly indicate that CD4+ CD25+ T cells may have
similar immunomodulatory role in human VL, which
needs to be investigated.
Immune response in PKDL
As a sequel to kala-azar, PKDL, first described by
Brahmachari190 appears in a dermatotropic form of
L. donovani infection in >50 per cent patients in
Sudan and 10-20 per cent patients in India. The
immunopathogenesis of the disease is still ill
understood. Although patients of PKDL often bear the
different forms of PKDL lesions for years and hence
remain as reservoir for L. donovani191,192, there are
limited attempts to reveal the underlying immune
mechanisms for the appearance of the disease 192.
Studies, which have so far been made, indicate that
unlike VL there is positive cell mediated immune
response against leishmanial antigen in PKDL in terms
of DTH (LST), lymphoproliferation and production
of IFN-γ by the PBMCs 74,193-195 . PKDL patients
manifest an aggravation of the disease with time in
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form of nodular lesions or erythematous plaque
formation. Again, PKDL patients with early infection
show better CMI than the chronic patients. These
indicate that there are different domains of PKDL
patients according to the immunopathogenesis of the
disease. Though there is generalized prominence of
Th1 in PKDL, as found from IFN-γ production, high
levels of IL-10 in the lesions as well as plasma of the
patients112 indicate the importance of Th2 response in
chronic PKDL. Preponderance of the CD8+ cells over
CD4+ cells in PKDL lesions of Indian patients196,197 is
suggestive of persistence of parasites as CD8+ cells
might block the IL-2 production locally and in turn
inhibit the IFN-γ production198 favouring disease.
Conclusion
Till date, the studies of the immunology on human
infection of Leishmania emphasize the regulatory role
of the cell-mediated immune response. Although antileishmanial antibodies are abundant in the sera of the
patients during disease, a correlation between the
elevation of Th1/Th2 response and the stimulation of
these antibodies could not be established. As there is
tremendous ecological and genetic diversity among
the different human populations exposed to the
parasite, conclusive understanding of the parameters
of resistance versus control in human is difficult.
Moreover, the immunological data available are still
scarce. There is also an urgent need for a better
experimental model mimicking human infections. It
is evident that there is a marked occurrence of both
Th1 and Th2 components of CMI response during VL
as documented through the detection of serum and
tissue cytokines. Recent reports suggest the
involvement of immune cells other than the Th1 and
Th2 subsets of CD4+ T cells. Among these, CD8+
cells macrophages and NK cells play major roles. In
addition, recent experimental data obtained with
studies on CD4+ CD25+ Treg cells point to a probable
regulatory function of these cells in maintaining the
immune homeostasis in human leishmaniasis. In
contrast to the earlier ideas that antagonistic functions
of IFN-γ and IL-4 determine the outcome of protection
or pathogenesis of the disease, recent studies
emphasize the importance of the balance of the two
regulatory cytokines IL-12 and IL-10, critical for the
regulation of the immune modulation during infection,
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pathogenesis, and chemotherapy. To understand the
nature of human infection with these parasites and to
develop better chemotherapeutic and vaccine
strategies, further in depth studies focused on the
immune modulation in the subclinical and
asymptomatic individuals needs attention. Immune
status of the patients demonstrating antimony
resistance and those suffereing from relapse of
infection should also be a major area of investigation
as these patients might have developed some
impairment towards protective immunity. Moreover,
immunopathogenesis in patients with PKDL, so far a
neglected field of research, deserve attention. As the
patients with PKDL come up with varied degrees of
disease manifestation and there are also considerable
differences in the PKDL patients of Indian and African
origin, systematic analysis of immune responses of
this sole human reservoir of the disease will definitely
help to clear our vision of leishmaniasis as a whole.
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Visceral leishmaniasis is characterized by diversity and complexity of clinical manifestations ranging
from asymptomatic infection to life threatening illness. Experimental evidence and clinical studies
indicate multifaceted role of various factors leading to parasite survival and multiplication. In
early stage of infection, generation of reactive oxygen and nitrogen intermediates play significant
role in curtailing the parasite multiplication while in later phase on one hand, hepatic resistance is
expressed by the dominant role played by nitric oxide synthase (NOS)-2 gene regulation and on
the other hand, production of inhibitors of NOS-2 gene expression, interleukin 10 (IL-10) and
β ) correlate well with reduced parasite killing. The hepatic
transforming growth factor beta (TGFβ
infection is usually self-limiting due to production of multiple cytokine responses including moderate
level of tumour necrosis factor (TNF) while in spleen excess TNF mediates destructive pathology.
CD8+ T cells appear to play multiple roles comprising both cytotoxic activity and secretion of
cytokines and chemokines. Capacity to produce ThI cytokines is associated with asymptomatic or
subclinical self-healing infection. However, in symptomatic patients, Th I cytokine production is
not depressed but there appears to be unresponsiveness to the stimuli of these cytokines.
Experimental evidences indicate genetic basis for such a phenomenon.
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Leishmaniasis, caused by obligate intracellular
protozoan parasites of genus Leishmania is
endemic in areas of tropics, subtropics and
southern Europe, in settings ranging from rain
forests in America to deserts in western Asia and
from rural to periurban areas 1 . Visceral
leishmaniasis (VL) caused by Leishmania
donovani species complex (i.e., L. donovani and
L. infantum in Old World and L. chagasi in New
World); L. tropica (Old World) and L. amazonensis
(New World) is endemic in 88 countries affecting
12 million people with estimated annual number

of about 5,00,000 new cases and 350 million
people at risk of infection. Over 90 per cent of
worldwide cases are in Bangladesh, northeastern
India Nepal and Sudan (Old World) and in
northeastern Brazil (New World). In India, VL has
been known to occur epidemically and endemically
in well defined areas in the eastern parts of the
country, mainly in Bihar, West Bengal, eastern
districts of Uttar Pradesh, Assam and foothills of
Sikkim 2. Leishmaniasis is transmitted by sandflies
(Phlebotomus species). Leishmania species exist
as extracellular flagellated promastigotes in the
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guts of female sandflies, and transform to the
amastigote form in animal and human hosts.
In visceral leishmaniasis or kala-azar the
incubation period varies from 10 days to one year.
The infection may be asymptomatic or may lead to
fully blown kala-azar. Initially, there is low grade
recurrent fever and malaise, followed by progressive
wasting, anaemia and hepatosplenomegaly and if
untreated, proves fatal within 2-3 yr. In some patients,
the disease takes a more acute course. The cause of
death is often a secondary infection. In India, 5-10
per cent of patients develop post kala-azar dermal
leishmaniasis (PKDL), a syndrome resulting due to
inadequate treatment. Some patients, particularly in
India recover spontaneously. The confirmatory
diagnosis of VL relies upon demonstration of parasite
in tissue samples or tissue culture. Microscopic
examinations of spleen aspirate and/or bone marrow
smears offer the higher diagnostic efficacy but are
associated with risk due to invasive procedure. The
detection of parasite DNA in blood samples by PCR
should be regarded as a promising tool, rather than
the conventional invasive procedures such as splenic
and bone marrow aspiration 3. Immunodiagnostic
methods to detect antibody or antigen are useful
depending upon clinical syndrome, antigen and the
assay used. The 200 kDa L. donovani amastigote
antigenic fraction was found 96.6 per cent sensitive
and 100 per cent specific. It does have prognostic
significance and was found useful for differentiating
active VL and PKDL4. Detection of antibody to rk39
antigen of L. chagasi is being widely accepted for
the diagnosis in immunocompetent patients 5 and may
prove a better marker for detection of Leishmania
infection in HIV infected patients6.
Despite the wide range of manifestations seen in
this infection, all clinical and geographical varieties
of the disease share a common histological feature namely, the early accumulation of mononuclear
phagocytic cells in the invaded tissues leading to
hyperplasia of reticulo endothelial cell (REC) of the
organs involved. The pathology of VL is dominated
by the specific suppression of cell-mediated
immunity; permitting the dissemination and
uncontrolled multiplication of the parasite resulting
in various complications, if untreated.

The REC hyperplasia that follows infection with
L. donovani affects spleen, liver, mucosa of small
intestine, bone marrow and lymph nodes. The
cardinal histopathological feature of hepatic
resistance to visceralizing species of Leishmania is
the development of granulomas. Diversity of
granuloma structure and function in experimental VL
has been extensively studied 7 , and many of the
cellular and molecular components of acquired
immunity necessary for the formation, maintenance,
and effecter function of granulomas have been
characterized through the use of gene-targeted mice
or in vivo administration of neutralizing or depleting
monoclonal antibodies. Mature granulomas, showing
extensive mononuclear cell cuffing, can readily be
seen alongside kupffer cells that harbour intracellular
amastigotes but that appear to have failed to trigger
an inflammatory response. The mechanistic basis of
such asynchrony is not well understood, but it may
reflect intrinsic differences in kupffer cell
populations with respect to chemokine production,
indirect effects due to varying amastigote load or to
limitation imposed by the frequency of antigenspecific T cells available for recruitment to the liver8.
In spleen and other lymphoid organs, there may be
atrophy of paracortical areas but plasma cells are
numerous. The marginal zone (MZ) of the spleen is
an important site for the capture of blood-borne
pathogens and a gateway for lymphocytes entering
the white pulp. L. donovani infection results in a
remarkably selective loss of MZ macrophages 9 .
Haematopoiesis is initially normal but later becomes
depressed. The life span of leukocytes and
erythrocytes is reduced, causing granulocytopenia
and anaemia. The liver function is normal and few
hepatocytes are invaded; and prothrombin production
is decreased. Together with thrombocytopenia, the
prothrombin depletion may result in severe mucosal
haemorrhage. Hypoalbuminaemia is associated with
oedema. Diarrhoea may be due to intestinal
parasitization and ulceration or secondary enteritis.
In the advanced stage, intercurrent infections are
frequent, especially pneumonia, dysentery and
tuberculosis and these are the common cause of
death. Complement activation might contribute to
development of anaemia; as there is formation of
immune-complexes, though nephritis is rare. In few
cases of self-healing or lymphatic VL, tuberculoid
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and necrotic histological patterns have been
reported10.
There is complex information concerning the
events that follow the inoculation of promastigotes,
which might be critical to the eventual outcome of
the infection. Most of the infected individuals are
asymptomatic while few develop symptomatic
infection. Experimental infection in animals and in
vitro experiments suggest the existence of several
mechanisms that permit parasite survival and
multiplication.
Host-parasite interaction
Although, sera from infected individuals and
certain mammals contain factors capable of
agglutinating or lysing promastigotes in vitro, yet
within the host macrophages, the amastigotes are
protected from antibodies and other circulating
substances that might be harmful to the parasite.
Parasite survival within the host must therefore
depend on the capacity of the microorganism to
become incorporated into these cells. However, the
search for a specific organelle that might facilitate
active cell invasion has so far been unsuccessful and
consensus is that the amastigotes are probably taken
up by simple phagocytosis and phagosomes
containing parasites fuse with the lysosomes (the
parasites multiply in the phagolysosomes).
Receptor-ligand interaction: The mechanism that
leads to the establishment of intracellular parasitism
apparently depends upon how the promastigotes enter
the macrophages. The mode of entry is probably by
active penetration by the flagellar end. Further,
although both promastigotes and amastigotes might
play an active cytochalasin inhibitable role in their
initial attachment to host phagocytes, the actual
ingestion occurs as per the classical “Zipper”
hypothesis 11. One of the important events which
occurs at the macrophage surface following certain
receptor/ligand interactions is the triggering of the
respiratory burst and production of toxic oxygen
metabolites. The promastigotes and amastigotes
bring about markedly different respiratory burst
responses in mouse peritoneal macrophages and it
can be postulated that they might be entering via
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different receptors 12 . Further, Remaley et al 13
observed that some amastigotes caused localized
inhibition of respiratory burst response and that a
tartrate resistant acid phosphatase isolated from the
external surface of L. donovani promastigotes
inhibited the superoxide anion production by human
neutrophils. Relative measures of reactive oxygen
intermediates generated by these cells in
experimental VL indicated failure of respiratory burst
in resident liver macrophages and a possible role for
another subpopulation of cells (immigrant
macrophages) in the oxygen-dependent killing
mechanisms 14 . Study in murine VL indicated the
defective oxidative pathway of kupffer cells and the
presence of morphologically and functionally
different subpopulations of macrophages in liver,
working through different pathways in causing tissue
damage during the infection 15 . The differential
microbicidal potentials of liver macrophages, the
oxygen-dependent and oxygen independent pathways
in kupffer cells and immigrant macrophages of
L. donovani infected BALB/c mice have been
investigated and it was shown that both adopt
different pathways to cope with this infection16.
Cytokine responses: Pathogenesis appears to be
related to T-cell cytotoxicity and control of VL
depends on the magnitude of T helper 1 and
multicytokine responses early in the course of
infection. During progressive infection in mice, Th2type CD4+ T cells expand and secrete interleukin-4
(IL-4), resulting in polyclonal B-cell activation.
Later, fully established VL is associated with cellular
anergy. Inappropriate antigen presentation and
communication between the antigen-presenting cells
and T cells, as well as the induction of IL-10 and
IL-4 might explain this anergy.
In endemic areas, infected subjects may or may
not develop classic signs and symptoms. Capacity
to produce IL-2 and interferon-gamma (IFN-γ) (ThI
response) is associated with asymptomatic or
subclinical self-healing infection. In contrast,
individuals whose lymphocytes do not proliferate
and, thus, do not produce IFN-γ when stimulated by
Leishmania antigen, will develop acute VL or a
subclinical infection that progresses to classical
disease. Immunological abnormalities could be found
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in monocyte and T-cell function, such as diminished
production of tumour necrotic factor-alpha (TNF-α)
and IL-1 after lipopolysacchaaride (LPS) or Listeria
stimulation, decreased production of IL-2 and IFN-γ
by lymphocytes with Leishmania antigen. There is
absence of delayed-type hypersensitivity to
Leishmania antigen-stimulation and a decreased
capability of T-cells to activate macrophages and kill
Leishmania. All these abnormalities may account for
parasite multiplication and progression of the
disease 17 . By the antigen specific lymphocyte
population, plasma levels of IFN-γ, IL-12 p40,
IL-18, IL-15, interferon-gamma inducible protein
(IP-10) and monokine induced by IFN-γ are markedly
elevated in symptomatic VL patients as compared to
individuals with asymptomatic infection, and
significant decrease of plasma levels of IFN-γ and
all mediators has been observed after treatment of
such patients. In these patients, production of type I
cytokines is not depressed, but there appears to be
an unresponsiveness to the stimuli of type 1
cytokines18. L. donovani amastigote components have
been shown to induce the production of colonystimulating factors in experimental infection and thus
it may play an important role in the pathogenesis of
VL19.

major influence on the course of the disease. This
gene designed as “Lsh” is expressed at the
macrophage level and is identified for its role in
controlling early growth of L. donovani in inbred
mice22. This gene is also expressed in resident liver
macrophage population for L. donovani and thus the
interplay of drug and organ dependent immunity is
of paramount importance. Carter et al 23 have
demonstrated a drop in parasite number in liver
macrophages with little or no effect in spleen and
bone marrow macrophages. Experimental infection
is initiated by intravenous administration of
amastigotes of either L. donovani or L. infantum. The
outcome of infection in mice has a clear genetic basis.
Early amastigote replication in tissue macrophages
is regulated by the phagosomal proton-cation
antiporter encoded by the SlcI IaI gene (formerly
Nramp I or Lsh/Bcg/Ily) 24 . Early parasite growth
could be controlled in SlcI IaI wild type mice (e.g.,
CBA) while it is unrestrained in SlcI IaI mutant mice
(BALB/c and CST BL/6 strains). Expression of this
natural resistance is independent of T cells. In a
recent study, where several chromosomal regions
containing disease resistance genes were typed,
linkage was established between VL and the 5' (CA)
repeat polymorphism of the SLCIIAI promoter 25.

Tumor necrosis factor (TNF): TNF has variety of
roles in experimental infection. Some benefit host
resistance while others mediate host pathology. It is
critical for the control of VL. CST BL/6 mice
deficient in TNF or lymphotoxin (LT) alpha have
increased susceptibility to hepatic L. donovani
infection. Production of inducible nitric oxide
synthase has been found to be deficient in TNF-and
LT alpha-deficient infected mice. The results
demonstrated that both LT alpha and TNF are
required for control of infection in noncompensatory
ways 20.

Although most SlcI IaI mutant mice eventually
control their hepatic infection, the rate and
effectivenss of this control are determined largely
by major histocompatibility complex (MHC)
haplotype; indicating an important role for acquired
immune responses. The mechanisms underlying this
host resistance to both L. donovani and L. infantum
infection have been studied most extensively in the
liver. Because CD4+ and CD8+ T cells are both
required for optimal resistance in normal mice,
resistance as expected is absent in nude, severe
combined immunodeficiency disease (SCID), or
recombination activating gene (Rag) -/- mice, and
reconstitution experiments suggest that both
populations of T cells can effectively transfer
resistance with varying degrees of efficacy 8 .
Association between rate of cure and relative Thelper 1 (Th1): Th2 bias has been difficult to detect.
Most SlcI IaI mutant mouse strains have a mixed Tcell cytokine profile, apparent throughout the
infection. By enzyme linked immunospot (ELISPOT)

A subset of liver natural killer (NK) T cells is
activated during L. donovani infection by CDIdbound lipophosphoglycan and reports suggest an
important role for the CDId-NK T cell immune axis
in the early response to VL infection21.
Genetic basis: The mouse model has been
particularly helpful in mapping the genes, which have
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assay analysis, IFN-γ and IL-4- producing cells are
found at a ratio of approximately 2-3:1, with only
minor variations over time and in different organs8.
Organ specific pathogenic mechanisms
Studies on experimental infection have clearly
indicated contrasting outcomes in liver and spleen
depending upon the compartmentalized immune
response with tissue specific regulation of the quality
and quantity of response. The hepatic infection is
usually self-limiting and hepatic immune response
is a good example of a mononuclear cell-dominated
granulomatous inflammatory response involving
resident kupffer cells, monocytes, CD4+ and CD8+ T
cells. Multiple cytokine responses including IFN-γ,
IL-12, IL-4 and moderate levels of TNF contribute
to host protection in liver with focal TNF production
readily observed in hepatic granulomas. By contrast,
simultaneously with the resolution of hepatic
infection, control of amastigote growth in the spleen
is lost and destructive pathology is the norm.
Strikingly, excess TNF in this lymphoid environment
mediates much of the architectural damage and
immunological dysfunction associated with this
chronic inflammatory state. Although, the issue of
mononuclear phagocyte heterogeneity appears to be
of paramount importance, yet many questions e.g.,
receptors governing amastigote internalization by the
heterogenous subpopulations of mononuclear
phagocytes found in spleen, liver and other target
tissues, key immunological events that switch the
spleen into a state of chronic inflammation, local
regulation of TNF in liver and spleen, etc., remain
unresolved9.
Hepatic resistance correlates well with the
generation of reactive oxygen and reactive nitrogen
intermediates. In early stages of infection (up to 12
day post infection), both play significant roles in
curtailing the parasite growth, as determined by
studies in phox-/- and nitric oxide synthase (NOS)2-/- mice, and this significance might relate to the T
cell dependent recruitment of both neutrophils and
monocytes. During later phase of infection, when
hepatic resistance is expressed by declining
amastigote number, NOS-2 gene regulation appears
to play the more dominant role, and the generation
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of NO mainly reflects T cell dependent macrophage
activation. Although efficiency of macrophage
activation may reflect cytokine-mediated crossregulation at the level of Th-cell differentiation, cross
regulation at the level of NOS2 gene expression in
macrophages themselves appears to play a dominant
role, with production of the inhibitors of NOS-2 gene
expression, IL-10 and transforming growth factor β
(TGFβ) correlating well with reduced parasite
killing8. These two counterprotective cytokines might
be temporarily regulated, with TGFb appearing rather
late in infection compared to IL-10. To date, the range
of cellular sources of these cytokines in VL has not
been fully characterized, though it is clear that T cells
contribute both to TGFβ production and to IL-10
production 8.
Further, it is suggested that spleen is the source
of Leishmania-specific T lymphocytes that migrate
to the liver, where parasite replication is highly
active. In liver, these pre-activated cells become
effecter T lymphocytes. Strong regulation of CD8+
T cells effecter function has been observed,
probably preventing hepatic tissue damage.
Comparing mice strains with ‘cure” and “non-cure”
phenotype, an imbalance between protective and
pathogenic CD4+ subsets in animals might be
involved in the evolution of non-healing infection 26.
Recently, a prominent role for CD8+ T cells in
immunity against pathogens has emerged. The mode
of action of CD8+ T cells in murine VL and their
contribution to the clearance of the parasite has been
addressed. CD8+ T cells appear to play multiple
roles comprising both cytotoxic activity and
secretion of cytokines and chemokines during the
course of the experimental infection. Cytotoxic
clones specific for L. infantum antigens developed
in the spleen of susceptible BALB/c mice, showed
an activated phenotype and became susceptible to
apoptotic cell death late in the course of the
disease 27 . CD8+ T cells exhibited considerable
cytotoxic activity against cells expressing
Leishmania antigens. This activity was mediated by
both the perforin and the Fas/FasL pathway, as
judged from in vitro and in vivo assays. The CD8+
T cells also up-regulated mRNAs for cytokine
(IFN-γ and TNF-α) and C-C chemokines (RANTES
and MIP-L alpha), which have a major role in
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immunity against the pathogen. CD8+ T cells thus
displayed a Tcl pattern of differentiation in visceral
leishmaniasis model comprising both cytotoxic
activity and secretion of cytokines and
chemokines 27 . Chemokines are a group of
chemoattractant cytokines that play important roles
in physiological as well as pathological processes
and it is becoming increasingly clear that
chemokines play a major, perhaps decisive role in
Leishmania infections28.
Ca 2+ signaling can be an appropriate candidate for
a second messenger during the transformation of
promastigotes to amastigotes29. It has recently been
recognized that sandfly components might enhance
the ability of promastigotes to enter macrophages and
thus increase the virulence 1,30. Sandfly saliva was
demonstrated to induce the expression of IL-6 and
TNF-α in murine macrophages and was
chemoattractive for murine macrophages and
enhanced L. amazonensis infection by modulating IL10 production31.
If spontaneous recovery occurs, the patient’s cellmediated immunity improves. Such patients develop
a delayed hypersensitivity response as indicated by
positive Leishmanin or Montenegro test. If the
individual is uanbale to mount an appropriate
immune response, the parasite disseminates in the
reticuloendothelial cells of the host. Alternatively,
the parasite may remain dormant and not present
itself until one’s immune system is compromised32.
Sodium stibogluconate does not seem to alter the
immune status of the host33. The macrophages from
drug treated animals tackled the parasites themselves
by their microbicidal mechanisms and the in vitro
infection was tackled by the drug in vitro. This
indicated that a well developed specific immunity in
leishmaniasis helps in the antileishmanial activity of
these drugs34.
Leishmania-HIV interaction
Both Leishmania and HIV are able to infect and
multiply in monocyte/macrophage cells. Both
pathogens can establish latent infection following
primary infection. The immunopathogenic

mechanisms by which Leishmania and HIV may
interact and affect the immune system to influence
the expression of one another have been emphasized.
Possible effects of Leishmania that favour HIV
replication appear to be transactivation of HIV in
latently infected monocytes and in both antigenspecific manner and antigen non-specific manners
in latently infected CD4+ T cells. The other evidences
indicate polyclonal B-cell activation, enhancement
of activity of Th2 cells, decreased HIV-specific CD 8+
cytotoxic T cell response and depression of activity
of Th1 cells. Possible effects of HIV that favour
amastigotes multiplication are deactivation of
macrophage function, depression of activity of TH I
cells, inhibition of phagoxome-lysozome fusion and
enhancement of activity of Th2 cells35,36.
In conclusion, the major insights into the different
spectrum of leishmaniasis have derived from animal
studies, primarily using in bred mouse strains. The
parasite, which replicates in quiescent macrophages,
is killed by activated macrophages. The outcome of
infection is determined by the nature and magnitude
of the T-cell and cytokine responses in infection.
Organ specific pathogenic mechanisms appear to be
due to heterogenous subpopulations of mononuclear
phagocytes.
In susceptible BALB/c mice, infection results in
the preferential activation and/or maturation of CD4+
T cells into effector CD4+ T lymphocytes expressing
the Th-2 phenotype. Maturation to the Th-1 or Th-2
phenotype may be function of how antigen is
presented by the antigen presenting cell (APC). Once
Th-2 cells have expanded, soluble factors are released
that interfere with the expansion of antigen-specific
Th-1 cells and disease progress. In resistance mice,
APC’s present antigen in such a manner that CD4+
precursors are activated to mature to effector Th-1
cells, the soluble products of Th-1 cells interfere with
Th-2 cell expansion and successful activation of
macrophages and resolution of infection occur. The
reports suggest genetic besis for such Th-1/Th-2
paradigm. However, the T cells and cytokine
responses in infected human beings are more 11
complex and less polarized than in mice and the
immune responses differ among the leishmanial
syndromes and species. The complexities of clinical
manifestations require further studies.
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The parasitic disease kala-azar (visceral leishmaniasis, VL) was first described in 1824 in Jessore
district, Bengal (now Bangladesh). Epidemic peaks were recorded in Bengal in the 1820s, 1860s,
1920s, and 1940s. After achieving good control of the disease during the intensive vector control
efforts for malaria in the 1950s-1960s, Bangladesh experienced a VL resurgence that has lasted to
the present. Surveillance data show an increasing trend in incidence since 1995. Research in recent
years has demonstrated the utility of non-invasive diagnostic modalities such as the direct
agglutination test and rapid tests based on the immune response to the rK39 antigen. In common
with its neighbours India and Nepal, VL in Bangladesh is anthroponotic. Living in proximity to a
kala-azar case is the strongest risk factor for disease, while consistent use of bed nets in the summer
months and the presence of cattle are protective. Shortages of first-line antileishmanial drugs and
insecticide for indoor spraying programmes have hindered VL treatment and vector control efforts.
Effective control of VL will require activities to improve availability and access to diagnostic testing
and antileishmanial drugs, enhanced surveillance for kala-azar, post-kala-azar dermal leishmaniasis
and VL treatment failures, and increased coverage and efficacy of vector control programmes.

Key words Epidemiology - PKDL - vector control - visceral leishmaniasis

Historical perspective

northeast into the Garo Hills of Assam (1872), and west
into Bihar (1872)1. Kala-azar appeared to have spread
along the courses of the Ganges and Brahmaputra rivers,
the major transport routes2. In these early outbreaks,
the case-fatality rate was reported to be >95 per cent,
with community-wide mortality rates of >25 per cent.
The epidemic that occurred in Jessore from 1824 to
1827 reportedly killed 75,000 people. The first affected
village in Dhaka district is said to have disappeared
from the map1.

The parasitic disease kala-azar (visceral
leishmaniasis) was first described in 1824, in Jessore
district, Bengal in what is now Bangladesh1,2. Historical
records describe the classical picture of kala-azar prolonged irregular fever, progressive emaciation, and
enlargement of the liver and spleen1. The disease spread
west to other parts of Bengal (1830s-1850s), Dhaka
district (1862), Rangpur in northern Bengal (1872),
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At the turn of the 20th century, kala-azar occurred
as far south as Tamil Nadu, where Charles Donovan
was a British military medical officer. Early in 1903,
Donovan in Madras and Leishman in London
independently demonstrated the causative parasite in
splenic tissue in autopsies from kala-azar patients
infected in India 3,4. Donovan performed a splenic
aspirate in a young Indian patient in Madras later in
1903, demonstrating the parasite for the first time in
a living patient5. Within a few months, Ronald Ross
proposed the name Leishmania donovani for the
newly discovered parasite 6 , although other
classifications were used as late as the 1920s. Vectorborne transmission was hypothesized from early in
the 20 th century. Experimental transmission of
L. donovani by phlebotomine sand flies to animals
was demonstrated in 1931 7. In 1942, Swaminath
et al 8 demonstrated L. donovani transmission by
Phlebotomus argentipes to human volunteers,
establishing this species of sand fly as the vector in
South Asia.
The first 40 yr of the 20th century also saw a series
of key discoveries in the diagnosis, treatment and
control of visceral leishmaniasis 1. The aldehyde test
was developed in 1921 and a complement-fixation
test in 1939. Splenic puncture was used from the early
decades of the 20th century. Antimonial drugs were
first introduced for South American mucocutaneous
leishmaniasis in 1913 and for kala-azar in 1915. Early
trivalent antimonials caused severe toxicity, but the
introduction of several pentavalent antimonials
between 1915 and 1939 resulted in a 95 per cent cure
rate, and treatment regimens not very different from
those used today in Bangladesh. DDT and pyrethrum
were known to be effective for sand fly control by
the 1940s. Indeed, all of the major components of a
kala-azar control programme were available by the
1940s 1.
Visceral leishmaniasis in Bengal before and
during the malaria eradication era, and its
subsequent resurgence
Kala-azar epidemic peaks were recorded in
Bengal in the 1820s, 1860s, 1920s, and 1940s 1,2,9.

In the 1920s, the All-Bengal Kala-azar Conference
listed the districts most affected by kala-azar based
on dispensary records as Tangail (in 1919),
Rajshahi, Jessore, Mymensingh, and Noakhali 9 .
Sengupta reviewed surveillance data for
>1,000,000 kala-azar cases reported in Bengal
from 1931-1943 10 . At that time, the most affected
districts included Rajshahi, Dinajpur, Jessore,
Noakhali and Chittagong (in East Bengal), as well
as Murshidabad and Malda (in West Bengal). A
large upsurge of kala-azar cases in the 1940s
included urban transmission in some
neighborhoods of Calcutta 11.
An intensive control programme aimed at the
eradication of malaria was mounted in the 1950s and
1960s throughout the South Asian subcontinent. The
effort was based in large part on indoor residual
spraying with DDT. The simultaneous drop in kalaazar incidence was widely seen as a collateral
benefit2,9. However, within a few years after the end
of the eradication effort, kala-azar returned to Bihar12
and to Bengal on both sides of the border 13,14 .
Investigators hypothesized that patients with postkala-azar dermal leishmaniasis (PKDL) provided the
infection reservoir that initiated foci of resurgence
after intensive vector control ended, a hypothesis
supported by the demonstration that PKDL patients
infected a high proportion of laboratory-reared sand
flies fed on them13.
In Bangladesh, sporadic kala-azar cases were
reported in the 1970s, and an outbreak occurred in
Pabna district in 1980 14. There has been kala-azar
transmission in Bangladesh every year since then14.
Surveillance data are lacking from this period, but
in a series of 59 kala-azar patients reported from
1968-1980, cases were reported from at least 7
districts in Bangladesh15. The districts most affected
in the early 1980s were reported to have been
Sirajganj, Pabna, Mymensingh, Rajshahi and
Tangail9,14.
Recent kala-azar surveillance data
From 1994 through 2004, a total of 73,467 kalaazar cases were reported to the Malaria and Vector-
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Borne Disease Control Unit, Directorate General of
Health Services (DGHS), Government of
Bangladesh. The kala-azar data collated by the DGHS
result from passive surveillance at the level of the
thana (subdistrict) health complexes (THC). Only
kala-azar patients diagnosed at the THCs are
included, and the data are widely believed to
represent a substantial underestimate. Factors that
change over time, such as the availability or lack of
diagnostic tests and antileishmanial drugs, may alter
sensitivity and specificity of diagnosis and the
proportion of kala-azar patients who attend the THC.
Nevertheless, the data have broad coverage and are
useful to examine geographic distribution and trends
over time. Annual kala-azar case totals ranged from
3,965 in 1994 to 8,920 in 2004, with a trend of rising
incidence (Fig. 1).
Although kala-azar cases were reported from 34
of Bangladesh’s 64 districts, more than 90 per cent
of cases were reported from just 10 districts
(Table I). Eleven districts reported >1,000 cumulative
cases over the 11 yr period 1994-2004 (Fig. 2), while
6 reported 100-999, 5 reported 10-99, and 7 districts
reported 2-9 kala-azar cases. From 1994 to 1996,
Pabna district reported the highest annual number of
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Table I. The cumulative reported incidence of kala-azar by
district from 1994-2004. The Table lists the 19 districts that
reported 100 or more kala-azar cases over the 11-year period.
Five additional districts reported 10 - 99 cases, 7 districts
reported 2 - 10 cases; and the remaining districts reported no
cases of kala-azar. Source of data: Directorate General of Health
Services, Government of Bangladesh
Kala-azar cases reported 1994-2004
District
Mymensingh
Pabna
Tangail
Jamalpur
Sirajganj
Gazipur
Natore
Naogaon
Manikganj
Rajshahi
Nawabganj
Thakurgaon
Panchaghar
Patuakhali
Dinajpur
Rajbari
Jhenaidaha
Dhaka
Gaibanda
Narayanganj
Joypurhat
Bogra

N
28607
10400
7940
5734
3256
3179
2715
2126
1445
1300
1224
820
796
753
730
618
541
491
224
131
122
118

Total (%) Cumulative
(%)
38.9
14.2
10.8
7.8
4.4
4.3
3.7
2.9
2.0
1.8
1.7
1.1
1.1
1.0
1.0
0.8
0.7
0.7
0.3
0.2
0.2
0.2

38.9
53.1
63.9
71.7
76.1
80.5
84.2
87.1
89.0
90.8
92.5
93.6
94.7
95.7
96.7
97.5
98.3
98.9
99.2
99.4
99.6
99.7

Annual
rate*
5.8
4.3
2.1
2.4
1.1
1.5
1.6
0.8
1.0
0.5
0.8
0.6
0.9
0.5
0.3
0.6
0.3
0.06
0.09
0.06
0.1
0.03

*Mean number of kala-azar cases reported per 10,000 per year,
based on estimated district population in 1998

Fig. 1. Kala-azar cases reported by year in national surveillance data. (Source: Malaria and Vector-Borne Disease Control Unit,
Directorate General of Health Services, Government of Bangladesh, Dhaka).
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Fig. 2. Cumulative kala-azar cases reported from 1994 to 2004 by district based on national surveillance data. (Source: Malaria and
Vector-Borne Disease Control Unit, Directorate General of Health Services, Government of Bangladesh, Dhaka).

kala-azar cases. After 1996, the incidence in
Mymensingh overtook that in Pabna, and has
continued to rise since that time (Fig. 3). Every year
from 2000 to 2004, Mymensingh accounted for more
than 50 per cent of the total kala-azar cases reported
in Bangladesh, and disease transmission in the district
appears to be the major focus fueling a sustained
epidemic.
Annual kala-azar incidence rates calculated using
total district population as the denominator (Table
I) are misleading, since not all thanas in an affected
district report cases. In Mymensingh district, only 5
of 12 thanas reported kala-azar cases in recent years
(Fig. 4). Using the population of the respective thana
as the denominator, the incidence of kala-azar in
Fulbaria thana ranged from 30 to 33/10,000/year

since 2000, while that in Trishal, the next most
affected thana, ranged from 21 to 26/10,000/year.
Over the same period of time, the incidence in the
other 3 endemic thanas, Bhaluka, Muktagacha, and
Goforgaon, ranged from 5 to 15 cases/10,000/year.
For the 5 endemic thanas of Mymensingh district,
the mean annual reported incidence since 2000 was
17/10,000/year, compared to 8.3/10,000 when the
total district population was used (Table I).
One international expert in the field estimates that
the number of cases reported in surveillance data is
likely to be at least a 5-fold underestimate (personal
communication, P. Desjeux). Based on currently
available information, it is not possible to assess the
degree of underreporting with precision, nor the
extent to which this varies from one district to
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Fig. 3. Kala-azar cases reported by year from the 3 highest incidence districts. (Source: Malaria and Vector-Borne Disease Control
Unit, Directorate General of Health Services, Government of Bangladesh, Dhaka).

Fig. 4. Cumulative kala-azar cases reported from 2000 to 2004 from 5 thanas of Mymensingh district. (Source: Office of the Civil
Surgeon, Mymensingh District).
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another. The estimate of 5-fold underreporting would
imply that the true incidence of kala-azar in
Bangladesh is closer to 40,000 to 45,000 per year.
The area most affected by kala-azar in Bangladesh
since 1994 has generally encompassed the center and
the northwestern quarter of the country, with endemic
districts reaching to the border with West Bengal;
the estimated population at risk is said to be 20
million people. Nevertheless, both the recent
surveillance data and the historical record clearly
indicate that the area of potential risk for visceral
leishmaniasis is much larger, stretching from
Noakhali and Patuakhali on the Bay of Bengal to
Chittagong in the southeast and the border with
Assam in the north.
Research on visceral leishmaniasis in Bangladesh
since 1990
Since 1990, more than 20 research articles on
visceral leishmaniasis in Bangladesh have been
published. More than half of the articles focus on
applied laboratory issues, such as the development
and implementation of better non-invasive diagnostic
tests (Table II). The next most numerous set of
articles describe case series of patients and address
key clinical issues. Only a handful of studies
addressed the epidemiology of the disease, and many
key epidemiologic questions remain (Table III).
In the late 1980s and early 1990s, several large
surveys were conducted in VL-endemic districts 16,17.
The later survey also included a comparison site in
an area not considered endemic for VL. These
studies, as well as several related laboratory-based
evaluations22,24 established the utility of the direct
agglutination test (DAT) as a diagnostic and
epidemiologic tool in Bangladesh. Using some
combination of clinical screening, parasitologic
diagnosis and DAT, the 1987-1989 survey in
Mymensingh district ascertained 1,273 prevalent
kala-azar patients in a total population of 476,000,
corresponding to an approximate prevalence of
26/10,000 population 16 . The 1991-1992 study
included serologic screening of 17,826 residents of
endemic areas. The prevalence of positive DAT was

423 of 9,619 (4.4%) residents of Trishal thana
(Mymensingh district) and 495 of 7,328 (6.75%)
residents of Shahjadpur thana (Sirajganj district)17.
The 125 participants suspected to have kala-azar
based on clinical findings and positive DAT
underwent bone marrow aspiration; only 29 were
found to have parasites on aspirate. Nevertheless,
all 125 were reported to have recovered clinically
in response to antileishmanial treatment. The ratio
of asymptomatic DAT-positive participants to those
considered to have kala-azar was 739 to 125
(approximately 6 to 1).
Laboratory-based studies have demonstrated that
the predominant parasite strain causing visceral
leishmaniasis and PKDL in Bangladesh is
Leishmania donovani (sensu stricto) MHOM/IN/80/
DD8 26,27 , identical to the predominant strain in
DAT
and
the
rK39
Bihar,
India 38 .
immunochromatographic strip test perform with
excellent sensitivity and good specificity in
Bangladesh 36, as in India 39-41 and Nepal 42-44. Newer
diagnostic tests, especially the urine-based tests28,31,
show great promise as another non-invasive
diagnostic modality.
Clinical case series document a 5 per cent casefatality rate for kala-azar patients in the hospital, and
demonstrate jaundice, bleeding, tuberculosis and
ascites as complications of the disease34. Bangladeshi
investigators report bleeding and cardiac arrhythmias
as adverse effects of antimonial drug treatment 35,37.
In clinical case series, male kala-azar patients
generally outnumber females; however, because
females often have poorer access to hospital care than
males, these data cannot be generalized to the
community.
One major community study of kala-azar was
published in recent years. The study was conducted
in a highly endemic village in Fulbaria thana,
Mymensingh district, where the average kala-azar
incidence from 2000 to 2002 was 2 per cent per
year 18. Of 492 houses surveyed, 99 (20%) had at
least one member with kala-azar during the 3-year
period, and 29 (6%) had more than one member with
kala-azar. The median time from onset of illness to
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Table II. Visceral leishmaniasis research studies published from Bangladesh, 1990-present
Design

Location

Major findings

Mymensingh

DAT >99 per cent sensitive for kala-azar 93 per cent specificity

Reference

Community-based studies
Serosurvey

in endemic controls
Serosurvey

Epidemiologic and

Mymensingh,

4.4 and 6.75 per cent prevalence of DAT+, ratio of kala-azar to

Sirajganj

subclinical infection ~6 to 1

Mymensingh

2 per cent incidence of kala-azar in community; kala-azar identified

qualitative study

16

17

as a major health problem; kala-azar diagnosis and treatment
represent major economic burden; delay before kala-azar treatment
longer in women, case-fatality rate higher than in men; kala-azar
clustered within village. High risk of kala-azar associated with
living in same household or within 50 m of previous case, lower
risk for presence of cattle, use of bed nets.

18, 19, 20

Laboratory based studies
Diagnostics

Dhaka

IFAT 100 per cent sensitive in 125 parasitologcally confirmed
kala-azar patients, 100 per cent specific in 100 healthy controls,
50 controls with other diseases, 81 per cent positive in 100 suspect
kala-azar

Diagnostics

Strain typing

Mymensingh,

DAT antigen production in Dhaka and implementation in endemic

Dhaka

district are feasible, autochthonous strain gives higher DAT titres

Dhaka

Isoenzyme profiles from 11 kala-azar and 4 PKDL patients all

21

22

identical to reference strain Leishmania donovani (sensu stricto)
MHOM/IN/80/DD8 (LON41)
Diagnostics

Dhaka

23

DAT 100 per cent sensitive in 38 parasitologically confirmed
kala-azar patients; 75 per cent of 15 suspect patients negative on
bone marrow aspirate were also DAT positive

Diagnostics

24

Chittagong, Dhaka High concordance among IFAT, ELISA and DAT in 81
parasitologically confirmed kala-azar, 74 suspect kala-azar,
250 healthy and 80 ill controls; DAT most practical

Strain typing

Bangladeshi

6-phosphogluconate dehydrogenase enzyme most useful for

specimens

electrophoresis; all 5 Bangladeshi isolates identified as
L. donovani MHOM/IN/80/DD8

Diagnostics

Bangladeshi

Development of urine ELISA tested in Bangladeshi specimens;

specimens

sensitivity 95 per cent, specificity 95 per cent using acetonetreated promastigotes

Private laboratory

Mymensingh

case series

26, 27

28

Suspect kala-azar referred for rK39 strip test. 66 per cent male,
60 per cent from 2 most affected subdistricts, but 40 per cent
from 13 other subdistricts

Diagnostics

25

Mymensingh

29

Compared to bone marrow/splenic aspirate culture in 38 cases
and 13 ill controls, sensitivity/specificity of rK39 strip test
100/92 per cent, aldehyde test 92/46 per cent

30
Contd.....
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Design

Location

Major findings

Reference

Diagnostics

Bangladeshi

Development of urine DAT (sensitivity 91%, specificity

specimens

86% in negative controls, 71-100% in ill control groups) and
ELISA (sensitivity 93%) tested in Bangladeshi specimens

Diagnostics

Mymensingh

31

Splenic aspirate 90 per cent sensitivity, bone marrow aspirate
72 per cent sensitive

32

Hospital-based studies
Clinical case series

Dhaka

20/134 (9.4%) patients with febrile illness lasting >3 wk had
kala-azar, 3rd most common diagnosis after TB and enteric fever

Clinical case series

Rajshahi

33

Of 553 kala-azar patients, 27 (5%) died during treatment from
haemorrhage (12), sudden death (7), varied causes (5),
pulmonary TB (3)

Clinical case series

Mymensingh

34

81 adult kala-azar patients, 58 per cent male: 100 per cent fever,
splenomegaly, 91 per cent hepatomegaly, 17 per cent jaundice,
5 per cent bleeding, 5 per cent ascites; 7 per cent urinary tract infection,
4 per cent TB, 4 per cent heart failure.

Hospital-based

Mymensingh

diagnostics study

60 parasitologically confirmed kala-azar patients, 60 ill and
60 well controls; bone marrow aspirate 75 per cent sensitive;
rK39 strip test sensitivity 96.6 per cent, specificity 98.3 per cent

Case report

35

Rajshahi

36

Report of one kala-azar patient with arrhythmia and syncope
apparently due to antimonial

37

DAT, direct agglutination test; IFAT, immunofluorescent antibody test; PKDL, post-kala-azar dermal leishmaniasis

initiation of antileishmanial treatment was
4 months; females were ill significantly longer than
males (5 versus 3 months, P=0.03). Although the
incidence of disease did not differ significantly
between sexes, females with kala-azar were nearly
3 times more likely to die (P=0.06)18. In focus group
interviews, community members expressed the
desire to learn more about kala-azar and the
willingness to take collective action.
The same community study included a risk factor
analysis, whose objective was to guide development
of prevention strategies 20 . In age-adjusted
multivariable models, 4 factors that altered kalaazar risk were identified: age between 3 and 45, and
proximity to a previous case [OR 25.4 (95%CL
15,44) in the same household; OR 3.2 (1.7,6.1)
living within 50 meters] were associated with
increased risk, while higher numbers of cattle per
1,000 m 2 [for each additional cow per 1000 m2, OR

0.8 (0.70,0.94)] and consistent use of a bed net in
summer [OR 0.7 (0.53,0.93)] were associated with
protection. A total of 86 per cent of the population
reported sleeping under a bed net at least some of
the time, and 91 per cent lived in a house that owned
at least one net. These analyses suggest that bed
nets are already acceptable in Bangladeshi
communities and that insecticide-treated nets could
be a highly effective preventive intervention. Data
from this study suggested that rates of treatment
failure and of PKDL were relatively low: only 3
treatment failures and 6 cases of PKDL were
detected, out of 155 kala-azar cases that occurred
in the 4 yr before the analysis 20. However, caution
must be used in interpreting these data; follow up
was not complete for the more recent cases, and the
population under surveillance was relatively small.
These data cannot be taken to represent the
incidence of PKDL and treatment failure in the
wider population.
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Table III. Key unanswered questions concerning the epidemiology of visceral leishmaniasis in Bangladesh
Issue

Questions

Kala-azar

What is the true degree of underreporting in the current surveillance system?
How much does the degree of underrerporting vary by district and by thana?
Are there districts and/or thanas where no kala-azar cases are reported but there
is a substantial burden of disease?

Post-kala-azar dermal leishmaniasis (PKDL)

What is the true rate of PKDL?
How can surveillance be established to better ascertain PKDL cases?
How can PKDL diagnosis and treatment be improved in endemic areas?

Treatment failures, drug resistance

What is the true rate of treatment failure, relapse and drug resistance?
How can surveillance be established for these conditions?

General

What is the true visceral leishmaniasis disease burden in Bangladesh?

Data collected in connection with the Fulbaria
study examined the economic impact of kala-azar on
affected households (D.A. Sharma, unpublished data).
To obtain health care for one kala-azar patient, the
median direct expenditure and the median income lost
were equivalent to 80 and 40 per cent of the yearly
per capita income, respectively. The total costs of 120
per cent of the yearly per capita income in the study
population represent a catastrophic burden for affected
households. Families were forced to sell livestock and
land, and to take loans to pay for treatment.
Challenges for visceral leishmaniasis control
efforts in Bangladesh
A Memorandum of Understanding was signed by
the Ministers of Health of India, Bangladesh and
Nepal, and the Southeast Asian Regional Office of
the World Health Organization during the 2005
World Health Assembly. This document calls for
aggressive action to decrease kala-azar incidence
below 1 case per 10,000 inhabitants in VL-endemic
areas by 2015. Anthroponotic visceral leishmaniasis
meets the technical criteria for a disease potentially
capable of elimination45, and the experience of the
malaria eradication era demonstrated that control
measures available in the 1950s and 1960s were able
to decrease the incidence of kala-azar below
detectable levels 2. However, formidable tasks lie
ahead for those working to control visceral
leishmaniasis in Bangladesh (Table IV).

Untreated kala-azar and PKDL patients
constitute the major reservoir for ongoing
transmission
of
anthroponotic
visceral
leishmaniasis. Therefore, timely, effective diagnosis
and drug treatment are essential not only to cure
the individual patient, but also to decrease the
leishmaniasis infection reservoir. The first step in
this process is to decrease the time from onset of
illness to diagnosis. The median delay from onset
of fever to treatment in South Asia is 4 months18,46,47;
this period almost certainly represents 4 months of
a kala-azar patient being highly infective to sand
flies and increased disease risk to family members
and near neighbours. Currently, the costs of
accessing diagnostic services contribute to this
delay; these costs include both the substantial direct
cost of some tests, and the loss of income incurred
by household wage earners to take family members
for care. Availability of sensitive, specific
non-invasive tests, such as the rK39
immunochromatographic strip test, through a public
sector visceral leishmaniasis control programme
could dramatically decrease the delay in diagnosis,
especially if coupled with health education
campaigns to raise awareness.
The most urgent challenge facing the VL
control programme in Bangladesh today is to
achieve affordable, reliable access to
antileishmanial drug treatment in all endemic
thanas (Table IV). The Bangladesh national
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Table IV. Major challenges facing the visceral leishmaniasis control programme in Bangladesh and potential solutions

Challenge

Potential solutions

Improve antileishmanial drug access

Government registration of SAG from several sources
Ensure supply of second-line antileishmanial drugs to affected thanas
Accelerate licensure of newer antileishmanials
Implement sustainable drug supply mechanisms
Link drug distribution to thanas most affected in recent surveillance data

Shorten time from onset of illness to

Explore ways to provide rK39 rapid tests at the thana health complex

diagnosis

Improve referral system for patients needing bone marrow or splenic aspirate
Develop an algorithm for diagnosis based on cost-effectiveness model
Identify barriers to timely diagnosis
Community health education campaigns to raise awareness and improve understanding
Explore methods to institute active case finding in highly affected areas

Improve and update surveillance system

Evaluate current surveillance system to identify methods for improvement
Perform an explicit assessment of accuracy of reporting in several thanas
Establish indicators for adequacy of surveillance
Establish sentinel thanas to institute surveillance for treatment failures and PKDL
Implement timely reporting mechanism

Enhance vector control activities in

Conduct thorough programme evaluation to identify needs

preparation for VL elimination programme Ensure reliable supply of insecticide
Improve supervisory staffing, protocol and implementation
Establish direct link between vector control programme and epidemiologic surveillance,
to implement rapid targeting of activities
Evaluate potential for community-based vector control activities, including insecticideimpregnated nets, environmental control
Ensure rapid response to surveillance

Improve data reporting and sharing between surveillance system and vector control

findings and evaluation of impact

programme
Joint epidemiology-entomology task force to establish surveillance thresholds and
guidelines for vector control action
Incorporate annual evaluation of vector control actions triggered and implemented,
including assessment of impact on disease incidence

Establish an effective national VL

Establish national task force with expertise and political authority to guide the VL control

control program

programme
Establish interactive network of treatment centers that share guidelines and conduct
clinical trials
Ensure continuity of personnel at national, district and thana levels
Create reference laboratory for conventional and molecular diagnosis, and molecular
epidemiology
Build and sustain political commitment at national regional levels

SAG, sodium antimony gluconate; PKDL, post-kala-azar dermal leishmaniasis
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guidelines recommend sodium antimony gluconate
(SAG), 20 mg/kg intramuscularly for 20 days, as
first-line treatment of kala-azar. For PKDL, the
national guidelines recommend SAG 20 mg/kg for
20 days per month for 6 months, totaling 120
injections. Since 2000, endemic districts of
Bangladesh have experienced severe shortages of
SAG, both in the THC and the private sector.
Second-line antileishmanial drugs are rarely
available. The only licensed manufacturer of SAG
in Bangladesh ceased production of the drug in
2003, and its stockpiles are said to be nearly
exhausted. The supply scarcity in combination with
rising kala-azar incidence has led to high prices
for SAG sold in private pharmacies. Surveys of
pharmacies in Mymensingh in 2004 showed prices
up to 4 times the official market price (D.A.
Sharma, unpublished data). The antileishmanial
drug shortage is likely to lead to many preventable
deaths, suboptimal treatment courses, and more
rapid development of SAG resistance. An
additional issue is whether 20 days is still adequate
for the treatment of kala-azar in Bangladesh. In
Nepal and in parts of India where SAG still has
acceptable efficacy, the standard SAG treatment
regimen consists of 20 mg/kg per day for 30 to
40 days.
Ascertainment and treatment of PKDL patients
will become a key issue for the control programme,
especially when kala-azar incidence rates fall.
Epidemiologic analyses suggest that under current
circumstances in highly endemic areas, kala-azar
patients are the predominant reservoir fueling
ongoing transmission20. However, experience in the
VL resurgence of the 1970s suggests that a small
number of untreated PKDL patients could initiate
renewed transmission in an area13, and that PKDL
patients may become proportionately more important
as a reservoir if kala-azar incidence falls. Given the
shortage of SAG, it is doubtful that most PKDL
patients in Bangladesh are able to receive the current
recommendation of 120 days of treatment, and there
have been few clinical trials to establish the best
regimen. Alternative, more practical treatment
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regimens for PKDL are urgently needed. Efforts are
also needed to develop active surveillance methods
to ascertain PKDL patients and institute appropriate
referral for treatment.
In preparation for the upcoming elimination
effort, it would be extremely useful to review and
update the Bangladesh national visceral
leishmaniasis diagnosis and treatment guidelines.
In addition, improvement of the drug licensure,
procurement and distribution system for SAG in the
public sector will be necessary to ensure timely
treatment of kala-azar and PKDL. Predominant
reliance on the private sector to provide diagnosis
and treatment may jeopardize the control effort. The
time required for an impoverished family to gather
the resources to pay for diagnostic tests and drug
purchase leads to more treatment delays and
increased disease transmission. A useful model may
be that used for tuberculosis, another disease for
which ill humans are the reservoir for transmission.
The DOTS model, implemented through a
partnership
between
non-governmental
organizations and the government sector, has
already proved highly successful for tuberculosis
control in some of the thanas most affected by
visceral leishmaniasis48. In India, a different model
of public- private partnership was also successful
in promoting cooperation in provision of treatment
for tuberculosis49.
Vector control is the other major component of
the effort to eliminate visceral leishmaniasis. The
current vector control programme is much smaller
than the programme that was so successful in the
1950s and 1960s, and has struggled recently with
shortages of insecticide. Increasing the capacity of
the vector control programme will be essential, as
will activities that promote co-ordination between
epidemiologic surveillance and the vector control
programme. Epidemiologic data suggest that when
transmission in a community is high, the susceptible
population becomes saturated within a few years 20.
Thus, the window of opportunity for vector control
measures to interrupt transmission is relatively
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short. Careful evaluation, expert recommendations
for specific strategies, reliable insecticide supplies,
and effective, ongoing supervision of field teams
will be key to the success of the vector control
programme.
Finally, an effective national VL control
programme will have the essential role of oversight
and integration of the diverse components outlined
above, and will require a national steering committee
with the expertise and political authority to ensure
its success. The programme will have the task of coordinating diagnostic, treatment and vector control
activities in order to maximize their impact, as well
as ensuring adequate surveillance to monitor progress
toward the goal outlined by the Memorandum of
Understanding. Indicators to monitor the adequacy
of surveillance will need to be developed. Treatment
centers will need to be linked by shared guidelines
and timely feedback of surveillance data. Such a
linkage could form the basis for a collaborative
network for multicenter clinical treatment trials, and
surveillance for treatment failures and development
of drug resistance. A national reference laboratory
is needed to ensure and monitor quality of diagnosis
at the peripheral level, and to be the center for
molecular diagnosis and epidemiology. The
Memorandum of Understanding for the elimination
of VL in South Asia has the potential to represent a
turning point in the long history of visceral
leishmaniasis. Whether this potential can be fulfilled
depends on the scientific expertise and political
commitment that Bangladesh can bring to this
challenging enterprise.
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Visceral leishmaniasis in the New World, primarily found in northeastern Brazil, is caused by
Leishmania chagasi. Compared to India, unusual features of Brazilian disease are the large number
of asymptomatic infections versus symptomatic infections, and the apparent change from a zoonotic
disease to a partially anthroponotic one. Visceral disease in Africa is caused by L. donovani as in
India, but disease differs from that in India in being zoonotic rather than anthroponotic, and in
the large numbers of patients who acquire post-kala-azar dermal leishmaniasis.
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Visceral leishmaniasis in Brazil

Although visceral leishmaniasis (VL) is most
prevalent on the Indian subcontinent, it is also an
important medical problem in Brazil and in Africa.
To briefly summarize some salient features of Indian
VL, it is caused by Leishmania donovani;
anthroponotic; present in all age groups; diagnosed
by splenic aspirate or by rK 39 reactivity;
increasingly resistant to standard antimonial therapy
but very responsive to amphotericin B in all its
formulations, miltefosine, and paromomycin; not
frequently associated with HIV-co-infection; and
infrequently disseminates in the form of post-kalaazar dermal leishmaniasis (PKDL). It is of interest
to review these factors such as infective species,
parasite reservoir, means of diagnosis, presentation,
response to antimalarial chemotherapy, association
with HIV-co-infection, and association with PKDL
for Brazilian VL and African VL to note differences
or similarities to Indian VL.

Visceral leishmaniasis in Brazil is typically
caused by L. chagasi, and was first reported by
E. Chagas in 1936 1. It is to be noted that not all
Brazilian VL is caused by L. chagasi. In one study
in the state of Bahia, L. amazonensis was found
in 11 of the 46 cases of visceral disease 2. Chagas’
short report 1 gives a brief summary of the clinical
presentation and appearance of the organisms in
biopsy specimens, and mentions that 53 per cent
of patients are under 6 yr of age. Since Chagas’
description, further experience has established
that the disease is most endemic in Northeast
Brazil, where it is typically a disease of rural
areas, particularly poor farming regions 3 . The
rural reservoirs for L. chagasi are domestic dogs
and wild foxes, and the vector is Lutzomia
longipalpis.
289
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More recently, peri-urban regions have been
affected. In Natal on the Northeast Atlantic coast,
disease was first seen on the outskirts of the city when
urbanization was in progress, then disappeared as
urbanization became completed 3,4. In Teresina the
capital of Piaui State, and in Sao Luis the capital of
Maranhao State, a large increase in the number of cases
in poor peri-urban regions was seen in 1993-19945.
Leishmania kDNA has been found in the blood
of some residents of Teresina who were themselves
asymptomatic but who lived in the households of
patients with active VL6. It was unlikely that these
were false-positive PCR results, since PCR was
carefully performed and there is no chagasic disease
or cutaneous leishmaiasis in Teresina which might
lead to false-positive PCR reactions. No dogs lived
in any of the four households, and it was previously
known that sandflies could become infected with
Leishmania by feeding on the skin of patients with
active VL. Considering the data of their
investigations and this other evidence, Costa et al6
hypothesized that humans may be a reservoir for
leishmaniasis at least in peri-urban regions.
For all of Brazil, there are 3000-5000 cases per
year, with about 4000 cases in recent years. The
disease is predominately paediatric. In Natal, the
median age of acquisition of disease is 4 yr and, in
remarkable concordance with Chagas’ observations
70 yr ago, 56 per cent of VL cases were in children
aged 5 yr and less3. In Brazil, the parasitological
diagnosis is typically made by visualizing the
parasites in bone marrow aspirates (not in splenic
aspirates). However, ELISA and rK39 serological
tests are also in use. Using bone-marrow positive
patients as positive controls, both ELISA and rK39
are highly sensitive and specific. In 128 consecutive
patients and in 60 persons with other diseases or no
disease, the sensitivity and specificity of ELISA was
89 and 98 per cent, and the sensitivity and specificity
of rK39 was 90 and 100 per cent respectively7.
The syndrome of asymptomatic infection with
visceral Leishmania has been particularly studied in
Jacobina, a city in Bahia State. In the early 1980s,
approximately 2000 persons were surveyed. In this
population, the median age of symptomatic VL was
3.2 yr and 78 per cent of VL cases were in children less
than 5 yr8. In addition to patients with symptoms of VL
confirmed by the presence of parasites in the bone

marrow, there were other children who had high levels
of anti-leishmania antibodies as defined by ELISA
values. In this ELISA test, the mean + SD was 0.02 +
0.01 OD units. Values >0.05 OD units were therefore
more than 3 SD above the mean. The number of children
with sera giving OD values >0.05 was 6-to-18 times
the number of children with confirmed VL. Thus by
immunologic measures, the ratio of asymptomatic to
symptomatic disease was greater than 6:1.
In another article published at the same time, 86
children with asymptomatic disease were further
followed up for the next 5 yr 9; 20 children with mean
initial OD readings of 0.07 were completely
asymptomatic except for minimal hepatomegaly or
brief diarrhoea ; 38 children ( mean initial OD = 0.16)
were subclinical with mild constitutional symptoms
(malaise, diarrhoea, poor play tolerance) as well as
intermittent hepatomegaly), 13 children (mean initial
OD = 0.13) were initially subclinical but progressed
to acute VL over 2-15 months, 15 children (mean
initial OD =0.20) progressed rapidly to acute VL in
less than 2 months. Thus neither initial serology nor
initial symptoms could distinguish children who
remained subclinical and then self-healed from
children who progressed slowly or rapidly to classic
VL. However, measures of T-cell immunity had
some correlation with progression to VL.
Lymphocyte stimulation tests with L. chagasi antigen
showed greater uptake of labeled thymidine in
asymptomatic patients (25,286 counts) compared to
subclinical patients (15,511 counts) and to children
who progressed to VL (4,811 counts) 10.
Other groups of initially asymptomatic patients
have had extended follow up. In rural regions of Ceara
State, 108 children seroconverted and were followed
up for 3 and then 10 yr 11-13. Twelve children developed
classic VL in the first 3 yr of observation, and no
further patients developed VL in the next 7 yr13.
Classic treatment of Brazilian VL is with
pentavalent antimony (glucantime). The cure rate is
very high, at least 95 per cent. Only 16 of 941 patients
(1.7%) treated in Teresina failed antimonials
therapy14, although isolated failure rates of 5 per cent
have also been reported 15. Amphotericin B was used
as second line therapy 14.
There are several reports exploring the use of
chemotherapeutic alternatives to glucantime and
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amphotericin B. One alternative form of
amphotericin B is amphotericin B cholesterol
dispersion -ABCD. When administered at a dose of
2 mg (amphotericin B)/kg/day for 10 days or for 7
days, each of the 10 patients in the 2 cohorts cured 16.
When administered at the same daily dose for 5 days,
all 10 patients initially responded but one patient
relapsed, for a final cure rate of 90 per cent 17 .
Although the cure rate for merely 1 wk of therapy is
outstanding, side effects of fever, sometimes
accompanied by increased respirations, were
generally seen and required pre-medication with a
non steroidal anti inflammatory drug (NSAID) 16.
Amphotericin B within liposomes -liposomal
amphotericin B - was also studied in Brazil.
Surprisingly, more drug was required to cure
Brazilian VL than was required in India or in Kenya.
In each country, a dose of 2 mg/kg/day was
administered on days 1 to 6 and day 10. In Brazil, 8
of 13 cured without relapse (62%) whereas in both
Kenya and India, 10 of 10 (100%) cured18.
The combination of interferon-gamma with
glucantime was first reported from Brazil19. Eight
patients who failed antimony alone ('refractory' cases)
and 9 patients with previously untreated disease
constituted the patient groups. The previous failures
received interferon-gamma at a range of doses (from
35 µg/day for 10 days to 500 µg/day for 20 days) in
combination with more antimony (20 µg/kg/day for
10 to 60 days). The naïve patients received a more
narrow range of doses: interferon gamma from 35 µg/
day for 10 days to 125 µg/day for 10 days, and
glucantime for 10 to 20 days. Six of 8 patients in the
first group, and 8 of 9 patients in the second group,
cured19. In another report, among 22 patients, only 9
of 14 refractory cases and 7 of 8 naïve cases cured20.
An oral treatment, WR 6026 (sitamaquine) for 28
days, has been studied in Brazil21. Dose of 1 mg/kg/
day and 1.5 mg/kg/day were ineffective, and 2 mg/
kg/day showed attractive efficacy. However, 2.5 mg/
kg/day was both ineffective and caused kidney
toxicity, and thus the drug was not further pursued.
HIV is well known in Brazil, with 260,000 cases
being reported between 1980 and 200222. One might
think that there would be a large number of patients
with combined HIV-L. chagasi infection.
Interestingly, relatively few Brazilian cases have been
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reported, even from regions where the overall
incidences of HIV and Leishmania infection are both
relatively high. By 2002, only about 90 cases of coinfection were reported, with 37 per cent being VL
and the rest being cutaneous leishmaniasis (CL) or
mucosal22.
PKDL: L. chagasi can be cultured from the skin of
clinically normal patients, and rarely from a case of
simple cutaneous disease 2. Classic PKDL due to
L. chagasi seems not to have been seen in Brazil,
although a few cases are stated to have been caused
by L. amazonensis in association with visceral
disease due to that organism2.
Visceral leishmaniasis in Africa
The aetiologic agent of VL in Africa, as in India,
is L. donovani. Yet there are several aspects of
African disease worth commenting upon: the
epidemic in Sudan, PKDL in Sudan, HIV disease in
Ethiopia, and treatment studies in Kenya.
Sudan
Sudanese VL has been known since 1904 to be
endemic along the Blue Nile where it enters Ethiopia
and its tributaries23. Beginning in 1988, large numbers
of Nuer tribe members from the Bentiu area in the
Upper Nile were recognized as being infected after
migrating to other towns including Khartoum for
treatment. Because Bentiu was not previously thought
to be endemic for L. donovani, it was assumed that
migration to and from endemic regions led to the Nuer
infections24. In addition to the classic features of kalaazar, unusual features seen in the epidemic in western
Sudan were neurologic features such as peripheral
neuropathy with foot drop and nerve deafness25.
To better understand the disease in Sudan, a
longitudinal study in the endemic region in Eastern
Sudan was undertaken. Between 1991 and 1993, the
village of Um-Salala with 1430 inhabitants was
surveyed. In these two years, a total of 92 kala-azar
cases were diagnosed, with mean age 6.6 yr, but many
of these were retrospectively identified on the basis
of clinical symptoms 26. There were 30 new cases,
with mean age 8.6 yr, that were parasitologically
confirmed in these two years. In comparison, there
were 11 persons who converted both in terms of
serology and skin test to Leishmania antigen, and
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may be regarded as persons with subclinical
infection 26.
Some of the most noteworthy clinical features
of the Sudanese experience are the occurrence
and natural history of post-kala-azar dermal
leishmanmiasis. In the small studies in Um-Salala,
PKDL developed in about 60 per cent persons with
kala-azar26,27. From the total experience in the Sudan,
the clinical definitions that proved useful are28: Grade
1: scattered maculopapular or nodular rash, primarily
on the face; Grade 2: dense maculopapular or nodular
rash covering most of the face, and also on the chest/
back/upper arms/legs, and more dense proximally
than distally; and Grade 3: maculopapular or nodular
rash covering most parts of the body, including hands
and feet, and lip and palate. Crusting, ulceration, and
scaling lesions may be seen.
In spite of the name, PKDL can begin almost
simultaneously with kala-azar, and the interval
between kala-azar and PKDL was 0.5 to13 months 29
among 134 patients in eastern Sudan. With this time
interval, the mean age of acquisition of PKDL is of
necessity close to the mean age of acquisition of kalaazar itself. The shorter the interval between VL and
PKDL, the more severe the cutaneous symptoms. For
example, with an interval of 2 to 8 wk, 23 of 81
patients (28%) had grade 3 disease, but with an
interval of 9-18 wk, 6 of 42 patients (14%) had grade
3 disease. Self healing was the rule in Sudan. Of the
134 cases, 113 (84%) healed spontaneously,
apparently within 12 months, and there was no
correlation of spontaneous healing with severity
grade. Treatment is recommended for patients who
do not heal within 1 yr, or for patients who initially
present with mucosal lesions. Stibogluconate at 20
mg/kg/day is recommended, but 30 days appears not
to be sufficiently long 28.
Given the large numbers of patients in the
Sudanese epidemic, several treatment trials for VL
have been performed under field conditions30,31. In
one study 30 , patients were randomized between
stibogluconate at 20 mg/kg/day for 30 days, or
stibogluconate (20 mg/kg/day) in combinaiton with
aminosidine (15 mg/kg/day) for 17 days. The
treatments were comparable in that 5 of 67 died in
the stibogluconate group and 3 of 67 died in the

stibogluconate-plus-aminosidine group. In a larger
stibogluconate experience summarized in a later
report31, the death rate was 336 of 3076 (11%).
Ethiopia
Ethiopia has sizeable numbers of patients co-infected
with HIV and L. donovani. A study of branded vs
generic sodium stibogluconate offers an opportunity to
recognize the differential response of these two patient
populations to treatment, as well as a comparison of
the response to branded vs generic drug 32 .
Approximately 200 kala-azar patients were randomized
between the two formulations of stibogluconate. The
dose was 20 mg/kg/day, with no upper limit on daily
dose, intramuscularly for 30 days. Mean entrance
characteristics were spleen size of approximately
10 cm below the left costal margin and haemoglobin
values of approximately 7.2 g/dl. In terms of outcomes,
the final cure rate for generic stibogluconate was
74 per cent, higher but not significantly higher than the
final cure rate for branded stibogluconate 62 per cent.
However, the cure rate for HIV positive patients was
44 per cent, a value significantly lower than the value
for HIV negative patients 92 per cent. The main reason
for this difference was that nine HIV positive patients
died during treatment, compared to only four HIV
negative patients.
It is of interest that general comparability of this
generic stibogluconate to branded stibogluconate was
also seen in two other African studies. In Kenya, the
comparative cure rates were 83 per cent for generic
stibogluconate and 96 per cent for branded
stibogluconate33. In Sudan, the cure rates were 96 per
cent for generic stibogluconate vs 91 per cent for
branded stibogluconate34. Thus the comparability of
one Indian formulation of stibogluconate to branded
stibogluconate, first shown by Sundar et al in India,
was well confirmed in several large studies in Africa.
Kenya
Visceral leishmaniasis has long been studied at the
Kenyan Medical Research Center in Nairobi. Although
the volume of VL in Kenya is not large, initial
advances with many of present chemotherapeutic
agents were made at the Kenyan Medical Research
Center and are worth reviewing here.
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Pentavalent antimony: The presently recommended
daily dose is 20 mg/kg/day. A crucial study showing
that 20 mg/kg/day was more effective than 10 mg/
kg/day was reported by Anabwani et al from Kenya35.
Patients were either children or adults, administered
20 mg/kg/day or 10 mg/kg/day for a maximum of
4 wk. The difference between the cured rate in
children administered 20 mg/kg/day (100%) and
children administered 10 mg/kg/day (60%) was one
of the driving forces leading to the presently
recommended daily dose.
Aminosidine (paromomycin): The first clinical
efficacy trial of paromomycin for VL was performed
by Chunge et al at the Kabernet District Hospital in
Kenya 36. In the 19 evaluable patients administered
aminosidine (~15 mg/kg/day for a maximum of
20 days), 15 cured (79%). Although this cure rate is
not high, only 6 of 11 (54%) patients administered
standard antimony cured by the same criteria.
WR 6026: The first clinical efficacy study with this
oral agent was performed in Kenya 37. Eight patients
received 1 mg/kg/day for 4 wk; 4 were cured, and
the other 4 showed 1 - 2 log declines in the number
of parasites. This response was much more
impressive than the response in Brazil (0 of 4 cured)37
with the same dose.
Conclusion
Visceral leishmaniasis in the New World and Africa
differs from that in India in certain ways. VL in Brazil
is due to L. chagasi, and classically is a rural zoonotic
disease although now peri-urban presumably
anthroponotic disease is being seen. An interesting
feature is the large predominance of asymptomatic or
paucisymptomatic patients compared to those who
progress to VL itself. Brazilian VL is still very sensitive
to antimonial treatment. The epidemic of VL in Sudan
has led to a large number of investigations, and in the
course of these it was recognized that PKDL in Sudan
was very different from PKDL in India. In spite of the
infecting species being the same, L. donovani, PKDL
in Sudan occurs in approximately half of VL cases, can
be almost contemporary with the visceral infection, and
generally does not need to be treated because it selfcures within a year. All these features are different from
what is described for Indian PKDL. In Africa, VL
remains sensitive to antimonials, except in the case of
patients co-infected with HIV as seen in Ethiopia.
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Post kala-azar dermal leishmaniasis (PKDL) is a dermatosis that occurs as a sequel of visceral
leishmaniasis (VL). Elimination of VL requires detection and treatment of PKDL, necessarily
because of its capacity to serve as a reservoir for the causative parasite, Leishmania donovani.
Diagnosis of PKDL presents a challenge due to low parasite burden in the lesions. In this article we
have reviewed the recent advances in the development of immunological and molecular methods
for diagnosis of PKDL.

Key words Diagnosis - Leishmania - post kala-azar dermal leishmaniasis (PKDL) - visceral leishmaniasis

endemic in the eastern regions of the country and
often becomes epidemic, claiming the lives of
thousands and causing severe morbidity to hundreds
of thousands 2 . Leishmania donovani, the causal
organism, is a dimorphic parasite: the flagellated
promastigote form is found in the insect vector
whereas the non motile intracellular amastigote stage
resides within macrophages of human host. VL is
clinically characterized by fever, weight loss,
hepatosplenomegaly, and pancytopenia and has a
high mortality rate in untreated cases. Post kala-azar
dermal leishmaniasis (PKDL) is a dermal
complication, caused as a sequel to VL. In India, it
manifests in 5-15 per cent of VL cases after months
or several years of remission from infection, while
in Sudan, it develops within weeks or months in 5060 per cent of cured VL cases3,4. The disease develops
in a variety of clinical forms from hypopigmented

Leishmaniasis is a group of diseases caused by
various species of the protozoan parasites of the
genus Leishmania. Leishmaniasis can be categorized
in 3 major forms ranging in severity from
spontaneously healing skin ulcers in cutaneous
leishmaniasis(CL), destructive mucocutaneous
leishmaniasis (MCL) to fatal visceral leishmaniasis
(VL). The disease remains a major health problem,
being currently prevalent in 88 countries, infecting
12 million individuals and threatening 350 million
people. The geographical distribution of
leishmaniasis is restricted to tropical and temperate
regions, the living area of the sand fly. Ninety per
cent of cases with cutaneous forms of leishmaniasis
occur in Afghanistan, Algeria, Brazil, Iran, Peru,
Saudi Arabia and Syria, while ninety per cent of
visceral leishmaniasis cases are found in Bangladesh,
Brazil, India, Nepal and Sudan 1. In India, VL is
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macules to infiltrated papules or nodules. High
interleukin-10 (IL-10) levels in the skin and
peripheral blood as well as high level of C reactive
protein in plasma of patients with VL are predictive
of the subsequent development of PKDL5,6.
PKDL was first described by Brahmchari in
1922 in cured VL patients with eruption and plaque
in the skin, confirmed by demonstration of
Leishman-Donovan bodies (LDB) in slit skin
smear and termed as dermal leishmanoid 7. Later
the disease was renamed as PKDL since eruptions
follow the visceral disease, commonly called as
kala-azar. There are distinct features in PKDL in
Sudan, and in the Indian subcontinent. In India,
PKDL develops as a dermatosis in a small
percentage of treated VL patients with a usual
interval of 2-3 yr but it may occur much earlier
(i.e., after 6 months) or much later (up to 32 yr).
In 15-20 per cent of PKDL cases no preceding
history of VL is available, suggestive of subclinical
infection 3. On the contrary, in Sudan the disease
manifests in more than 50 per cent of VL patients,
usually soon after, or sometimes even during the
treatment. The interval between VL and PKDL is
short, with all cases occurring 0-13 months after
treatment, usually within first 6 months. About
8 per cent of cases in Sudan have no previous VL
history while parallel VL and PKDL is reported in
18 per cent cases 8.
In Indian subcontinent, untreated cases of VL and
PKDL are considered to be the sole reservoir to house
and disseminate the causative parasite in the absence
of zoonotic transmission 9,10 . Phlebotomous
argentipes, the vector transmitting VL in India, when
allowed to feed on PKDL patients, became infected
and developed promastigotes in the midgut, seeming
capable of transmitting the parasite11,12. In VL, the
parasite is predominantly found in deep seated organs
and not accessible to vector, though the presence of
parasite in skin of VL patients is documented13. On
the other hand, LD bodies rich nodular skin lesions
in PKDL may be the main source of vector infection
in the community particularly in the absence of
animal reservoir, and play an important role in the
disease transmission from humans to the insect
vector.

PKDL manifests in a variety of clinical forms
from hypopigmented macules to infiltrated plaques
and nodules (Fig.). The three major representation
of skin lesion are described of which one or two forms
predominate and two forms generally co-exist in the
same patient. (i) Erythematous indurated lesions on
the butterfly area of face; (ii) multiple symmetrical
hypopigmented macules with irregular margins that
may coalesce, having generalized distribution to the
extremities and trunk; and (iii) combination of
papules, nodules and plaques.
PKDL persists as a chronic dermatosis without
complication in most cases. In Indian PKDL the
nodules enlarge with time and form big plaques but
rarely show ulceration in contrast to African PKDL
where ulceration is common in advanced cases. The
other unusual variants of PKDL include the annular,
warty, papillomatous growth, fibroid with
erythematous plaques and xanthomatous growth and
presence of lesions in uncommon site such as eyelids,
palms and the perionychium. The complications can
result when mucous membranes are affected, the
most serious being blindness due to corneal
involvement3. Recently, nerve involvement in Indian
PKDL has been documented which is common in
Sudan PKDL, showing that PKDL may simulate
leprosy both clinically and pathologically14,15. PKDL
is now being detected and reported in individuals
infected with HIV from South America, Europe 16-18.
In India, there are documented and undocumented
reports of PKDL patients with HIV infection, one
such patient suffered from recurrence of VL
following PKDL19. In another study, Nandy et al20
reported recurrence of VL after episodes of PKDL,
due to immunosuppression caused by measles or
repeated attacks of malaria and tuberculosis.
The incidence of PKDL may have important
implications in transmission of VL, as PKDL
provides the only known reservoir of the parasite in
India9. It is important to understand the pathogenesis
of the disease and control it. So far, little is known
about the factors of parasite/host origin that drive
the parasite to cause a shift in the site of infection
from viscera to dermis and thereby the clinical
manifestation of the disease. It is not known whether
the parasite in PKDL lesions is the residual parasite
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Fig. Clinical presentation in PKDL (A) PKDL nodular and popular lesions on face and hypopigmented macules on neck in a patient
with polymorphic presentation (B) hypopigmented macules on trunk in a patient with macular PKDL. (C) Erythematous and indurated
lesions over the butterfly area of face.

after VL infection or is introduced upon re-infection
by sandfly vector. In the later event, the cause of
change in site of predilection of the parasite could
be attributed to altered immune status of the human
host. It is also not clear why antimony therapy for
PKDL patients needs to be continued for much longer
duration than for VL patients (4 months instead of
4 wk for VL)3,8.
Diagnosis
Presently, the diagnosis of PKDL is based on clinical
and epidemiological parameters. Demonstration of
parasite in the slit smear or by culture of the dermal
tissue is considered to be the gold standard but the
methods involved are invasive, less sensitive (58%) and
difficult to perform in field conditions21.

Commonly used methods for diagnosis of
leishmaniasis, including VL and CL, include
(i) demonstration of parasite in tissues of relevance
by light microscopic examination of the stained
specimen, in vitro culture, or animal inoculation;
(ii) immunodiagnosis by detection of parasite antigen
in tissue, blood, or urine samples, by detection of
nonspecific or specific antileishmanial antibodies, or
by assay for Leishmania-specific cell-mediated
immunity; or (iii) detection of parasite DNA in tissue
samples.
Methods for the diagnosis of VL often lack
sensitivity or specificity for the diagnosis of PKDL
as (i) the number of parasites in skin smears and
biopsy specimens is often low, thus requiring
prolonged searches by routine microscopy 14,21,22 ;
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(ii) serological tests may be positive due to the past
occurrence of VL23,24; (iii) the leishmanin skin test
(LST) may or may not be positive3; and (iv) cultures
are often not positive and, in the rural region where
the disease is endemic, cultures are prone to
contamination 25. In our hands, nearly 54 per cent
sensitivity was obtained for culture isolation from
skin lesions of PKDL patients26. In particular, the
hypopigmented form of PKDL has been often
misdiagnosed as vitiligo since the parasite load is
scanty and not always proportional to the extent of
dermal lesions while its nodular form may be easily
confused with a number of dermatological conditions
among which leprosy is the most important 3,14. When
the parasite is not demonstrated in skin biopsies, the
diagnosis of the PKDL hinges on the endemicity of
VL in the area and previous history of infection by
the parasite. Absence of VL history in 15-20 per cent
of PKDL patients suggests subclinical infection and
poses difficulty for diagnosis.
Histopathology
Conventional diagnosis using histopathology in
PKDL tissue sections using haematoxylin & eosin
(H & E) staining shows a variable degree of positivity
for LD bodies ranging from 67-100 per cent in
nodular lesions, 36-69 per cent in papular lesions and
7-33 per cent in macular lesions3,27. Histopathological
observations in PKDL revealed that the granuloma
comprises of mainly lymphocytes, macrophages, and
plasma cells in varying proportions28. Macular form
of PKDL shows a normal epidermal layer with a
scattered perivascular lymphocyte and plasma cell
infiltrate in superficial dermis. LDBs are rare and
difficult to demonstrate in macular PKDL. The
histopathological features are non specific at this
stage. Nodular lesions show an atrophied epidermis
with a narrow Grenz zone. The dermis shows a
widespread infiltration of the superficial and mid
dermis by a polymorphic infiltrate of lymphocytes,
macrophages and plasma cells. LDBs are numerous
and can be detected with ease in these lesions.
Follicular plugging and hyanilization of dermal blood
vessels are additional features 29 . Generally, the
histopathological features are specific enough to
make a diagnosis of PKDL, even if LDBs cannot be
identified. Even in ideal situations the success rate

for LDB demonstration is about 58 per cent 21 . In
attempts to enhance the detection of Leishmania
parasite in tissue sections, alternative methods have
been introduced. Recently, it has been shown that
sensitivity of parasite identification can be increased
by using Leishmania specific monoclonal antibodies
in an immunohistochemistry (IHC) assay, as IHC
showed a higher percentage of LDB localization
(80%) than detected by H&E staining (50%)26,30.
Immunological methods
The potential of serological tests, such as direct
agglutination test (DAT) and ELISA for diagnosis
of PKDL has been evaluated and these show promise
as rapid and non-invasive tests. The antileishmanial
antibodies may persist for years as a result of previous
VL infection, and titres measured by DAT have been
reported to remain positive for up to 5 yr after
recovery in >50 per cent of VL patients examined.
As the interval between VL and PKDL in India is
often long, it is argued that this immune response is
likely to be the results of PKDL occurrence rather
than persistence of antibodies of earlier VL
infection 31-33.
Immunoblotting and ELISA: The Western blot
technique is among the most sensitive and specific
serological methods that provides information about
the parasite’s antigenic profile. Differences in VL and
PKDL patients’ antibody profile have been
documented. Only 1 out of 10 i.e., 10 per cent of PKDL
patients showed antibody response to a 200 kDa axenic
amastigote soluble antigen compared to 97 per cent
VL patients34. In an attempt to analyze the humoral
immune response to L. donovani antigens in PKDL
patients, we had earlier reported that two parasite
antigens (of 110 and 65 kDa) elicit an antibody
response in 97-100 per cent PKDL patients and in none
of the control patients including leprosy and vitiligo 35.
Absence of antibody for a 31 kDa band of promastigote
membrane antigen in PKDL sera in comparison to
majority of the VL sera, both before and after
treatment, was reported indicating the potential of this
polypeptide for the differentiation of PKDL from past
and ongoing VL infection33. Adaptation of antigen may
be of help as humoral immune responses are quite
distinct in VL and PKDL 35.
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The use of recombinant DNA technology to
produce serodiagnostic antigens has resulted in
reagents of diagnostic promise for leishmaniasis. In
recent times several Leishmania genes have been
cloned and characterized as a result of extensive
scientific activity aimed at improving the serological
methods for diagnosis of leishmaniasis. The
examples include rK39, A2, ORF F, rH2A, rH2B,
rGBP, rLACK, rgp63, rP20, rPSA, and purified LPG,
etc36. Several studies have evaluated the potential of
ELISA as a diagnostic test for VL and a few of them
have included PKDL patients in their study.
K39 and A2 are abundantly expressed in the
amastigote stage and are composed of repetitive units
of amino acids which represent amplified targets for
serological diagnosis. K39 is an antigen coded by a
kinesin related gene and contains a repetitive epitope
of 39 amino acid residues. The recombinant product
rK39 was shown to be an early surrogate marker for
disease progression in VL, with the seroactivity
correlating with the active disease; 98 per cent of
active disease cases were detectable with this
marker37,38. In India, rK39 has been widely used for
the diagnosis of VL as well as PKDL, with sensitivity
of the test ranging from 95 to 100 per cent31,32. rK39
ELISA has been used as a prognostic test for
monitoring VL patients undergoing drug therapy and
is also useful in predicting clinical relapse32,39. rK39
has been shown to have high predictive value for
detecting VL in immunocompromised patients with
VL-HIV co-infection 40 . In a comprehensive study
with 88 Indian patients of PKDL, the potential of
crude antigen derived from indigenous parasite at two
different developmental stages- promastigote and
amastigote isolated from indigenous PKDL cultures,
was compared with the rK39 antigen 31. While the
recombinant antigen, rK39, gave 94.5 per cent
sensitivity, the amastigote antigen gave better
sensitivity (92%) compared to the promastigote
antigen (86%). Evaluation in 114 control subjects
comprising of leprosy, vitiligo, malaria, tuberculosis
revealed that the specificity of rK39 was 94 per cent
while that of promastigote and amastigote antigens
was 90 per cent. In comparison to crude Leishmania
antigen, rK39 has been proved to be better
diagnostic antigen for PKDL, with high sensitivity
and specificity31.
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A2 antigen has been used to detect antileishmanial
antibody in Indian and Sudanese VL patients with
the sensitivity of 60 and 82 per cent, respectively.
The sensitivity of detection was improved by using
co-immunoprecipitation assay to determine reactivity
against conformational epitopes of A2 up to 92 per
cent in acute VL patients’ sera from Indian patients
while at post treatment stage the assay was positive
in 67 per cent of cases38. The prospective value of
A2 in diagnosis of PKDL is yet to be explored. The
repetitive sequence of L. major gene B protein (GBP)
has previously been shown to be a useful tool in the
diagnosis of CL. Using recombinant L. donovani
GBP (rGBP) in ELISA the diagnosis of L. donovani
infections in Sudan was reported with the sensitivity
of 93 per cent for PKDL and 92 per cent for VL41. A
glucose regulated protein 78 (GRP78) of L. donovani
has been used for serological evaluation of plasma
samples in Sudan and antibody reactivity to this
Leishmania antigen was revealed in 89 per cent of
VL cases, 78 per cent PKDL patients, and 85 per cent
patients of CL42. Other molecules like rPSA, rgp63,
LPG, H2A, H2B and ORF F have not been evaluated
for their capability of diagnosing PKDL, but their
potential is well proven for the diagnosis of VL36,43.
Recently, Saha et al (2005) have evaluated the
utility of leishmanial membrane antigen specific Ig
isotypes and IgG subclasses for the specific diagnosis
of PKDL 33. Most of the PKDL patients exhibited
elevated levels of antileishmanial IgG, IgM, IgA, and
IgG subclass (IgG1, IgG2, and IgG3) antibodies, on
the other hand, the absence of IgE and low levels of
IgG4 were documented 33 . The sensitivity and
specificity of the assay of the IgG ELISA using
membrane proteins for the diagnosis of PKDL was
100 and 96.7 per cent respectively, higher than the
specificities of ELISAs with promastigote and
amastigote antigen extracts or rK39. The specificity
needs to be established with reasonable number of
endemic controls since this study reported evaluation
with very few (5) controls33 . The applicability of
L. donovani species-specific monoclonal antibody D2
for sensitive and specific serodiagnosis by C-ELISA
in sera from Indian patients with VL and PKDL was
proven with sensitivity of 90.9 and 100 per cent,
respectively. The C-ELISA can be used to evaluate
the success of drug treatment 44. Various antigens used
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Table I. Antigens used in ELISA for detection of antileishmanial antibody in PKDL patients sera

Antigen

Sensitivity (%)

Specificity (%)

86-100

90-100

31, 44

SLA

83

90-100

24, 34, 45

MP

100

96.7

33

rK39

94.5-100

93.7-100

31, 32

GBP

93-100

83

41

78

90

42

100

100

44

CLA

GRP78
C-ELISA (D2)

References

CLA, Crude Leishmania antigen; SLA, soluble Leishmania antigen; MP, membrane protein; rK39, recombinant K39; GBP, gene
binding protein; GRP78, glucose related protein 78; C-ELISA(D2), competitive ELISA based on D2 (L. donovani specific
monoclonal antibody)

in ELISA for diagnosis of antileishmanial antibody
in PKDL patients are summarized in Table I.
Direct agglutination test (DAT)
DAT is a simple technique with high specificity
and sensitivity making it suitable for both field and
laboratory use. The test can be carried out using
plasma or serum. The method uses whole,
trypsinized, Coomassie stained promastigotes either
as a suspension or in a freeze-dried form. The freezedried form is heat stable and facilitates the use of
DAT in the field. The major disadvantage of DAT is
the relative long incubation time of 18 h and the need
for serial dilutions of blood or serum. Also DAT has
no prognostic value for evaluating the parasitological
cure of the disease as the test may remain positive
for several years after cure. DAT remains the first
line diagnostic tool for VL in many developing
countries. The potential of DAT in the diagnosis of
PKDL was first demonstrated by El Harith et al23
using antigen prepared from indigenous isolates.
With the use of indigenous isolates, the DAT was
found capable of distinguishing CL, MCL and other
skin disease conditions like leprosy, vitiligo,
psoriasis, cutaneous tuberculosis, etc. DAT had been
used in diagnosis of VL in India with high specificity
(100%) and sensitivity (96-98%)45,46. With reference
to its use for PKDL diagnosis, DAT has not been
used very widely, in a study with four PKDL cases
of macular type, DAT was negative 47 . We have
developed DAT based on axenic amastigotes with
about 95 per cent sensitivity and 100 per cent

specificity of diagnosing PKDL cases (unpublished
data). Moreover, the test has high sensitivity for
PKDL cases with macular presentation, which are
often difficult to diagnose. The data suggest that DAT
with amastigote antigen may be advantageous for
monitoring subclinical infections and all forms of
PKDL.
A fast agglutination screening test (FAST) for the
rapid detection (<3h) of anti-leishmania antibodies
in serum samples, has been developed. The FAST
utilizes only one serum dilution leading to qualitative
results48. The FAST claims advantages over the DAT
as it uses freeze-dried antigen which gives more
antigen stability, reproducibility, specificity and
sensitivity.
Rapid antibody detection methods
Strip test: A simple, rapid, easy to perform dipstick
test using rK39 is available (Corixa Corp®, InBios
Inc. ® , DiaMed IT ® ) in the form of antigen
impregnated nitrocellulose paper strips adapted for
use under field conditions. In India, the rK39 strip
test has been found to be highly sensitive and reliable
for both VL and PKDL diagnosis. The sensitivity of
the strip test for VL diagnosis, in India, has been
reported to be 100 per cent, this could correctly
diagnose 95 per cent of cases of PKDL with
polymorphic presentation while with macular PKDL
cases the sensitivity was 73 per cent 49,50 . The
specificity of the test is reported to be 100 per cent
in laboratory studies 50,51. However, recent reports
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reveal that this antigen shows decreased sensitivity
and specificity in some countries endemic for VL,
such as Sudan where it is reported to miss 7 per cent
parasitologically proven cases52. The rK39 strip test
showed a sensitivity of 97 per cent and a specificity
of 71 per cent in Nepal53. Similar reports are available
from Southern Europe and Brazil54,55.
Latex agglutination test: Latex agglutination tests
based on crude Leishmania antigen, soluble
Leishmania antigen or recombinant antigen have
been developed for diagnosis of VL 45,51. Recently,
latex agglutination test, using recombinant antigen,
rK39, has been reported for the diagnosis of VL and
PKDL51. The sensitivity of latex agglutination test
was found to be 80 per cent as compared to ELISA
but it did not miss any clinically active VL case.
About 20 per cent cases were missed due to low
antibody levels. The antibody titre was reported to
vary from 10-3 to >10-6 and titre increased for 6 to 9
months after development of symptoms. The test
could detect the antibodies only if the titres were
10-4 or more in ELISA. Latex agglutination test may
not be suitable for PKDL as generally the antibody
titres are found to be low in PKDL.
Antigen detection/KATEX: To diagnose the active
Leishmania infection antigen detection tests are
important especially in immunocompromised
patients, where antibody response is poor. The
antigen levels are expected to theoretically correlate
with the parasite load. The detection of antigen in
the serum is complicated by the presence of high level
of antibodies, circulating immune complexes, serum
amyloid, rheumatoid factor and autoantibodies, all
of which may mask immunologically important
antigenic determinants or competitively inhibit the
binding of free antigen. Recently, a latex
agglutination test (KATEX) for the detection of
leishmanial antigens in the urine of VL patients has
been developed56,57. This is a unique test that detects
a stable, non protein, disease specific antigen in the
urine of patients with an active infection. It gives
result in two minutes and is both simple to use and
diagnostically accurate. The results obtained with
KATEX using samples collected from different foci
of VL indicate that the test works well regardless of
the geographical origin of samples. The test had

301

100 per cent specificity and sensitivity between
68-100 per cent. Whether the test has applications
for the diagnosis of PKDL, detection of
asymptomatic cases of VL and monitoring therapy
remains to be confirmed.
There are a number of other antibody and antigen
detection methods existing with variable sensitivity
and specificity. These tests include indirect
haemagglutination (IHA), countercurrent immuno
electrophoresis (CCIEP), immunodiffusion (ID) and
several others. However, these tests are cumbersome
and lack sensitivity and specificity and most of them
have been developed for diagnosis of VL. IHA when
used for PKDL was positive in only one third of
chronic PKDL cases, while all fresh cases were
positive indicating antibody titre reduced during the
chronicity 24 . Heamagglutination assay had been
developed for diagnosis of Indian VL using Achatinin
H, a lectin isolated from the haemolymph of the snail
Achatina fulica, that binds exclusively to 9-Oacetylated derivatives of sialic acid (9-O-AcSA). The
test exploits the fact that 9-O-AcSA is present on
erythrocytes of VL patients and absent on the
erythrocytes of patients with malaria, tuberculosis,
as well as on those of healthy controls from endemic
and nonendemic areas58. This is a rapid, non invasive
assay that is adaptable to most clinical settings for
VL but has not been tested for PKDL.
Assay for cell mediated immunity (CMI) and skin
test
There is accruing evidence indicating that immune
responses developed during and after cure in VL
patients play a major role in the development of
PKDL. Earlier reports from India showed that in VL,
Leishmania-specific as well as generalized CMI
responses were absent. These responses were restored
in VL patients after successful treatment, while in
PKDL, suppression of the CMI response was found
to be associated only at the specific level. With
administration of the drug (sodium antimony
gluconate), the immunosuppression was gradually
eliminated with concomitant clinical improvement
in both VL and PKDL patients59. In a recent study,
Leishmania specific CMI using membrane and
soluble proteins have been shown in cured VL
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patients 60 . Studies from Sudan also showed
immunosuppresion in VL patients but in some cases
it was skewed towards Th2 type and in PKDL patients
Leishmania specific CMI as well as interleukin-10
production was documented61.
The leishmanin skin test (LST) measures delayed
type hypersensitivity reactions to intradermal injection
of leishmanin antigen (killed L. donovani parasite) in
patients’ fore arm. After 48-72 h the induration is
measured in mm; a reaction of 5 mm or more is
considered positive. However, several problems have
been associated with skin tests like reference standards
for skin test antigens and for performance, including
reading, of the tests have not been developed. Most
antigens are crude extracts of parasites and are neither
sensitive nor specific. In India, skin test positivity to
whole promastigote antigen was not demonstrable
until 5 months after the acute phase of VL. At this
time the positivity rate was 20 per cent, and it increased
to 86.6 per cent after 8 months62. The test may or may
not be positive for PKDL as reported from India. In
Sudan, 11 per cent of the PKDL patients with
concomitant VL were LST positive while LST
positivity was more (37%) in patients with PKDL only.
Persistence of the lesions has been frequently
associated with non reactivity in the LST and high
levels of anti-leishmanial antibodies63.
Most serological tests for the diagnosis of PKDL
are of limited value in areas of endemicity, as these
are also positive for VL patients with active disease
or past history. Even rK39 ELISA titres remain
positive for up to 2 yr after treatment, with no decline
in OD values 64 . Identification of Leishmania
infection, for laboratory and clinical diagnosis, by
culture or microscopic techniques, is tedious and time
consuming and has poor sensitivity. Most of these
limitations can be overcome with the application of
DNA based methods.
Molecular methods
Molecular biology is increasingly becoming
relevant to the diagnosis and control of infectious
diseases. A variety of nucleic acid detection methods
targeting DNA and RNA genes have been developed
for leishmaniasis 65,66 . However, amongst all the

molecular advances gene amplification techniques
have been most rewarding as far as diagnosis and
disease management are concerned. In addition to
diagnosis, PCR may be used in prognosis of disease,
strain identification of parasite and molecular
epidemiology, detecting HIV-Leishmania coinfection and can also be utilized for determining the
drug resistance65.
Polymerase chain reaction (PCR): Amongst the
molecular methods used for clinical diagnosis, PCR
has proved to be the most promising technique. The
specificity of the PCR can be adapted to specific
needs by targeting conserved region of the gene. Gene
amplification through the PCR has several
advantages compared to traditional techniques,
because of its extremely high sensitivity, rapidity and
the ability to be performed with a broad range of
clinical specimens. Also, the detection or
identification of the causative agent is possible
directly in the clinical specimens. Maximum
sensitivity can be achieved by using multicopy
sequences as the PCR target 67 . Several target
sequences have been used for the PCR like ribosomal
RNA genes, kinetoplast DNA (kDNA), mini-exonderived RNA (med RNA) genes and genomic repeats,
the β-tubulin gene region, glycoprotein 63 (gp63)
gene locus, internal transcribed spacer (ITS)
regions68. By targeting conserved or variable regions
the specificity of the PCR may be adapted to specific
needs to characterize the parasite to the level of the
genus complex, species or even the individual isolate.
Reports on evaluation of PCR based diagnostic
assays for PKDL are limited and are adapted from
the approaches developed for VL diagnosis25,69-71. For
diagnosis of VL, bone marrow and lymph node
aspirates as well as blood samples have been
evaluated. Bone marrow aspirates from
parasitologically confirmed VL patients were always
PCR positive in several studies 69,71,72. Since collection
of lymph node, bone marrow or splenic aspirates
involves painful procedures that can even be
dangerous for the patient, peripheral blood, which is
easy to obtain, is often used for the initial PCR
screening of people suspected of VL. The sensitivity
of PCR for the detection of Leishmania DNA in blood
samples ranges from 70-95 per cent68,71-73.
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The major advantages of using PCR based
techniques are the ability to detect Leishmania
parasite in patients with low levels of parasitaemia
and identify them to the species level. Several studies
have reported that PCR assay could detect
parasitaemia a few weeks before the appearance of
any clinical signs or symptoms. ELISA based
detection of PCR products further increases
sensitivity. Martin-Sanchez and coworkers74 reported
a highly sensitive (83%) PCR-ELISA in the diagnosis
of cutaneous and visceral leishmaniasis caused by
L. infantum. A PCR-ELISA, for blood samples from
Nepal, was more sensitive (83.9%) than conventional
PCR (73.2%), and demonstrated 100 and 87.2 per
cent specificity respectively, when using healthy
controls who had never travelled to a VL endemic
area and those from a VL endemic area as
references 75 . PCR may also be useful for the
confirmation of the diagnosis in HIV/Leishmania
co-infected patients. Pizzuto et al 76 showed that all
76 HIV/Leishmania co-infected patients were
parasitaemic by PCR on peripheral blood before
therapy. In another study, 15 of 20 (75%) such
patients were PCR positive77.
A species-specific PCR assay, based on kDNA
was developed and tested in Indian patients of VL
and PKDL. The test yielded a detection limit of 1.0
fg of purified L. donovani DNA (equivalent to less
than one parasite) or 10 fg of parasite DNA
(equivalent to single parasite) in presence of 10
million fold excess of human DNA71. Using samples
of peripheral blood the test enabled the diagnosis in
49 of 51 parasitologically confirmed VL patients,
corresponding to a sensitivity of 96 per cent. The
sensitivity was 100 per cent for VL diagnosis when
bone marrow samples were used. The preferable
samples for PKDL diagnosis are skin biopsy of
lesions, slit aspirates or lymph node aspirates. The
kDNA based PCR assay detected parasite’s presence
in 45 of 48 PKDL skin biopsies giving the sensitivity
of 93.8 per cent. The specificity of the test was 100
per cent for PKDL as leprosy and healthy region of
skin of PKDL patients did not show PCR positivity71.
In a study from Sudan, the sensitivity of the detection
of parasite from slit aspirate and lymph node aspirate
was reported to be 82 and 83 per cent, respectively25.
The slit aspirates samples are preferred over invasive
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lesion biopsy that may leave disfiguring marks on
face. Recently, a nested PCR method was developed
for less invasive diagnosis of PKDL. The assay
successfully identified parasite DNA in slit aspirates
of 27 of 29 cases with 93 per cent sensitivity in
comparison to the primary PCR which could detect
20 of 29 cases (69%)78.
Yazdi et al 79 employed laser capture
microdissection to microdissect lymphocytic
histiocytes infiltrates from CL patients dermal lesions
and amplified the kDNA of parasites from extracted
DNA. The lesion though not showing any evidence
of intrahistiocytic Leishmania organism on Giemsa
staining, was positive by PCR for Leishmania
parasite79. Similarly, this technique can be adapted
for PKDL with macular presentation which have low
load of parasite and at times only histopathological
features are indicative of PKDL. Microdissection of
infected cells from the tissue and subsequent analysis
by PCR would provide proven diagnosis in such
cases. PCR has caused a revolution in the diagnosis
of leishmaniasis, since it is capable of detecting the
Leishmania parasite in a variety of clinical samples
and for all clinical manifestations of the disease.
However, the execution of this very sensitive
technique requires precautions; care should be taken
for the risk of contamination, false positive results,
and inclusion of appropriate and sufficient positive
and negative controls.
Real time PCR: Recent developments in PCR
technology such as fluorogenic probes and
automation take care of non specific amplification,
speed and inter-operator variability as well as allow
to monitor the amplification in real time. Quantitative
real-time PCR allows the continuous monitoring of
the accumulation of PCR products during the
amplification reaction. This allows the identification
of the cycle of near-logarithmic PCR product
generation (threshold cycle) and, by inference, the
relative quantification of the template DNA present
at the start of the reaction. Since the amplification
products are monitored in “real-time” as they form
cycle-by-cycle, no post-amplification handling is
required. The absolute quantification is performed
according to either an internal standard co-amplified
with the sample DNA, or to an external standard
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curve obtained by parallel amplification of serial
known concentrations of a reference DNA sequence.
From the quantification of the template DNA, an
estimation of the relative load of parasites in the
different samples can be obtained. Real time PCR
assay is a quantitative PCR proved to be a reliable
and non invasive tool for diagnosis of VL in HIV
infected patients. In recent years, quantitative PCR
methods based either on SYBR Green or TaqMan
technology have been set up for the quantification
of Leishmania in mouse liver, skin and human
peripheral blood, targeting nucleotide sequences used
to detect parasite are same as are being used for PCR
i.e., repetitive sequences such as SSU rRNA, miniexon-derived RNA (med RNA) and kDNA
minicircles 80-82.
A recently developed real time PCR assay based
on 18S rRNA sequences simultaneously detects,
quantitates, and distinguishes Leishmania organisms
at species level into L. donovani complex, the
L. brasiliensis complex, and species other than these
by means of distinct melting temperatures obtained
with fluorescence resonance energy transfer probes
in different clinical samples (blood, bone marrow,
skin, and liver) 80 . Nicolas and colleagues 81 have
developed an assay based on kDNA sequences for
monitoring L. major load in mice tissue with the
sensitivity equivalent to 0.1 parasite per reaction. The
assay had the capability to detect L. donovani and
L. amazonensis infections also 81. Bossolasco and coworkers 82 used the primers and probes from SSU
rRNA gene in the assay for detection and clinical
management of the infection in Leishmania-HIV coinfected patients obtaining the sensitivity of detection
as less than 1 (0.625) parasite/ml of blood. Recently,
Mary et al 83 have developed a real time PCR assay
to quantify kDNA of Leishmania and optimized the
sensitivity to detect 0.0125 parasite/ml of blood.
Comparative analysis of classical diagnostic test
reveals that the detection range is 18 to 42, 0.7 to 42
and 0.12 to 22.5 parasites/ml for microscopic
examinations, culture and conventional PCR,
respectively83. A multiplex real time PCR assay was
recently developed by our group for synchronized
detection of Bacillus anthracis, Yersinia pestis and
L. donovani in blood. A limited clinical study
established that this multiplex fluorescence PCR

assay works efficiently in the detection of Leishmania
in blood samples 84 . The assay revealed 50-1000
parasites per ml blood in Indian VL patients, while
samples from cured VL patients showed no
amplification for the presence of the parasite. It is
evident that the real time PCR assay would be useful
for epidemiologic and diagnostic purposes and to
assess parasite burden in symptomatic patients, cured
patients, asymptomatic carriers as well as PKDL
patients. These studies are under evaluation in our
laboratory.
Nucleic acid sequence-based amplification (NASBA):
PCR is generally based on the detection of parasite
DNA, which may be present even after the parasite
has been cleared. Therefore, a test based on RNA
detection would be useful to detect live parasites.
NASBA technology, for the amplification of specific
RNA sequences, has been proved to be a very
sensitive and specific assay in diagnostic
microbiology 85. Tests have been developed for HIV,
human papillomavirus, Mycobacteria and
Plasmodium falciparum. NASBA detects RNA in a
background of DNA and may thus serve to measure
viable parasites and is specific and sensitive to
amplify as little as 10-100 target molecules in a
sample 86 . The technique is not reported for
leishmaniasis but is under investigation. Quantitative
analysis of RNA levels after drug treatment could
be a useful method to assess the efficacy of antiLeishmania treatment.
Genetic polymorphism in PKDL isolates
Biological or genetic markers for PKDL, that can
determine relative taxonomic position of L. donovani
isolates from PKDL lesions within the genus
Leishmania, are currently under investigation.
Molecular techniques such as polymerase chain
reaction-restriction fragment length polymorphism
(PCR-RFLP), random amplification of polymorphic
DNA (RAPD) and single strand conformational
polymorphism (SSCP) have been used to demonstrate
the genetic variability within and between different
Leishmania species including L. donovani complex87.
Earlier studies to differentiate between VL and PKDL
isolates in Sudan did not reveal any correlation
between sequence polymorphisms and clinical
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manifestation of human disease 88. Among Indian
isolates, Das Gupta et al 89 cloned a minicircle from
Leishmania strain UR6 which hybridized to parasite
isolated from PKDL patient but not to an isolate from
VL patients. This probe was also found weakly
reactive in hybridization with kDNAs from
L. mexicana, L. braziliensis, L. aethiopica and
L. major. Recently we have reported a DNA
polymorphism assay that distinguishes L. donovani
isolates of PKDL from VL using the nuclear gene
probe LdP-13 identical to the τ and ε subunit regions
of 28S ribosomal RNA gene of L. donovani MHOM/
SD/00/Khartoum90.
Insights in search for new Leishmania diagnostic
molecules
Interactions between host and parasite,
responsible for outcome of infection are governed
by the genomes of the host and parasite. With the
availability of whole genome sequence of both
human as well as Leishmania (L. major) parasite, the
understanding of interaction between parasite
virulence and host response factors is within reach.
Analysis of the L. major genome sequence of size
33.6 MB, using several algorithms, predicts 911
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rRNA genes, 39 pseudogenes, and 8272 protein
coding genes91. So far, nearly 4 per cent of the genes
are experimentally characterized while the function
of about 32 per cent of genes is inferred from
homology. Conserved hypothetical proteins coding
genes along with sequence orphan with no predicted
function contribute 64 per cent of the genes. Without
doubt the availability of genome information will
have a major impact on basic research in Leishmania,
particularly in molecular science and biochemistry.
This would not only contribute to the understanding
of the basis of drug resistance, intergenic diversity,
infectivity and pathology but would also facilitate
the identification of new targets for drugs, vaccine
and diagnostics.
The information from Leishmania genome and
advent of new tools like microarray technology is
being applied to the identification of functionally
important Leishmania genes and proteins. The high
throughput technologies like DNA and protein
microarrays have the promised potential of
identification of novel molecules which can not only
emerge as more sensitive and specific diagnostic
markers but may also provide newer therapeutic and
vaccine targets. In recent times, two techniques - laser

Table II. Comparison of important features and sensitivity of diagnostic methods for polymorphic and macular PKDL in Indian
patients
Polymorphic PKDL

Macular PKDL

Clinical presentation

mix of papular, nodular erythematous lesions

hypopigmented macules

Histopathological
features

specific features for diagnosis even in the
absence of LDB atrophied epidermis

non specific features
normal epidermis

Cellular infiltration
LDB

dense in superficial and mid dermis
adequate

scattered in perivescular areas in superficial
dermis rare and difficult to demonstrate

Diagnosis
H&E

up to 85%

low positivity

IHC

100%

72%

ELISA

100%

90%

rK39 strip test

94%-100%

73%

Amastigote
Promastigote

100%
90-100%

90-98%
0 - 80%

PCR

100%

90-100%

DAT

LBD, Leishman-Donovan bodies; H&E, haematoxylin & eosin; IHC, immuno histochemistry; DAT, direct agglutination test;
PCR, polymerase chain reaction
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capture microdissection and single cell cDNA
amplification have greatly improved the prospects
of studying gene expression in single cells and in
pathological specimens. The different states of
cellular machinery in any altered form, like a disease
situation can now be successfully profiled and the
difference in the expression of protein profile is now
considered to be a most promising area dubbed as
functional genomics. At any stage of high throughput
biological world, genomics now is always
complemented by proteomics. Proteomic technology
has the potential to determine all the Leishmania
proteins that are recognized by the patients’ immune
system. The proteome serological approach can be
used to generate total antibody profile of patient
suffering from leishmaniasis/PKDL in order to
determine the quantitative and qualitative
phenomenon of parasite components that are reactive
against the host immune system.
Conclusion
VL transmission in India is thought to be
anthroponotic and in the absence of animal
reservoirs, PKDL patients are deemed singular source
of the parasite L. donovani. Therefore, rapid,
sensitive and specific tools for identifying PKDL
cases are highly desirable, because it would allow
control interventions in endemic area of VL, a
prerequisite for successful elimination of VL.
Parasite detection in PKDL cases, particularly those
with macular presentation, presents a challenge
because of low parasite load. The comparison of
various important features of the two major forms of
PKDL, polymorphic and macular, and the diagnostic
value of different tests in identifying these cases, are
reviewed in Table II. Conventional HE staining yields
limited success and use of Leishmania specific
monoclonal antibodies vastly improves the
sensitivity of detection even in macular cases.
Immunological tests provide useful alternatives as
rapid and sensitive measures for PKDL diagnosis;
however, the question whether antileishmanial
antibodies are those persisting due to VL or elicited
due to PKDL remains unanswered. Diagnosis when
augmented with PCR provides exquisite sensitivity
and specificity. Cases of PKDL infection in HIV
patients are being reported and since incidence of

HIV infection is on the increase in India, cases of
co-infection with Leishmania are likely to go up in
future. In such cases the molecular methods described
here would have potential to provide a rapid and
reliable detection of L. donovani in PKDL.
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In this review recent advances made in the field of human leishmaniasis have been discussed with
special emphasis on the parasite, and various serological and molecular methods of diagnosing the
infection. The article also reviews various modes of parasite transmission including vector borne,
blood transfusion, needle sharing, sexual and person-to-person. Microbiological methods including
the bone marrow, spleen, liver, lymph node aspirations and various staining methods used to
demonstrate the amastigotes of the parasites and various in vitro promastigote culture methods
are discussed in detail with their comparative sensitivity rates.
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5 continents with a total of 350 million people at
risk and 12 million cases. Of the 88 endemic
countries, 22 are in the New World and 66 in the Old
World with an estimated incidence of 1-1.5 million
cases of cutaneous leishmaniasis (CL) and 500, 000
cases of visceral leishmaniasis (VL). Of all the VL
cases, more than 90 per cent are from India,
Bangladesh, southern Sudan, Nepal and northeast
Brazil. Despite this widespread geographic
distribution, human leishmaniasis is often very focal
within an endemic area, leading to ‘hotspots’ of
disease transmission2.

Leishmaniasis, a vector- borne disease caused by
obligate intramacrophage protozoa, is characterized
by diversity and complexity1,2. A total of about 21
Leishmania species have been identified to be
pathogenic to human. Leishmania are one of several
genera within the family Trypanosomatidae, and are
characterized by the possession of a kinetoplast, a
unique form of mitochondrial DNA 3 . In most
instances they cause disease in animals, and humans
become infected incidentally when they enter in an
area of endemicity.
Leishmaniases have been considered tropical
afflictions that together constitute one of the six
entities on the World Health Organization/Tropical
Disease Research (WHO/TDR) list of most important
diseases1,2. The disease is endemic in 88 countries of

Aetiological agent
Leishmaniasis is caused by different species of
Leishmania, under the kingdom Prostista and phylum
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Euglenozoa. This phylum is characterized by the
presence of an associated cytostome (mouth)
supported by one of three microtubule groups that
arise from the flagellar bases. A number of other
ultrastructural peculiarities also distinguish the
group, most notably the presence of a paraxial rod in
each flagellum, which respectively has tubular and
latticed structures4. These flagellated protozoa known
as kinetoplastids, include a number of pathogens
responsible for serious diseases in humans and other
animals. They are characterized by the presence of a
kinetoplast, a DNA-containing granule located within
the single mitochondrion and associated with the
flagellar bases. The members of family
Trypanosomatidae have reduced or absent
cytostomes and feed entirely through absorption.
They have complex life-cycle involving more than
one host, and go through various morphological
stages. All members are exclusively parasitic. There
are nine genera under this family: Blastocrithidia,
Crithidia, Endotrypanum, Herpetomonas,
Leptomonas, Phytomonas, Wallaceina, Trypanosoma
and Leishmania. This review pertains only to the
parasite Leishmania which causes leishmaniasis in
humans.
There are mainly three clinical form of
leishmaniases, caused by various species of
Leishmania (Table I). The visceral leishmaniasis
(VL) is caused by species of L. donovani complex
that consists mainly of L. (d) infantum, L. (d)
donovani and L. (d) chagasi 5 . Mucocutaneous
leishmaniasis (MCL), or espundia, produces lesions,
which can lead to extensive and disfiguring
destruction of mucous membranes of the nose, mouth
and throat cavities. The causative species of MCL
are L. (viannia) braziliensis and L. (viannia)
guyanensis. The cutaneous leishmaniasis (CL) can
produce large numbers of skin ulcers, as many as
200 in some cases, on the exposed parts of the body6,7.
The causative species of CL are, L. major, L. tropica,
L. mexicana and L. amazonensis. The fourth form is
diffuse cutaneous leishmaniasis (DCL). It is an
anergic variant of localized cutaneous leishmaniasis
in which lesions are disseminated, resembling
lepromatous leprosy. The disease is caused by L.
(mexicana) amazonensis and L. aethiopica5,7,8.

Morphology of the parasite
The parasite Leishmania exists at least in two forms:
Amastigote form: Amastigotes are ovoid and nonflagellated form of Leishmania, measuring 3-5 µm
in length 9. On simple light microscopy, a central
round or oval nucleus and adjacent but smaller round
or rod shaped kinetoplast can be discovered. An
infolding of the surface membrane creates an internal
space, termed as ‘flagellar pocket’. The flagellum is
not functional in amastigotes and does not extend
beyond the cell body. In addition to anchoring the
flagellum the main function of the pocket is to
function as a site of endocytosis and exocytosis 10.
Immediately below the origin of the flagellum lies a
dense mass of mitochondrial DNA known as
kinetoplast. The kinetoplast DNA is composed of
several thousand circular DNA molecules linked
together in a catenated network 11 . These DNA
networks are of two types: each kinetoplast contains
25-250 maxicircles of approximately 30kb, and 500010,000 minicircles of about 2kb size each. Together
these constitute the mitochondrial genome. The
cytoplasm contains both rough and smooth
endoplasmic reticulum. The Golgi complex is
typically found in the vicinity of the flagellar pocket,
which probably reflects the role of this organelle in
the endocytic and exocytic pathways. Lysosomes are
also found in the cytoplasm together with an
organelle unique to kinetoplastids, the glysosome12.
The developmental cycle is initiated by the
interaction of metacyclic promastigotes with skin
macrophages. After uptake and internalization of
metacyclic promastigotes in a phagosome, fusion
with lysosomes proceeds as normal and the parasite
inhabits a secondary lysosome or phagolysosome.
During this process the metacyclic promastigote
transforms into an amastigote within 12-24 h and
continues to grow and divide within the
phagolysosomal compartment. The amastigotes have
to overcome two environmental challenges: the
battery of lysosomal enzymes and low pH (4.5-5.5).
Low pH is not a problem as amastigotes seem to be
acidophiles: they are metabolically more active at
low pH13,14.
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Table I. Human pathogenic species of Leishmania in New
World, their clinical manifestations and geographical
distribution
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Country

Species

Disease forms

Guatemala

L. chagasi
L. mexicana

VL
CL

Country

Species

Disease forms

Argentina

L. chagasi
VL
L. (V.) braziliensis s.l. CL

Guyana

L. (V.) guyanensis
Leishmania sp.

CL
MCL

Belize

L. mexicana
CL
L. (V.) braziliensis s.l. CL

Honduras

Bolivia

L. amazonensis

CL, DCL

L. chagasi
Leishmania sp.

VL
CL

L.
L.
L.
L.

VL, CL
CL, DCL
CL, MCL
CL, MCL

Martinique

Leishmania sp.

CL

Mexico

L. chagasi
L. mexicana

VL
CL, DCL

Nicaragua

Leishmania sp.
L. chagasi
L. (V.) braziliensis s.l.
L. (V.) panamensis
L. (V.) braziliensis/
panamensis

CL, DCL
VL
CL, MCL
CL, MCL
CL

Panama

L. aristedesi
L. (V.) braziliensis s.l.
L. (V.) panamensis
Leishmania sp.

CL
CL
CL
MCL

Paraguay

L. amazonensis
L. chagasi

CL, DCL
VL

Peru

L. (V.) braziliensis s.l. CL, MCL
L. (V.) peruviana
CL
L. (V.) braziliensis/
CL, MCL
peruviana

Surinam

Leishmania sp.

CL

USA

L. mexicana

CL, DCL

Venezuela

L.
L.
L.
L.
L.
L.
L.
L.

VL
CL
CL, DCL
CL
CL, MCL
VL
CL

L. (V.) braziliensis s.l. CL, MCL
Brazil

Colombia

L. amazonensis

CL, DCL,
MCL,

L. chagasi
Leishmania sp.

VL, (CL)
CL

L. (V.) braziliensis
L. (V.) guyanensis

CL, MCL
CL, MCL

L. (V.) lainsoni
L. (V.) naiffi

CL
CL

L. (V.) shawi

CL

L. amazonensis

CL, DCL

L. chagasi
L. mexicana

VL
CL, DCL

L. (V.) braziliensis s.l. CL, MCL
L. (V.) colombiensis
CL

Costa Rica

L. (V.) guyanensis
L. (V.) panamensis

CL
CL, MCL

L. mexicana

CL

L. (V.) braziliensis s.l. CL, MCL
L. (V.) panamensis
CL
Dominican Republic L. mexicana-like

DCL

Ecuador

CL
CL

Leishmania sp.
L. mexicana

L. (V.) braziliensis s.l. CL, MCL
El Salvador

L. chagasi
L. mexicana

VL
CL

French Guyana

L. amazonensis

CL, DCL

L. (V.) braziliensis s.l. CL, MCL
L. (V.) guyanensis
CL

Guadeloupe

L. (V.) naiffic

CL

L. chagasi

VL

Leishmania sp.

CL

L. (V.) braziliensis s.l. CL

chagasi
mexicana
(V.) braziliensis s.l.
(V.) panamensis

chagasi
garnhami
pifanoi
venezuelensis
braziliensis s.l.
colombienensis
braziliensis/
guyanensis

VL, Visceral leishmaniasis; CL, cutaneous leishmaniasis; MCL,
mucocutaneous leishmaniasis; DCL, diffuse cutaneous
leishmaniasis
Source: Ref. 7
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Promastigote form: In the sandfly host the parasite
is found in the promastigote form. The transformation
of amastigotes to promastigotes starts within hours
of ingestion of the amastigotes (either free or
intracellular) and occurs exclusively in the gut. The
amastigotes are completely transformed into motile
promastigotes within 24-48 h and keep on dividing
by binary division. The mature metacyclic
promastigotes are accumulated in the midgut and
foregut1,4,5. The main difference from amastigotes is
that the cell body is elongated, in the range of
8-15 µm, the flagellum emerges from the cell body,
and is functional, making these cells motile. The
promastigote flagellum has a paraxial rod, a
paracrystalline structure running parallel to the
microtubules of the axoneme. There is a variety of
different promastigote forms that can be separated
on morphological grounds but functional distinction
is less complete (e.g., procyclic promastigotes,
paramastigotes, nectomonad promastigotes,
haptomonad promastigotes, paramastigotes and
metacyclic promastigotes). The first developmental
event in the sandfly is probably the transformation
of amastigotes to procyclic promastigotes. These
events occur in the posterior midgut of the sandfly 5,15.
Multiplication of procyclic promastigotes occurs,
they elongate and transform to nectomonad forms of
15-20 µm body length. Approximately 3 days after
bloodfeeding the peritrophic membrane (a secretory
sheath) which contains these parasites usually begins
to breakdown and promastigotes begin to set free and
they forward to the anterior midgut5,16-18.
Lipophosphoglycan (LPG) plays important role
in attachment and maturation of infection 19,20 .
Within five days the infection reaches to the anterior
midgut. Here haptomonad promastigotes are
attached to the stomodeal valve 21 . From day 5
onwards, increasing numbers of small (5-8 µ m),
narrow, highly motile, metacyclic promastigotes can
be observed in the lumen of the anterior midgut or
foregut, or both. The role of a fall in gut pH in
inducing metacyclogenesis is more speculative, but
promastigotes are known to acidify their culture
media during growth in vitro 22 . In a suitable culture
medium and at an appropriate temperature (usually
26°C) within 24-28 h at pH 7.0-7.5, these
promastigotes are obtained.

Modes of transmission
Worldwide, vector-borne transmission is the most
common mode of transmission1,4,5,23. Other modes of
transmission such as parenteral, congenital, sexual,
occupational (needle stick) exposures, and personto-person transmission could also theoretically
occur 24 . Because in endemic areas it is generally
presumed that leishmaniasis is transmitted through
sandfly bites, transmission via other modes might
be underestimated1,4,5.
Vector-borne transmission: When sandflies bite an
infected host, they swallow Leishmania amastigotes,
which circulate freely in the host’s blood or inside
peripheral blood mononuclear cells (PBMCs). These
amastigotes migrate to the sandfly’s proboscis where
they develop into stationary, infective-stage
organisms that could be qualified as “metacyclic”
promastigotes. When this infected sandfly bites a
second host, e.g., a human being, these promastigotes
are released and deposited on the site of bite or
injected along with potent vasodilators
(i.e., maxadilan) that produce long-lasting
erythema 25-30 . Macrophages phagocytize these
promastigotes and, enable them to survive inside the
phagolysosome, and again transform into
amastigotes. There, they proliferate by binary fission,
ultimately causing lysis of the host cells and infection
of the surrounding macrophages 25,30. This ecologic
cycle ends when another sandfly comes to feed on
this host, carrying the infection to another host.
Transfusion-transmitted leishmaniasis: Transfusiontransmitted leishmaniasis has been reported widely
from many countries including India31. It requires the
parasites to be present in the peripheral blood of the
donor, preferably asymptomatic, survive processing
and storage in the blood bank, and infect the recipient.
Though, the incidence of parasitaemia in infected
asymptomatic patients should be exceedingly low in
those who satisfy the screening criteria of blood
banks, but the strict screening of volunteers may not
be done always that leads to transfusion-transmitted
leishmaniasis.
After HIV epidemic, most of the countries have
adopted a policy of rational use of blood and safe
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Table II. Human pathogenic species of Leishmania in Old World, their clinical manifestations and geographical distribution
Geographical distribution

Causative species

Disease form

North Africa,
Central
& West Asia

L. major

rural, zoonotic,
cutaneous leishmaniasis,
oriental sore

Central & West Asia,
Western India

L. tropica

urban, anthroponotic cutaneous
leishmaniasis, oriental sore

Ethiopia, Kenya

L. aethiopica

cutaneous leishmaniasis,
diffuse cutaneous leishmaniasis

Indian subcontinent,
(India, Nepal, Bangladesh)
East Africa

L. donovani

visceral leishmaniasis,
kala azar, post kala-azar
dermal leishmaniasis (PKDL)

Mediterranean basin,
Central & West Asia

L. infantum

infantile visceral leishmaniasis

Source: Ref. 5

blood transfusion. Despite this, a number of
pathogens including some viruses and parasites
including Leishmania continue to get transmitted
through transfusion32-35, because except screening for
HIV, hepatitis B and C, majority of blood banks are
not screening their donor blood samples for other
potential pathogenic organisms, such as Leishmania.
The L. donovani are expected to remain present in
the blood for an undefined period between the bite
of sandfly and their final localization to the target
organs. By the time the clinical symptoms appear in
the patient, the parasites may have already been
circulating in the peripheral blood 36 . Such
asymptomatic but parasitaemic blood donors may
serve as a source of transfusion-transmitted
leishmaniasis. Circulation of L. donovani, L. tropica,
and L. braziliensis in the peripheral blood has been
reported by various workers 37-40 . Usually
asymptomatic infection does not persist for more than
one year, but rarely asymptomatic infection may last
for decades 39 . However, with the advances in
diagnostic techniques such asymptomatic cases can
be diagnosed easily41.
In vitro studies have clearly shown that
viscerotropic L. tropica survived as intracellular
parasites in monocytes for 30 days at 40C, and for at
least five days at 24 0 C 38 . Intracellular parasites
survived longer than did stationary phase
extracelullar promastigotes or free amastigotes. The
parasites survived as intracellular forms in monocytes

for 25 days in the red blood cell fraction kept at 40C,
five days in the platelet fraction kept at 240C, 35 days
in the red blood cell fraction frozen with glycerol,
and for 30 days in unprocessed whole blood left at
40C. It was reported that one detectable viscerotropic
L. tropica parasite survived for 15 days when whole
blood was kept under blood bank conditions, but an
inoculum of 256 organisms was required in culture
to have viable parasite(s) up to 35 days38. Animal
studies were carried out to determine the presence
of infected monocytes in the blood of cutaneously
infected animals and the possibility of transmitting
the disease by blood transfusion from both infected
donor animals and seeded CPDA-1 bag of human
whole blood kept for 30 days at 40C under blood bank
conditions 38. It was observed that Leishmania not
only survived under blood bank storage conditions,
but the parasites retained their infectivity to healthy
experimental animals38 . The parasite may remain
latent inside the body also for up to 30 yr after clinical
cure39,40.
Of the 11 cases of transfusion transmitted
leishmaniasis reported so far in the lieterature 42-46,
10 were individual case reports and in one study 32
cases of kala-azar from Brazil were reported out of
82 patients undergoing haemodialysis 47 . All 10
individual case reports were from Asia and
Europe42,45. Of these five were infants and four were
children of less then 6 yr age. Only one adult case of
transfusion-transmitted leishmaniasis was reported
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by us in a 30 yr old female from Haryana, India31.
The first report of transfusion-transmitted kala-azar
came from China in 1948 42 . Other reports of
transfusion-transmitted kala-azar followed these two
reports and have been published from France 43 ,
Sweden44, Belgium45, United Kingdom46, India31 and
Brazil 47. The time between the transfusion of the
Leishmania infected blood and first clinical
manifestation was available in 10 reports; with a
mean incubation period of 7.4 + 5 months. Recently
one case of kala-azar transmission through platelet
transfusion has also been reported from India48.
Needle-sharing: By March 1993, 18,347 cases of
AIDS and about 200 cases of HIV-associated
leishmaniasis were detected in Spain, of which more
than 85 per cent occurred among intravenous drug
users (IVDUs)49. The infection is so common that 17
per cent of 111 bone marrow aspirates (BMAs) in
HIV-positive subjects with fever had amastigote.
Alvar et al 49 described a high variability of
L. infantum zymodemes circulate among drug users
who share syringes and, therefore, act as reservoirs
to a degree that is as yet unknown. In another study
Molina et al50 tested the indirect xenodiagnosis of
VL in 10 HIV-infected patients, of whom nine were
IVDUs; they found that minute volumes of blood
(0.3-0.5 µl) proved infective to Phlebotomus
perniciosus, thereby concluding that the possibility
of needle-mediated transmission cannot be ruled out.
Other studies have been conducted with similar
findings50-55.
Congenital transmission: At least 10 cases of
congenital transmission have been reported in the
literature56-66. Most of these cases have been reported
from India. The first case of congenital
leishmaniasis was reported in 1926 by Low &
Cooke 57. L. donovani has been found to traverse the
placenta of the Syrian hamster and mice but no
parasite could be demonstrated in the organs of an
aborted 5 months foetus while the placenta had
numerous amastigotes 60 . This indicated that the
infection might have occurred in most of these cases
during the exchange of mother’s blood at the time
of passage of foetus through birth canal. Congenital
VL manifests within three months of life and
manifestations are by and large similar to that

Leishmania acquired through sandfly bite, but the
course is usually rapid 58-66. Pregnant women become
more susceptible to leishmaniasis due to shift of cell
mediated immunity to humoral immunity67.
Sexual transmission: Urine and prostatic fluid cultures
from patients with VL have yielded promastigotes.
Reports of sexual transmission 51,52,67-70 include
transmission from a man to his wife, as well as
probable transmission in a homosexual man with
AIDS who had rectal lesion and to have admitted
frequent receptive anal intercourse while vacationing
in endemic areas of Spain51,52.
Laboratory-acquired transmission: Laboratoryacquired infections caused by L. tropica,
L. braziliensis and L. donovani had been
reported51,52,71. Many of them were from needle-stick
injuries, which led to ulcers at the inoculation site;
few were related to handling of contaminated
specimens; and some to oral exposure, which led to
visceral involvement. It is recommended that
individuals with a significant exposure history should
be followed with monthly serology for 6 months and
again at 12 months. Aggressive attempts at
parasitologic diagnosis should be pursued in
individuals who have an unexplained systemic illness
or develop a skin lesion at or near a site of accidental
contamination.
Person-to-person transmission: Some data, mainly
from animal models, suggest that this mode of
transmission is theoretically possible via contact with
infected fluids (nasal and oral secretions,
tonsillopharyngeal mucosa, and urine) of patients
with VL72-74. Transmission to the suckling offspring
of infected female hamsters by direct contact with
lesions has been reported, as well as infection in
BALB/c mice after prolonged contact with infected
animals 73,74 . However, current clinical experience
shows that person-to-person transmission is
extremely rare.
Leishmaniasis in AIDS patients
Leishmania-HIV co-infection has emerged as a
major complication of leishmaniasis. Most of the
Leishmania endemic countries are also facing HIV
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epidemic and resulting into high rate of co-infection.
Of the first 1700 cases of Leishmania-HIV coinfection reported to the World Health Organization
from 33 countries up to 1998, 1440 cases were from
the Mediterranean region: Spain (835); Italy (229);
France (259); and Portugal (117). It is very important
to know that HIV modifies the clinical presentation
of leishmaniasis in the co-infected patients75. Several
atypical aetiologic strains and species have been
described in HIV-infected subjects. In HIVassociated leishmaniasis caused by non-visceralizing
species the parasite may disseminate to
reticuloendothelial system and various other organs,
and conversely the visceralizing species can manifest
in atypical manner75. Fulminant presentation of VL
is possible in patients with AIDS, and relapses are
usual. VL is now the fourth most common
opportunistic parasitic disease in HIV-positive
individuals in Spain and 20-40 per cent cases had
absence of splenomegaly52 . In Africa particularly
Ethiopia and Sudan and Southern Europe, HIVLeishmania co-infection is regarded as emerging
disease, and as many as 70 per cent adults with VL
also have HIV infection2. Recently this co-infection
has been noticed in Asia also. At least 10 cases of
HIV-L. donovani have been reported from India 76.
Dissemination is common and gastrointestinal
involvement is commonest. The Leishmania
amastigotes can be seen in gastrointestinal mucosal
biopsy specimen and are commonly found in
Kaposi’s sarcoma cutaneous lesions concomitant
with VL. Leishmania parasites were recently found
in herpes zoster lesions in an HIV-positive patient75.
Leishmaniasis has also been reported presenting as
a dermatomyositis-like eruption in three patients with
AIDS52,53.
Diagnosis
The clinical signs and symptoms are not
pathognomic of VL or CL. The kala-azar may be
confused with other similar conditions such as malaria,
tropical splenomegaly, schistosomiasis or cirrhosis
with portal hypertension, African trypanosomiasis,
milliary tuberculosis, brucellosis, typhoid fever,
bacterial endocarditis, histoplasmosis, malnutrition,
lymphoma, and leukaemia 77 . Similarly, numerous
primary and secondary skin conditions are frequently
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overdiagnosed as early lesions of cutaneous
leishmaniasis in endemic countries and in non endemic
countries CL is misdiagnosed as other diseases. Some
of the common conditions that should be differentiated
from cutaneous leishmaniasis are tropical ulcers,
impetigo, infected insect bites, leprosy, lupus vulgaris,
tertiary syphilis, yaws, blastomycosis, skin cancer,
etc 1,4,5,77,78 . Whenever, there is suspicion of
leishmaniasis, only the laboratory diagnosis can give
final answer. There are several methods of laboratory
diagnosis of leishmaniasis including parasitological,
immunological, molecular and by using experimental
animals.
Microscopic examination: The confirmatory
diagnosis of leishmaniasis relies on either the
microscopical demonstration of Leishmania
amastigotes in the relevant tissues aspirates or
biopsies such as bone marrow, spleen, lymph nodes
or liver, skin slit smears or biopsies77,78 or in the
peripheral blood buffy coat 79 . The smears can be
stained with Romnowsky’s, hemotoxyline eosine
(H & E) or immunoperoxidase stains. The
amastigotes are readily seen in smears or touch
preparations of infected tissue stained with Giemsa’s
stain, preferably at pH 7.2 rather than the pH 6.8
normally used in haematology. Sections of tissue
stained more conventionally, with H & E, are much
more difficult to interpret. To ensure that the
visualized structures are amastigotes, rather than
other “dot”-like structures (e.g., Histoplasma spp¸
platelets), an experienced observer should look for
the characteristic size (2-4 mm in diameter), shape
(round to oval), and internal organelles, the nucleus
and kinetoplast. The amastigote stage seen in clinical
samples is commonly known as Leishman-Donovan
(LD) bodies (Fig. 1). This name was given by Sir
Ronald Ross to commemorate discovery of these
bodies in patients of kala-azar by WB Leishman and
C Donovan in 19039. It is important to discern the
kinetoplast. With Giemsa staining, the cytoplasm
typically takes pale blue and the nucleus and
kinetoplast take purple-pink colour 1 . The
immunoperoxidase stain provides improved
sensitivity in cases of cutaneous and mucocutaneous
leishmaniasis 1,5,7. Various clinical samples can be
used depending on the clinical forms of diseases and
aimed sensitivity.
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Fig. 1. Geimsa stained bone marrow aspirate smear from a kala-azar patient, showing numerous extracellular as well as intramacrophage
amastigote forms of the Leishmania donovani. X 1000.

Spleen aspirate and biopsy: For VL in the
immunocompetent patients, best samples are those
obtained from spleen aspirations 1,80,81. The splenic
aspirate is the best with sensitivity > 94 per cent
than other tissue aspirations and in experienced
hands the iatrogenic splenic bleeding can be
minimized. Although many practitioners are
reluctant to take spleen aspirates, others have no
hesitation, and even use this method to monitor
treatment. It is vital to use the correct technique
and equipment with confidence, so that the capsule
of the spleen is penetrated by a fine needle for only
a fraction of a second 80 . The thinnest needle
possible, preferably, 21-gauge (0.8 mm) should be
used to minimize the risk of complications such as
haemorrhage of the spleen 81 . However, even in
experienced hands, the risk cannot be zeroed and
fatal bleeding can occur in 2/10,000 patients, inspite
of prior precautions in the form of >40000/ ml
platelet count and a good prothrombin time control

measures are adopted80. Part of the splenic aspirate
can be used to make smears for direct microscopic
examination and the rest should be cultured. In
splenic aspirate smears the amastigotes of
Leishmania appeared ovoid in shape and measure
about 3 x 5 µ m in size. We have observed that
amastigotes which are short and more stout
measuring as big as 4.5 x 5 µ m are resistant to
sodium antimony gluconate while patients who
show elongated amastigotes in their specimen are
sensitive to standard doses of SAG 78 . This
morphological observation needs confirmation. The
parasites appear purple blue with central nucleus
and a rod shaped structure at the right angle of
nucleus, both pink in colour. This rod shaped
structure is an extrachromosomal DNA mass known
as kinetoplast. The splenic apirates can also be used
for determining the disease prognosis and
therapeutic response by estimating parasite load by
counting the number of amastigotes in the smears
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in relation to the white blood cell counts 78,81 . A
logarithmic scale from 0 (no parasites in 1,000
microscopic fields) to 6+ (greater than 100 parasites
per microscopic field) can be applied 81.
Liver biopsy: Demonstration of the parasites in the
liver aspirates and biopsies is another option. The
sensitivity of liver biopsies has been reported by
various authors as low as 40 per cent, when most of
the amastigotes are colonized within the Kuffer
cells 82 to as high as 90 per cent. Liver aspiration
should also be attempted with utmost care as in the
case of spleen puncture not to tear the capsule.
Bone marrow aspiration: Marrow obtained from
sternal or iliac crest puncture is a much safer but a
painful method. It is less likely to demonstrate
parasites in direct stained films 78,79,81 and in most
studies the sensitivity ranges from 76-85 per cent.
However, on culture it can give positive results in
up to 80 per cent of the cases 78,81.
Lymphnode fine needle aspiration cytology (FNAC)
and biopsy: Lymph gland puncture may give positive
results in up to 40-50 per cent of the kala-azar cases
but its sensitivity has been found much higher
(58.6%) in cases of cutaneous leishmaniasis in a
study carried out in Brazil83. The aspirate is extracted
from any enlarged lymph gland after injecting sterile
normal saline and the aspirate is subjected to both
direct examination and culture to give the best chance
of diagnosis. In CL, the lymph nodes draining from
the lesion sites are most yielding. Parasites may be
scanty and are mostly extracelullar in slide
preparations, so these may have to be examined for
at least 15 min using oil immersion before the
diagnosis can be confirmed.
Blood buffy coat: Rarely the amastigotes can be
demonstrated in the buffy coat of peripheral blood.
Such a parasitaemia is common in severely
immunocompromised patients such as AIDS84 and
patients on immunosuppressive therapy85 . While
some authors have found sensitivity up to
53 per cent 86 other have found this method very
poorly (7.6%) sensitive87. In our laboratory we have
also not found this method very sensitive
(unpublished observation).

319

Tegumentary leishmaniasis: The routine diagnosis of
CL patients depends on examination of skin lesions
using smears and cultures of dermal scrapings or
examination of sections obtained from a skin biopsy.
Conventionally 3-5 aspirates from different lesions
or portions of lesions are obtained. This is best done
by injecting 0.1 ml sterile normal saline into the
lesion site so that it inflates a bit. For ulcerative
lesions, needle (23-27 gauge) is inserted through
intact skin into dermis of active border. Small-gauge
needles are appropriate for facial lesions. The needle
is repeatedly moved back and forth under skin,
tangentially to ulcer, simultaneously rotating the
syringe and applying suction, until pink-tinged tissue
fluid is noted in hub of needle. However, others 88
have not found significant difference in the diagnostic
outcome whether smears or culture samples are taken
from the center or the border of the ulcer or from an
incision made tangential from the ulcer. Navin et al87
found no difference when they compared smears
obtained with scalpels, capillary tubes, or dental
broaches. The use of scrub brushes soaked in iodine
neither decreased the rate of culturing parasites nor
the contamination rates. The most sensitive method
was a combination of thin smears made from
superficial scrapings of the ulcers and inoculation
of culture medium with either aspirates or scrapings.
The diagnosis was confirmed in 70 per cent patients88.
Ability to cultivate Leishmania was correlated with
the concentration of amastigotes seen on thin smears.
Leishmania were cultured in 42 (27%) of 153 patients
with no amastigotes found in 400 oil-immersion
fields and in 174 (83%) of 209 patients with at least
1 amastigote88. Whatsoever sample collection method
is used, each aspirate should be collected into
separate tubes of Novy-MacNeal-Nicolle (NNN)
culture medium to make separate slides for
microscopy. If punch-biopsy samples are intended,
one to two full thickness of skin at active border of
lesion including some non ulcerated tissue should
be obtained and used for culture and histopathology.
For dermal scrapping, 3-5 dermal scrapings from
different lesions or portions of lesions should be
taken. The first collections should be used for
microscopy and last for culture to minimize the risk
of contamination. For slit skin smear technique, first
an incision is made then skin is pinched to exclude
blood and scalpel blade is used to incise several mm
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Fig. 2. Promastigotes in vitro culture conditions can be demonstrated either using Romnowsky’s stains (panel A x 1000) or by
direct fluorescent staining (Panel B x 450). In Romnowsky’ s stain the nucleus and mitochonria take light to dark pink-purple colour
while in Fluorecent stains these fluoresce more intensely than the rest of the parasite body and flagella.

long and deep slit through intact skin into dermis.
For ulcerative lesions, incision should be started from
active border and proceed radially out across several
mm of intact skin. Cotton swabs can be used for
collecting ‘samples from open ulcers 88 . The
sensitivity of direct microscopic identification of
Leishmania amasatigotes from tegumentary diseases
forms can be achieved upto 60-65 per cent while the
sensitivity of culture remains less than 42 per cent.
It is mainly due to high chances of culture
contamination of these samples77.
Culture examination: Isolation of the causative agent
is most specific diagnostic criterion and also to
characterize the organisms up to species or genotype
level. The promastigote form can be culture isolated
from these specimens on solid NNN medium having
20-30 per cent rabbit blood or liquid Schneider’s
insect medium. Up to 90 per cent of the active kalaazar cases will grow promastigotes in their splenic
and liver aspirates 89. Various other liquid media such
as M199, Tobies medium supplemented with foetal
calf serum can be used. Human urine has been
successfully used in place of foetal calf serum in in
vitro culture of L. donovani90. The promastigotes in
vitro transformation in the NNN medium usually
starts after 3 days of incubation at 22-26 0C in a BOD
incubator. The wet mounts prepared from the liquid
part of this diphasic medium will show several motile

organisms, the details of which can be delineated
after staining the smear with Giemsa or any other
Romnowsky’s stain ( Fig. 2 panel A) or by using
fluorescent antibody staining 78 (Fig. 2, panel B).
Culture based diagnosis of MCL has low sensitivity
as the organisms are often scant. The biggest
handicap is culture contamination at early stages,
even in best laboratory setups78,91.
Isolation in experimental animals: Alternative
methods to isolate the parasite can be used.
Inoculation of the clinical material obtained either
into a susceptible BALB/c mouse or into a hamster
footpad or nose may improve the yield.
Histopathologic evaluation of biopsy samples of
animal lesions may be characteristic but is rarely
specific enough to make a diagnosis without
identification of the amastigote. Weigle et al91 from
Columbia, compared seven methods of diagnosing
leishmaniasis in 177 patients presenting with lesions
of the skin or mucosa. Microscopic methods of
visualizing amastigotes in tissue samples were less
sensitive than the Leishmania isolation methods. The
aspirate-culture and biopsy-hamster methods
employed in this study proved most sensitive of the
four methods for the recovery of parasites.
All methods were less sensitive in lesions of
greater than 6 months duration than in lesions of more
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recent onset. Mucosal lesions were best diagnosed
by the culture or hamster inoculation of a macerated
mucosal biopsy. The diagnosis by inoculation of
hamsters was achieved within 2 to 12 wk, a mean of
34.5 days91. In another study from Kenya92 on VL,
portions of splenic or subcutaneous saline aspirates
from suspected visceral or cutaneous leishmaniasis
patients were inoculated into NNN medium with an
overlay of Schneider’s medium or Schneider’s
medium alone for routine parasitological diagnosis.
The remaining portions of the aspirates were used
for preparing Giemsa-stained smears and for
subcutaneous inoculation into hind foot-pads of
BALB/c mice. Saline aspirates obtained from the
foot-pads 2-14 days after inoculation were inoculated
into Schneider’s medium and examined for
promastigotes. Parasite isolation was achieved from
90 per cent of confirmed leishmaniasis patients by
culture method alone. Mouse foot-pad aspiration
demonstrated parasites in 95 per cent of all patients,
and in over 80 per cent of the confirmed cases of
leishmaniasis. Combined culturing and aspirate
smear examination was more efficient than foot-pad
inoculation alone for the demonstration of
leishmanial infection. Foot-pad aspiration does not
entail killing animals and was sensitive for parasite
isolation; it may be a useful short-term adjunct to
existing parasite isolation methods, especially under
field conditions where the risks of culture
contamination may be high92.
Immunological methods of diagnosis
The hallmark of visceral leishmaniasis is
hyperimmunoglobulinaemia, while in case of
cutaneous and mucocutaneous leishmaniasis, the
humoral immune response is extremely poor.
Exploiting this host-parasite interaction, for the
diagnosis of visceral leishmaniasis a number of
antibody detection methods have been developed
from time to time. Some of these tests include indirect
haemagglutination (IHA), counter current
immunoelectrophoresis (CCIEP), immunodiffusion
(ID) and several others 78,93-95 . These tests are
cumbersome and lack sensitivity and specificity and
hence not commonly used but the interested readers
can find more information from some recent
reviews77,78,93.
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Fluorescent antibody test: The indirect fluorescent
antibody (IFA) test is one of the commonly used tests
for anti-leishmanial antibody detection using fixed
promastigotes. The test is based on detecting antibodies,
which are demonstrated in the very early stages of
infection and are undetectable six to nine months after
cure. Titres above 1:20 are significant and above 1:128
are diagnostic. However, there is a possibility of a crossreaction with trypanosomal sera78,93. The sensitivity of
these tests varies extremely from as low as 28.493 to
86.6 per cent 95 . This can be overcome by using
Leishmania amastigotes as the antigen instead of the
promastigotes. To detect the antigen (amastigotes) in
the tissue sections or smears, fluorescent dye conjugated
antibodies can be used as tracers. This test is known as
direct fluorescent test. The direct fluorescence test is
more useful in the diagnosis of CL, MCL and PKDL.
In place of fluorescence, horse radish peroxidase (HRP)
can be used to tag the antibody. This will not require
fluorescence microscope and the stained slides can be
stored for long time.
Direct agglutination test: The direct agglutination
test (DAT) is a highly specific and sensitive test. It
is cheap and simple to perform making it ideal for
both field and laboratory use. DAT in various studies
has been found to be 91-100 per cent sensitive and
72- 100 per cent specific79,96. The test can be carried
out on plasma and serum. For long time DAT
remained first line diagnostic tool in resource poor
countries. The method uses whole, stained
promastigotes either as a suspension or in a freezedried form. The freeze-dried form is heat stable and
facilitates the use of DAT in the field97. However,
the major disadvantage of DAT is the long incubation
time of 18 h and the need for serial dilutions of blood
or serum. Also the DAT has no prognostic value for
evaluating the parasitological cure of the disease, as
the test may remain positive for several years after
cure. Recently, Schoone et al 98 have developed a fast
agglutination-screening test (FAST) for the rapid
detection (<3 h) of anti-Leishmania antibodies in
serum samples and on blood collected on filter paper.
The FAST utilizes only one serum dilution leading
to qualitative results. The FAST offers advantages
over the DAT as it uses freeze-dried antigen, which
gives more antigen stability, reproducibility,
specificity and sensitivity.
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Enzyme linked immunosorbent assay (ELISA): ELISA
is a valuable tool and one of the most sensitive tests
for the serodiagnosis of visceral leishmaniasis. The
test is useful for laboratory analysis or field
applications and to screen a large number of samples
at a rapid pace. With the advances in automation,
ELISA can be performed easily and is adaptable for
use with various antigens such as whole cytoplasmic
(soluble antigen, SA), purified antigens such as fucosemanose99, defined, synthetic peptides and recombinant
proteins as antigen100. The sensitivity and specificity
of ELISA is greatly influenced by the antigen used.
Beside the most commonly used soluble promastigote
antigen, several antigenic molecules have been
reported and their negative and positive predictive
values (NPV & PPV) compared 100. An excretory,
secretary and metabolic antigens released by
L. donovani promastigotes (Ld-ESM) into a proteinfree medium was used for the serodiagnosis of VL by
ELISA101. This antigen has been reported to be 100
per cent specific and sensitive, the PPV was 99.99 per
cent and NPV was 95.45 per cent. However, further
retrospective and prospective multisite evaluation is
required to validate these findings. Lately, a variety
of recombinant antigens have been developed. A
L. major gene B encoding a hydrophilic protein (gene
B protein, rGBP) expressed on the surface of both
promastigotes and amastigotes and characterized by
an amino acid repeating motif of 5.5 copies of a 14amino acid sequence has been identified and shown
to be expressed in L. donovani also. The protein
encoded by L. donovani gene B homologue (Ld-rGBP)
contains up to 22 copies of a repetitive element in
which 9 out of 14 residues are completely conserved
between the two species. An ELISA using this antigen
is reported to be specific for L. donovani infections
only 102 . Another recombinant protein rORFF of
L. infantum origin has been developed by Raj et al103
for diagnosis of VL in India. The ORFF protein is
encoded in the LD1 locus of chromosome 35 of
L. infantum. An ELISA based test using this antigen
was found to be highly sensitive and specific. Its
sensitivity and specificity was compared with DAT
and soluble antigen (SA) ELISA. The sensitivity of
rORFF ELISA was found to be significantly more.
However, it also showed mild cross-reaction in 40 per
cent cases of confirmed CL from Turkey caused by
L. major or L. tropica. Further, the antigen is in infant

stage; needs to be evaluated widely and its utility for
the field diagnosis is yet to be studied. Recombinant
gp63, a major surface antigen of Leishmania was
cloned as early as in 1988 but failed in early
evaluation78.
A recombinant antigen, rK39 has been shown to be
specific for antibodies arising during VL caused by
members of the L. donovani complex. It is highly
sensitive and predictive for onset of acute disease and
evokes high antibody titres in VL patients41. In addition,
rK39 ELISA, has a high predictive value for detecting
VL in immunocompromised persons, like AIDS
patients78. This antigen is now commercially available
in the form of antigen-impregnated nitrocellulose paper
strips adapted for use under field conditions. However,
reports from Sudan and other countries revealed that
this antigen showed decreased sensitivity and
specificity. In Sudan the rK39 ELISA test is reported
to miss 7 per cent parasitologically proven cases104. In
its strip test format the sensitivity is further
compromised to only 67 per cent in Sudan, 71.4 per
cent in Southern Europe and 60 to 90 per cent in
Brazil 104-107. Besides rK39, two more recombinant
proteins (rK26, and rK9) have been cloned from
L. chagasi kinesin gene108. A significant difference
between K9 and K26 is the presence of 11 copies of a
14 amino acid repeats in the open reading frame of K26.
The region flanking the repeats of K26 shares a 69 per
cent identity with the open reading frame of K9.
However, none of these antigens were found useful on
Indian sera (Singh et al, unpublished data). Therefore,
a need was felt to clone the kinesin antigen from any
Old World species of Leishmania.Very recently, we
have cloned and characterized a recombinant antigen
from an Indian isolate of L. donovani strain KE16. The
antigen (rKE16) is found to be 100 per cent sensitive
and specific. In fact it has better sensitivity than rK39
which showed 98 per cent sensitivity for the diagnosis
of Indian kala-azar and PKDL109. It also showed 100
per cent concordance with rK39 in sera from
leishmaniasis patients from China, Pakistan, and
Turkey109. This antigen has now been commercialized
and has got tremendous potential for the serological
diagnosis of VL worldwide.
Immunoblotting:
Serodiagnosis
using
immunoblotting of soluble antigens has been
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attempted and reported highly sensitive and specific.
The band pattern can correlate with disease stages110.
Using cytoplasmic, soluble antigens from 5 Indian
strains of L. donovani and three L. major strains from
Pakistan separated by SDS-PAGE and
electrotransferred on nylon membrane followed
by Western blotting with Indian PKDL patients, a
~72-74 kDA antigen band was found to be most
predominant 77 . The commercially available
electrochemiluminiscent kit (ECL, Amersham, UK)
enhances its sensitivity, several-folds. It also has an
added advantage of permanent documentation.
Rapid antibody detection methods: In most of the
Leishmania endemic areas resources are limited
in terms of poor or non-availability of electricity,
poor laboratory set up and lack of equipment.
Therefore, need of rapid, simple and easy to
perform tests has always been felt. With this
objective two rapid tests have been developed, one
by InBios (USA) which uses Lc-rK39 antigen and
the other one is by Sa pn Diagnostic Limited
(India) which uses Ld-rKE-16 antigen. Both are
commercially available and are based on
membrane filtration technology.
Antigen detection: Antigen detection test would, in
principle provide better means of diagnosis of active
leishmaniasis. Since antigen levels are expected to
theoretically correlate with the parasite load, the
antigen detection may be an ideal test in
immunocompromised patients, where antibody
response is very poor. The detection of antigen in
the patient’s serum is complicated by the presence
of high level of antibodies, circulating
immunecomplexes, serum amyloid, rheumatoid
factor and autoantibodies, all of which may mask
immunologically important antigenic determinants
or competitively inhibit the binding of free antigen.
Recently, a latex agglutination test (KATEX) for
the detection of leishmanial antigens in the VL
patients’ urine has been developed 111 . The results
obtained with KATEX using samples collected from
different foci of VL indicated that the test worked
well regardless of the geographical origin of
samples. The test had 100 per cent specificity and
sensitivity between 68-100 per cent. Whether the
test has applications for the detection of
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asymptomatic cases of VL and monitoring therapy
is yet to be confirmed.
Diagnosis using amastigote specific antigen: The in
vivo parasitic stage of Leishmania in humans is
amastigote form and it is not difficult to appreciate
that antigens specific or prepared from this stage of
L. donovani, would be more ideal. However, due to
difficulty in maintaining the culture of the amastigote
stages in bulk quantity not many studies are available
in the literature. Otherwise also the sensitivity and
specificity of crude antigens prepared from
amastigotes have not been found superior to the
recombinant antigen rK39112.
Leishmanin skin test (LST): Delayed hypersensitivity
is an important feature of cutaneous forms of human
leishmaniasis and can be measured by the
Leishmanin test, also known as the Montenegro
reaction. No cross-reaction occurs with Chagas’
disease, but some cross-reactions are found with
cases of glandular tuberculosis and lepromatous
leprosy. LST is used as an indicator of the prevalence
of cutaneous and mucocutaneous leishmaniasis in
human and animal populations and successful cure
of the visceral leishmaniasis. During active kala-azar,
there will be no or negligible cell mediated immune
response79. However, the Leishmanin antigen is not
commercially available and no field study has been
carried out in Indian subcontinent.
Despite the availability of large number of
serological tests, no serological method is helpful for
cutaneous and mucocutaneous leishmaniasis because
antibodies tend to be undetectable or present in low
titre due to poor humoral response113,114.
Molecular methods
Molecular biology is increasingly becoming
relevant to the diagnosis and control of infectious
diseases. Information on DNA sequences has been
extensively exploited for the development of
polymerase chain reaction-based assays for various
applications in the understanding of the parasite and
the diseases. With the advent of nucleic acid
engineering and recombinant technology, a number
of strategies have been developed to produce
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recombinant proteins for diagnostic purposes78,79,96.
A variety of nucleic acid detection methods targeting
DNA and RNA genes have been developed.
However, amongst all the molecular advances gene
amplification techniques have been most rewarding
as far as diagnosis and disease management is
concerned.
Polymerase chain reaction (PCR): Amongst the
molecular methods used for clinical diagnosis, PCR
has been proved to be most sensitive and specific
technique, albeit limited to tertiary care hospitals and
research laboratories. The specificity of the PCR can
be adapted to specific needs by targeting conserved
region of the gene. Gene amplification through the
PCR has several advantages compared to traditional
techniques, because of its extremely high sensitivity,
rapidity and the ability to be performed with a broad
range of clinical specimens 96. Also the detection or
identification of the causative agent is possible
directly from the clinical specimens. Unlike the
ELISA based antibody detection methods, no host
species specific reagents are required and the same
reagents can be used for specimens from humans,
dogs, or any other animal host115. Various gene targets
and nucleic acids can be used in PCR. The important
gene targets are 18S-rRNA, small subunit rRNA
(SSU rRNA), a repetitive genomic sequence of DNA,
the miniexon (spliced ladder) gene repeat, the
b-tubulin gene region, gp63 gene locus, internal
transcribed spacer (ITS) regions; micro-satellite
DNAs such as maxi- and minicircles of kinetoplast
DNA116-119.
Several studies have reported that PCR assay
could detect parasitaemia a few weeks before the
appearance of any clinical signs or symptoms.
Recently Martin-Sanchez et al36 using PCR-ELISA
found 24 per cent asymptomatic individuals carrying
Leishmania kDNA in their blood. It was pointed out
that these individual could be potential source of
transmitting the infections in the community. These
authors also found a good correlation between the
antibody titres, skin test positivity and PCR
positivity. The PCR methods could also be useful
where transfusion transmitted kala-azar is a potential
threat in multiply transfused patients in whom
serology has limited role120.

Bone marrow, lymph node aspirates, skin biopsy,
skin scrape/exudates and blood samples have been
used for PCR in several studies 36,79,116-122 . The
specificity of PCR on bone marrow aspirates has been
reported up to 100 per cent36 and sensitivity 80-93.3
per cent as compared to 50-60 per cent sensitivity of
smear and culture examination96. Also a modified
form of PCR such as nested PCR has proved its
predictive values in diagnosis of PKDL. In a study,
nested PCR was positive in 27 of 29 (93%) samples
while only 20 of 29 (69%) samples were positive in
the primary PCR assay121. Using PCR methodology,
it is no more essential to undergo invasive methods
such as bone marrow, splenic punctures, lymph node
biopsy, liver biopsy, etc., or collect large volumes
of blood samples. Even a few drops of blood on filter
paper may be sufficient116.
The chronic CL patients are greatest diagnostic
challenge and are easily misdiagnosed by clinical
criteria because they are often atypical. These
patients often have low or no Leishmania
antibodies, and thus serological tests are not
rewarding. In such cases, PCR has been proved to
be the most important tool for diagnosis. The
sensitivity of PCR in CL has been reported 100
per cent. In a study de Oliveira et al 122 could
confirm the diagnosis in all 50 dogs using PCR.
Various types of specimens may be used such as
skin biopsies, dermal scrapings from the bottom
of the ulcer as well as exudates and syringe-sucked
fluid taken from ulcerative lesions. Recently, the
sampling method has been further improved using
cotton swab for diagnosis of CL 123. Collection of
the exudates material with swabs is easy, painless
and convenient for both the patients as well as the
collectors. The cotton swabs had no inhibitory
effect on PCR. Exudates collected by cotton swab
is recommended to be a better alternative to biopsy
samples, especially in field conditions123. In MCL,
PCR was capable of detecting parasites in 17 of
24 (71%) patients, whereas by conventional
techniques only 4 (17%) patients could be
diagnosed 123 . ELISA based detection of PCR
products further increased sensitivity and
specificity. Using this technique the percentage of
detection was found to be 83.3 per cent with blood
samples 124 .
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A recent development in PCR technology
(fluorogenic probes and automation) takes care of
non-specific amplification, speed and inter-operator
variability. In this technique, two fluorogenic dyes,
a reporter dye, and a quencher dye, are attached to 5'
and 3' ends of the probes. The real-time PCR is used
qualitatively and quantitatively, as the fluorescence
is directly proportional to the number of amplicons,
or in other words, the parasite load in the given
specimen 118,125. The automization of real-time PCR
with comprehensive portable units has made these
tools field friendly. The multiplex PCR can be used
whenever, double or mixed infections are suspected
as in AIDS patients118.
Conclusions
Leishmaniasis is caused by a kinetoplastid
protozoan parasite. The parasite is transmitted
from one host to another through the bites of
female sandfly, or occasionally through non-vector
routes including blood transfusion, congenital,
sexual, laboratory acquired and person-to-person.
The disease may manifest in 3 main clinical forms,
of which visceral form known as kala-azar is most
severe and may be fatal if not treated. The
causative species of the parasite is specifically
identified but in immunosuppressed patients the
manifestation may be atypical. The diagnosis is
made by the demonstration of the amastigote stage
of the parasite in the bone marrow, spleen, liver
or lymph node aspirates or using the
histopathological and touch smear preparations.
Rarely the parasite can be demonstrated in the
peripheral blood. The parasite is culture isolated
in vitro in enriched media or in experimental
animals for taxonomic and other biological studies
on the isolates. However, with the advances in the
non invasive serological and molecular methods,
direct methods are rarely used in clinical practice
except for research purposes. The serological
methods are sensitive, specific and cost-effective,
while molecular tools are extremely sensitive and
useful in molecular epidemiological studies beside
diagnosis. Also, these can be performed on clinical
as well as archival samples.

325

Acknowledgment
Author thanks Department of Biotechnology, Government
of India and Indian Council of Medical Research, New Delhi
for financial support to various studies carried out in his
laboratory, and R. Sivakumar, Ayen Dey, N.S. Redhu and Veena
Balooni for carrying out work cited in this review.

References
1. Herwaldt BL. Leishmaniasis. Lancet 1999; 354 : 1191-9 .
2. Desjeux P. The increase in risk factors for leishmaniasis
worldwide. Trans R Soc Trop Med Hyg 2001; 95 : 239-43.
3. Leishmania
Dictionary.
available
encyclopedia.laborlawtalk.com/Leishmania.

at

http://

4. Lainson R, Shaw JJ. Evolution, classification and
geographical distribution. In: Peters W, Killick-Kendrick
R, editors. The leishmaniases in biology and medicine.
London: Academic Press; 1987 p. 1-120.
5. Ashford RW, Bates PA. Leishmaniasis in the Old World.
In: Cox FEG, Kreier JP, Wakelin D, editors. Topley &
Wilson’s microbiology and microbial infections. Vol.5.
Parasitology. 9th ed. New York, USA: Oxford University
Press; 1998 p. 215-40.
6. Sanyal RK. Leishmaniasis in the Indian sub-continet.
In: Chang KP, Bray RS, editors. Leishmaniasis. Amsterdam,
New York and Oxford: Elsevier Science Publishers BV;
1985 p. 443-67.
7. Lainson R, Shaw JJ. New World leishmaniasis The Neotropical Leishmania species.. In: Cox FEG, Kreier
JP, Wakelin D, editors. Topley & Wilson’s microbiology and
microbial infections (volume 5), Parasitology. 9th ed.
New York: Oxford University Press; 1998 p. 241-82.
8. Pearson RD, Sousa AQ. Clinical spectrum of leishmaniasis.
Clin Infect Dis 1996; 22 : 1-13.
9. Ross R. Note on the bodies recently described by Leishman
and Donovan. Br Med J 1903; 2 : 1261-2.
10. Webster P, Russel DG. The flageller pocket of
trypanosomatids. Parasitol Today 1993; 9 : 201-6.
11. Shlomai J. The assembly of kinetoplast DNA. Parasitol
Today 1994; 10 : 341-6.
12. Opperdoes FR. Glycosomes. In: Cooms GH, North MJ,
editors. Biochemical protozoology. London: Taylor and
Francis 1991 p. 134-44.
13. Bates PA. Axenic culture of Leishmania amastigotes.
Parasitol Today 1993; 9 : 143-6.

326

INDIAN J MED RES, MARCH 2006

14. Zilberstein D, Shapira M. The role of pH and temperature
in the development of Leishmania parasite. Annu Rev
Microbiol 1994; 48 : 449-70.

27. Samuelson J, Lerner E, Tesh R, Titus R. A mouse model of
Leishmania braziliensis braziliensis infection produced by coinjection with sandfly saliva. J Exp Med 1991; 173 : 49-54.

15. Bates PA. Complete developmental cycle of Leishmania
mexicana in axenic culture. Parasitology 1994; 108 : 1-9.

28. Theodos CM, Titus R. Salivary gland material from the
sandfly Lutzomyia longipalpis has an inhibitory effect on
macrophage function in vitro. Parasite Immunol 1993;
15 : 481-7.

16. Walters LL. Leishmania differentiation in natural and
unnatural sand fly hosts. J Euk Microbiol 1993; 40 :
196-206.
17. Killick-Kendrick R. Phlebotomine vectors of the
leishmaniases: a review. Med Vet Entomol 1990; 4 : 1-24.
18. Lang T, Warburg A, Sacks DL, Croft SL, Lane RP,
Blackwell JM. Transmission and scanning EM immunogold
labeling of Leishmania major lipophosphoglycan in the
sand fly Phlebotomus papatasi. Eur J Cell Biol 1991; 55 :
362-72.
19. Pimenta PF, Turco SJ, McConville MJ, Lawyer PG,
Perkins PV, Sacks DL. Stage specific adhesion of
Leishmania promastigotes to the sand fly mid gut. Science
1992; 256 : 1812-5.
20. Sacks DL, Saraiva EM, Rowton E, Turco SJ, Pimenta PF.
The role of lipophosphoglycan of Leishmania in vector
competence. Parasitology 1994; 108 : S55-62.
21. Vickerman K, Tetley L. Flagellar surfaces of parasitic
protozoa and their role in attachment. In: Bloodgood RA,
editor. Ciliary and Flagellar Membranes. New York and
London: Plenum; 1990 p. 267-304.
22. Bates PA, Tetley L. Leishmania mexicana; induction of
metacyclogenesis by cultivation at acidic pH. Exp Parasitol
1993; 76 : 412-23.
23. Kumar V, Kishore K, Palit A, Keshari S, Sharma MC,
Das VN, et al. Vectorial efficacy of Phlebotomus
argentipes in Kala-azar endemic foci of Bihar (India)
under natural and artificial conditions. J Commun Dis
2001; 33 : 102-9.

29. Anez N, Tang Y, Rojas A, Crisante G, Killick-Kendrick M,
Killick-Kendrick R. Detection of amastigote-like forms in
the valve of Phlebotomus papatasi infected with Leishmania
major. Mem Inst Oswaldo Cruz 2003; 98 : 495-8.
30. Sacks DL, Perkins PV. Identification of an infective stage
of Leishmania promastigotes. Science 1984; 223 : 1417-9.
31. Singh S, Chaudhry VP, Wali JP. Transfusion-transmitted
kala-azar in India. Transfusion 1996; 36 : 848-9.
32. Schreiber GB, Busch MP, Kleinman SH, Koreiltz, JJ. The
risk of transfusion-transmitted viral infections. N Engl J Med
1996; 334 : 1685-90.
33. Wells L, Ala FA. Malaria and blood transfusion. Lancet
1985; 1 : 1317-8.
34. Siegel SE, Lunde MN, Gelderman AH, Halterman RH,
Brown JA, Levine AS, et al. Transmission of toxoplasmosis
by leukocyte transfusion. Blood 1971; 37 : 388-94.
35. Popovsky MA. Transfusion-transmitted Babesiosis.
Transfusion 1991; 31 : 296-8.
36. Martin-Sanchez J, Pineda JA, Morillas-Marquez F,
Garcia-Garcia JA, Acedo C, Macias J. Detection of
Leishmania infantum kinetoplast DNA in peripheral blood
from asymptomatic individuals at risk for parenterally
transmitted infections: relationship between polymerase
chain reaction results and other Leishmania infection
markers. Am J Trop Med Hyg 2004; 70 : 545-8
37. Chandra J, Rai RN, Mittal SK, Sharma D. Kala-azar without
hepatosplenomegaly. Indian Pediatr 1991; 28 : 1185-6.

24. Sivakumar R. Studies on the kinesin related antigen gene of
Leishmania donovani and its diagnostic application. All
India Institute of Medical Sciences, New Delhi, India. PhD
Thesis 2004.

38. Grogl M, Daugirda JL, Hoover DL, Magill AJ, Berman JD.
Survivability and infectivity of viscerotropic Leishmania
tropica from operation Desert Storm participants in human
blood products maintained under blood bank conditions.
Am J Trop Med Hyg 1993; 49 : 308-15.

25. Lerner E, Ribeiro J, Nelson R, Lerner MR. Isolation of
Maxadilan, a potent vasodilatory peptide from the glands
of the sand fly Lutzomyia longipalpes. J Biol Chem 1991;
266 : 11234-6.

39. Guevara P, Ramirez JL, Rojas L, Scorza JV, Gonzales N,
Anez N. Leishmania braziliensis in blood 30 years after cure.
Lancet 1993; 341 : 1341.

26. Lerner E, Shoemaker C. Maxadilan, cloning and functional
expression of the gene encoding this potent vasodilator.
J Biol Chem 1992; 267 : 1062-6.

40. Guevara P, Rojas L, Gonzales N, Scorza JV, Anez N, Valera
M, et al. Presence of Leishmania braziliensis in blood
samples from cured patients or at different stages of
immunotherapy. Clin Diagn Lab Immunol 1994; 1 : 385-9.

SINGH: DIAGNOSIS OF LEISHMANIASIS
41. Singh S, Kumari V, Singh N. Predicting kala-azar disease
minifestations in asymptomatic patients with latent
Leishmania donovani infection by detection of antibody
against recombinant K39 antigen. Clin Diagn Lab Immunol
2002; 9 : 568-72.
42. Chung HL, Chow KK, Lu JP. The first two cases of
transfusion kala-azar. Chin Med J 1948; 66 : 325-6.
43. Andre R, Brumpt L, Dreytus B, Puseleg A, Jacob S.
Leishmaniose Cutanee. Leishmaniose cutanee- ganglionnare
et kala-azar transfusional. Trop Dis Bull 1958; 55 : 379-81.
44. Kostman R, Barr M, Bengtson E, Garnham PCC, Hult G.
Kala-azar transferred by exchange blood transfusion in two
Swedish infants. In: Proceedings of the seventh international
congress of tropical medicine and malaria. Geneva,
Switzerland: World Health Organization; 1963 p. 384.
45. Cohen C, Corazza F, Moll PD, Brasseur D. Leishmaniasis
acquired in Belgium. Lancet 1991; 338 : 128.
46. Cummins D, Amin S, Halil O, Chiodini PL, Hewitt PE,
Radley-Smith R. Visceral leishmaniasis after cardiac
surgery. Arch Dis Child 1995; 72 : 235-6.
47. Luz KG, da Silva VO, Gomes EM, Machado, FC, Araujo
MA, Fonseca, H, et al. Prevalence of anti-Leishmania
donovani antibody among Brazilian blood donors and
multiply transfused hemodialysis patients. Am J Trop Med
Hyg 1997; 57 : 168-71.
48. Mathur P, Samantaray JC. The first probable case of platelet
transfusion-transmitted visceral leishmaniasis. Transfus Med
2004; 14 : 319-21.
49. Alvar J, Canavate C, Gutierrez-Solar B, Jimenez M,
Laguna F, Lopez-Velez R, et al. Leishmania and human
immunodeficiency virus co-infection: the first 10 years.
Clin Microbiol Rev 1997; 10 : 298-319.
50. Molina R, Canavate C, Cercenado E, Laguna F,
Lopez-Velez R, Alvar J. . Indirect xenodiagnosis of visceral
leishmaniasis in 10 HIV-infected patients using colonized
Phlebotomus perniciosus. AIDS 1994; 8 : 277-9.
51. Magill AJ. Epidemiology of leishmaniases. Dermatol Clin
1995; 13 : 505-23.
52. Paredes R, Munoz J, Diaz I, Domingo P, Gurgui M,
Clotet B. Leishmania in HIV Infection. J Postgrad Med
2003; 49 : 39-49.

327

55. Cruz I, Morales MA, Noguer I, Rodriguez A, Alvar J.
Leishmania in discarded syringes from intravenous drug
users. Lancet 2002; 359 : 1124-5.
56. Meinecke CK, Schottelius J, Oskam L, Fleischer B.
Congenital transmission of visceral leishmaniasis (KalaAzar) from an asymptomatic mother to her child. Pediatrics
1999; 104 : 1-5.
57. Low GC, Cooke WE. A congenital infection of kala-azar.
Lancet 1926; ii : 1209-11.
58. Napier L, Gupta CD. Indian kala-azar in a new born.
Indian Med Gazette 1928; 62 : 199.
59. El-Toum IA, Zijlstra EE, Ali MS, Ghalib HW, Satti MM,
Eltoum B, el Hassan AM. Congenital kala-azar and
leishmaniasis in the placenta. Am J Trop Med Hyg 1992;
46 : 57-62.
60. Loke Y. Transmission of parasites across the placenta.
In: Advances in parasitology. New York: Academic Press;
1982; 21 : 155.
61. Yadav TP, Gupta H, Satteya U, Mittal V. Congenital kalaazar. Ann Trop Med Parasitol 1989; 83 : 535-7.
62. Benerji D. Possible congenital infection of kala-azar.
J Indian Med Assoc 1955; 24 : 433-5.
63. Elamin A, Omer MA. Visceral leishmaniasis in a 6 week
old infant: possible congenital transmission. Trop Doct
1992; 22 : 133-5.
64. Mittal V, Sehgal S, Yadav TP, Singh VK. Congenital
transmission of kala-azar. J Commun Dis 1987; 19 : 184-5.
65. Nayakundi PM, Muigai R, Were JBO, Oster CN, Gachihi
GS, Kirigi G. Coongenital visceral leishmaniasis: case
report. Trans R Soc Trop Med Hyg 1988; 82 : 564.
66. Sharma R, Bahl L, Goel A, Upadhyay A, Kaushik SL,
Sharma RL, et al. Congenital kala-azar : a case report.
J Commun Dis 1996; 28 : 59-61.
67. Wegmann TG, Lin H, Guilbert LJ, Mosmann TR.
Bidirectional cytokine interactions in the maternal - fetal
relationship: is successful pregnancy a TH2 phenomenon?
Immunol Today 1993; 14 : 353-6.

53. Alvar J. Leishmaniasis and AIDS co-infection: the Spanish
example. Parasitol Today 1994; 10 : 160-3.

68. Mebrahtu YB, Hendricks LD, Oster CN, Lawyer PG,
Perkins PV, Pamba H, et al. Leishmania donovani parasites
in the nasal secretions, tonsillopharyngeal mucosa, and urine
centrifugates of visceral leishmaniasis patients in Kenya.
Am J Trop Med Hyg 1993; 48 : 530-5.

54. Gutiérrez J. Prevalence of anti-Leishmania antibodies in
parenteral drug addicts: yield value of 2 study techniques.
Med Clin 1993; 100 : 168.

69. Teng C, Forkner C. The presence of infective Leishmania
donovani in the urine and prostatic fluid of patients with
kala-azar. Chin Med J 1936; 1(Suppl) : 394.

328

INDIAN J MED RES, MARCH 2006

70. Symmers WS. Leishmaniasis acquired by contagion: A case
of marital infection in Britain. Lancet 1960; 1 : 127-32.
71. Herwaldt BL, Juranek DD. Laboratory-acquired malaria,
leishmaniasis, trypanosomiasis, and toxoplasmosis. Am J
Trop Med Hyg 1993; 48 : 313-23.
72. R o s e n t h a l P J , M a r t y P , P e s c e A . L e i s h m a n i a i n
bronchoalveolar lavage. Ann Intern Med 1991; 114 :
1064-5.

84. Martinez P, de la Vega E, Laguna F, Soriano V, Puente S,
Moreno V, et al. Diagnosis of visceral leishmaniasis in
HIV-1 infected individuals using peripheral blood smears.
AIDS 1993; 7 : 227-30.
85. Maggi P, Gaudiano V, Valente M, Latorraca A,
Cavaliere RL, Marroni M, et al. Leishmaniasis in patients
with chronic renal failure: A diagnostic and therapeutic
challenge for the clinician. J Nephrol 2004; 17 : 296-301.

73. Forkner CE, Zia LS. Viable Leishmania donovani in nasal
and oral secretions of patients with kala-azar and the bearing
of this finding on the transmission of the disease. J Exp Med
1934; 59 : 491-9.

86. Delgado J, Pineda JA, Macías J, Regordán C, Gallardo JA,
Leal M, et al. Low sensitivity of peripheral blood smear for
diagnosis of subclinical visceral leishmaniasis in human
immunodeficiency virus type 1-infected patients. J Clin
Microbiol 1998; 36 : 315-6.

74. Forkner CE, Zia LS. Further studies on kala-azar :
Leishmania in nasal and oral secretions of patients and the
bearing of this finding on the transmission of the disease.
J Exp Med 1935; 61 : 183-203.

87. Navin TR, Arana FE, de Merida AM, Arana BA, Castillo
AL, Silvers DN. Cutaneous leishmaniasis in Guatemala:
comparison of diagnostic methods. Am J Trop Med Hyg 1990;
42 : 36-42.

75. Singh S. Mucosal leishmaniasis in an Indian AIDS patient.
Lancet Infect Dis 2004; 4 : 660-1.

88. Mimori T, Matsumoto T, Calvopina MH, Gomez EA, Saya
H, Katakura K, et al. Usefulness of sampling with cotton swab
for PCR-diagnosis of cutaneous leishmaniasis in the New
World. Acta Trop 2002; 81 : 197-202.

76. Redhu N S, Dey A, Balooni V, Singh S. Leishmania-HIV
co-infection: An emerging problem in India. AIDS 2006
(in press).
77. Singh S, Sivakumar R. Recent advances in the diagnosis of
leishmaniasis. J Postgrad Med 2003; 49 : 55-60
78. Singh S, Dey A, Sivakumar R. Applications of molecular
methods for Leishmania control. Rev Expert Rev Mol Diagn
2005; 5 : 251-65.
79. Liarte DB, Mendonca IL, Luz FC, Abreu EA, Mello GW,
Farias TJ, et al. QBC® for the diagnosis of human and canine
American visceral leishmaniasis : preliminary data. Rev Soc
Bras Med Trop 2001; 34 : 577-81.
80. Bryceson A. Splenic aspiration procedure as performed at
the Clinical Research Center, Nairobi, 1982. In: Peter W,
Killick-Kendrick R, editors. The Leishmaniasis, vol.2.
London: Academic Press; 1987 p. 728-9.

89. Manson-Bahr, PEC. Diagnosis. In: Peters W. Killick-Kendick,
R, editors. The leishmaniasis in biology and medicine,
Vol. 2. London: Academic Press; 1987 p. 703.
90. Singh S, Mohapatra DP, Sivakumar R. Successful
replacement of foetal calf serum with human urine for
in vitro culture of Leishmania donovani. J Commun Dis
2000; 32 : 289-94.
91. Weigle KA, de Davalos M, Heredia P, Molineros R,
Saravia NG, D’Alessandro A. Diagnosis of cutaneous and
mucocutaneous leishmaniasis in Colombia: a comparison
of seven methods. Am J Trop Med Hyg 1987; 36 :
489-96.
92. Shatry AM, Oster CN, Mebrahtu YB, Perkins PV,
Hendricks LD. Mouse foot-pad inoculation as an aid to
the isolation of Leishmania spp. from patients. Trans R
Soc Trop Med Hyg 1988; 82 : 701-3.

81. Chulay JD, Bryceson AD. Quantitation of amastigotes of
Leishmania donovani in smears of splenic aspirates from
patients with visceral leishmaniasis. Am J Trop Med Hyg
1983; 32 : 475-9.

93. Boelaert M, Rijal S, Regmi S, et al. Comparative study of
the effectiveness of diagnostic tests for visceral
leishmaniasis. Am J Trop Med Hyg 2004; 70 : 72-7.

82. el Hag IA, Hashim FA, el Toum IA, Homeida M,
el Kalifa M, el Hassan AM. Liver morphology and function
in visceral leishmaniasis (Kala-azar). J Clin Pathol 1994;
47 : 547-51.

94. Schallig HD, Schoone GJ, Kroon CC, Hailu A, Chappuis F,
Veeken H. Development and application of ‘simple’
diagnostic tools for visceral leishmaniasis. Med Microbiol
Immunol (Berl) 2001; 190 : 69-71.

83. Romero GAS, Sampaio RNR, Macêdo VO, Marsden PD.
Sensitivity of lymph node aspiration in localized cutaneous
leishmaniasis due to Leishmania (Viannia) braziliensis.
Mem Inst Oswaldo Cruz, Rio de Janeiro 1999; 94 : 509-11.

95. Iqbal J, Hira PR, Saroj G, Philip R, Al-Ali F, Madda PJ, et
al. Imported visceral leishmaniasis: diagnostic dilemmas and
comparative analysis of three assays. J Clin Microbiol
2002; 40 : 475-9.

SINGH: DIAGNOSIS OF LEISHMANIASIS
96. Tavares CAP, Fernandes AP, Melo MN. Molecular diagnosis
of leishmaniasis. Expert Rev Mol Diagn 2003; 3 : 657-67.
97. Abdallah KA, Nour BY, Schallig HD, Mergani A,
Hamid Z, Elkarim AA, et al. Evaluation of the direct
agglutination test based on freeze-dried Leishmania
donovani promastigotes for the serodiagnosis of visceral
leishmaniasis in Sudanese patients. Trop Med Int Health
2004; 9 : 1127-31.
98. Schoone GJ, Hailu A, Kroon CC, Nieuwenhuys JL,
Schallig HD, Oskam L. A fast agglutination-screening test
(FAST) for the detection of anti-Leishmania antibodies.
Trans R Soc Trop Med Hyg 2001; 95 : 400-1.
99. Palatnik-de-Sousa CB, Gomes EM, Paraguai-de-Souza E,
Palatnik M, Luz K, Borojevic R. Leishmania donovani:
titration of antibodies to the fucose-mannose ligand as an
aid in diagnosis and prognosis of visceral leishmaniasis.
Trans R Soc Trop Med Hyg 1995; 89 : 390-3.
100. Maalej IA, Chenik M, Louzir H, et al. Comparative
evaluation of ELISAs based on ten recombinant or purified
Leishmania antigens for the serodiagnosis of
Mediterranean visceral leishmaniasis. Am J Trop Med Hyg
2003; 68 : 312-20.
101. Martin SK, Thuita-Harun L, Adoyo-Adoyo M, Wasunna
KM. A diagnostic ELISA for visceral leishmaniasis, based
on antigen from media conditioned by Leishmania donovani
promastigotes. Ann Trop Med Parasitol 1998; 92 : 571-7.
102. Jensen AT, Gasim S, Moller T, Ismail A, Gaafar A, Kemp
M, et al. Serodiagnosis of Leishmania donovani infections:
assessment of enzyme-linked immunosorbent assays using
recombinant L. donovani gene B protein (GBP) and a peptide
sequence of L. donovani GBP. Trans R Soc Trop Med Hyg
1999; 93 : 157-60.
103. Raj VS, Ghosh A, Dole VS, Madhubala R, Myler PJ,
Stuart KD. Serodiagnosis of leishmaniasis with
recombinant ORFF antigen. Am J Trop Med Hyg 1999;
61 : 482-7.

329

107. Carvalho SF, Lemos EM, Corey R, Dietze R. Performance
of recombinant K39 antigen in the diagnosis of Brazilian
visceral leishmaniasis. Am J Trop Med Hyg 2003; 68 :
321-4.
108. Bhatia A, Daifalla NS, Jen S, Badaro R, Reed SG,
Skeiky YA. Cloning, characterization and serological
evaluation of K9 and K26: two related hydrophilic
antigens of Leishmania chagasi. Mol Biochem
Parasitol 1999; 102 : 249-61.
109. Sivakumar R, Sharma P, Chang KP, Singh S. Cloning,
expression and purification of a novel recombinant antigen
from Leishmania donovani. Protein Expr Purif 2006; 46 :
156-65.
110. Ravindran R, Anam K, Bairagi BC, Saha B, Pramanik N,
Guha SK, et al. Characterization of immunoglobulin G
and its subclass response to Indian kala-azar infection
before and after chemotherapy. Infect Immun 2004;
72 : 863-670.
111. Attar ZJ, Chance ML, el-Safi S, Carney J, Azazy A,
El-Hadi M, et al. Latex agglutination test for the
detection of urinary antigens in visceral leishmaniasis.
Acta Trop 2001; 78 : 11-6.
112. Sreenivas G, Ansari NA, Singh R, Subba Raju BV,
Bhatheja R, Negi NS, et al. Diagnosis of visceral
leishmaniasis: comparative potential of amastigote
antigen, recombinant antigen and PCR. Br J Biomed Sci
2002; 59 : 218-22 .
113. Amaral V, Pirmez C, Goncalves A, Ferreira V, Grimaldi G
Jr. Cell populations in lesions of cutaneous leishmaniasis of
Leishmania (L.) amazonensis- infected rhesus macaques,
Macaca mulatta. Mem Inst Oswaldo Cruz 2000; 95 : 209-16.
114. Ahluwalia S, Lawn SD, Kanagalingam J, Grant H,
Lockwood DN. Mucocutaneous leishmaniasis: an imported
infection among travellers to central and South America.
BMJ 2004; 329 : 842-4.

104. Zijlstra EE, Nur Y, Desjeux P, Khalil EA, El-Hassan AM,
Groen J. Diagnosing visceral leishmaniasis with the
recombinant K39 strip test: experience from the Sudan.
Trop Med Int Health 2001; 6 : 108-13.

115. Schallig HD, Oskam L. Molecular biological applications
in the diagnosis and control of leishmaniasis and parasite
identification. Trop Med Int Health 2002; 7 : 641-51.

105. Jelinek T, Eichenlaub S, Loscher T. Sensitivity and
specificity of a rapid immunochromatographic test for
diagnosis of visceral leishmaniasis. Eur J Clin Microbiol
Infect Dis 1999; 18 : 669-70.

116. da Silva ES, Gontijo CM, Pacheco Rda S, Brazil RP.
Diagnosis of human visceral leishmaniasis by PCR using
blood samples spotted on filter paper. Genet Mol Res
2004; 3 : 251-7.

106. Schallig HD, Canto-Cavalheiro M, da Silva ES. Evaluation
of the direct agglutination test and the rK39 dipstick test
for the sero-diagnosis of visceral leishmaniasis. Mem Inst
Oswaldo Cruz 2002; 7 : 1015-8.

117. Pizzuto M, Piazza M, Senese D, et al. Role of PCR in
diagnosis and prognosis of visceral leishmaniasis in
patients co-infected with human immunodeficiency virus
type 1. J Clin Microbiol 2001; 39 : 357-61.

330

INDIAN J MED RES, MARCH 2006

118. Wortman G, Sweeney C, Houng H-S, Aronson N, Stiteler
J, Jackson J, et al. Rapid diagnosis of leishmaniasis by
fluorogenic polymerase chain reaction. Am J Trop Med Hyg
2001; 65 : 583-7.
119. Gangneux JP, Menotti J, Lorenzo F, Sarfati C, Blanche H,
Bui H, et al. Prospective value of PCR amplification and
sequencing for diagnosis and typing of old world
Leishmania infections in an area of nonendemicity.
J Clin Microbiol 2003; 41 : 1419-22.

122. de Oliveira CI, Bafica A, Oliveira F, Favali CB, Correa T,
Freitas LA, et al. Clinical utility of polymerase chain
reaction-based detection of Leishmania in the diagnosis
of American cutaneous leishmaniasis. Clin Infect Dis
2003; 37 : e149-53.
123. Mimori T, Matsumoto T, Calvopina MH, Gomez EA,
Saya H, Katakura K, et al. Usefulness of sampling with
cotton swab for PCR-diagnosis of cutaneous
leishmaniasis in the New World. Acta Trop 2002; 81 :
197-202.

120. Otero AC, da Silva VO, Luz KG, Palatnik M, Pirmez C,
Fernandes O, et al. Occurrence of Leishmania donovani
DNA in donated blood from seroreactive Brazilian blood
donors. Am J Trop Med Hyg 2000; 62 : 128-31.

124. Pinero J, Martinez E, Pacheco R, Aragon Z, De Armas F,
Del Castillo A, et al. PCR-ELISA for diagnosis of
mucocutaneous leishmaniasis. Acta Trop 1999; 73 : 21-9.

121. Gannavaram S, Ansari NA, Kataria J, Salotra P. Nested
PCR assay for detection of Leishmania donovani in slit
aspirates from post kala-azar dermal leishmaniasis lesions.
J Clin Microbiol 2004; 42 : 1777-8.

125. Monroy O, Sanchez-Tezeda G. Molecular probes and the
polymerase chain reaction for detection and typing of
Leishmania species in Mexico. Trans R Soc Trop Med Hyg
2002; 96 (Suppl 1) : S101-04.

Reprint requests: Dr Sarman Singh, Head, Division of Clinical Microbiology
All India Institute of Medical Sciences, Ansari Nagar, New Delhi 110029, India
e-mail: sarman_singh@yahoo.com

Review Article
Indian J Med Res 123, March 2006, pp 331-344

Visceral leishmaniasis (kala-azar): Challenges ahead
R.K. Singh, H.P. Pandey* & S. Sundar

Infectious Diseases Research Laboratory, Department of Medicine, Institute of Medical Sciences &
*Department of Biochemistry, Faculty of Science, Banaras Hindu University, Varanasi, India

Received April 7, 2005

Indian visceral leishmaniasis (VL) is a parasitic disease caused by a haemoflagellete Leishmania
donovani and transmitted by the bite of sand fly Phlebotomus argentipes. It affects various age
groups. In India about 1,00,000 cases of VL are estimated to occur annually; of these, the State of
Bihar accounts for over than 90 per cent of the cases. Diagnosis of VL typically relies on microscopic
examination of tissue smears but serology and molecular methods are better alternatives currently.
Notwithstanding the growing incidence of resistance, pentavalent antimony complex has been the
mainstay for the treatment of VL during the last several decades. The second line drugs such as
amphotericin B, lipid formulations of amphotericin B, paromomycin and recently developed
miltefosine are the other alternatives. In spite of significant development in various areas of
Leishmania research, there is a pressing need for the technological advancement in the
understanding of immune response, drug resistance and the pathogenesis of leishmaniasis that
could be translated into field applicable and affordable methods for diagnosis, treatment, and
control of the disease.
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Leishmaniasis, caused by 20 species of
Leishmania and transmitted by 30 species of sand
fly, is characterized by diversity and complexity1-4.
Most of Leishmania infections are zoonotic and
rodents and canids are reservoir host. Only two
Leishmania species can maintain anthroponotic,
human-human cycle, these species are L. donovani
responsible for visceral leishmaniasis (VL) in Indian
subcontinent and east Africa and L. tropica, which
is responsible for cutaneous leishmaniasis (CL) in
the Old World 5 . Female sand fly of genus
Phlebotomus in the Old World and Lutzomyia in the
New World are the only proven vector responsible
for transmission of the disease 6 . In India,

Phlebotomus argentipes is the only proven vector
for the disease.
Leishmaniasis has been considered a tropical
affliction that constitutes one of the six entities on
the World Health Organization tropical disease
research (WHO TDR) list of most important
diseases 7. It occurs in 88 countries in tropical and
temperate regions, 72 of them developing or least
developed. An estimated 350 millions population is
at risk and 10 million people are affected from this
disease worldwide 1 . Two million cases occur
annually however, there is a gross underreporting of
the cases from endemic regions, and there has been
331
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a progressive increase in the cases of leishmaniasis
being reported from the newer areas 8.
Indian visceral leishmaniasis (kala-azar, Black
fever), caused by L. donovani, is the systemic form
of disease. In India, about 100,000 cases of VL are
estimated to occur annually. Of these, the State of
Bihar accounts for more than 90 per cent of the cases 9.
Epidemiology of VL is changing due to widespread
migration of population and emerging HIV/VL
co-infection. The risk of VL among AIDS patients
increases by 100-1000 times in endemic areas, while
VL accelerates the onset of AIDS in HIV infected
people.
Clinical manifestations
VL comprises a broad range of manifestations of
infection. Infection remains asymptomatic or
subclinical in many cases or can follow an acute or
chronic course. The clinical symptoms are
characterized by prolonged and irregular fever often
associated with rigor and chills, splenomegaly,
lymphadenopathy, hepatomegaly, pancytopenia,
progressive anaemia, weight loss and
hypergammaglobulinaemia (mainly IgG from
polyclonal B cell activation) with hypoalbunemia-6.
It is always fatal if left untreated. After recovery,
some patients (50% in Sudan and 1-3 % in India)
develop post kala-azar dermal leishmaniasis
(PKDL)10,11.

stained smears of the tissues or cultured from them.
The presence of parasite in splenic, bone marrow,
lymph nodes aspirates and liver biopsy and buffy coat
of peripheral blood can be demonstrated by
microscopy 12 (Fig.). After identification, the parasite
density can be scored microscopically by means of
logarithmic scale ranging from 0 (no parasites per
1000 oil immersion fields) to +6 (>100 parasites per
field)13. The most commonly used tissue specimens
are splenic and bone marrow. Though splenic smear
is highly sensitive (95%) than bone marrow but it
carries a small but definite risk of serious
haemorrhage 14,15. However, due to high sensitivity
and unavailability of better alternatives,
demonstration of parasite in splenic smears is the
only gold standard for the diagnosis of VL in patients.
Culture of parasite can improve the sensitivity of
detection but often done only when other methods
fail 16,17. Parasite culture is required for obtaining
sufficient number of promastigotes to use as an
antigen for immunological diagnosis and speciation,

Diagnosis
The diagnosis of VL is complex because other
commonly occurring diseases such as malaria,
typhoid, and tuberculosis share its clinical features;
many of these diseases can be present along with VL
(as co-infection). Further, sequestration of the
parasite in the spleen, bone marrow or lymph node
complicates this issue. Following methods can make
laboratory diagnosis of kala-azar.
Demonstration (microscopy) and isolation of
parasite (culture): This is the most commonly used
method for diagnosing VL in patients. Samples of
infected tissues are obtained and the organisms
(amastigotes) are either seen in Giesma or Leishman

Fig. Microphotograph showing intracellular and extracellular
Leishmania donovani bodies in splenic aspirate from a patient
with visceral leishmaniasis.
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inoculating susceptible experimental animals and in
vitro screening of drugs, etc. However, in general,
both smear staining and culture should be performed
since smears negative lesion can be cultured positive
and culture negative lesion can be smear positive17,18.
Species identification is generally not required
since none of species other than L. donovani is known
to cause Indian VL19. However, identification of an
organism to the species level is helpful
epidemiologically, and is also important for the
treatment and the prognosis determination for global
travelers who are not immune to parasite and tend to
develop unusual manifestation of the diseases20,21.
Species identification can be done by any of the
methods such as species-specific isoenzymes pattern
by cellulose acetate electrophoresis 22 , typing by
species specific monoclonal antibodies 23, kDNA
amplification by choosing primers from conserved
regions of different leishmanial species kDNA
minicircle24,25, analysis of the in vitro promastigotes
released antigenic factors, which are different for
different leishmanial species 26.
Serological methods: Serological methods are highly
sensitive and being non-invasive they are
comparatively more suited for diagnosing VL in
endemic regions. These methods are either based on
detection of antibodies (produced against parasite by
polyclonal activation of B cells) or antigens. Many
conventional methods for antibodies detection for
instance gel diffusion, complement fixation test,
indirect haemagglutination test, indirect fluorescent
antibody detection test (IFAT), and counter current
electrophoresis have been evaluated with varying
sensitivities and specificities27-31. However, except
IFAT, which is used on limited scale, these tests are
rarely used for routine diagnosis of VL. The sensitivity
of the IFAT varies form 80 to 100 per cent in various
studies and specificity 96 to 100 per cent32-34.
Currently, the most used methods for diagnosis
of VL are direct agglutination test (DAT) and enzyme
linked immunosorbent assay (ELISA). DAT was
introduced about two decades ago rapidly followed
by its improved version for field use32,35. DAT has
been found to 91-100 per cent sensitive and 72-100
per cent specific in various studies elsewhere in the
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world 36-39. In India also it has been reported to be
95-100 per cent sensitive and 100 per cent
specific 34,40,41 . However, in spite of its excellent
diagnostic accuracy, its use is limited in India mainly
due to two reasons; non-availability of standardized
antigen (freeze-dried and liquid antigen) and its
adaptability at the rural centres. Further, despite its
simplicity and economy, its evaluation has not been
done extensively in Indian VL, and its
commercialization failed to take off during earlier
years in India. A fast agglutination-screening test
(FAST) has been developed in the recent years, which
can rapidly detect (<3 h) antileishmanial antibodies
in serum samples and on blood collected on filter
paper. This test uses the freeze-dried antigen and
utilizes only one serum dilution, making the test less
cumbersome and readily reproducible42.
ELISA is now being used as potential
serodiagnostic tool for VL. Though this technique
is highly sensitive, its specificity depends upon the
antigen used. Two types of antigens, crude soluble
antigen (CSA); obtained by freezing and thawing
of live promastigotes, and a recombinant antigen
(rk39) a conserved part in kinesin region can be used
for diagnosis of VL43-45. The sensitivity of ELISA
with CSA has been found in the range of 80-100
per cent, but the cross reaction with other infectious
disease that mimics the symptoms also have been
recorded 27,46-49. The rK39-based detection has been
found to be 100 per cent sensitive and specific in
diagnosis of VL by ELISA47,48,50. The rK39 antigen
has been found quite predictive of onset of disease
manifestations in VL patients. The antigens are also
being used in monitoring disease after
chemotherapy and predicting clinical relapse since
the antibodies titres against these specific antigens
are closely associated48. In addition, rK39 ELISA
has high predictive value for detecting VL in
immunocompromised patients, like those with
AIDS. Several other recombinant antigens like
recombinant gene B protein (rGBP) from L.
donovani, rORFF from L. infantum, rgp63, rk90,
rk26 from L. chagasi have been developed and
tested 51-54 . However, these tests require a wellequipped laboratory and cannot be employed on a
wider scale and in field conditions. An
immunochromatographic strip (InBios, USA) using
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rK39 antigen and based on lateral flow is now
commercially available in form of antigen
impregnated nitrocellulose paper strips adapted for
use under field conditions. The strip test is very easy
to use in field and in initial studies; it was found to
be 100 per cent sensitive and 91-98 per cent specific
in Indian VL patients55,56. Moreover, it has been used
successfully as a diagnostic guide in suspected
cases 57 . In a recent evaluation, it has been found
quite useful and a reliable indicator of VL in India 58.
Antigen-based immunodiagnostic tests are found
to be more specific than antibodies based methods
and are also useful in immunocompromised
patients 40,59 . Two urinary antigens of 72-75 and
123 kDa have been reported to be very useful in
diagnosis and prognosis of kala-azar with sensitivity
of 96 per cent and specificity of 100 per cent59. A
commercial KATEX; a new latex agglutination test
for detecting leishmanial antigen in urine of patients
with VL has shown sensitivities between 68-100 and
100 per cent specificity in preliminary tests 60 .
However, these tests are still under the preliminary
phase evaluation and their commercialization is still
far from the reality.
DNA detection methods: A test of cure in kala-azar
is a debatable issue. In spite of significant
development of diagnostic tools, none of the
immunological methods have proved to be useful
as a test of cure. The test based upon antibodies
detection may remain positive for several years due
to high and persistent antibodies titres in patients
and hence fails to detect past and present infection
and in immunocompromised patients 47 . The
detection of Leishmania DNA via polymerase chain
reaction (PCR) is a definite breakthrough in the
diagnosis and prognosis of VL as a non invasive
method with excellent sensitivity and specificity.
A variety of nucleic acid detection methods
targeting both DNA and RNA have been developed.
Different DNA sequences in the genome of
Leishmania like ITS region, gp63 locus, telomeric
sequence, sequence targeting rRNA genes and
18SrRNA, ssUrRNA and both conserved and
variable regions of kDNA minicircles have been
documented in diagnosis and prognosis of kalaazar 61-64.

The most suitable target for the DNA based
diagnosis is kinetoplast DNA minicircle (kDNA) 65,66.
The Leishmania PCR assays using peripheral blood
as clinical specimen showed to be a highly efficient
non invasive alternative with sensitivity varying from
80-100 per cent 25,62,67-70. PCR can be proved more
useful in the prognosis of VL since none of the
available methods can be used as test of cure.
However, in prognosis PCR is still far from
standardization and has been done only by few
workers and mostly in HIV/VL co-infected
patients 62,67,69-71. Few workers have also evaluated
PCR as test of cure in immunocompetent patients
suggesting the association between clinical
improvement and clearance of Leishmania DNA
from peripheral blood 72,73. We have also shown the
usefulness of PCR as a test of cure in VL patients74.
Recently, a PCR-ELISA technique has been
developed that is able to detect a minimum of
0.1 promastigotes or 1 fg of genomic material 75. PCR
assay with buffy coat preparation to detect kDNA
was 10 times more sensitive than that with whole
blood preparations and particularly good results were
obtained when proteinase K based method were
used76. Besides being a highly sensitive and specific
tool for the diagnosis and prognosis of VL and useful
method for species identification, it can also be used
to distinguish between relapse and re-infection in
treated VL patients77,78. Additionally, a positive PCR
result in healthy endemic controls may lead to the
conclusion that they may suffer from VL79. In these
healthy endemic controls, a combination of DAT
(which shows low titre in healthy controls) and PCR
may be helpful in defining the status of these patients.
Sensitivity and specificity of some of the commonly
used diagnostic methods are summarized in the
Table.
Treatment
The treatment options for VL are limited and far
from satisfactory. All the drugs available need to be
given parenterally except miltefosine, and are
potentially toxic. Throughout the world pentavalent
antimonials compounds (Sbv) have been the mainstay
of antileishmanial therapy for more than sixty years.
The organic pentavalent antimonials were first used
in 1912 soon after the recognition of Leishmania
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Table. Sensitivities and specificities of various methods used
for diagnosis of visceral leishmaniasis
Method and test or
tissue used

Sensitivity Specificity
(%)
(%)

Immunodiagnosis by antibody detection:
55 - 70
IFA test32,34
DAT

34,49

ELISA with CSA47
ELISA with rK39

48,49

70 - 89

90 - 100

72 - 95

80 - 100

84 - 95

100

100

100

93 - 97

KATEX 61

68 - 100

100

DNA detection (PCR)66

90 - 100

100

Rapid strip test with rK3956,57
Antigen detection:

IFA, indirect fluorescent antibody detection test; DAT, direct
agglutination test; ELISA, enzyme linked immunosorbent assay;
CSA, crude soluble antigen; PCR, polymerase chain reaction

7

species as cause of leishmaniasis in 1904 . Pentostam
(sodium stibogluconate) and glucantime (meglumine
antimoniate) have been the mainstay therapy for kalaazar. Due to high cost (approx 200 US $ per patients)
of branded sodium stibogluconate, a generic sodium
antimony gluconate (SAG, Albert David Ltd, India,
13 US $ per patient) is being used to treat patients
satisfactorily without any significant difference in
final cure80,81.
These drugs have been used successfully for
several years to treat patients suffering from VL
in the endemic region of Bihar State.
Unfortunately, the parasite has become resistant
to this drug in these regions. Till late 1970s a small
daily dose (10mg per kg, 600 mg maximum) for
short duration (6-10 days) was considered
adequate, when unconfirmed reports suggested 30
per cent treatment failure with this regimen from
four most severely affected districts Muzaffarpur,
Samastipur, Vaishali and Sitamadi in Bihar 82 .
An expert group on kala-azar revised
recommendations to use Sb v in two 10 days
(20 mg per kg, 600 mg total) courses with an
interval of 10 days 83 and an improvement in cure
rates (99%) were noted 84 . Few years later, Thakur
et al randomized patients to receive Sb v 20 mg per
kg (maximum 600 mg) either for 20 days or longer
and found only 86 per cent cure rate 85 . In the same
year, WHO expert committee recommended that
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Sb v be used in doses of 20 mg per kg per day up to
maximum of 850 mg for 20 days, and a similar
regimen for 20 days in cases of treatment failure 86 .
However, following the above recommendations
Thakur et al reported a decline in cure rate to
71 per cent after 20 days of treatment at the same
dose 87 . One year later Jha et al found only 64 per
cent cure rate in hyperendemic regions of Bihar87 .
We also observed that Sb v (20 mg per kg without
upper limit) cured only 60 per cent 88 . Incidentally,
only 2 per cent patients from neighbouring State
of eastern UP failed treatment89 . Thus high level
Sb v unresponsiveness existed in Bihar State though
the drug continued to be effective in other areas.
Reasons of drug resistance
The reason for the emergence of resistance is
widespread misuse of the drug, as Sb v is freely
available in India, and is easily accessible over the
counter. In human to human (anthroponotic)
transmission once Sbv resistance gets established, it
spreads exponentially and organisms sensitive to the
drug get eliminated quickly, and drug resistant
parasites continue to circulate in the community. In
the endemic regions, VL patients (73%) first consult
unqualified quacks who might not use the drug in
appropriate doses90. It has been observed that only a
minority (26%) of patients was treated according to
prescribed guidelines, and irregular use and
incomplete treatment were of common occurrence90.
Further, it is a common practice to start with small
dose and gradually build up the dose over a week. Drug
free intervals are given with the belief that it will
prevent renal toxicity. Many times the daily dose of
drug is split into two injections, to be given twice daily.
These practices presumably expose the parasites to
drug pressure, leading to progressive tolerance of
parasite to Sbv. These facts point towards the reasons
contributing significantly to the development of drug
resistance in Bihar 91 . Further, experiments with
intramacrophageal Sbv sensitivity assays suggest that
the refractoriness to Sbv in Bihar is due to emergence
of drug resistant strains, as clinical isolates from
unresponsive patients needed 3-5 times greater
concentration of Sbv to achieve similar leishmanicidal
activity (ED 50 and ED 90 , respectively) than those
isolates from Sbv responsive patients92.
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Unfortunately, little is known about the
mechanism of underlying drug resistance as seen in
human visceral leishmaniasis. After administration,
pentavalent antimonials are converted into trivalent
compounds for its antileishmanial effect. The
reduction of pentavalent to trivalent compound takes
place either in macrophages93 or in the parasite94. In
the later case, loss of reductase activity of parasite
may lead to resistance. This is supported by the
observation that Sb v resistant L. donovani
amastigotes loose their reductase activity 94 .
Molecular studies have identified an ATP binding
cassette (ABC) transporter system, p-glycoprotein A
(PGPA) involved in the metal resistance 95,96. PGPA
is a member of multidrug resistance protein family,
whose substrate includes organic anions and drugs
conjugated to glutathione, glucoroate or sulphate.
Leishmania contains glutathione as well as
trypanothione (TSH) formed by conjugation of
glutathione with spermidine. Transport experiments
using radioactive conjugates clearly showed that
PGPA recognized and actively transported the metal
conjugates 97 . Thus, PGPA might be conferring
resistance either through efflux from Leishmania96
or by sequestering metal thiol conjugates into a
vacuole 97,98 . In a laboratory generated multidrug
resistant (MDR) L. tropica line overexpressing a
P-glycoprotein-like transporter displayed significant
cross-resistance to miltefosine99. Defective uptake of
miltefosine by resistant L. donovani 100 lines appeared
to be through point mutations on a plasma membrane
aminophospholipid translocase 101.
Although an increase in the level of TSH has been
reported from most of the resistant mutants
amplification, expression of PGPA is not universal
phenomenon102,103. It has been shown than increased
TSH may be mediated by gsh-1 amplification
(glutamylcysteine synthtase) and/or ornithine
decarboxylase (ODC) overexpressions 104,105 .
Moreover, butathione sulphoxemine (BSO), a
specific inhibitor of gsh can reverse resistance to Sbv
in Leishmania 106. Most of these observations have
come from resistant laboratory strains of Leishmania.
The gene, recently identified in some of our antimony
unresponsive isolates clearly suggests to be involved
in conferring resistance to the parasites, however, the
exact mechanism of resistance development remains

to be elucidated 107. Since the amplified sequence in
clinical isolates did not hybridize with PGPA gene
or multidrug resistance gene (mdr), suggesting
involvement of some other mechanism in drug
resistance in these strains. Another 7 Kb DNA
fragment has also been identified, which was able to
restore Sbv reduction activity in mutants to near wild
type levels 108.
Other therapeutic options
In India Sbv has been the backbone of anti VL
therapy because of its low cast and excellent
effectiveness. However, with its declining efficacy
in VL hyperendemic regions of north Bihar, it should
no longer be used as the first line drug in areas with
high resistance. Fortunately we have the following
other alternatives to treat VL:
Pentamidine: To circumvent the problem of clinical
resistance to antimony in India, pentamidine has been
tried for the treatment of VL and was the first drug
to be used for patients refractory to Sb v109 . The
pentamidine regimen consisted of a dose 4 mg per
kg given three times per week until initial
parasitological cure was achieved. Initially high cure
rate were reported 110 but its efficacy gradually
declined over the years. It now cures only 70 per cent
of patients87,111. This drug is associated with serious
adverse events like insulin dependent diabetes
mellitus, shock, and hypoglycaemia and death in
significant proportion of patients. The declining
efficacy, resistance and serious toxicity associated
with the drugs have made it unsuitable as a viable
alternative to Sb v for kala-azar patients 110-113 .
However, it has been used in treatment of both Old
and New World cutaneous and mucocutaneous
leishmaniasis 114-116.
Amphotericin B : Amphotericin B is the most
effective antileishmanial drug, which induces high
cure rates. Use of formulation of amphotericin B, a
pollen antibiotic, for treatment of leishmaniasis is
biochemically rational because the target of
amphotericin B is ergosterol like sterols, which are
the major membrane sterols of Leishmania species117.
Due to high affinity of amphotericin B for sterols,
aqueous pores are formed in the membrane leading
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to increased membrane permeability and killing of
Leishmania118. Amphotericin B is now being more
widely used for VL and constitutes the major advance
in antileishmanial chemotherapy during the last 10
yr. At dose of 0.75-1.0 mg per kg for 15 infusions on
alternate days, it cures more than 97 per cent of
patients112,119. Occasional relapse (1%) might occur
with amphotericin B, which can be treated
successfully with the same drug. It has been
recommended as first line drug in India by the
National Expert Committee for Sb v in refractory
regions of VL. Primary resistance to this drug is
unknown. However, the need for hospitalization for
prolonged periods, high cost of the drug, equipment
required for dose monitoring and high incidence of
adverse events (occasionally serious) are the major
drawbacks.
Lipid formulation of amphotericin B : The need to
develop less toxic, more effective formulation of
amphotericin B has led to three new clinical
formulation of amphotericin B in which deoxycholate
has been replaced by other lipids. These formulations
are liposomal ampho B (L-AmB: Ambiosome),
amphotericin B colloidal dispersion (ABCD:
Amphocil) and amphotericin B lipid complex (ABL:
Abelcit). These substitutes are well taken by
reticuloendothelial system and poorly taken by
kidney, the major target of organ toxicity120. Adverse
effects of the conventional amphotericin B can be
circumvented without compromising with the
efficacy of the drug. It is possible to deliver high
doses of drugs over short periods. The dose
requirement varies from region to region. In Indian
subcontinent a small dose (3.75 mg/kg) of
ambiosome for five consecutive days induces high
cure rates121. In another study, a single dose (15 mg/
kg) was compared with amphotericin B over 15 days
(1 mg/kg) and all patients in both the groups had a
final cure122. In another trial, a single total dose (5
mg of ambiosome/kg) was compared with a similar
dose administered over 5 days and final cure was
achieved in 91 and 93 per cent patients
respectively123. Safety of liposomal amphotericin B
permits administration of total dose requirement in
a single infusion122,124. However, prohibitively high
cost makes these compounds unaffordable in VL
endemic countries like India.
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Miltefosine : Miltefosine, an alkyl phospholipids
developed as an anti-tumour agent, has excellent
antileishmanial activity. It is used orally and has
undergone extensive trials against VL in Bihar. It
has been found uniformly effective in naïve as well
as Sb v refractory patients. In all clinical studies, a
cure rate >94 per cent has been found consistently
with this drug. This drug has mild gastrointestinal
adverse events like vomiting and diarrhoea in 40
and 20 per cent patients, respectively. The exact
mechanism of its action is not known but it probably
interacts with the cell membrane of Leishmania 125.
Miltefosine has been approved in India for treatment
of VL at a dose of 50-100 mg (~2.5 mg/kg) for four
weeks 126,127. It has also been found safe and effective
in paediatric patients128,129. This drug with mild side
effects can become an important tool in containing
the epidemics of VL. However, there are certain
major limitations. Miltefosine has a median long
terminal half-life of 154 h, which could encourage
development of clinical resistance, and the best way
to use this drug would be to use as a combination
multi drug therapy. It is teratogenic and
abortifacient, which means the drug cannot be used
in pregnancy, and females with child bearing
potential must observe contraception for the
duration of treatment and an additional two months.
Further, rapid therapeutic response coupled with
unsupervised treatment can severely affect
compliance, and bring a premature end to this very
important arsenal against leishmania.
Paromomycin (aminosidine) : Paromomycin is an
aminoglycoside antibiotic with unique antileishmanial
activity. It acts synergistically with antimonials in in
vitro and the combination has been used effectively
in India130-132. The drug is effective, well tolerated and
as cheap as conventional amphotericin B. Its efficacy
has been demonstrated in India and a dose of 16 mg
per kg intramuscularly for 21 days has cured 93 per
cent of patients133,134.
Sitamaquine: Sitamaquine, a primaquine analogue
(8-aminoquinolene), is another orally administrable
compound. To date, little is known about its efficacy
and toxicity. It has been in the process of
development for over 8 yr by SmithKline Becham
(now Glaxo SmithKline) and Walter Reed Army

338

INDIAN J MED RES, MARCH 2006

Institute of Research, USA135. Till date there are no
reports of its trial in VL patients in India. However,
it has been tested in VL patients in Kenya and Brazil
with limited success135,136.

paromomycin, due to less toxicity may fulfill this
objective. Antimonials will be less suitable in
combination with miltefosine because of toxicity
and variation of parasite sensitivity.

Azoles and other steroid biosynthesis inhibitors: The
azoles, like ketoconazole and triazoles, itraconazole
and fluconazole produce an anti-leishmanial effect
by blocking ergosterol synthesis118. Varying results
have been reported from small-uncontrolled poorly
designed clinical trials in both VL and cutaneous
leishmaniasis (CL). In a study in Saudi Arabia,
fluconazole showed a cure rate of 79 per cent in
patients of CL caused by L. major137. Till date this
drug has not been tried in India.

Control methods and strategies

Cytokines : Leishmania infection progress to kalaazar in individuals who fail to initiate Th1 response,
which is mediated by IL-2 and IFN-r 138,139 .
Interferon-r is one of the principal activators of
macrophages. Interferon-r as adjutants to Sb v has
been used successfully in VL with high cure rate in
comparison to Sbv alone88. Later, it was observed that
interferon-r (daily dose 100 µg/m2) though improved
the response rate to antimony, but overall cure rate
was less than 50 per cent 140. However, steep decline
in the response rate to antimony rendered the
addition of IFN-r ineffective.
Combination therapy
In view of emergence of parasite resistant to
the first line antileishmanial drug and potential
emergence of resistance to limited alternative
drugs, currently used monotherapy needs to be
revised. Combination therapy with multiple drugs
similar to that employed in tuberculosis, HIV and
leprosy appears to be an important approach for
treatment of leishmaniasis. A combination of
potent drugs, one with short half life, which would
rapidly bring down the parasite load below which
new mutants are less likely to emerge and a second
drug with long half life, which will kill the
remainder parasites may be used to prevent this
infection. This combination therapy will also help
in shortening the duration of treatment.
Unfortunately, there are only few drugs available
for combination. A combination of miltefosine and

It is almost impossible to devise a single control
strategy to for leishmaniasis control. A strategy
combining the following three approaches can help
in eradication of the disease; (i) a vector control
strategy at national level is need of hour. The classical
example of efficacy of this strategy is the almost
disappearance of VL cases in India in 1960s when
insecticides were used extensively as a part of the
National Malaria Eradication Programme (now
National Vector Borne Disease Control Programme).
This approach is frequently hampered by the logistics
of insecticides along with DDT use since production
of DDT is now stopped and the other available
insecticides are expensive; hence, this strategy is not
in use either locally or by government of India in
VL affected regions. Commercial production of
pyrethroids impregnated fabrics (bed nets and
curtains) or insecticides paints in a slow release
emulsifiable solution should be encouraged to
prevent the transmission of the disease;
(ii) serological diagnosis at the infection stage, if
followed by a prompt treatment, will prevent the
evolution to overt disease and reduce morbidity and
mortality. It will also reduce the parasite load and
transmission rate, as in India and humans are known
reservoir host for leishmania parasites; and
(iii) health education of the population and physicians
serving in the endemic area to improve the awareness
regarding transmission, clinical features of the
disease and importance of complete treatment, modes
of prevention can form effective control strategy.
It is likely that in coming years a satisfactory
diagnostic tool and therapeutic modalities will be
developed and vaccine development is also not far
from reality.
Conclusion
Despite significant developments in various
fields, VL remains a serious public health problem
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in many part of country. In most of the affected
regions, only a basic level of control exists and
funding, logistic and management problems are the
cause of severe deficiencies, particularly in the
reliability of the reporting system, the quality of
diagnosis and the availability of the first line drugs.
Control measures should be specifically adapted to
the local epidemiology. Further, for better VL control
tools for diagnosis that could be used for prognosis
as well as treatment are still needed. Growing
resistance of the parasite to the cheapest
antileishmanial drug (i.e., pentavalent antimony) and
potential of the parasite to become resistant against
other available first line drugs, the currently used
treatment pattern needs to be revised. There is an
urgent need for experimental and clinical studies on
combination of drugs to prevent resistance to
miltefosine and amphotericin B and to develop a
policy to prevent drug resistance in anthroponotic
areas. A strategy should also be developed for
monitoring of the resistance. A new drug, which
would allow a safer, shorter and cheaper treatment
and would be easier to administer orally, a non
invasive alternative to the invasive method of
parasitological diagnosis, identification of the costeffective surveillance system and control strategies
to reduce the mortality rate, a most suitable vector
control approach, identification and quantification
of risk factors to better focus the control activities
and prevent epidemics, are the most important
aspects for the control and complete eradication of
the disease from India as well as from other endemic
countries.
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Major therapeutic obstacles in the treatment of visceral leishmaniasis (VL) include the alarming
increase in antimonial unresponsiveness especially in Bihar, India and relapses in HIV-Leishmania
co-infected patients. The therapeutic armamentarium for VL is currently plagued with several
limitations as the available drugs are toxic, majority are effective only parenterally and need to be
administered for extended periods. The first orally effective drug, miltefosine has been approved
for treating VL. In antimony refractory zones, pentavalent antimony has been largely replaced by
amphotericin B deoxycholate, but prolonged hospitalization, toxic effects, and requirement for
monitoring greatly hamper its widespread application in endemic regions. Lipid formulations of
amphotericin B, a remarkable advance in amphotericin B therapy, have greatly reduced toxicity
enabling large doses to be delivered over a short period. Even a single dose treatment with liposomal
amphotericin B cures >90 per cent patients; however, the stumbling block is its prohibitive cost
that precludes its widespread accessibility in endemic countries. Studies using paromomycin in VL
are encouraging, and judging by the preliminary results of a recently concluded phase III trial, it
could be an extremely useful and affordable antileishmanial drug. Other orally effective drugs
include the azoles and allopurinol but these have met with limited success owing to either poor
efficacy or unacceptable toxicity. Sitamaquine has undergone limited evaluation, and the data
suggest effective antileishmanial activity; its role has to be delineated for which additional
developmental studies are proposed. This review highlights the progress made in the treatment of
VL, including the multiple mechanisms of action of antileishmanial drugs with a view to enable the
researcher to undertake the challenge of providing affordable and effective chemotherapy.
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Visceral leishmaniasis (VL, kala-azar) is
prevalent in 62 countries with an estimated annual
incidence of 500,000. In India, the State of Bihar and
adjoining areas of West Bengal, Jharkhand and Uttar
Pradesh account for about half the world’s burden
of VL. Resurgence of VL was noticed in India in the

early seventies and transmission has since remained
incessant. The current challenges in its chemotherapy
include widespread resistance to pentavalent
antimony in India, absence of safe and cost-effective
antileishmanial agents and relapses in HIVLeishmania co-infected patients.
345

346

INDIAN J MED RES, MARCH 2006

Chemotherapeutic agents
Parenteral agents
Sodium stibogluconate: Globally, including India, the
treatment of VL has centred around pentavalent
antimony compounds (Sb v ) for more that seven
decades. Initially Sbv was used in a dose of 10 mg/kg
for 6-10 days, but increasing unresponsiveness in India
led to successive upward revisions and currently the
amount of drug being used is 10 times more than in
earlier years. The last few years have seen the
emergence of large scale Sbv resistance in north Bihar,
India, where over 60 per cent of previously untreated
patients are unresponsive to Sbv rendering the drug
useless for routine use 1. Resistance seems to be a
feature of intensive transmission of anthroponotic
Leishmania donovani as epidemic turns to endemic
in foci where Sbv has been used as a solo drug, often
with poor supervision and compliance. However, there
is a regional variation in the response to Sbv as patients
in other States like Uttar Pradesh continue to be
responsive 1 . Current recommendations are
replacement of Sbv by amphotericin B in these Sbv
refractory zones2. However, outside Bihar, Sbv remains
the drug of choice to be used parenterally in a dose of
20 mg/kg daily for 30 days without any upper limit.
Till very recently, an unanswered question was
whether Sbv unresponsiveness was linked to the host
or parasite. It has now been firmly established that
antimonial resistance is an inherent feature of the
Leishmania parasite3.
To date, the precise mechanism of action of
sodium antimony gluconate (SAG) remains an
enigma; a general consensus is that Sbv acts upon
several targets that include influencing the
bioenergetics of Leishmania parasites by inhibiting
parasite glycolysis, fatty acid beta-oxidation and
inhibition of ADP phosphorylation 4-6. It has also been
reported to cause non specific blocking of SH groups
of amastigote proteins and cause inhibition of DNA
topoisomerase I 7 . More recently, it has been
demonstrated that antimony can alter the thiol-redox
potential in both forms of the parasite by actively
promoting efflux of thiols, glutathione and
trypanothione, thus rendering the parasite more
susceptible to oxidative stress8.

The exorbitant cost of brand formulations of Sbv
prompted Medicins Sans Frontieres to commission
three studies in Sudan, Kenya and Ethiopia to
compare the efficacy in VL of the generic SAG
(Albert David, Kolkata India, costs US $13 per
patient) vs. branded SAG (Pentostam, GlaxoWellcome, UK, costs US $200 per patient) 9. It was
conclusively proven that no significant difference
existed between the two formulations as generic SAG
was equally effective in terms of efficacy and safety
in all forms of leishmaniasis and importantly,
achievable at a substantially lower cost. However,
caution must be exercised before using Sbv from new
manufacturers as bad batches caused fatal
cardiotoxicity10. In two reports from India and Nepal,
high incidence of fatal cardiotoxicity was reported
with use of antimony made from an unknown
manufacturer 10,11.
Post kala-azar dermal leishmaniasis (PKDL), a
dermatological manifestation generally following VL
infection occurs predominantly in India and Sudan.
Although in both L. donovani is the causative
organism, Indian PKDL requires prolonged treatment
(>120 days)12 whereas for the Sudanese variety, two
months treatment is considered adequate 13.
Pentamidine isethionate: Pentamidine, an aromatic
diamidine has been previously used as a second line
of treatment for VL but its precise mode of action
has yet to be elucidated. Since it is a competitive
inhibitor of arginine transport and non competitively
inhibits putrescine and spermidine, its leishmanicidal
actively is possibly mediated via its influence on
polyamine biosynthesis and the mitochondrial
membrane potential14.
Pentamidine was initially proven to be useful in
Sb resistant kala-azar cases in India15 but the limiting
factors were the expense and above all the
unacceptable toxicity as it causes irreversible insulin
dependent diabetes mellitus and death. Further, its
declining efficacy (as only about 70% patients could
be cured16), has led to its being totally abandoned in
India.
v

Amphotericin B and its lipid formulations :
Amphotericin B is an antifungal macrolide antibiotic
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isolated from Streptomyces nodosus . Its
antileishmanial activity was first shown in the early
1960s attributed to its selective affinity for 24
substituted sterols, namely ergosterol vis-a-vis
cholesterol, the primary sterol counterpart in
mammalian cells eventually helping to increase drug
selectivity towards the microorganism. However, at
higher concentrations (>0.1 µM), it triggers cationic
and anionic influx via the formation of aqueous pores
resulting in cell lysis17.
Amphotericin B has excellent leishmanicidal
activity. Faced with increasing SbV unresponsiveness
of VL in India over the last decade, amphotericin in
a dose of 0.75-1 mg/kg for 15 to 20 infusions either
daily or on alternate days has consistently produced
cure rates of about 97 per cent and is now the drug of
choice in north Bihar18. Major limiting factors include
an almost universal occurrence of infusion based
reactions like high fever with rigor and chills,
thrombophlebitis and occasional serious toxicities
like myocarditis, severe hypokalaemia, renal
dysfunction and even death. Thus, its use at
peripheral health posts was prevented by frequent
adverse events, the need for prolonged hospitalization
and close monitoring.
Toxic effects of amphotericin B deoxycholate
have been largely ameliorated with the advent of lipid
formulations of amphotericin B. In these
formulations, deoxycholate has been replaced by
other lipids that mask amphotericin B from
susceptible tissues, thus reducing toxicity,
and facilitate its preferential uptake by
reticuloendothelial cells, thus achieving targeted drug
delivery to the parasite resulting in increasing
efficacy and reduced toxicity. Three such lipidassociated formulations of amphotericin are
commercially available: (i) liposomal amphotericin
B (AmBisome; Gilead Sciences, Foster City, CA,
USA); (ii) amphotericin B lipid complex [Abelcet
(ABLC); The Liposome Co, Princeton, NJ, USA];
and (iii) amphotericin B colloidal dispersion
[Amphocil (ABCD); Sequus Pharmaceutical; Menlo
Park, USA].
These preparations have been tested successfully
in VL in India, Kenya and Brazil, as also Europe,

347

where HIV co-infected individuals were included18.
AmBisome was the first to be evaluated and is licensed
in several European countries and USA for primary
treatment of VL. For immunosuppressed patients,
AmBisome in a total dose of 40 mg/kg spread over 38
days is recommended 19, but has not been formally
compared with shorter regimens; unfortunately, all coinfected patients relapsed. In immunocompetent
patients in Europe and South America, total doses of
18-24 mg/kg, and in Kenya 14-18 mg/kg given over
10 days cured 90-100 per cent patients20. In Indian
VL, a dose of 6 mg/kg (2 mg/kg x 3) cured 100 per
cent21 and 3.75 mg/kg cured 89 per cent patients22.
In a subsequent study employing a single dose of
7.5 mg/kg of AmBisome, 90 per cent patients were
cured with minimal adverse events23. Effective single
dose treatment makes it possible to treat a large
number of patients in a very short time. In India, the
cost of a single 5 mg/kg dose of AmBisome for a 30
kg patient is about US$ 600 (Rs.27000/-), compared
with US$ 60 (Rs. 2700/-) for a typical treatment
regimen with conventional amphotericin B. This
difference is beyond the reach of most patients in
developing countries, despite the shortened hospital
stay. It is imperative that the price will have to be
substantially reduced if this, the most effective drug
of all in VL, is to be made of any use to those who
need it most. Similarly, a total dose of ABLC 10 to 15
mg/kg delivered over 5-10 days cured 90 to 100 per
cent of patients24,25. In Brazil, five and seven doses of
Amphocil (2 mg/kg) cured 90 and 100 per cent of
patients respectively, but side effects were a limiting
factor26,27. Of the three lipid formulations, AmBisome
is best tolerated.
Results from a recent three armed study in Bihar
where a direct comparison was made between
conventional amphotericin B (1 mg/kg/day on
alternate days for 30 days) and AmBisome and Abelcet
(both at a dose of 2 mg/kg/day for 5 days)28 showed
that though the overall cure rates of amphotericin B
were comparable with AmBisome or Abelcet being
96 vs. 96 vs. 92 per cent, respectively, the lipid
formulations had an upper edge as they produced
distinctly lower toxicities, notably the absence of
nephrotoxicity and significantly lower infusion
reactions. However, when the cost factor was taken
into consideration, the cost of amphotericin B was
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almost half that of AmBisome or Abelcet being US$
417 vs. $872 and $947 respectively28. Alternatively,
single dose regimens for AmBisome (5 mg) was
comparable with a similar dose administered for 5 days
with similar cure rates of 91 and 93 per cent
respectively; this single dosage showed excellent
tolerance and safety coupled with a tremendous
economic impact as hospital stay would be was
considerably reduced23,29. However, in India, where the
hospital stay cost is low, shortened hospital stay does
not offset the high drug cost compared to affluent
states like Greece where two infusions each of 10 mg/
kg of AmBisome achieved 97.5 per cent cure30.
Oral chemotherapeutic agents
Miltefosine: Several alkylphospholipid derivatives like
miltefosine, ilmifosine and edelfosine, originally
registered for antineoplastic activities fell out of favour
due to severe gastrointestinal toxicities31. The entry
of miltefosine into the therapeutic armamentarium of
leishmaniasis is considered as a landmark event as for
the first time, an orally effective antileishmanial agent
had been identified. In a phase I/II dose escalation
trial in India which established that in adults, a daily
dose between 100-150 mg for 28 days was well
tolerated and would cure most of the patients32. This
was followed by a series of phase II studies confirming
results of the pilot study33,34. This led to a multicenter
pivotal phase III study in which a high cure rate (94%)
unquestionably established it as the first orally
effective antileishmanial agent thus revolutionizing
antileishmanial therapy35. Its efficacy has also been
reported in Sbv resistant cases35. Its adverse effects
were mild to moderate gastrointestinal disturbances
that included vomiting and diarrhoea in 40 and
15-20 per cent of patients respectively. Depending on
the individual weight, the recommended therapeutic
regimen for patients weighing less than 25 kg is a
single oral dose of 50 mg for 28 days whereas
individuals weighing more than 25 kg require a twice
daily dose of 50 mg for 28 days35. Miltefosine, was
registered for treatment of VL in India in March 2002.
Children constitute about 40 per cent of the patients
with VL in India. Since the trials described above
included patients in the age group of 12 yr and above,
additional trials were conducted to ascertain its safety
and efficacy in children. In two multicenter studies

involving 119 paediatric patients, it was established
that miltefosine in a daily dose of 2.5 mg/kg for
28 days would cure 94 per cent patients36,37.
The antileishmanial modus operandi of this
compound can be extrapolated from its effect on
mammalian cells where it causes modulation of cell
surface
receptors,
inositol
metabolism,
phospholipase activation, protein kinase C and other
mitogenic pathways eventually culminating in
apoptosis38,39.
However, at the end of the day, miltefosine has
its limitations in that it induces gastrointestinal
disturbances, and renal toxicity. Fortunately, these
symptoms are reversible and are not a major cause
for concern. As miltefosine is teratogenic, it is
contraindicated in pregnancy and women of child
bearing age group not observing contraception. A
potential problem is the prolonged half-life of
miltefosine (150-200 h) 40 that raises concerns for
emergence of resistance.
Paromomycin: Paromomycin (identical to
aminosidine), obtained from cultures of Streptomyces
rimosus, belongs to the class of aminocyclitolaminoglycosides and possesses both anti-bacterial
and antiprotozoal activity. Although developed in the
1960s as an anti-leishmanial agent, it remained
neglected until the 1980s when topical formulations
were found to be effective in cutaneous leishmaniasis
(CL) and a parenteral formulation for VL was also
developed.
Paromomycin has been used either alone or in
combination with SbV for the treatment of VL, and
was first reported by Chunge et al41, albeit in small
number of patients. Its superiority in combination with
Sb v compared to Sb V alone has clearly been
demonstrated in several studies from India42-44. In a
three armed study where paromomycin (12/16/20 mg/
kg daily for 20 days) was compared with Sbv (20 mg/
kg/day for 30 days). Paromomycin (16/20 mg/kg)
cured 93/97 per cent of VL patients respectively, while
antimony alone had a dismal cure rate of 63 per
cent 44. A study from Sudan45 also demonstrated that
while combining with SbV it was possible to reduce
the duration of treatment from 30 days to 20 and 17

SUNDAR & CHATTERJEE: CURRENT THERAPIES FOR VL

days respectively, with superior efficacy and decreased
mortality. With regard to VL, a monotherapeutic
regimen of 12/16/20 mg/kg/day for 20 days had cure
rates of 77/93/97 per cent respectively and doses were
well tolerated. It was proposed that a 21 day course of
aminosidine (16/20 mg/kg/day) could be considered
as a first line treatment in Bihar44,46. Unfortunately the
clinical development of paromomycin came to a
grinding halt as the manufacturers stopped production
and only when it was resumed by another company
(Pharmamed in Malta), could a pivotal phase III trial
to register this drug for VL be undertaken. In 2002,
the Gates Foundation funded this project through the
Institute of One World Health, USA and the TDR wing
of World Health Organization. The trials in VL have
just been completed in Bihar, India, and preliminary
analysis suggested that its efficacy is comparable to
other licensed drugs, and tolerability is excellent. This
drug is likely to cost approximately US$ 10-20 for
one adult treatment course, and thus should be
considered as the cheapest antileishmanial drug.
The mechanism of action of paromomycin has been
linked to the inhibition of cytochrome
C reduction in Candida krusei47, while mechanisms
specific to Leishmania still require further elucidation.
Paromomycin in L. donovani promoted ribosomal
subunit association of both cytoplasmic and
mitochondrial forms, following low Mg2+ concentration
induced dissociation 48. Paromomycin also induces
respiratory dysfunction in L. donovani promastigotes49.
Other oral compounds
Azoles: Azoles (Ketoconazole, fluconazole,
itraconazole, etc.) are essentially sterol bio-synthesis
inhibitors and their efficacy against L. tropica was
first reported by Berman in 1981 50 . Azoles
specifically block ergosterol synthesis and as the
presence of ergosterol as a membrane component is
shared between fungi and Leishmania, it accounts
for many antifungal sterol biosynthesis inhibitors
(SBIs) to also be leishmanicidal51. Most SBIs impair
the biosynthesis of ergosterol by blocking
14-á-demethylase, leading to the accumulation of
14-á-methylsterols. This results in impaired
membrane stability and in growth inhibition of fungi
and possibly in Leishmania as well. Azoles have been
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shown to be active against a wide range of
promastigotes and amastigotes52-54.
Leishmania species differ in their sensitivity to
azoles as L. donovani , L. braziliensis and
L. amazonensis promastigotes are more sensitive than
L. aethiopica, L. major, L. tropica and L. mexicana.
However, this analogy cannot be extrapolated to
clinical studies. Both ketoconazole and fluconazole
have undergone evaluation in VL in India 55,56 .
However, despite reports of the former’s usefulness,
their antileishmanial activity was not enough to
induce clinical cure by themselves 57-60.
Immunomodulators
Leishmania infection is classically associated with
a depression of T helper type 1 cells and preferential
expansion of T helper type 2 cells and accordingly,
skewing of T helper cells towards a Th1 response is
considered as a promising therapeutic strategy 61.
Although the macrophage has effective mechanisms
to decimate intracellular pathogens by generating
toxic metabolites like nitric oxides and reactive
oxygen species for which their activation by
interferon-gamma (IFN-r), released by Th1 cells is
mandatory, the Leishmania is a devious pathogen that
evades the immune response by selectively
attenuating pro-inflammatory signalling pathways62.
Clinical trials with IFN-r alone and/or in
conjunction with Sbv were undertaken, and with Sbv
it was reported to be useful in treating severe or Sb
refractory VL in Brazil63, however, in India in a large
(n=156) randomized study comparing Sbv alone with
Sbv plus IFN-r for 15 or 30 days had disappointing
results as the final cure rate with Sbv plus IFN-r for
15 or 30 days was 42 and 49 per cent, respectively64.
Sitamaquine: Sitamaquine, an orally active 8aminoquinoline analog (8-aminoquinoline (8-[6(diethylamino)hexyl]amino]-6-methoxy-4methylquinoline), was originally developed as
WR6026 by the Walter Reed Army Institute in
collaboration with GlaxoSmithKline in response
to a pressing need for orally effective agents for
VL, its effectiveness was validated in animal
models 65,66 .
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Several small phase I or II clinical trials have
been undertaken with limited success. The cure rate
for VL with sitamaquine in a Kenyan phase II study
at a dose of 1 mg/kg/day for 28 days was 50 per
cent 67. Several years later, in a Brazilian phase II
trial, the same dose of sitamaquine cured none of
the four VL patients while a 2 mg/kg/day for 4 wk
gave a maximum efficacy of 67 per cent;
surprisingly, a linear correlation could not be
sustained as increasing the dose to 2.5 mg/kg/day
resulted in decreased efficacy concomitant with
enhanced adverse effects such as nephropathy and
methaemoglobinaemia 68. In a multicenter phase II
trial in India, sitamaquine demonstrated excellent
antileishmanial activity at a daily dose of 1.75 2 mg/kg for 28 days (Sundar S, Jha TK, Thakur CP,
unpublished observations). However, more studies
are needed to evaluate some of the safety issues as
this drug appears to have clinical efficacy that
warrants further development.
Conclusion
As opposed to two decades ago when Sbv was the
only option for the treatment of patients with VL,
considerable therapeutic advances have taken place.
The advent of amphotericin B and its lipid
formulations can be considered an important
breakthrough with increased safety and shorter
duration of treatment. Discovery, development and
registration of oral miltefosine for the treatment of
VL in India has opened up newer vistas. The likely
approval of paromomycin and further development
of oral sitamaquine will, for the very first time,
provide an opportunity to clinicians to look at the
combination chemotherapy of VL thus providing a
safe and effective shorter course of treatment which
would also be affordable.
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Visceral leishmaniasis (VL) is caused by the protozoan parasite Leishmania donovani and
transmitted by the bite of infected sandfly Phlebotomus argentipes. Nearly half of the VL cases
occur in children (childhood or paediatric VL). The clinical manifestations of childhood VL are
more or less same as in the adults. Prolonged fever with anorexia and loss of appetite are the major
presenting features. Marked enlargement of the spleen and liver (spleen larger than liver) with
moderate to severe anaemia and changes in hair take place. Bacterial infection is a common coinfection and intestinal parasitic infestations are very common in children with VL. Liver function
tests, blood, urine and stool may show abnormalities. Confirmation of diagnosis is made by
demonstration of parasite by microscopic examination and culture of materials obtained by bone
marrow aspiration or splenic puncture. Sodium antimony gluconate (stibogluconate) has been the
drug of choice for over past 50 yr. Pentamidine isothionate, though effective is relatively toxic.
Amphotericin B is the most effective drug for the treatment of VL. Miltefosine is the first-ever oral
drug, is highly effective. Post kala-azar dermal leishmaniasis (PKDL) in children poses a therapeutic
challenge. In the absence of an ideal vaccine for VL, control measures would essentially include
prevention of transmission through vector control and community awareness.

Key words Childhood VL - clinical features - miltefosine - sodium antimony gluconate

Visceral leishmaniasis (VL) is caused by the
protozoan parasite Leishmania donovani and
transmitted by the bite of infected sandfly
Phlebotomus argentipes. Nearly half of the VL cases
occur in children (childhood or paediatric VL).

presenting features. Marked enlargement of the
spleen and liver (spleen larger than liver) with
moderate to severe anaemia, pancytopenia and hair
changes occur. Cough and haemoptysis may be due
to co-infection of pulmonary tuberculosis. Bacterial
infection (pneumonia, septicaemia, otitis media,
urinary tract infections and skin infections) is a
common complication. Bacterial superinfection is
one of the major complications leading to death in
children with VL. Parasitic infestations of the gut
are very common in paediatric VL patients.

Clinical features
The clinical manifestations of childhood VL are
more or less same as in the adults. Prolonged fever
with anorexia and loss of appetite are the major
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Epidemiology
Global estimate: The global estimates for the
incidence and prevalence of kala-azar cases per year
are 0.5 and 2.5 million, respectively1. More than 90
per cent of the world’s VL cases are in India,
Bangladesh, Nepal, Sudan and Brazil. The incidence
of kala-azar in India is among the highest in the
world 2,3.
Indian situation: VL has been one of the major health
problems in the State of Bihar in India, for the past
three decades or more. At present, 28 of 37 districts
are endemic. Ninety per cent of all the cases in India
are reported from Bihar State alone. VL is also being
reported from several districts of West Bengal and
Uttar Pradesh (adjoining Bihar). Bihar, being the
second most populous and poorest State in India, has
reported as many as 200,000 deaths from kala-azar
so far. The adjoining low lying alluvial regions of
Nepal-Bihar border are endemic zone for VL. In
India, the calculated DALYs (disability-adjusted life
years) lost due to kala-azar in 2002 were 19433 of
which, nearly 50 per cent occur among children4.
The vector and disease transmission
The species of phlebotomine sandflies, which
spread the disease, become infected by biting infected
animals (e.g., rodent or dog) or man. Since sandflies
do not make noise when they fly, children may not
realize that they are present. Sandflies are very small
and may be hard to see; they are only about onethird the size of typical mosquitoes. They are usually
most active in twilight, evening, and night hours
(from dusk to dawn) and less active during the hottest
time of the day. However, they will bite if they are
disturbed, such as when children brush up against
the trunk of a tree where sandflies are resting. Rarely,
leishmaniasis is spread from a pregnant woman to
her baby. Blood transfusions or contaminated needles
also can spread the disease 5.
Diagnosis
A presumptive provisional clinical diagnosis is
made on the basis of presenting clinical features and
history of living in an area endemic for VL. Routine

blood examination reveals leucopenia, moderate to
severe anaemia and thrombocytopenia. Urine
examination may reveal mild proteinuria. Stool
examination may reveal presence of ova, cyst or
different intestinal protozoa or helminths.
Liver function tests may show hypoalbuminaemia,
normal or mild hyperbilirubinaemia with or without
raised liver enzymes like serum glutamate
oxaloacetate transaminase (SGOT), serum glutamate
pyruvate transaminase (SGPT) and alkaline
phosphatase. Serum urea and creatinine levels are
usually normal.
Aldehyde test, although nonspecific and
discarded, is strongly positive after 3 months. The
new and simple rK39 diagnostic kit may be useful
screening test 6,7. Confirmation of diagnosis is made
by demonstration of parasite by microscopic
examination of materials obtained by bone marrow
aspiration or splenic puncture. Splenic puncture
is safe in expert hands and when the prothrombin
time is within normal limits. Promastigotes may
be demonstrated by culture of material obtained
by bone marrow aspirate or splenic puncture or
blood culture in Novy-MacNeal-Nicolle (NNN)
medium.
Treatment
Sodium antimony gluconate (stibogluconate) has
been the drug of choice for over past 50 yr. Initially
the dosage was 10 mg/kg per day deep im for 7 days.
With the appearance of significant unresponsiveness
to the drug, the currently recommended dosage is
20 mg/kg body weight per day for 30 days. Recently,
resistance to antimony preparations has been
reported to be about 50-60 per cent, and a number
of toxicities including fatal cardiac toxicity have
been observed8-10.
Pentamidine isothionate, though effective is
relatively toxic. The dosage is 3 mg/kg body weight
per day given slowly intravenous on alternate days
for 5 doses. About 10 per cent of patients treated
with the drug have been reported to develop
irreversible diabetes mellitus. This drug is available
in Bihar only through governmental sources11.
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Amphotericin B in a dosage of 1 mg/kg per day
for 14 days is the most effective drug for the
treatment of VL. The drug is required to be given by
slow infusion over a period of 4 h on alternate days.
Hypokalaemia and rigour are major side effects.
Renal and ototoxicity have also been observed. The
drug is costly and patients are required to be
hospitalized 12,13 . Amphotericin B lipid complex
(Ambisone) is highly effective in a single dose but
the drug is prohibitively costly14.
Miltefosine is the first-ever oral drug developed
for the treatment of new and resistant cases of VL.
Miltefosine is highly effective (>95% final cure
rate). The dose of the drug is 2.5mg/kg body weight
per day in 2-3 divided doses for 28 days. Side
effects include mild diarrhoea and vomiting. The
drug has been licensed in India and Germany.
Miltefosine is now considered to be the first line
of drug of choice for the treatment of VL in
children 15-18.
Paramomycin 15 mg/kg body weight per day for
21 days has recently been found to be highly
effective for the treatment of VL in adults and has
to be administered by the intramuscular route. The
efficacy of the drug in children is yet to be
demonstrated 19 .
Post kala-azar dermal leishmaniasis (PKDL) in
children poses a therapeutic challenge. It is
generally treated by prolonged courses of
stibogluconate or amphotericin B. The dose and
duration of such treatment are yet to be
standardised. Effectiveness of miltefosine and
paramomycin with their dosage and duration of
treatment remains to be studied by carefully planned
controlled clinical trials.
Combination of two or more drugs particularly
for the treatment of VL and PKDL is an attractive
proposition, and is expected to reduce the duration
and toxic side effects of therapy and may also
minimize the cost. However, combinations which
would be synergistic in their actions, supported by
pharmacokinetic data, require to be studied in welldesigned human trials.
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Prevention and control strategies
Since VL is a chronic disease and results in a lot
of hardship on the part of the children and their
parents, prevention and control strategies are the best
solution. In the absence of an ideal vaccine for VL,
control measures would essentially include
prevention of transmission through vector control and
community awareness20.
However, despite efforts made to achieve disease
control, the transmission goes on unabated spreading
to new areas, which were earlier considered non
endemic. Risk factors like poverty, malnutrition,
illiteracy, and behavioural and ecological conditions
are some of the important determinants of VL
affecting the poor population. The health facilities
at peripheral level are inadequate to cater to the needs
of the community. As a result, the poor people depend
on local quacks for treatment. When treatment by
these quacks fails to give relief or cure, the people
go with their children to big cities for treatment. Such
treatment being expensive, they are forced to sell
their property, other belongings or even their houses.
Thus, this disease aggravates poverty.
Vector (sandfly) plays an important role in disease
transmission. High incidence of VL is reported during
pre-monsoon season that coincides with vector
abundance and increased man-vector contact due to
sleeping habits of children in open space in summer.
The vectors are found in abundance in peridomestic
vegetations around the households during the period,
which are usually not covered by insecticide spray
operation. Resistance to DDT by the vectors is also
a matter of concern.
Community awareness and participation act as
fulcrum in sustainability of any successful
community programme. Studies undertaken on
community awareness of kala-azar and PKDL
revealed poor knowledge of disease transmission,
vector habitats, use of impregnated bed nets and
occurrence of PKDL21. Low acceptance of DDT spray
leads to inadequate coverage. Social stigma related
to macular and nodular skin lesions of PKDL leads
to low case identification and treatment. Sandflygenic
conditions like mud plastered houses, granaries
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inside houses with cracks and crevices, inadequate
light, bushes, vegetations especially bamboo trees in
and around houses, heaps of cow dung stocks near
living areas are prevalent in the areas from where
most cases are reported. Better community awareness
on disease causation, vector transmission and health
seeking behaviour will help in making a change in
the existing scenario.
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Leishmania-HIV co-infection has been globally controlled in Southern Europe since 1997 because
of highly active anti retroviral therapy (HAART), but it appears to be an increasing problem in
other countries such as Ethopia, Sudan, Brazil or India where both infections are becoming more
and more prevalent. Most of the scientific background on Leishmania/HIV co-infection has been
dropped from the Mediterranean experience and although the situations among countries are not
fully comparable, it is of high importance to take advantage of this knowledge. In this review
several aspects of the Leishmania/HIV co-infection are emphasized viz., epidemiological features,
new ways of transmission, pathogenesis, clinical outcome, diagnosis, treatment and secondary
prohylaxis. An extensive review of the literature on Leishmania/HIV co-infection has allowed the
inclusion of a comprehensive and updated list of bibliographical references.
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The development of the HIV/AIDS pandemic
during the last 20 yr has modified the spectrum of
leishmaniasis in both the clinical and epidemiological
fields. From middle of the 1980s, when the first case
of leishmaniasis associated with human
immunodeficiency virus (HIV) infection was
published1, an increase in the cases of co-infection
has been registered; to date cases in 35 countries have
been detected2 (Fig. 1).

fundamentally from rural transmission.
Epidemiological changes, such as the increase of the
population in suburban areas where the vector and
the reservoir abound, have increased this overlap.
To date, the greatest prevalence of Leishmania/
HIV co-infection has been in the Mediterranean
basin. Of more than 2,000 cases notified to the WHO,
90 per cent of them come from Spain, Italy, France
and Portugal 2-5. From the beginning of the AIDS
epidemic up to the era of highly active antiretroviral
therapy (HAART), between 25-70 per cent of all the
cases of visceral leishmaniasis (VL) in these
countries were associated with HIV infection, and it

The increase in the number of cases of coinfection arises from the overlap between the AIDS
epidemic, basically from urban transmission, and the
areas in which leishmaniasis is endemic,
357

358

INDIAN J MED RES, MARCH 2006

Fig. 1. Countries with endemic leishmaniasis and with Leishmania-HIV co-infection. (reproduced with permission 2 ).
global distribution of leishmaniasis;
countries that have reported co-infection.

is anticipated that up to 1.5-9 per cent of AIDS
patients suffer a bout of leishmaniasis, either as a
new infection or as revival of a latent infection4. The
epidemiological data for Southern Europe indicates
that HIV infection is a risk factor associated with
VL6. A study carried out by Kubar et al7 demonstrated
that in zones of endemic leishmaniasis, such as the
south of France, about 10 per cent of HIV+ individuals
had an asymptomatic Leishmania infection.
Similarly, in a series of HIV+ patients studied by
Alvar et al8 this percentage was to 17 per cent. In
fact, two thirds of the cases of VL registered in
Madrid in the last decade were associated with HIV
infection 6.
The majority of the cases of co-infection
registered in the South American continent happen
in Brazil, where the incidence of AIDS has increased
from 0.8 cases every 100,000 inhabitants in 1986 to
12.3 in 20019,10. In Africa the number of cases has
started increasing, affected by social phenomena such
as mass migration and wars 11 . In Addis Ababa
(Ethiopia) 35 per cent of all the cases of leishmaniasis
were found to be associated with HIV infection
(Berhe N, personal communication), while for Sudan

this percentage was 8 per cent12. In Asia cases of coinfection are being registered in India, Bangladesh
and Nepal, countries in which the situation will be
aggravated by the phenomenon of increasing
resistance to antimonials13-15. Also leishmaniasis has
been described as an imported infection among HIV+
patients from non-endemic areas like Northern
Europe 16.
Nevertheless, the real impact of Leishmania/HIV
co-infection is probably underestimated on the global
scale due to deficiencies in the surveillance systems.
The fact that leishmaniasis is not included among
the AIDS defining diseases of contributes to this
scarcity of information. For this reason, from 1998
the WHO, in collaboration with the United Nations
HIV/AIDS programme (UNAIDS), has created an
active surveillance network to determine the real
dimension of this problem 5.
Considering principally the data from the
Mediterranean basin, it can be said that the
prevalence of VL in AIDS patients is between 100
and 2320 times greater than in immunocompetents
or other non-HIV + , immunodeficient groups of
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people 2,5,6,17-19 . From this information it can be
highlighted that the AIDS epidemic indirectly reflects
the prevalence of latent leishmaniasis in the general
population19.
Particularly in Spain, the epidemiological view
of VL has changed since the advent of the AIDS
epidemic. Until 1985 the majority of VL cases
occurred in immunocompetent children, while since
then this proportion has inverted and up to 80 per
cent of the VL cases are related to immunodeficient
adults, the great majority of whom are HIV +6,20, 21. In
fact, in this country VL is the third most common
parasitic disease in HIV+ patients, after toxoplasmosis
and cryptosporidiosis 22.
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being able to happen independently of an increase in
the number of CD4 + cells and even with an
undetectable viral load. However, it should be noted
that the appearance of relapsing happens an average
of 7 months later in patients who receive HAART
than in those who do not receive it.
In spite of the positive data associated with the
use of these drugs, the benefits of this therapy are
only available to 5 per cent or less of the HIV +
patients in the world39. In developing countries where
HAART is not available, the incidence of
opportunistic infections like Pneumocystis carinii is
increasing40, which leads to the belief that the same
thing can happen with Leishmania/HIV coinfection4,41-43.

Co-infection in the HAART era
Aspects of transmission
It is well known that the arrival of HAART has
modified the natural history of HIV infection and its
opportunistic infections, including leishmaniasis23-25.
Moreover, it has allowed a partial but substantial
recovery of several immune functions in HIV +
patients 26 , avoiding the need to use secondary
prophylaxis27-30.
The beneficial effect of HAART has been
demonstrated on other opportunistic infections, such
as toxoplasmosis, cryptosporidiosis and
microsporidiosis7, 31-33. A study carried out in France
demonstrated that the incidence of VL in HIV +
patients dropped from 12 in every 10,000 people per
year before 1996 to 7 per 10,000 per year after 1996,
the year in which HAART therapy was introduced
in this country25. Similar data have been published
for Spain and Italy34,35.
It is considered that the co-infected patients who
receive HAART have a better rate of survival than
those who do not receive it 6,36. Once the immune
response has been restored, the patient shows better
possibilities of controlling the initial Leishmania
infection37. Unfortunately, HAART does not turn out
to be so beneficial when it comes to preventing
relapses. It has been determined that between 38
and 70 per cent of the co-infected patients who
receive HAART end up relapsing in the 24 months
after the anti-Leishmania treatment34,38, the relapses

Although the geographical distribution of
Leishmania infection is restricted to the distribution
areas of the Phlebotomus and Lutzomyia vectors, the
HIV infection modifies the traditional zoonotic/
anthroponotic transmission patterns. The poor
therapeutic success rates, the high level of relapsing
and the high parasitaemia of VL in HIV+ patients, as
well as the atypical manifestations of the illness that
complicate the diagnosis and the difficulty of access
of these patients to the sanitary resources, mean that
the co-infected patients increase the number of
human reservoirs in areas where the transmission is
anthroponotic. In addition, these same characteristics
may help to create new foci of anthroponotic
transmission in areas where the transmission of
leishmaniasis has been traditionally zoonotic44.
In the countries of the Mediterranean basin, up to
70 per cent or more of the cases of VL in adults are
associated with infection by HIV. Of these patients
between 50 and 90 per cent, according to the country
(Fig. 2), are intravenous drug users (IVDUs)21,45. A
common factor between these individuals is the
sharing of syringes and doses, such that Alvar et al8
proposed that this habit could be considered an
alternative cycle of Leishmania transmission,
characterized by being artificial, epidemic and
anthroponotic. A series of data support this
hypothesis, such as the presence of L. infantum
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Fig. 2. Distribution of co-infected patients by risk group and country (n=1911). (reproduced with permission2).

zymodemes in co-infected IVDUs that have not been
isolated in either immunocompetents or in dogs (the
natural reservoir of L. infantum). Also, 52 per cent
of the co-infected patients exhibit amastigotes in
peripheral blood, which is rare in immunocompetent
patients 46,47 . Entomological studies suggest that
transmission is physically possible via shared
syringes, since even the small volume usually
engorged by a sand fly (0.3-0.5 µl) was sufficient to
initiate the spread of the parasite, in 100 per cent of
the studied cases. IVDUs commonly can exchange
up to 0.3 ml of blood when sharing syringes, a
quantity that can assure the transmission of the
parasite and explain the high prevalence of VL
between HIV + IVDUs 48 . This hypothesis was
reinforced by the findings of Cruz et al 49 that
demonstrated the existence of Leishmania DNA in
the residual blood in syringes used by IVDUs.
Pineda et al50,51 and Del Giudice et al25 came to the
same conclusions after conducting different
epidemiological studies in which they measured the
prevalence of antibodies and the cellular response to
Leishmania in IVDUs, that the prevalence of the indicators
of Leishmania infection was greater in the IVDU
population, independently of whether HIV infection was
present or not. The results obtained by these teams indicate

the epidemiological importance that this group can have
in endemic zones of leishmaniasis.
Occasionally, the transmission of Leishmania has
been described by alternative methods that are also
shared by HIV infection, including blood transfusion,
congenital transmission, and in-laboratory
infection 52 . Therefore, even though no case of
Leishmania/HIV co-infection due to any of these
situations has been described, it is necessary to pay
attention to these possible methods of transmission.
Population at risk
Globally, the majority of leishmaniasis cases
happen in the HIV-negative population, where it is
considered to be principally a childhood
disease23,53-56. In fact, in the Mediterranean basin, the
majority of the paediatric patients with leishmaniasis
are HIV-negative57, with 3 yr old being the average
age of those diagnosed with VL58. In Bangladesh the
average age is higher, with the greatest incidence in
3-14 yr old, possibly due to associated malnutrition
(Bern, C., personal communication). However, the
association of infection by Leishmania and HIV has
resulted in a significant change in the age of the atrisk population, leading to the largest number of cases
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Fig. 3. Comparison by risk group of the distribution of Leishmania/HIV co-infection (n=1911) in southwestern Europe and in Brazil.
(reproduced with permission10).

in people aged between 31-50 yr currently, coinciding
with the predominant age of the principal at-risk
group, the IVDUs2.
In the southwest of Europe, 65 per cent of the HIVand 83 per cent of the HIV+, patients that suffer from
leishmaniasis are male6,42,43, which reflects the density
of the IVDU population. This is the case in the
Mediterranean basin, where within the HIV at-risk
groups, the highest frequency of co-infection is
shown by the IVDUs 25,59,60, who account for over
70 per cent of the cases 2 . Nevertheless, the
distribution profile of co-infection for groups at risk
is not homogeneous and depends on the local
characteristics of HIV transmission (Fig. 3).
In certain societies, the limited access of women
to medical care, due to social or cultural barriers,
can lead to underestimating the real impact of the
leishmaniasis among them. Though some
experimental models with mice suggest that they
might be less inclined to develop clinical symptoms
of VL55,61,62, it remains unclear if women are, due to
their constitution, protected against leishmaniasis. In

fact, in Bangladesh the mortality associated with a
bout of VL is 15 per cent in women, while the same
figure for men is 5 per cent, though this could be
associated with poor access to medical resources 63.
Among the HIV + it is considered that between
33-78 per cent of the patients co-infected with a first
bout of VL must have had previously defined criteria
of AIDS6,17,19,22,50,60,64-66. Nevertheless, VL can be the
first infection related to HIV in 13-47 per cent of
patients6,17,22.
The size of CD4+ cells count is £ 200/µm3 in 6290 per cent of the co-infected patients and < 50/µl in
42 per cent of them6,25,46,66. However, VL also appears
in HIV + patients with different levels of
immunodepression or in ymptomatics17,22,46,64.
There are studies that suggest that the success of
the therapeutic response may be inversely related to
the viral load prior to treatment67. Another fact that
also seems clear is that the patients who do not
receive HAART have more possibilities of
developing a bout of leishmaniasis and they show
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great risk of therapeutic failure, as well as of clinical
and parasitological relapse 6,46,68.
Given that a good cellular immune response is
critical for the control of the infection of Leishmania,
two mechanisms have been proposed by which the
immunodepresion might allow the appearance of a
clinical VL bout 16,46: (i) allowing the revival of a
latent infection, as happens with a large proportion
of the opportunistic infections associated with AIDS;
and (ii) facilitating the appearance of active VL after
the initial infection.
Microbiological aspects
The majority of the cases of Leishmania/HIV coinfection has been described in adults infected by
HIV-1; however, they have also been reported in
patients infected by HIV-246. In these patients, the
VL is caused principally by L. infantum or
L. donovani46. Other species of Leishmania, such as
L. braziliensis 69,73, L. aethiopica74, L.tropica75,76, and
L. major77, have been described as responsible for cases
of co-infection, according to the geographical area
concerned.
Three important considerations can be derived
from the microbiological aspects of Leishmania/HIV
co-infection: (i) a high variability of L. infantum
zymodemes affecting co-infected people exists 78;
(ii) several new zymodemes have been described
exclusively in HIV+ patients, which have not been
discovered in immunocompetents or dogs of the same
geographical area46,47; and (iii) the anergy state of
HIV + patients allows cutaneous Leishmania
zymodemes to visceralize and viceversa79. Various
dermotropic zymodemes of L. infantum, as well as
of L. braziliensis, L. mexicana and L. amazonensis,
have been described as causes of VL in HIV +
patients80-83. In addition, some visceral tropic variants
of L. infantum84 and L. chagasi85,86 have been found
in cutaneous lesions, and even in healthy skin of HIV+
patients87.
Pathogenesis of the Leishmania/HIV co-infection
Both infectious agents, in addition to producing
similar effects in the host, share target cells. Leishmania

infects and multiplies inside the macrophages, and the
HIV can also invade and replicate in these cells, in
addition to T CD4 + cells88,89. The presence of both
microorganisms in the same cellular type can have
important implications in their expression and spread90.
Both infections change the predominant cellular
immune response of Th1 or Th0 to Th2 through
complex mechanisms mediated by cytokines,
conferring susceptibility to both infections, according
to the murine model91. Among the cytokines changes
it has been recorded is an inhibition in the production
of inferon gamma (IFN-r), which causes a deficiency
in the leishmanicidal capacity of the macrophages92,
disabling their ability to eliminate the intracellular
amastigotes by means of nitric oxide’s toxic action93.
The effects of the viral infection tend to predominate
over those caused by the parasite, and the
immunodepresion induced by the HIV prevails over the
cellular response caused by Leishmania46. The depletion
of T CD4+ cells related to the HIV infection implies a
loss of T cells capable of recognizing Leishmania
antigens and of stimulating the B-lymphocytes. This
would explain the high valuation of false negatives in
Leishmania serology in co-infected patients, in contrast
to those found in immunocompetent patients, who
present a strong specific humoral immune
response 94-96. HIV also provokes an inhibition of the
proliferative response against Leishmania, favouring the
spread of the parasite, so that parasites can be
encountered in atypical locations, and high parasitaemia
is seen in these patients.
It has been observed that infection by Leishmania
increases the replication of the HIV, as much in in
vitro cultures as in co-infected individuals 89 ,
principally due to chronic activation of the immune
system 97,98, which is one of the principal determinants
of the progression of the illness caused by the HIV.
The immune activation increases the expression of
viral co-receptors (CCR5 and CXR4), diminishes the
secretion of B cytokines99,100, and favours the entry,
integration, formation and release of viral particles101.
This brings with it an increase in the secretion of
tumour necrosis factor-alpha (TNF-a), interleukins
IL-2, IL-4, IL-6, and IL-10 and affects the cellular
cycle102,103. All this, therefore, results in a progression
of the immunodeficiency and a decline in the
patient’s survival rate104-109.

CRUZ et al: LEISHMANIA/HIV, CO-INFECTIONS

363

Fig. 4. Prevalence of the different forms of leishmaniasis in the co-infection, according to area (reproduced with permission 2,10). CL,
cutaneous leishmaniasis; VL, visceral leishmaniasis; MCL, mucocutaneous leishmaniasis; DCL, diffuse cutaneous leishmaniasis.

Compared to HIV+ patients without leishmaniasis,
co-infected patients show a cytokine profile with high
levels of IL-4, IL-10 and IL-2 receptor (IL-2R), and
a decrease in the production (post-stimulation) of
IFN-γ97,98,110.
It has been proved that the lipophosphoglicon
(LPG) of L. infantum can induce the expression of
HIV in mononuclear cells of peripheral blood
infected in a latent manner111, probably due to the
secretion of TNF-a 112,113 . The initiation of the
expression of HIV has been suggested from
observations that mark a progressive increase of the
load of viral ribonucleic acid (RNA) in co-infected
patients, associated with an increase in the levels of
IL-4, IL-6 and IL-10 97. In fact, the success in the
treatment of cutaneous, mucocutaneous and visceral
leishmaniasis has been correlated with the decrease
of the levels of TNF-a 114 . The response to the
leishmaniasis treatment in co-infected patients
depends on the initial viral load. Patients with good
response to the antileishmanial treatment showed a
marked reduction 67 in post treatment viral load, in
contrast, post-treatment HIV viral concentrations
were markedly increased among patients with poor
response to anti-leishmanial therapy.

Therefore, it is seen that VL promotes the
development of the defining conditions of AIDS43
and its clinical progression. Equally it reduces the
life expectancy of HIV + subjects. On the other hand,
infection by HIV raises the possibility of developing
VL by between 100 and 1,000 times (and sometimes
even more) in endemic areas 41,43 , it reduces the
possibility of post-treatment recovery, and it
increases the probability of relapsing6,21,41,43,46,68.
In this way, Leishmania/HIV co-infection
emerges as a very serious process, in which both
pathogens act in synergy.
Clinical presentation
Though the majority of infections by Leishmania
in HIV+ individuals show the classic signs of visceral,
cutaneous and mucocutaneous leishmaniasis in
immunocompetents115,116, the leishmaniasis associated
with HIV infection possesses several principal
characteristics: (i) parasitic dissemination via the
reticulo endothelial system without visceral
involvement, creating diffuse cutaneous leishmaniasis;
(ii) it has been suggested that almost any organ that
contains phagocytic cells could become infected117;
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(iii) atypical locations are affected as a consequence
of the parasite’s spread and deficiency in the cellular
immunity46; (iv) chronic progress and relapse115, with
each patient experiencing between two and three
relapses independently of the treatment received; (v)
poor response to classic therapy118; (vii) low presence
of anti-Leishmania antibodies, a factor that can be
observed in many endemic areas 119; and (viii) the
prevalence of the different forms of leishmaniasis is
particular to each zone, in relation to the causative
species of Leishmania (Fig. 4).
The clinical aspects are comparable to those of
the classic disease 19,65,115,119-121 . The period of
incubation is variable and can be related to age46,122.
During a bout of VL, other concomitant opportunistic
diseases can be diagnosed in 42-68 per cent of HIV+
patients 17,64. The visceral form is widespread and
generally not only affects the organs of the reticulo
endothelial system but also unusually in many other
organs 66.
A very important aspect in Leishmania/HIV coinfection is the appearance of post-treatment relapses,
as happens to 27 per cent of patients in the first six
months after treatment and up to 60 per cent in first
twelve months 19,123. These bouts are caused by the
reactivation of latent parasites because the immune
system is incapable of eradicating the infection,
although initially the patient may seem to have
recovered clinically 22.
The prognosis of VL in HIV + patients is very
different from that for immunocompetents. The
levels of relapsing and of mortality are greater in the
cases of co-infection. Before the introduction of the
new antiretroviral therapies, the mortality of coinfected patients reached 60 per cent in the first year,
of which 27 per cent died during the first month after
the diagnosis of VL124. Though the majority of the
patients die due to other diseases related to AIDS, it
is considered that leishmaniasis contributes to this,
causing immunosuppresion independently of the
HIV, and stimulating the virus replication.
Systemic signs and symptoms: The majority of coinfected patients display fever, hepatomegaly and/
or splenomegaly, hypergammaglobulinaemia and
pancytopenia 22,122.

Typically the splenomegaly is less frequent in the
HIV+125. The majority of co-infected patients present
some type of haematological cytopenia, the
frequency and the grade of anaemia, leucopoenia,
lymphopenia and thrombocytopenia have been
observed to be greater in this type of patient
than in the immunocompetent 6,121 . The
hypergammaglobulinaemia has limited diagnostic
value because not only is it frequently found in VL,
but also in HIV infection per se and in other chronic
infections. The constitutional syndromes (weakness,
anorexia and loss of weight) are frequent in 50-70
per cent of patients. The lymphadenopathy affects
15-60 per cent of patients. The disease tends to spread
to the skin and other organs, so that the presentation
outside of the reticulo endothelial system can lead
to clinical errors 8,126,127. Between 7-17 per cent of the
fevers of unknown origin in HIV+ patients are due to
Leishmania infection, and 45 per cent of the HIV+
patients diagnosed with VL present fever of unknown
origin 6.
Gastrointestinal implications: Gastrointestinal
implications are among the most frequent
complications in HIV+ patients 128,129. Leishmania has
been identified in the gastrointestinal tract of 50 per
cent of HIV - patients with VL 130, and also in those
who are HIV+. The parasite can appear in any section
of the gastrointestinal tract130-139. In HIV- patients the
principal digestive signs are diarrhoea,
malabsorption, hypoalbuminaemia and loss of
weight. However, these symptoms are not specific
in the AIDS patient, and therefore could have been
caused by another source140. Besides, Leishmania
can co-exist with other pathogens in the same stretch
of the digestive tract 141. Therefore, the endoscopy and
routine biopsy are the best diagnostic tools in HIV+
patients who display gastrointestinal symptoms of
unknown origin 137-139,141 . Endoscopic examination
gives very varied views, such as normal mucous,
oesophagus mucous with diffuse erythemas,
oesophagus mucous with extensive ulceration,
erosive gastroduodenitis, gastric ulcers and multiple
petechial lesions in the colon137,141. The co-existence
of Leishmania in Kaposi’s sarcoma lesions, ulcers
caused by cytomegalovirus, or in the oesophagus
caused by Candida or Herpes simplex have been
described137,141.
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Cutaneous and mucocutaneous implications: The
cutaneous involvement in VL is rare 142; nevertheless
it is more frequent in VL associated with AIDS, being
observed in 4.8 per cent of co-infected patients2.
These lesions can occur simultaneously with a bout
of VL and can be papular, macopapular or nodular.
On occasions, the discovery of Leishmania is
associated with changes attributable to other
dermatological processes, such as dermatofibromas,
psoriasis, Reiter’s syndrome, bacillary angiomatosis,
cryptococcosis and oral aphtha, though its presence
does not necessarily imply a causal role 84. Cases of
cutaneous, mucocutaneous, and diffuse cutaneous
leishmaniasis and post kala-azar dermal
leishmaniasis (PKDL) have also been described 73,143145
. On the other hand, primary cutaneous lesions may
spread to the viscera in patients with severe
immunodepression80,81,83.
The mucocutaneous forms appear in 0.3 per cent
of European co-infection cases2. Practically all the
species of Leishmania could be responsible for
mucocutaneous lesions in HIV + patients, and they are
also not unknown in HIV - subjects due to other
species, including L. infantum146, distinct from the
subgenus Viannia. Although nasal septum and the
soft palate could appear to be involved due to
metastasis, they might also be affected as
consequence of a primary lesion147. In the latter case,
taking a nasal biopsy is usually necessary to establish
the definitive diagnosis of mucocutaneous
leishmaniasis, a greater number of amastigotes being
observed than in the case when the lesion is produced
by species of the subgenus Viannia in
immunocompetent patients.
If the opposite is not found, for any cutaneous
specimen from HIV + patients in whom there are
Leishmania amastigotes, the first option to be
considered should be a disseminated form of VL
rather than a primary cutaneous lesion.
Respiratory tract forms: In anatomopathological
studies Leishmania amastigotes have been found in
the alveolar and pulmonary septums of 75 per cent
of the co-infected patients 148 . Nevertheless, the
clinical meaning of this finding is hard to discern
due to the fact that the frequent pulmonary form is
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not normally accompanied by clinical symptoms or
complications and, when this happens, it is difficult
to differentiate the role of Leishmania from that of
other, more frequent, pulmonary infections.
Renal form and acute renal failure: Glomerulopathy is
associated with VL and not with cutaneous or
mucocutaneous leishmaniasis. In 60 per cent of HIVpatients with VL proteinuria, haematuria and
leucocituria have been described149. The frequency of
these symptoms is not known in case of HIV+ patients.
The pathological findings include glomerulonephritis,
which changes from mesangioproliferative, sometimes
associated with the focal and segmental collapse of the
capillary handles, to tubulointerstitial damage150. Renal
condition is not common in human leishmaniasis.
Nevertheless, a case of renal failure has been described
at the start of VL in an HIV+ patient151.
Other locations: A frequent aspect of bouts of VL in
immunodeficient patients is the appearance of atypical
signs. The condition of severe immunodepresion that
characterizes these patients facilitates the
haematogenous dispersion of Leishmania to tissues
that are not normally affected in immunocompetent
conditions152,153. These types of signs are more frequent
when the level of CD4+ cells is lower than 50 cells/µl
of blood 2. The list of infrequent signs includes, in
addition to those described previously (cutaneous,
mucocutaneous, gastrointestinal, renal and
pulmonary), others such as pleural, laryngeal,
pancreatic, adrenal, peritoneal, synovial and cerebral,
as well as of the pericardium, myocardium and tongue
involvement46,59,84,117,139,148,154-160. A retrospective study
in France found amastigotes in atypical locations in
34 per cent of the HIV+ patients with VL, while finding
diagnostic evidence in only 15 per cent of the cases161.
It is important to bear in mind that the atypical
locations can be the first clinical manifestation of VL
in immunodeficient patients. However, the majority
of these manifestations have been described
previously, though with a low frequency, in
immunocompetent patients130,148,162,163.
Diagnosis
In HIV+ patients the clinical diagnosis of VL has
an even more limited value since in the AIDS patient
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leishmaniasis can first appear in an unusual way and
with not very specific clinical signs159,164,165. To this
should be added that the splenomegaly is less
frequent in these patients6. An aspect to bear in mind
is that in 68 per cent of the cases of co-infection other
opportunistic infections associated with HIV also
appear which display clinical and biological signs
similar to those of VL21,64,66,165.
Microscopy: In this case the experience of the
microscope user is fundamental, since they might
need to recognise Histoplasma or other organisms
that could infect these patients and lead to false
positive results.
For the microscopic observation of bone marrow
a sensitivity has been described of between 67 and
94 per cent 6,22,166,167. On occasion, false negatives
could be present for several reasons, as for example,
the presence of a low number of leishmania infected
cells (as a consequence of pancytopenia) or the
sample is haemodiluted due to incorrect collection.
Another parameter that can affect the parasitic load
is if the patients have been treated with pentamidine
or amphotericin B against mycosis or
pneumocystosis168.
Amastigotes can be found in the peripheral blood
of approximately 50 per cent of HIV+ patients119,169,
although Delgado et al 170 established that the
sensitivity of this method varies according to whether
the patient presents symptomatic or asymptomatic
examination leishmaniasis. The study of other samples
different than biopsies from blood or bone marrow is
not very common in HIV+ patients, though Montalbán
et al 22 found a sensitivity of 87.7 per cent for the
microscopic examination of hepatic biopsies. A typical
feature in this type of patient is that, occasionally,
parasitation can also be observed in unusual locations
such as the lungs, larynx, gastrointestinal tract, rectum,
spinal fluid and others46,153.
Culture: In patients co-infected by Leishmania/HIV,
the culture of mononuclear peripheral blood cells has
a sensitivity of 67 per cent according to López-Vélez
et al152. Mathis and Deplazes171 observed a similar
percentage (64%). This is interesting since, unlike
in immunocompetents, the choice of non-invasive

sampling turns out to be useful in the diagnosis of
leishmaniasis. The culture of splenic aspirate can
reach a greater sensitivity (63-100%)6,19, though due
to the danger involved in the collection of this type
of sample, myelocultivation is recommended for
these patients as it has a similar sensitivity according
to some other authors 46,172 . However, when using
culture for diagnosis, one should remember that some
special precautions are required in the routine
handling of leucocytic samples from AIDS patients.
Serology: In Leishmania/HIV co-infection, the
humoral specific response to Leishmania turns out
to be partial, weak or absent, due to the fact that the
cellular immunity is affected after infection by HIV 64,
causing a decrease of total lymphocytes in the
production of antibodies 95 . Leishmania infection
affects the appearance of antigens to the B cells as
much as does HIV. Thus, the process of antibodies
production remains blocked173,174. This fact has been
confirmed by Mary et al175, who estimated that the
level of specific anti-Leishmania antibodies in
patients with AIDS was 50 times lower than in
patients with an intact immune system. Other authors
shown that the serology is positive for Leishmania
only in 40-50 per cent of co-infected patients 22,176,
this percentage being inversely related to the level
of depletion of T CD4 + cells. Therefore, it is
recommended that at least two different serological
techniques are used in the diagnosis of every patient 2.
Lymphocyte proliferation test: Leishmania is capable
of modulating the lymphocyte function177 causing a
severe immunosupression in patients with VL 178,179.
During the course of the diseases there is a
pronounced depression of the cellular response to
Leishmania antigens179,180 and a polyclonal activation
of B cells with a high level of both specific and
unspecific antibodies181. The immune response of T
cells is crucial for the cure and protection from later
infections by Leishmania 182 . Therefore, after a
successful treatment, the proliferation of T cells and
delayed hypersensitivity against the Leishmania
antigens are developed179,183.
Though this test is currently not practical for
diagnosing a bout of VL, it is in epidemiological
studies in endemic zones to determine to determine
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the exposure of the population to the Leishmania
infection184.
In co-infected individuals this technique has
allowed the verification of the finding that the
absence of a cellular response to the Leishmania
antigens, on having finished the treatment, is
responsible for the high number of relapses suffered
by these patients 185,186.
Indirect immunofluorescence test: Due to the
immunodepresion, this test applied on the sera of
Leishmania/HIV co-infected patients gives a low
sensitivity, between 11 and 58 per cent2,96 .
Enzyme immunoassay: Most of the assays performed
on HIV+ patients samples where by using the rk39
antigen, which is supposed to detect only active VL
cases187. Medrano et al96 established a sensitivity of
22 per cent for the rk39 ELISA in patients co-infected
by Leishmania/HIV. Other authors reported
a sensitivity of 20 per cent for the
immunochromatographic test and 62 per cent for the
ELISA form2,188.
Agglutination tests: Hailu and Berhe189 obtained a
sensitivity of 90 per cent for the direct agglutination
test (DAT) in a work carried out in Ethiopia, similar
to the result the same authors found for
immunocompetent patients. Vilaplana et al 190, in a
study undertaken in Spain, found a sensitivity of 100
per cent and a specificity of 96 per cent for the
detection of the Leishmania antigen in urine by means
of KAtex.
Immunoblot: Studying the serum of 37 patients with
VL and 11 with HIV/VL using immunoblot, Mary et
al 175 showed that the antigens of 14 and 16 kDa had
the highest specificity for VL. Those of 14 kDa were
detected in the serum of 92 per cent of the patients
with VL and 95 per cent for those of 16 kDa. The
same standard was found in HIV/VL co-infected
patients, although the 14 kDa band was not present
in any of the cases, whereas 16 kDa appeared in a
constant way for these patients. In another study
undertaken with co-infected patients, Medrano et al96
reported a sensitivity of 78 per cent for the
immunoblot technique, confirming that this type of
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test provides an increase in sensitivity when detecting
anti-Leishmania antibodies. Similar results have been
presented by Moreno et al186, attributing a sensitivity
of 85 per cent to the immunoblot in the diagnosis of
these patients.
Molecular diagnosis - PCR: PCR has been shown to
be of great utility in the diagnosis of co-infected
patients. Analyzing samples of bone marrow,
Piarroux et al168 obtained a sensitivity of 82 per cent
for the PCR, whereas other studies showed 100 per
cent 165 . In 165 blood sensitivity samples ranged
between 72 and 100 per cent191,192.
Due to the relapsing character of leishmaniasis in
HIV+ patients, the PCR can be a useful technique in
monitoring patients post-treatment, as it can be
applied to non-invasive biopsies so avoiding
unnecessary pain to the patient when evaluating the
parasitic evolution during the follow up.
Real time quantitative PCR (RTQ-PCR): Although
the classic PCR technique is very useful as a
diagnostic tool it has some disadvantages, such as
the need to analyze the amplified products using
electrophoresis, and it has limited utility when the
parasitic load needs to be monitored precisely as it
is not able to quantify the obtained DNA.
The real time quantitative PCR allows continuous
monitoring of the PCR products generated during the
amplification process. Thus it is possible to identify
the cycle in which the PCR product is generated in a
logarithmic way and, by inference, the quantity of
the target DNA present at the beginning of the
reaction. Provided that the amplification product is
monitored in real time as is formed cycle by cycle,
no post-amplification manipulation is needed.
The absolute quantification is realized in
accordance with an internal standard coamplified
with the sample DNA, or in relation to a standard
external curve obtained using the parallel
amplification of a series of known concentrations
of a sequence of reference DNA. An estimation of
the parasitic load in a given sample can be obtained
from the quantification of the target DNA. The
advantages, compared to the classic PCR, are a
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reduction in the time needed for the assay and the
possibility of determining the parasitic load of the
studied sample.
Different approaches exist to monitor the
amplification of the products, generally based on the
use of fluorescent markers. An example is the
technology based on SYBR Green I, a detection system
based on a fluorescent agent that can be inserted in the
double stranded DNA. Another example is the TaqMan
technology, which uses a specific fluorescent probe for
a region of the product amplified during the PCR. The
intensity of the fluorescent signal accumulates at the
end of every amplification cycle and is related to the
quantity of PCR-generated product.
In the recent years, different methods of
quantitative PCR based on either the SYBR Green I
method or on the TaqMan probes have been applied
in the study of leishmaniasis. Bretagne et al193 used
the TaqMan system to determine the parasitic load
in the liver of mice infected with L. infantum; whereas
Nicolas et al 194 applied the SYBR Green I system in
a study of L. major infection, also in mice. In human
leishmaniasis Schulz et al 195 managed to detect and
to quantify parasites in different biopsies (peripheral
blood, bone marrow aspirate, skin and liver) with a
model similar to the TaqMan probes, although they
thought that its applicability to monitoring treatment
could be affected by high variability in samples with
low parasitic loads. On the other hand, Bossolasco
et al 196 applied the real time PCR and also a
fluorescent probes model to monitor the parasitic
load in the peripheral blood of patients co-infected
by HIV and Leishmania who had been under
treatment. Although the sensitivity obtained with this
method in the initial attack did not turn out to be
very high (40%), it allowed a relationship between
the parasitic load in the blood and the clinical course
of the VL to be established. Mary et al197 obtained
similar results and improved the sensitivity, also
using TaqMan probes, even though the variation in
the number of copies of the target that they used could
lead to a quantification calculation error between
patients infected by different strains.
Though the application of real time quantitative
PCR in the diagnosis and monitoring of Leishmania

infection is in an early phase of development, the
standardization of a method capable of determining
the parasitic load in a sensitive and reliable way will
be of great utility. It will find applications both in
the study of the effectiveness of treatments and
vaccines and as an aid to diagnosis.
Plasmatic markers with prognostic value: IFN-g and
TNF-a: As Leishmania is an intracellular parasite of
the macrophages, specific immunity against VL has to
come from a Th1 type cellular immune response that
can produce cytokine stimulators for macrophages
(including IFN-g). On the other hand, susceptibility to
this illness is associated with an impairment to generate
a Th1 response, generating Th2 type cytokines, as well
as high levels of TNF-a198-207. It has been observed that
oligosymptomatic individuals or those with subclinical
infection produce cytokines of types Th1 and Th2, with
low or absent levels of detected IFN-g. These
individuals are in an intermediate position between
illness and protective immunity206,208.
IFN-g : During a bout of VL the natural killer (NK)
cells and the T cells produce IFN-r, influencing
the development of a protective Th1 response. The
production of IFN- g, with the consequent
activation of the macrophages, is crucial for the
initial containment of the parasite’s
multiplication 205,209-211.
In the asymptomatic or subclinical cases, the
production of IFN-g influences the self-limiting
evolution of the clinical symptoms and signs,
reaching in the spontaneous resolution of the bout of
VL208,212-215. Gama et al206 found that 48 per cent of
the children with asymptomatic infection showed
detectable levels of IFN-g, whereas this cytokine was
not detected in children who suffered the acute form.
Supporting this data, Carvalho et al201 also observed
high levels of IFN-g in oligosymptomatic individuals,
confirming the fact that resistance to the illness is
associated with an effective cellular immune
response.
As for the treatment of leishmaniasis, it has been
proved that IFN-g augments the therapeutic
effectiveness of antimonials, both in VL and in
cutaneous leishmaniasis216.
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TNF-a: TNF-a is considered to be a prognosis
marker in VL, as its level is found to be significantly
higher in acute and persistent cases of the illness,
which then drops drastically after the parasite has
been treated217. Though it is possible to detect TNFa in 100 per cent of the patients who showed
subclinical infection206, during active and acute bouts
of VL these levels increase notably with regard to
subclinical and asymptomatic cases80,206,218.
Moderate levels of TNF-a facilitate the
elimination of intracellular parasites, whereas its
increase might predispose the patient towards clinical
manifestations of VL, such as fever, cachexia,
anorexia, pancytopenia and polyclonal activation of
B cells 199,219 . The blood pathogens induce the
macrophages in liver, spleen and other locations to
produce TNF-a, and the systemic release of TNF-a
causes expansion of blood vessels with the
consequent extravasation of fluids towards the
tissues. In this way septic shock can take place,
coagulating the extravased blood in the capillaries,
leading to failure of vital organs such as the kidneys,
liver, heart and lungs, which are compromised by
the loss of blood supply 220. For this reason, it is
considered that high levels of TNF-a in serum are
correlated with the severity of human VL221, giving
it a principal role in systemic alterations and,
consequently, in the symptoms observed222-224.
TNF-a plays an important role in HIV infection
since it has been proved that it has a positive effect
on the replication of the virus111,225 associating high
levels of TNF-a in serum with the progression of
the infection from HIV to AIDS226.
Co-infected patients display higher levels of
TNF-a in serum than HIV + patients not infected by
Leishmania, and these levels also remain high after
recovery from a bout of VL 89. This fact contrasts
with that seen by others in immunocompetent VL
patients where the levels of TNF-a normalize after
successful treatment199,227.
Treatment
Given that HIV+ patients generally develop VL
when they are in a state of severe immunodepression
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and are affected by other concomitant diseases, it is
particularly difficult to evaluate the effectiveness and
toxicity of drugs in these patients 118 . Although
between 11 and 27 per cent of co-infected patients die
within a month after diagnosis of VL, these deaths
are rarely attributed to the leishmaniasis or to the
toxicity of the drugs administered to combat the
disease6,19,124. The clinical criteria used to verify the
response to the anti-Leishmania treatment, useful in
the immunocompetent patients, are of less value in
the immunodepressed. Only the initial remedy should
be considered as, if the immunodepression does not
change, the probability of a full recovery is practically
nil and the patient tends to relapse. The parasitological
response to the anti-Leishmania treatment in HIV +
patients has partially been studied6,19,22,64,124,166. Finally,
it is necessary to consider that other medicines
administered to HIV+ patients can increase the toxicity
of some leishmanicide drugs.
Pentavalent antimonials: The results of several
retrospective studies indicate a high level of
clinical response to antimonials in the patients coinfected with HIV 19,22,59,64,166. However, the drug
doses and the criteria used to identify the clinical
recovery were not uniform, observation of the
clinical cure turned out to be difficult due to the
co-existence of other diseases associated with
AIDS, and clinical progress does not necessarily
mean that parasitological recovery has occurred 228.
In all these groups of patients a high percentage
of them relapsed during the year after the treatment
finished.
Moreover, pentavalent antimonials are known to
be more toxic for HIV+ patients than for HIV- ones6.
Effects described are; pancreatitis (becoming fatal
in some patients229), myocarditis and renal failure 118.
In fact, these developments interrupt the therapy in
11-28 per cent of patients6,123,124,230.
Amphotericin B (AmB): More than half of the patients
treated with AmB showed a series of typical side
effects related to the infusion, such as tremors, fever,
nausea, vomiting, anorexia, headache, myalgia and
arthralgia231-233. The duration of the infusion dosage
must range between 2 and 6 h, to reduce these adverse
effects231,232.
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The most important side effect associated with
AmB is undoubtedly the nephrotoxicity, which
occurs in many of the patients treated 233 . The
mechanism by which these changes take place is not
understood, though it is thought that it stems from
an alteration in the permeability of the glomerular
membrane234. The worsening, generally reversible,
of the renal function happens during the first two
weeks of treatment and occurs in 80 per cent of the
patients treated with AmB. They usually recover
after the treatment is terminated though it can take
several months for the renal function to recuperate234.
Daily monitoring of the levels of creatinine and other
renal parameters is recommended when using AmB
treatment. When the level of creatinine rises above
3 mg/dl, the therapy must be interrupted until the
level returns to normal231. It is also recommended that
the treatment be administered on alternate days to
reduce the renal toxicity 232 . The use of lipidic
formulations diminishes the AmB toxicity,
supporting its therapeutic activity235.
Treatment can be started by administering the
AmB-disoxicolate in very small doses, increasing
gradually (0.1, 0.25 up to 0.5 - 0.8 mg/kg, etc.),
diluted in 5 per cent dextrose 236 . It should be
administered as an intravenous (iv) infusion over
2 - 6 h, with the treatment lasting about 4 wk. The
maximum daily dose must never exceed 1.5 mg/kg,
but it is possible to administer a dose of 1.5 mg/kg
on the alternate days because the elimination halflife of AmB is very high237.
On comparing the parasitological effectiveness of
administering maximum doses of 1 mg/kg up to a
total dose of 20 mg/kg of AmB, every day or on
alternate days, it was proved that the two regimens
were equally effective, since all the patients
recovered and 6 months later no parasites were
observed in splenic aspirates, though the daily
schedule was more economic as it reduced the period
of hospitalization 238. If the dose is diminished to
0.5 mg/kg in 14 administrations on alternate days,
100 per cent aseptic curing was achieved at 6 wk
and 98 per cent at 6 months239. If the same regimen
is compared with the administration of sodium
stibogluconate (SGS) (20 mg/kg/day for 40 days),
the level of curing is 62 per cent, as opposed to 100

per cent for the AmB, which indicates around a
40 per cent resistance to the SbV in patients of India240.
AmB was also used in paediatric patients with a
dosage of 1 mg/kg every 2 days for 20 days, which
was tolerated perfectly, achieving 100 per cent
healing. Pregnant women tolerated this dosage,
without apparent damage to the foetus, and with good
results against the parasite241.
In a study undertaken by Laguna et al 123 on HIV+
patients, the parasitological recovery was similar to
that shown by the patients who were treated with
pentavalent antimonials. However, the level of
relapsing in the first year post-treatment was similar
in both groups.
Delivery systems: One of the most significant
advances in recent decades in chemotherapy against
Leishmania has been the use of lipidic vehicles to
transport the amphotericin B. The drug delivered in
this way is rapidly captured by the cells of the
endothelial-reticulum system and directed
specifically to the organs rich in this type of cells,
avoiding the organs in which toxicity takes place,
prolonging the liberation and therefore the presence
of the drug in the organism. The pharmacokinetic
and pharmacodynamic differences between the
transported forms and the free drugs are due to the
changes which are produced in the distribution, at
the different levels of plasmatic concentration, as
well as to the changes that take place when the
plasmatic proteins bound, in their metabolism and
elimination of the transported drugs242.
It has been proved that the effectiveness of
liposomal Amphotericin B (AmBisome®) in both
adults and children is independent from the form of
administration (21 days with a dose of 1 mg/kg or
10 days at 3 mg/kg/day) and none of the
immunocompetent patients relapsed between 12 and
24 months after treatment243. When the treatment was
shortened by increasing the doses (5 consecutive days
and then a dose on the 10th day, up to a total dose of
18 mg/kg). With this regimen parasitological cures
were achieved, but renal alterations occurred244.
The liposomal AmB used in Sudanese patients
with complicated kala-azar was more effective if
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6 doses of 3-5 mg/kg were used (curing 88% of
the patients), than if the same dose was
administered only 3 times (50% cure rate), whereas
if the patients were given AmBisome® (3 mg/kg)
over 10 successive days, a full cure was
achieved 245. When the effectiveness and tolerance
of 3 different administration protocols of
AmBisome® (total doses of 14, 10 and 5 mg/kg)
were compared, it was found that Indian patients
(n = 30) responded to all 3 protocols. The blood,
biochemical and clinical parameters returned to
normal and after 12 months no parasites appeared
in bone marrow or splenic aspirates and the
symptoms of hepatic toxicity, especially in the
group that received the larger dose, disappeared
after 2-6 months 246.
The use of the amphotericin B on lipidic discs
(amphotoricin B cholesterol dispersion, ABCD or
Amphocil®) in leishmaniasis therapy has hardly been
tested. It was used in Brazil, at a dose of 2 mg/kg over
10 or 7 days, with good parasitological results (no
parasites appeared in 19 of 20 patients treated) and
the clinical and biochemical parameters normalized.
However, symptoms of toxicity attributed to the
infusion (fever, tremors and respiratory disorders) did
appear, mainly in children 247. Amphotericin B in
lipidic complexes (ABCL or Abelcet®) represent an
important alternative in the treatment of VL. A dose
of 3 mg/kg for 5 consecutive or alternate days achieved
100 per cent cure rate. Nevertheless, symptoms of
toxicity appeared during the first infusion day in 95 per
cent of the patients, and in 50 per cent in the last
dose248. To verify the effectiveness when reducing the
dose, 3 different protocols were evaluated: doses of
1, 2 or 3 mg/kg for 5 days. At day 14 parasites were
not observed in the splenic aspirates, while after 6
months the cure rates were 84, 90 and 100 per cent,
respectively249.
In India, 11 patients with kala-azar were treated
with AmB associated with lipidic emulsion
(progressive doses of between 0.05 and 1 mg/kg
every day for 25 days with a total dose of 20 mg/kg
and 2 h of infusion) and 11 with free AmB (with the
same regimen, but with an infusion duration of 4 h).
The patients of both groups were cured clinically
(biochemical parameters, weight and size of the liver
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and spleen) and parasitologically (splenic aspirate)
during a period of at least 6 months246. Increasing
the dose of this combination to 2 mg/kg and reducing
the treatment to 8 days, also gave good
parasitological results. Seven days after finishing the
treatment no parasites were observed in the bone
marrow and no relapse had occurred 14 months
later 250.
HIV + patients and recipients of transplanted
organs usually need greater doses and a longer
treatment251-253. Two prospective, non-comparative
studies evaluated the effectiveness and toxicity of
liposomal amphotericin B in co-infected patients. In
the first one, seven patients were treated with 100
mg of liposomal AmB per day for 21 days (to a total
dose of 29-38.9 mg/kg). Of these, 5 patients who
initially showed parasitological recovery later
relapsed 243. In the second study, in an attempt to
reduce the relapsing rate, Russo et al251 used high
and intermittent doses (4 mg/kg/day on the 1st to 5th
days, and then on the 10th, 17th, 24th, 31st and 38th days)
to treat 10 co-infected patients. This regimen gave a
similar effectiveness to the low dose used by
Davidson et al 243 and also was not able to prevent
the relapses.
The experience of using ABCL to treat co-infected
patients is very limited. In a study carried out by
Laguna118, in which co-infected patients were treated
by ABLC (3 mg/kg/day for 5 or 10 days) or with
meglumine antimoniate (20 mg Sb V/kg/day for 28
days), found a similar level of effectiveness for the
three groups, although the treatment with antimonials
gave the greatest toxicity.
Pentamidine: To tackle the problem of the resistance
of Leishmania to conventional treatments, one of the
drugs that has been evaluated in the treatment of
human leishmaniasis has been pentamidine. Berman
et al254 verified the sensitivity of Leishmania to this
medicine. Although at the beginning of the 1980s,
with 5 wk of treatment, high cure rates were obtained
in endemic regions (India), in the 1990s, in the same
zones resistances had already developed255.
Its mechanism of action is not known exactly, but
is believed to be related to the kinetoplast DNA256.

372

INDIAN J MED RES, MARCH 2006

In 1993, Murray et al257 demonstrated that in athymic
mice (deficient in T cells) pentamidine was not
effective against Leishmania whereas it was effective
in euthymic mice.
The recommended dose depends on the salt used.
If it is in the isotianate form the dose is 4 mg/kg
(up to a maximum of 300 mg daily), if the
metilsulphonate is used, the dose is 2.4 mg/kg (up to
a maximum of 180 mg daily). Short treatment
regimes with low doses of pentamidine, which are
used in cutaneous leishmaniasis treatments often
result in myalgia, pain in the injection site, nausea,
headache and, rarely, a metallic taste. The incidence
and severity of these side effects are much greater in
visceral leishmaniasis treatments, with their high
doses over long periods, sometimes also inducing
hypotension, tachycardia and hyperglycaemias, and
even diabetes255,258.
In the treatment of visceral leishmaniasis, using
4 mg/kg, three times per week up to the
parasitological cure of the patient, 77 per cent of the
patients were cured after 15 injections (5 wk of
treatment) and 94 per cent after 27 injections (9 wk
of treatment), however, 21 per cent relapsed within
a year. In Colombia, a regimen of 2 mg/kg every two
days for seven days was used, with 96 per cent
effectiveness 259. The treatment of VL needs high
doses of pentamidine for several weeks, and is even
more toxic than the treatments with antimonials.
Thus, this drug should be used exclusively when there
are reasons to think that it is going to be more
effective than any other, in geographical zones where
antimonial treatments habitually fail, or in areas
where this product has not been in use for some time
and therefore resistance has not been created and, of
course, in individual cases where other therapies have
not succeeded.
Paramomycin: This is an aminoglycosid antibiotic
with a short half-life, much used against intestinal
parasites. The mechanism of action against
Leishmania is not known, though it is possible that it
acts on the ribosome blocking the synthesis of
proteins260. The resistance to paramomicine that certain
strains of Leishmania develop is due to changes in the
membrane that reduce absorption. The promastigotes

maintain this resistance in the absence of the antibiotic
in the culture system and it is transmitted to the
amastigotes, which can infect macrophages261.
Paramomycin can be used alone or in combination
with other drugs to increase their effectiveness
against the parasite, with antimonials being the
preferred combination. According to Thakur et al262
the use of half doses of paramomycin partnered with
antimonials turns out to be the most effective
combination. In the treatment of VL in Kenya,
Chunge et al263 used the sulphate of paramomycin
(15 mg/kg/day, over an average of 19 days), healing
79 per cent of the patients. In India, with the
combination of paramomycin (17 mg/kg) with
Pentostan® (20 mgSb V/kg) for 20 days, 82 per cent
of the patients were cured, a percentage similar to
that obtained with paramomycin alone for 40 days264.
Similar results were obtained in Sudan265.
Though monotherapy with paramomycin is
effective, it never reaches the levels of healing
obtained with antimonials or with amphotericin B266.
However, as already indicated, the combination of
antimonials and paramomycin is more effective and
allows shorter treatment periods. A recent Phase III
trial of paromomycin (PM) efficacy resulted in a cure
rate of 94.6 per cent at 6 months after EOT267.
Miltefosine: Miltefosine is a synthetic phospholipid
(alquil phospholipid), normally used as an
antineoplastic, with a very long half-life, which means
that resistance to it develops rapidly. It cannot be given
to women during pregnancy or lactation. A particular
advantage is that it is administered orally, however a
disadvantage is that this can lead to gastrointestinal side
effects and, teratogenicity in the experimental model.
Apparently it blocks the multiplication of Leishmania
and alters its phospholipid and sterol composition268.
Similarly, it seems that its anti-Leishmania activity is
not only related to a direct cytotoxic effect on the
parasite, but also to an activation of the cellular
immunity269-271.
Kuhlencord et al 272 verified that this drug is
effective against different Leishmania species as much
in vitro as in vivo. This effectiveness has been
demonstrated in both acute and chronic murine
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infections, showing a very notable reduction in the
number of amastigotes after the treatment273. It has
also been demonstrated that using topical miltefosine
on experimental cutaneous leishmaniasis in mice
produced good results, giving a considerable reduction
of the parasitic load in the lesions, and it was found
that they did not usually reappear in the lesions after
the treatment274. The recommended dose in the various
recent clinical studies undertaken on humans in India
was 100 mg/day as higher doses can provoke toxicity,
basically gastrointestinal disorders, and it is
recommended that it be taken with food275,276. It is
believed that total doses of between 2,100 and 3,850
mg were used in a clinical assay with 120 Indian
patients with VL, which achieved parasitological cure
(absence of parasites in splenic aspirates two weeks
after the treatment ended) and clinic healing in 97 per
cent of the patients, with no relapsing in the following
six months277. In another clinical assay the conclusion
was reached that the effective treatments must last
between 21 and 28 days with a recommended dose of
100mg/day 278. It has only been in use in a limited
number of co-infected patients in a compassionate
way, though the most suitable protocol has still not
yet been established279,280.
Allopurinol: In general, the reports published with
regard to allopurinol are quite contradictory. Kager
et al 281 treated 10 Kenyan patients only with
allopurinol and cured three. However, Jha in 1983282
treated 16 patients in India and cured 13. The
combination of allopurinol with ketoconzol was
shown to have been successful in a kidney
transplanted patient with VL 283 and in cases of
cutaneous leishmaniasis in the New World 284.
The combination of allopurinol and antimonials has
been widely used, though the results obtained with
this combination are contradictory, in the treatment
of relapsing patients 285 and against Mediterranean
VL286. In a study of 124 patients, the combination of
the two medicines did not demonstrate any
improvement in effectiveness when compared with the
use of only pentavalent antimonials287.
The role of allopurinol in leishmaniasis is difficult
to evaluate. It seems improbable that it has
leishmanicide effects by itself, though in combination
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with other typical drugs its effects against Leishmania
seem to improve. Ribera et al 288 in a study on
Leishmania HIV co-infected patients, in which all
the subjects were previously treated with antimonials,
later administered a secondary prophylaxis. The
relapse rate was 65 per cent in the control group
patients, who did not receive any secondary
treatment, 56 per cent in the group that received
allopurinol, and 18 per cent in those who were
receiving antimony as a prophylaxis.
Immunotherapy
The progression of VL ends in immunosuppression,
and follows the Th2 route with decrease in the levels
of IL-2 and IFN-r typical of the Th1 route. Therefore,
in the treatment of resistant cases, where it is more
probable that they will suffer immunological
depletion, it has been suggested to use a combination
of chemotherapy with microbial or synthetic
immunostimulants. Badaró et al289 were the first to
use IFN-g in combination with pentavalent antimonials
in the treatment of VL, finding that seven of nine
patients with antimonial resistant kala-azar, were cured
with the combination of 100 µg/m2/day of IFN-g and
20 mg/kg/day of pentavalent antimony over 28 days.
In 1993, Squires et al290, demonstrated that the same
treatment produced a more rapid elimination of the
parasites in Kenyan patients that had not received a
previous treatment. With the same treatment, in India,
Sundar et al291, also observed a faster reduction in the
parasitic load in the patients treated with the
combination of two products, than in those treated only
with antimonials. A later assay demonstrated that IFN-g
has only a partial effectiveness by itself. Four out of
9 patients in India, who previously had not received
any treatment, showed no response and the others only
a partial elimination of the parasites292.
IFN-g has pronounced side effects such as fever,
tremors and granulocytopenia, in addition to a high
price. Very recently, the immunomodulator
tucaresol has been tested experimentally in infected
mice 293 . The effectiveness of recombinant
granulocyte-macrophage colony - stimulating factor
(GM-SCF) has also been evaluated at a dose of 5
µg/kg/day in combination with pentavalent
antimony in 24 patients. This led to parasitological
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healing after three months, although three of the
patients had relapses 294 . Information on the
therapeutic use of IL-12 and IL-2 is still scarce and
these have only been tested in experimental murine
leishmaniasis in which an increase in the production
of INF-g and an important cellular response were
observed 295,296.
Factors that influence the choice of therapy
Several factors have to bear in mind when
choosing the most appropriate reagent for the
therapeutic management of VL. Among them are not
only medical factors, but also socio-economic and
cultural considerations. It is necessary to have
information about the endemicity of the strains of
Leishmania, the immune and nutritional state of the
population, the level and pattern of the parasite’s
resistance to drugs, and obviously the cost. In HIV+
patients it is necessary to bear in mind the important
problem posed by the frequent relapsing and the need
of secondary chemoprophylaxis, which will depend
on the level of CD4+ cells297,298.
Recommendations for the treatment of VL in
immunodepressed patients
The treatment of VL in HIV + patients is
controversial. The use of pentavalent antimonials or
amphotericin B desoxycholate, though useful, results
in high toxicity and the therapy takes a long time123.
The new lipidic formulations of amphotericin B offer
greater tolerability and can be used in short treatments.
The Leishmania infection reappears in HIV +
patients, including those that receive HAART, after a
successful treatment. Apparently this is related to low
levels of CD4+ cells297,298. Agreement does not exist
with regard to the use of secondary prophylaxis, but it
seems that the use of these can be suspended once the
count of CD4+ cells is greater than 300/ml298,299.

this is not very frequent, and is more probable due to
lower level of the patient’s CD4+ cells297,298. In fact, if
a stable level of CD4+ is obtained after HAART, there
are those who recommend interrupting the secondary
prophylaxis, although this is controversial298.
In the absence of a controlled study, no consensus
exists on what type of secondary prophylaxis to
administer to co-infected patients. Nevertheless, the
period free of relapsing in patients treated with
amphotericin B in lipidic complex (Abelcet® 3 mg/
kg every 3 wk) compared to patients who do not
receive any prophylaxis has been evaluated by
López-Vélez et al301, and after a year of monitoring
it was observed that 50 per cent of the patients that
received the prophylaxis did not show any new
episode, whereas this percentage was 22 per cent in
the group that did not receive it. In a similar study
with five patients, Montana et al302 also indicated the
benefit of liposomal amphotericin B as the secondary
prophylaxis.
The improvement of treatment of leishmaniasis
in HIV-positive patients should be based on both the
development of new regimens based on already tested
drugs and the experimentation with oral drugs such
as miltefosine 303.
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Pentavalent antimonials (SbV) have been successfully used for treatment of kala-azar since last six
decades. Since 1970s its conventional dosages have failed to achieve with 60 per cent
unresponsiveness reported with WHO regimen in Bihar (India). Pentamidine initially used as a
second line of drug, acquired resistance (25%) even with prolonged dosage. Newer oral drug
miltefosine is a potent antileishmanial drug with longer half-life, a property likely to acquire
resistance. Paromomycin has undergone extensive clinical trials in Indian kala-azar patients. Being
an aminoglycoside, acquired resistance is likely to occur when used as a monotherapy. To encounter
the problem of treatment failure in kala-azar and to reduce length of therapy, combination of at
least two effective antileishmanial agents is a desirable option. In India sodium stibogluconate
(SSG) in standard dose has been combined with other antileishmanial agents including paromomycin
without encouraging result. Infection with Leishmania donovani depresses cell-mediated immunity.
Immunological balance is tilted in favour of Th2 suppressive cytokines over Th1 producing
protective cytokines. Interferon gamma (IFN-γγ ) has been used in combination with SbV in Indian
kala-azar patients with unexpectedly discouraging results. Combination of two most potent
leishmanicidal drugs amphotericin B and miltefosine which are not dependent on host immune
system, may shorten the course of therapy besides encountering unresponsiveness. A combination
therapy should be preferred when treating kala-azar associated with HIV/AIDS. Immunotherapy
with exogenous Th1 stimulating cytokines or use of antileishmanial vaccine in combination with a
potent chemotherapeutic agent is a future option.

Key words Antimonials - combination therapy - drug resistance - kala-azar - unresponsiveness

Visceral leishmaniasis (VL) is prevalent in more
than 80 countries in Asia, Africa (Leishmania
donovani), southern Europe (L. infantum) and south
America (L. chagasi). L. donovani is the main
causative parasite for VL. It is estimated that each
year nearly 5,00,000 new cases of visceral
leishmaniasis (kala-azar) occur in five countries of
the world namely, India, Sudan, Bangladesh, Nepal
and Brazil. Epidemics of VL have been known to

occur in India since last 100 yr, and in recent years
occurred in Bihar1. Sudan in Africa has been facing
severe epidemic since last 10 yr with high morbidity
and mortality. India alone contributes 50 per cent of
global burden of VL yearly, of these 90 per cent cases
occur in north Bihar only2.
In India, pentavalent antimonials (Sb v )
meglumine antimoniate and sodium stibogluconate
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Table. Changing response to pentavalent antimonials (SSG) in Bihar (1970-2001)

Study

Dose (MKD)

Duration (days)

No. of courses

No. of cases

Unresponsiveness
relapse (%)

Jha (1980)4

10

10

1

200

17

Jha (unpublished) 1977-80

10

10

3 with gap of
10 days

520

30 (unpublished)

Thakur (1984)5

20

20 D
>20 D

1
1

64
62

8
0

Child=20
Adult=10

Fresh30 days
Relapse-60 days
Slow responder
42 days

1

Fresh 73
Relapse 17

1.1

40

1

Jha (1986)6

Thakur (1988)7

10
15

1

20

26
371

14

1

3

Jha (1992)8

20

30

1

252

27.1

Jha (1995)9

20

30

1

32

25

Jha (1998) 10

20

30

1

30

37

Thakur (1998)

11

Sundar (2001)12

20

30

1

80

54

20

30

1

184

60

Super numerals denote reference numbers
MKD, mg/kg/day

(SSG) have been the main first line drug for the
treatment of all forms of leishmaniasis including
VL since 1940. Meglumine antimoniate is
marketed as glucantine and prostib. Sodium
stibogluconate (sodium antimony gluconate, SAG)
is available commercially as pentostam,
solustibosan, stibanate, generic sodium antimony
gluconate has been used extensively in India. Till
1970s it was used in the dosages of 10 mg/kg/day
(MKD) intramuscularly (im) or intravenously (iv)
for 10 days and was effective in curing >90 per
cent of cases of Indian VL.

Pharmacokinetic study of SSG was conducted on
Kenyan kala-azar patients. Based on this study a
prolonged dosage schedule of 10 MKD parenterally
up to 60 days was recommended 13 . It was also
observed that children’s tolerance for higher and
prolonged dosage of SSG was better than adults.
In 1982, WHO14 recommended SSG in the dose
of 20 MKD (maximum 850 mg) for 20-30 days in
fresh cases and for double duration (40-60 days)
in relapse cases; subsequently WHO (1990)
recommended SSG in the dose of 20 MKD for 28
days1,52.

Changing therapeutic response
Pentavalent antimonials: In an earlier resurgence of
Indian VL which assumed epidemic proportions by
1977, an estimated 2,50,000 patient were affected in
Bihar, of which 30 per cent cases were unresponsive
to Sb v3.
During late 1970s and early 1980’s different
workers used different regimens of SSG to encounter
the problem of unresponsiveness (Table).

In Bihar, 100 per cent resistance in cases of kalaazar in two villages of Darbhanga and Sitamarhi
districts (182 and 59 cases, respectively) was
observed who failed to respond to SSG in WHO
recommended dosage. Obviously, possibility of host
failure in this subset population is unlikely 15,16 .
WHO’s recommendation of 20 MKD 40-60 days for
relapse cases proved to be disastrous since drug
induced mortality was found to be 12 per cent in this
group of patients17.
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In in vitro studies conducted on SSG resistant
cases from some hyperendemic districts of Bihar18,
it was observed that L. donovani isolates from 15
non responders required five times more dosage of
Sb for killing the parasite than isolates from
responders. In another in vitro study19, 106 (37.6%)
of 282 infected macrophages and 90 (52.9%) of 170
experimental infections were cured with SAG.
Problem of unresponsiveness to diamidines:
Pentamidines have been extensively used as a second
line of drug for SSG unresponsive cases in Bihar
since seventies till 2003. Using pentamidine
isethionate (PIT) in the dose of 4 MKD iv on alternate
days for 10-12 days in 82 patients a cure rate of 98.8
per cent was observed20. Two of 82 died of sudden
cardiac arrest. In another study PIT was used in 174
and lomidine in 59 SSG resistant cases of kala-azar
in the dose 4 MKD for 20 days; cure rates of 75.2
and 100 per cent respectively were achieved 21 .
Efficacy of PIT 4 MKD x20 vs amphotericin B 0.5
MKDx14 injections was compared and cure rates of
77 and 98 per cent respectively were observed22. A
cure rate of 69-78 per cent was observed when PIT
was used in the dose 4 MKD up to 33 days. PIT
induced diabetes mellitus was observed in 10 per cent
cases23.
Amphotericin B (Amph B): At present amphotericin
B is extensively used in Bihar for all SSG
unresponsive cases and even as a first line drug. Used
in the dose of 1 MKD x 15-20 days given on alternate
days gave a cure rate of 98-100 per cent. Primary
unresponsiveness and relapses are uncommon24-26.
Liposomal amphotericin B: Lipid formulation of
amphotericin B deoxicholate minimize the toxicity
and shortens the period of therapy targeting its
delivery to parasitized RE cell. There are three
different liposomal preparations, viz., liposomal
amphotericin B (LAMB) AmBisome (Gilead
Sciences, Inc San Dimas, CA), amphotericin B lipid
complex (ABLC) Abelcet, Enzon Pharma, Fairfield
NJ), and amphotericin B cholesteryl dispersion
(ABCD) Amphotec (Intermune corp, Brishane, CA).
Of the three preparations, AmBisome used in the
dosage of 3-5 MKD for 5 days or 15 MKD as a
single dose iv for all refractory cases of Indian VL,
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a cure rate of 90-100 per cent can be achieved27. No
problem of treatment failure or relapse has been
encountered with this highly effective but
prohibitory costly drug except when VL is
associated with HIV/AIDS.
Paromomycin
(PM)
(aminosidine):
An
aminoglycoside has been used intramuscularly singly
or in combination with SSG in Indian kala-azar
patients. In phase II randomized controlled trial of
aminosidine
(paromomycin)
vs
sodium
stibogluconate, paromomycin was used in the dose
of 16 MKD or, 20 MKD x 21 days, giving cure rates
of 93.3 and 96.7 per cent, respectively at six month
follow up9. In a similar phase II study, same results
were reported28.
In a recent phase III multicentric double blind
paromomycin study on Indian visceral leishmaniasis
patients with a dose of 15 MKDx21 injections, a cure
rate of 94 per cent has been achieved (unpublished
observation).
This is a potential new drug, which may replace
SSG as a first line of drug in visceral leishmaniasis.
Problem of treatment failure and relapse case be
anticipated in future when used as a monotherapy.
Oral drug
The first novel oral antileishmanial compound
miltefosine has been approved in India for the
treatment of Indian VL in 2003. Miltefosine
is
an
active
phospholipid
derivate
hexadecylephosphocholine has undergone different
phases of study on Indian VL in Bihar, India. Several
multicentric clinical trials on adults and children have
been conducted in Bihar. With 587 fresh and resistant
cases a cure rate of 94 per cent was achieved at 6
months follow up. The recommended regimen for
adults weighing more than 25 kg is 50 mg capsule
twice daily for 28 days and in children about 12 yr
weighing 25 kg 50 mg daily for 28 days, and in
paediatric group between 2-11 yr a dose of
2.5 mg/kg for 28 days is recommended26,29,30-32.
A multicentric phase IV study sponsored by Indian
Council of Medical Research (ICMR)/WHO(TDR) /
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Zentaris at 13 sites in 4 laboratories, a total of 1167
VL patients were enrolled. At 6 months follow up,
84 per cent cure rate was achieved (personal
communication). However, there were 52 dropouts,
9 withdrawn, 11 had Serious Adverse Events (SAE)
and 57 relapsed. Though miltefosine is the only oral
effective agent against Indain VL, its long half-life
of about 150 h may create a problem of resistance
and relapse when used as a monotherapy.

Intracellular environment: After entering the
reticuloendothelial (RE) system amastigotes multiply
within the phagolysosome of the macrophages. The
pH of this vacuole is 4.5-5.0. This environment is
unsuitable for amastigote survival as it has to
encounter unfavourable environment like surface
molecules for e.g., the lipophosphoglycan (LPG);
proteases 35 an H+ - ATpase and transporters for
obtaining its nutrients and pH homeostasis36.

Sitamaquine (WR 6026): It is a primaquin analogue
with high antileishmanial activity. Oral sitamaquin
has been tried in phase II study on 120 Indian VL
patients in Bihar. Thirty patients were enrolled in
each arm of 1.5, 1.75, 2.0 and 2.5 MKD for 28 days.
Final cure rates of 81,89,100 and 80 per cent were
achieved at 6 months follow-up with the four doses.
Common adverse events observed were vomitting 8
per cent, dyspepsia 8 per cent, cynosis 3 per cent,
nephrotoxicity like nephrotic syndrome 3 per cent
and glomerulonephritis 2 per cent. However, further
clinical trials need to be done to assess its safety
before used in combination therapy with other
antileishmanial agent33.

The drug delivery system and targeting the
parasites on its different sites are dependent on
understanding the biology of the parasite especially
L. donovani which resides in a tight vacuole.

Unresponsiveness
Causes: Causes of unresponsiveness include delayed
diagnosis, treatment and prolonged duration of
illness, failure to follow WHO regimen of treatment,
low dose interrupted treatment, use of drug by
unqualified practitioners, poor quality of drug, and
kala-azar associated with HIV/AIDS12,16.
Mechanism of unresponsiveness: It is now clear that
the age old standard drug, the pentavalent antimonial,
sodium stibogluconate is threatened by the
development of drug resistance. This problem is more
relevant for the State of Bihar in India which has
nearly 40 per cent of global incidence of visceral
leishmaniasis (global incidence 500,000 yearly new
cases 34 where 40-60% cases of VL are unresponsive
to Sbv). Antileishmanial therapy can be complicated
by variations in sensitivity of Leishmania species
(L. donovani for Indian VL) and variation in host
immune response and pharmacokinetics of the drugs
used 3.

Role of thiols in host cell and parasite: Thiols of host
cell macrophase reduce Sb v to more active Sb iii .
Further studies have shown that parasite thiols play
an important role in the process of detoxification of
heavy metals. Trivalent antimony leishmania
parasites have higher levels of thiols37,38.
Recent studies have shown lack of sensitivity of
promostigotes to Sb and inability of promastigotes
to matabolize Sb to trivalent compound whereas this
metabolism occurs in amastigotes. It may well be
that resistant property once selected in promastigotes
is present in amostigotes as well38,39.
Resistance to various drugs: Mechanism of action
of pentamidines is poorly understood. Pentamidineresistant clones of L. donovani and L. amazonesis
promostigotes have shown reduced uptake and
increased efflux of the drug due to specific
transporters40. Besides there is an accumulation of
drug into the Leishmania mitochondrion.
There is a small study on emergence of Amph B
resistance in L. infantum /HIV infected cases 41,42. In
experimental models and in in vitro study L. donovari
showed intermediate sensitivity to paromomycin in
comparison to the vitro study where L. major and
L. tropica was found to be more sensitive than
L.braziliensis and L. maxicana 43.
In studies on selected population of
promostigotes, resistance to paromomycin was due
to a decrease in drug uptake in L. donovani but not
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due to enzymatic modification or due to any mutation
of the small unit ribosomal gene in L. tropica44.
The mechanism of resistance in bacteria to
aminoglycoside antibiotics through the metabolism
of the drug to an inactive form by acetylases and
phosphorylases is well studied. There is possibility
of development of resistance to paromomycin when
used as a single agents in VL in future similar to
development of bacterial resistance to any
aminoglycoside when used alone.
Miltefosine resistant lines of L. donovani
promastigotes have been generated in the laboratory.
Mechanism of resistance is due to defective uptake
of miltefosine 45 through point mutations on a
plasmamembrane aminophospholipid translocase.
Immunology of drug resistance in visceral
leishmaniasis
Acquired drug resistance: Amastigotes and
promastigotes of Leishmania have a surface coat, the
glycocalyx which contains a number of
glycoproteins, various glycopeptides, exometabolites
derived from the surface coat form complexes within
the parasitopherorus vacuoles surrounding the
parasite. The combination provides a camouflage for
the parasite or neutralizes the host enzymes liberated
from macrophages to kill the parasite. Infection with
L. donovani depresses the cellmediated immunity.
The immunological balance is tilted more in favour
of type 2 CD4+ helper (Th2) cells, which produce
suppressive cytokines over type 1 CD4+helper (Th1)
cells which secrete positively acting cytokines. In
visceral leishmaniasis there is complex immune
response mediated by various innate and
environmental factors e.g., nutrition and effecter cells
(natural killer cells, CD8 cells and neutrophils)46-51.
Protective immune response: Mechanism of
resistance52 includes (i) T(CD4+) cell dependent and
involves T-cell co-stimulatory pathway; (ii)
Secretion of regulatory activating cytokines
(primarily Th1 cell associated including interleukin
12, IL12 and interferon gamma, IFN-γ); (iii)
Induction of adhesion molecule and chemokine
mediated recruitment of inflammatory mononuclear
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cells into infected tissue and within assembled
grannulomas; and (iv) Activation of leishmanicidal
mechanism in parasitized macrophages and influxing
blood monocyte. If this response develops fully, the
likely outcome is killing of most intracellular
parasites, induction of quiescence in residual
parasites and maintenance of low level of infection
life long keeping the host in an asymptomatic
state53,54.
Activating cytokines: Five known activating
cytokines through experimental visceral infections
include IL12, IL2, IFNγ, granulocyte macrophage
colony stimulating factor (GM-CSF) and tumour
necrosis factor (TNF). These cytokines regulate
mechanism of acquired resistance, generation and
maintenance of the Th1 cell response (IL12, IFNγ),
induction of IFNγ secretion (IL12 IL2) mobilization
of blood monocyte (GM-CSF), granuloma assembly
(all 5 cytokines) and macrophage activation (IFNγ,
TNF, GM-CSF). These are also expressed in VL
patients. Except for TNF, all other cytokines are
potentially available for testing with combination of
antileishmanial drugs (immunochemotherapy).
Suppressor cytokines: In visceral leishmaniasis the
cell mediated immune system is titled in favour of
Th2 cell mediated cytokines deactivating Th1 cell
response favouring visceral infection. Th2 cell
associated cytokines are IL-4, IL10, IL13 and
transforming growth factor B (TGF-B). IL4 and
IL-10 are implicated in progressive intracellular
infection with increase in parasite burden and
deregulated Th1 cell response responsible for
regulating and optimizing the efficacy of
chemotherapy, leading to relapses of VL after
apparent cure following effective chemotherapy.
Therapeutic effect on chemotherapy -Sb
Treatment directed to neutralize IL-10 or blocking
its receptor is more desirable than treating it with
Th1 cytokines55. Sb activity is dependant on host Th1
response (IL-12, IFNγ, TNF). Simultaneous
induction of macrophage activation and
administration of Sb may achieve optimal parasite
killing. L. donovani infected mice deficient in
activated macrophage’s primary leishmanicidal
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pathway, governed by inducible nitric oxidase
syntheses (iNoS) and phagocyte oxidase, respond
normally to Sb 56.
Combination therapy in Indian visceral
leishmaniasis
To encounter the problem of resistance, relapse
and to reduce the length of treatment with
antileishmanial as a monotherapy, combination of
at least two antileishmanial drugs is a desirable
option. Such a combination therapy is being
practiced for the treatment of tuberculosis and
leprosy. Drugs used in combination therapy should
have synergistic or additive effect without having
drug interaction.
Combination of SSG with allopurinol / SSG +
ketokonazole/SSG+ levamisole: In 128 untreated
cases of kala-azar, patients were allocated to four
groups of 32 each. Group A received SSG 20 MKD
x 30 days; group B SSG 20 MKD x 30 days plus
allopurinol in the dose of 20 MKD in three divided
dosage for 30 days; group C received SSG in the same
dose plus ketokonazole 600 mg daily in three divided
dosage, while in group D SSG was combined with
levamisole in single oral dose of 13 MKDx30 days.
Levamisole acts by stimulating T lymphocytes
therapy and helps in restoring cell mediated
immunity. Results of this study revealed full cure
rates of 75, 87.5, 70 and 78.1 per cent at 6 months
follow up in groups A, B, C and D respectively. SSG
plus allopurinol was found ruperior to SSG when
used as monotherapy9.

MKD x21 days while SSG was used in the dose of 20
MKD x 30 days. A total of 150 patients were enrolled
in this study. Final cure rates were 92.3, 93.8, 53 per
cent, respectively in the three groups. Thus PM plus
SSG for 21 days at 12 or 18 MKD was significantly
more effective than SSG alone for 30 days60.
SSG + interferon gamma: IFNγ, a macrophage
activating T cell lymphocytes therapy can enhance
the effect of conventional therapy against
intracellular L. donovani61. In an in vitro study it was
found that with combination therapy, the dosage of
pentostam required to achieve 50 per cent inhibition
or killing of visceral L. donovani was reduced by
10-fold and four-fold respectively. Results suggest
that IFNγ therapy may be a useful adjunct in visceral
leishmaniasis and illustrate one potential role for
IFN-γ in the treatment of systemic intracellular
infectious.
In one study, 156 untreated kala-azar patients were
recruited, group (A) received SSG in the dose of 20
MKD x 30 days, (B) SSG 20 MKD x 30 days + IFNγ
100 µg/m2/d x30 days, (C) SSG + IFNγ in the same
dose for 15 days. At six months follow up 36 per
cent patients of group A, 49 per cent group B and 42
per cent of group C had complete cure. There was no
statistically significance difference among the
groups 62 . Beneficial effect of this combination
therapy in Indian VL seems to be limited where
infection shows high level of resistance to SSG.
Combination therapy in visceral leishmaniasis
associated with HIV AIDS

SSG+aminosidine (paromomycin): In one study, a
combination of SSG 20 MKD x 20 days +
aminosidine 12 MKDx20 days was used57. Of the 22
patients, 18 were cured at day 180 of follow up.
Aminosidine has shown marked potentiation in vitro
when used with SSG. No cross resistance was
observed. An additive effect was also observed in
animal model58,59.

Patients of visceral leishmaniasis associated with
HIV/AIDS are more resistant to antimonial therapy.
Primary failure and relapses are common and
maintenance therapy is also indicated. Experiences
from southern European studies showed that
pentavalent antimony (Sbv) used in the dosage of 20
MKDx28 days was not well tolerated and led to cure
rate of 60 per cent in co-infected patients63.

In a prospective randomized comparative open
label trial on efficacy of paromomycin (PM) plus SSG
versus sodium stibogluconate alone in the treatment
of VL45. Aminosidine was used in the dose of 12 or 18

Amphotericin B given iv in the dose of
1 MKD x 28 days gives an initial cure rate of 62 per
cent. Drug-induced toxicity is also common besides
relapse. Amphotericin B lipid complex, in the dose
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of 4 MKD on day 1-5, 10, 17, 24, 31 and 38 was well
tolerated 64.
Option for combination therapies in VL with HIV/
AIDS include the following: (i) SSG 20 MKDx28 days
+ paromomycin 15 MKD x 28 days; (ii) SSG 20 MKD
x 28 days + amphotericin B 1 MKD x 28 days;
(iii) SSG 20 MKD x 28 days + allopurinol 20 MKD x
28 days; (iv) SSG 20 MKD x 28 days + interferon
gamma (IFNγ) 100 µg/m2/days x 28 days when used
has syneryetic effect but results are incomclusive65
(v) Pentamidine 4 MKD 28 days +paromomycin 15
MKDx28 days; (vi) Miltefosine 2.5 MKD (patients
weighing > 25 kg - 100 mg/day x 28 days +SSG 20
MKD x 28 days or Amph B 1 MKD x 28 days; and
(vii) A combination of miltefosine 100 mg/day for 28
days and Amph B 1 MKD x 28 days.
In one study, 31 cases were diagnosed to have kalaazar associated with HIV/AIDS. Three cases were
treated with a combination of miltefosine orally
100 MKDx28 days plus Amph B 1 MKD iv x 28 days.
No relapse has been reported till four months follow
up. Besides combined therapy patients also received
highly active antiretroviral therapy (HAART)66.
Future options of combination therapies
Immunotherapy
(i) Use of Th1 cytokines like IL12, IFNγ and
TNF+Sb; (ii) Granuloma remodeling exogenous
cytokines IL-2 or GM-CSF (gannuloma-macrophase
colony stimulating factor) + potent antileishmanial
drug like paromomycin; (iii) IL-10 - receptor
blockers + chemotherapy +Sb/paromomycin; and
(iv) Amphotericin B + miltefosine - are directly
microbicidal towards intracellular L. donovani
amostigotes in vitro52. Both act independently of the
immune response.
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Amphotericin B given iv in the dose of 1 MKD x
15 days with a cure rate of nearly 100 per cent is
being used extensively in Sbv resistant cases.
Newer drug like oral miltefosine has a direct
leishmanicidal property and is not dependent on host
immune system. It is still debatable whether this
should replace SBv as a first line of drug for Indian
VL due to its teratogenicity in experimental in vivo
studies. Contraceptive device will be essential when
used in females of child bearing age. It has a long
half-life of 150 h and when used indiscriminately is
likely to produce unresponsiveness and relapse.
Paromomycin (aminosidine) which has undergone
phase II and III studies on Indian VL patients in
Bihar, has a cure rate of 94 per cent when used as a
monotherapy. This agent is also likely to have
unresponsiveness as for other aminoglycosides used
in different bacterial diseases. Combination of
miltefosine 2.5 MKD + aminosidine 15 MKD for 14
days seems to be a better future option to encounter
the problem of relapse and unresponsiveness.
Immediate future strategies should be to save two
new potent antileishmanial drugs, miltefosine and
paromomycin acquiring resistance in Indian kalaazar. A shorter course of combination therapy should
be studied. Second generation antileishmanial
vaccine with or without adjuvant together with one
potent antileishmanial agent could be a future option.
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Although three new drugs or drug formulations, liposomal amphotericin B (AmBisome), miltefosine
and paromomycin should be available for the treatment of visceral leishmaniasis (VL) within the
next year, they all suffer from limitations of either cost, specific toxicities or parenteral
administration. As part of research to identify better treatments for VL and cutaneous leishmaniasis
(CL), alternative and potentially cheaper formulations of amphotericin B, alklyphosphocholines
other than miltefosine and improved formulations of paromomycin for CL have been identified.
Other drugs or compounds that have demonstrated activity in experimental rodent models of
infection include licochalcone derivatives, quinoline derivatives, bisphosphonates and a maesabalide;
further chemistry based upon these leads is warranted. The process for discovery and development
of new antileishmanials would also benefit from improved models, for example, transfected parasites,
and non invasive methods of measuring parasite load in rodent models of infection.
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problems of developing a single drug or formulation
for all forms of leishmaniasis revolve around factors
that include: (i) the visceral and cutaneous sites of
infection impose differing pharmacokinetic
requirements on the drugs to be used; and (ii) the
intrinsic variation in drug sensitivity of the 17
Leishmania species known to infect humans. Other
problems to be surmounted by new treatments for
leishmaniasis are (iii) the need for drugs active in Bihar
State, India where there is acquired resistance to the
pentavalent antimonials1; and (iv) increased efficacy
in immunosuppressed patients, in particular due to

The recommended drugs used for the treatment of
both visceral leishmaniasis (VL) and cutaneous
leishmaniasis (CL), the pentavalent antimonials, were
first introduced 60 yr ago. Over the past decade
alternative drugs or new formulations of other standard
drugs have become available and registered for use in
some countries, whilst other drugs are on clinical trial
for both forms of the disease. Although the ambition
to develop a single drug or drug formulation effective
against all forms of leishmaniasis is unlikely to be
fulfilled, the advances have been significant as the
concept of choice for treatment is now real. The
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Fig. Structures of antileishmanial drugs on clinical trial.

HIV co-infection. In the latter case, where there is
exacerbation of disease or emergence from latent
infection, the depleted immune capability means that
standard chemotherapy is frequently unsuccessful2-5.
This review will gives an overview of (i) drugs
that have been recently introduced and are still in
phases of clinical trials or not widely registered, (ii)
novel compounds and drugs that have shown activity
in animal models and are worth considering for lead
optimization; and (iii) specific methodologies
involved in the discovery of new drugs.
Drugs in clinical development (Fig.)
Miltefosine: Miltefosine, initially developed as an
anticancer drug, is the first effective oral treatment
of VL and the latest antileishmanial drug to enter
the market 6. Its antileishmanial activity was initially
discovered in the mid-1980s and efficacy
demonstrated in a number of experimental models
in vitro and in vivo 7-9. These findings led to clinical
trials and registration in India in March 2002 (Table)

for oral treatment of VL and in Colombia for CL in
2005.
There are concerns about teratogenicity and the
long half-life of the drug, and that the latter might
encourage the emergence of resistance 10. It has been
shown in vitro in laboratory studies on promastigotes
that miltefosine resistant lines of Leishmania
donovani can be selected11 and resistance is related
to two mutations on a transporter, the
aminophospholipid translocase LdMT 12. Variation in
species sensitivity, demonstrated in vitro with
L. donovani, L. aethiopica, L. tropica, L. mexicana
and L. panamensis being more sensitive (EC 50 values
between 2.63 and 10.63 µM) to miltefosine than
L. major (EC50 value 37.17 µM)13, is also a concern.
The variation, also demonstrated in clinical isolates14,
needs to be taken into account in drug use as it could
contribute to different clinical outcomes in different
regions as observed in a recent trial against CL in
Colombia and Guatemala15. In Colombia, in regions
where Leishmania vianna panamensis is common,
the cure rates for miltefosine were 91 per cent
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(40 of 44 patients), whereas in Guatemala (regions
where L.v.braziliensis and L. mexicana mexicana are
common) the cure rates achieved were only 53 per
cent (20 of 38 patients) and lower than the historic
antimony cure rates of >90 per cent.
Teratogenicity, potential of resistance
development and a low therapeutic window pose
limitations on miltefosine and it is desirable to
optimize its structure with regard to activity and/or
overcoming these limitations. Thus (SAR) studies
have been carried out and a recent study explored
the influence of cycloalkane rings in the lipid portion
as well as headgroup modifications on activity
towards L. donovani and L. infantum promastigotes
and cytotoxicity towards THP-1 cells16. With regard
to headgroup SAR, choline is preferred resulting in
similar activity against both Leishmania strains,
whereas the introduction of cycloalkylidene groups
in the lipid portion results in enhanced activity, more
pronounced against L. infantum than L. donovani. The
mechanism of action of miltefosine is still not known.
Several molecular targets in trypanosomatids have
been suggested, including ether lipid metabolism,
glycophosphatidylinositol (GPI) anchor biosynthesis,
signal transduction and induction of apoptosis 17-19, as
well as inhibition of an alkyl-specific acyl-CoA
acyltransferase in L. mexicana 20 . Miltefosine also
displayed marked activity against another
trypanosomatid, Trypanosoma cruzi, with EC 50
values < 2 µM against intracellular amastigotes of
the Y strain in murine macrophages 9. Further studies
on miltefosine of basic and preclinical nature are
underway, including interaction studies for the
potential use of drug combinations21.
Paromomycin:
Paromomycin
(PM),
an
aminoglycoside antibiotic, was originally identified
as an antileishmanial in the 1960s and has been used
in clinical trials for both VL and CL. Development
of the parenteral formulation of PM, a drug with poor
oral bioavailability, for VL has been slow, but phase
III trials are currently ongoing in India under the
aegis of the Institute of One World Health
(www.iowh.org) and in East Africa managed by
DNDi and partner institutes (www.dndi.org).
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As with miltefosine, resistance to paromomycin
could be induced in L. donovani promastigotes
experimentally in vitro. The resistance was specific
to PM and stable and its mechanism seems to be due
to decreased drug uptake 22. Ribosomes have been
implicated as target23 and inhibition of RNA synthesis
followed by protein synthesis shown, along with
induction of respiratory dysfunction24 . With PM
moving into the field more studies on the mechanism
of action and, more importantly, resistance are
required. Variation in species sensitivity in vitro has
also been demonstrated for PM with L. braziliensis
and L. mexicana being less sensitive (EC 50 values
between 38 and 39.4 µM) than L. major, L. tropica
and L. panamensis (EC50 values between 0.9 and 4.9
µM) 25 . It is interesting to note the considerable
differences between different isolates of L. donovani
(EC 50 values ranging from 6.1 to 165.7 µM)
demonstrated in the same study. Findings of this
nature could have important implications in clinical
outcome. For an Ethiopian strain (MHOM/ET/67/
L82) of L. donovani marked synergy with sodium
stibogluconate was demonstrated in vitro, to a lesser
extent against an Indian strain (MHOM/IN/82/
PATNA I). The interaction in vivo in BALB/c mice
against MHOM/ET/67/L82 was additive. A
combination of PM and sodium stibogluconate has
been the subject of various clinical trials in Sudan
and India 26,27 but further studies to optimize the
combination and define drug-drug interactions are
required.
PM might also be a drug suitable for the topical
treatment of CL. The report by El-On and colleagues
in 198428 that a topical formulation containing 15 per
cent PM and 12 per cent methyl benzethonium
chloride (a skin-penetrating agent) was effective
against experimental CL led to the clinical trials. One
such trial demonstrated that 77 per cent were cured
after 20 days treatment compared with 27 per cent
cured in the placebo group 29 . Other topical
formulations with a lower skin irritancy have recently
been on clinical trial, including one containing 15
per cent PM with 10 per cent urea and another
containing 15 per cent PM with 0.5 per cent
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gentamicin in a 10 surfactant vehicle (WR279 396)
that cured 64 per cent of CL patients after 20 days
treatment in Colombia30. In an endemic area of Iran
the 15 per cent PM/10 per cent urea showed no
efficacy on cutaneous leishmaniasis and it was argued
that the response to PM varied with the species and
the type of lesion being treated31. These studies have
also highlighted the need for a rational
pharmaceutical design of formulations optimal for
CL and the need for species specific diagnosis32.
Amphotericin B formulations: Amphotericin B (Amp
B) in the form of amphotericin B deoxycholate
(Fungizone®) is the second-line treatment for
visceral leishmaniasis when antimonial therapy fails.
Originally developed as a systemic antifungal, it is
also an efficient antileishmanial, but has the major
drawback of being acutely toxic and thus must be
carefully administered. To ameliorate this, reformulations of Amp B have been developed to alter
its pharmacokinetics. By changing the serum-binding
properties, its high affinity for low density
lipoproteins (LDL) being the major cause of toxicity,
lipid associated Amp B preparations have been made
with varying degrees of success. The liposomal
amphotericin B formulation, AmBisome®, is
registered treatment for visceral leishmaniasis 33, but
use in VL endemic regions is limited by cost. Other
commercial amphotericin B - lipid formulations have
also been manufactured, namely an amphotericin B
lipid complex (Abelcet®) and an amphotericin B
colloidal dispersion (Amphocil™) 34 but their use
against VL has not been as extensive as AmBisome®
and they too, are costly35. Other re-formulations of
amp B formulations have been investigated against
experimental VL but none have reached clinical
development to date. Approaches to reduce cost
include: (i) efficacy trials of single dose AmBisome
treatment for VL, with 90 per cent cure rate reported
to date 1 , and (ii) the use of cheaper liposomal
formulations, already tried for VL 36 . Alternative
amphotericin B formulations have been developed.
For example, arabinogalactan derivatives 36,37 ,
nanoparticles38,39; and other lipid formulations40, or
chemical derivatives 41 , have proved effective in

experimental models 42,43 . The act of heating
amphotericin B to form superaggregates reduces in
vivo toxicity without loss of efficacy and warrants
further investigation as a cheap alternative to the lipid
formulations44,45. It has already been evaluated for
the treatment of canine VL46.
Novel amphotericin B formulations have been
used successfully to treat CL in immunocompromised
patients 47 and paediatric CL 43. However, as CL is
usually a self-limiting syndrome little effort has been
made to evaluate the use of amphotericin B as a
treatment for CL on a wider scale 48.
Sitamaquine: Another oral drug that might have an
impact on VL is the 8-aminoquinoline derivative
sitamaquine, currently in development with
GlaxoSmithKline (GSK, http://www.gsk.com)49. The
antileishmanial activity of this compound was first
identified in the 1970s at the Walter Reed Army
Institute of Research (WRAIR, http://wrairwww.army.mil/). Limited Phase I/II clinical trials
have been completed with varying levels of success,
for instance, 67 per cent of patients were cured of
L. chagasi in Brazil when treated with 2 mg/kg daily
for 28 days50, and 92 per cent were cured of VL when
treated with 1.7 mg/kg daily for 28 days in Kenya51
and a 89 per cent cure rate with 1.75 mg/kg daily for
28 days in India 52 . Sitamaquine is rapidly
metabolized, forming desethyl and 4-CH 2 OH
derivatives, which might be responsible for its
activity. Toxicity appears to be relatively mild, it
causes mild methemoglobinaemia, and further
studies are underway on this drug.
Imiquimod:
Imiquimod
(Aldara,
3M
Pharmaceuticals) is an antiviral compound [1-(2methylropyl)-1H-imidazo(4,5-c)quinolin-4-amine]
used extensively for the topical treatment of genital
warts caused by the human papillomavirus. It is an
immunomodulator, stimulating a local immune
response at the site of application, which in turn
resolves the infection. Imiqimod induces the
production of cytokines and nitric oxide in
macrophages and has been shown to have an effect

CROFT et al: DRUG DEVELOPMENT

in experimental infections of cutaneous
leishmaniasis53 , and in conjunction with standard
antimonial chemotherapy, has been used to
successfully treat patients with cutaneous lesions
which did not respond to antimonial therapy alone54.
It is suggested that the topical treatment activates
localized macrophages to kill the parasite, while the
antimonial eliminates systemic amastigotes which
are responsible for persistence of infection55,56.
Drugs in lead optimization and preclinical
phases
Although many compounds have shown activity
in in vitro models, few have received thorough testing
in rodent models of infection. Of these, a few have
demonstrated significant antileishmanial activity in
different models. Plant products are an abundant
source of leads, evidenced in the area of
antimalarials. Licochalcone A from the Chinese
liquorice plant Glycyrrhiza has shown reasonable
oral efficacy in experimental models of VL and CL;
synthetic oxygenated derivatives are also active 57.
One derivative, 35m4ac, gave 97 per cent suppression
of L. donovani liver amastigotes in a hamster model
at 20 mg/kg for 6 days i.p. The compounds appear to
interfere with mitochondrial function. Another
compound, PX-6581, from the Vietnamese plant
Maesa balansae, showed significant activity in VL
models but was not progressed due to toxicity 58,59.
Further study on this series to optimize activity is
underway 60 . Isopropylquinolines, isolated from
Galipea longiflora in Bolivia, also showed activity
in VL and CL models61 and studies on further SAR
have recently been published 62 . Other quinoline
derivatives, the indolyl quinolines, have also shown
activity against VL in murine models and are the
subject of further research 63.
Therapeutic switching or “piggy-back
chemotherapy” is another potential source for new
antileishmanial compounds. Azoles, originally
developed as antifungal drugs, have shown activity
against Leishmania spp. Like fungi, Leishmania
synthesize 24-substituted sterols, such as ergosterol
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(mammals have cholesterol). Azoles can inhibit a
key enzyme of this pathway, 14α-demethylase.
Ketoconazole, itraconazole and fluconazole have
given equivocal results in trials against both CL and
VL 64. Oral posaconazole has shown encouraging
activity against experimental L. amazonensis 65 but
this has not been developed further. Bisphosphonates,
used for the treatment of bone disorders such as
osteoporosis, are another example of therapeutic
switching. Two of these drugs, risedronate and
pamidronate, were active against experimental
infections of both CL and VL66,67.
Drug discovery and development
The overall stages of drug discovery and
development for neglected diseases, like
leishmaniasis, have been recently described 68 and will
not be covered here. We will focus here on the
specific in vitro and in vivo assays required in the
drug discovery process for leishmaniasis.
In vitro assays: In an earlier review69, requirements
for an in vitro assay to indicate the intrinsic activity
of antileishmanial drugs were outlined and included
use of (i) mammalian stage of the parasite, (ii) a
dividing population, (iii) quantifiable and
reproducible measures of drug activity, and (iv)
activity of standard drugs in concentrations
achievable in serum/tissues. Recently, assay design
has focussed on features that make the assay
adaptable to medium throughput screening (MTS),
with additional requirements of (i) small amounts of
compound (<1 mg), (ii) quick throughput, and (iii)
low cost of tests. Other useful features of in vitro
assays are adaptability for studies on (i) variation of
drug sensitivity using recent isolates, different
species/strains, resistant strains, and (ii) effects of
immune or metabolic components.
For antileishmanial drug discovery in vitro assays
are available on:
(i) Promastigotes: Drug activity against this
extracellular stage is easy to determine. However,
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there are significant differences between
promastigotes and amastigotes in biochemistry and
sensitivity to standard and experimental drugs13,70-72.
Promastigotes assays are useful cytotoxicity indicators
in bioassay-guided fractionation of plant products.
(ii) Macrophage - amastigote models: The most
widely used models for testing drugs against
Leishmania species have involved either murine
peritoneal macrophages or human-monocyte
tranformed macrophages as host cells. These models
are able to show species/strain variation in drug
sensitivity 13,14. In these differentiated non-dividing
macrophages the rate of amastigote division in host
cells and drug activity can be clearly determined.
Drug activity is measured by either microscopical
counting of percentage of infected cells or number
of amastigotes/macrophage 73 or colorimetric or
fluorometric methods. The slow rate of division of
L. donovani and L. infantum amastigotes in this

model is a limitation. Mouse (J774) 74 and human
(THP-1, U937, HL-60) monocytic cell lines have
been used in drug assays75. Assays that use dividing
host cells must ensure that the confounding effects
of drug activity on both parasite and host cell number
are considered. THP-1 cells can form a non-dividing
monolayer and make an attractive alternative to
primary isolated macrophages, and have been used
in antibacterial assays76.
(iii) Axenic amastigotes: Axenic amastigote cultures
offer different opportunities and protocols have been
described for L. mexicana 77,78 , L. braziliensis 79 ,
L. donovani 80,81 and L. infantum 82. However, the
amastigotes used must have confirmed biochemical
and immunological markers and interpretation of data
related to the high concentration of serum that is
required in some systems. Differences in drug
sensitivity between axenic L. donovani amastigotes
and intracellular amastigotes have been observed81.

Table. Current drugs used for the treatment of leishmaniasis
Visceral leishmaniasis
First line drugs

Clinical trials

Sodium stibogluconate (Pentostam, SSG); meglumine antimoniate (Glucantime)
Amphotericin B (Fungizone)
Liposomal amphotericin B (AmBisome)
Pentamidine
Miltefosine (oral, Phase IV; registered in India )
Paromomycin (Phase III)
Sitamaqine (oral, Phase II)
Other amphotericin B formulations

Cutaneous leishmaniasis:
First line drugs
Sodium stibogluconate (Pentostam); meglumine antimoniate (Glucantime)
Amphotericin B (Fungizone)
Pentamidine
Paromomycin (topical formulations with methylbenzethonium chloride or urea)
Clinical trials

Miltefosine (oral, Phase III, registered in Colombia)
Paromomycin (topical formulation with gentamicin and surfactants, Phase II)
Imiquimod (topical immunomodulator, Phase II)
Also anti-fungal azoles – ketoconazole, fluconazole, itraconazole

Parenteral administration unless otherwise stated
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(iv) Automated screening: A major limitation of the
amastigote-macrophage model is that the absence of
automation and dependence on microscopical
evaluation. Promastigote assays using reazzurin
(Alamar Blue) and transfected parasites have been
successful83,84 but not within the clinically relevant
amastigote-macrophage model. Various groups have
successfully transfected reporter genes into
Leishmania, however, the majority of them require
drug selection to maintain the plasmid, as in
Trypanosoma cruzi85. This is not ideal for use in drug
experiments. Recently the firefly luciferase gene has
been successfully integrated into the genome of a
L. amazonensis strain and has been evaluated in vitro.
It was used in a drug-screening assay in 96-well
plates and compared favourably with microscopical
evaluation 85 . Transfected reference strains of
Leishmania, such as L. donovani HU3, would be of
further use to the drug screening community and
work is underway to achieve this.
In vivo assays: Animal models enable drug activity
to be determined in relation to absorption (route of
administration), distribution (different sites of
infection),
metabolism
(pro-drugs,
immunomodulators), excretion and to give an early
indication of the toxicity. Most of the models use
mice, where a relatively low amount of compound is
required, which are available as SPF and inbred
strains enabling reproducible results with five
animals/group. Mice are susceptible to most strains
and species of Leishmania in both non-cure and selfcure models. The aim of using the animal model is
to find a drug that can be administered orally, be
effective in a short course (< 10 days) and have no
indication of toxicity at the highest doses tested (100
mg/kg). (i) For visceral leishmaniasis inbred strains
of mice are widely used with susceptible, resistant
and intermediate strains being available. The
BALB/c mouse is a commonly used strain, at 1820 g, with highly reproducible levels of infection
when an amastigote inoculum is administered i.v..
An assay in week two after infection examines the
activity of the drug against the liver infection but
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not the spleen infection. The infection in each mouse
strain needs to be characterized for each parasite
strain used to ensure that drugs are tested
appropriately. Athymic and scid mice provide a
model for treatment of VL in immunosuppressed
cases87,88. The hamster is also a good model for VL
and provides a more synchronous infection in the
liver and spleen that can develop into a chronic noncure infection more similar to human VL. However,
the weight (50-60 g), the absence of an easy route
for i.v. inoculation and the limited availability of
inbred SPF animals make this model less predictable.
A problem in all the models is the determination of
drug activity upon necropsy or biopsy which has been
dependent on microscopy to determine the level of
infection. This is now being replaced by quantitative
PCR techniques 90. (ii) For cutaneous leishmaniasis
inbred strains of mice are available with defined
susceptibility/resistance, cure and non-cure to
L. major, L. mexicana and L. panamensis. The
BALB/c mouse - L. major model has been used
widely in drug studies but it is an exceptionally
rigorous non-cure model in which only the most
active drugs have any efficacy and absolute cure is
rare. In this model the standard antimonial drugs are
ineffective. Other mouse models (CBA, C57/Bl) that
self-cure, like most humans, should be used for
studies on lead compounds 90. Lesions on the back of
mice are also amenable for testing topical
formulations. The determination of drug efficacy by
measuring changes in lesion size (three dimensions)
during and after the course of treatment can be
misleading as much of the lesion is composed of
inflammatory cells with amastigotes restricted to
dermal layer of the skin. Culturing parasites from
biopsies provides an alternative measurement of
activity and has been shown to give quantitative
data 91,92. However, PCR methodologies have been
introduced that give quantitative and reproducible
data 93,94 . Poor animal models for L. tropica,
L. aethiopica and L. braziliensis are a limitation for
studies. Recent work on the L. braziliensis hamster
model has shown potential for drug testing95.
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Concluding remarks
The drug discovery pipeline for leishmaniasis is
imbalanced. With data from the genome project
complied with interest from key researchers in
biochemistry and chemistry, there has been renewed
interest in drug discovery. Projects have identified
many hits and leads. However, like in many areas of
drug research, the tools, models and skills available
to progress these compounds through the lead
optimization and pre-clinical stages are limited.
Along with efforts to find new compounds, resources
availability is essential at this crucial stage of drug
development to key groups and centres.
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Leishmania are protozoan parasites distributed worldwide. About 1.5-2.0 million cases are reported
in the world annually from this disease and the death toll is estimated to be 57,000. Along with
Brazil, Sudan and Bangladesh, India contributes to 90 per cent of the global burden of visceral
leishmaniasis (VL). The absence of effective vaccines and vector control programmes, makes
chemotherapy the most widely used tool against leishmaniasis. Chemotherapy based on pentavalent
antimonials has been used for more than 50 years and remains the mainstay for treatment of
leishmaniasis. Clinical resistance to pentavalent antimonials, in the form of sodium antimony
gluconate (SAG), has become a major problem in the treatment of kala-azar (visceral leishmaniasis)
in India. The mechanism of resistance is unclear in these clinical isolates although a lot of work has
been carried out with Leishmania mutants selected in vitro by step-wise increasing drug
concentration using the antimony related metal arsenic and more recently sodium antimony
gluconate. We for the first time, investigated the molecular aspect of drug resistance in clinically
confirmed sodium antimony gluconate resistant field isolates and found that the parasite evaded
cytotoxic effects of therapy by enhanced efflux of drugs through overexpressed membrane proteins
belonging to the superfamily of ABC (ATP-binding cassette) transporters. Additionally, our study
also points towards cell surface changes in resistant isolates.
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Leishmania protozoan parasite, belongs to the
family of trypanosomatids and is responsible for a
group of diseases whose symptoms range from mild
cutaneous lesions to fatal visceral involvement.
Today, the leishmaniases are endemic in 88 countries
with an estimated 350 million people at risk. It has
been estimated that 12 million people are affected
by this group of diseases with around 1.5 to 2 million
new cases occurring annually; and this number is
rising1. The group of diseases caused by Leishmania

parasites is transmitted by the bite of sandflies. In
humans, the disease occurs in four forms; life
threatening visceral leishmaniasis (VL), commonly
known as kala-azar; mucosal leishmaniasis (MCL),
self-healing cutaneous leishmaniasis (CL), and postkala-azar dermal leishmaniasis (PKDL). Visceral
leishmaniasis is fatal, if left untreated. In 1999, there
were 57,000 deaths reported in India due to VL, but
the real number is thought to be significantly higher.
Ninety per cent of those afflicted by VL live in five
411
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developing countries namely, India (especially
Bihar), Bangladesh, Nepal, northeastern Brazil and
Sudan.
Current treatment options for patients with
leishmaniasis
Pentavalent antimony, the most widely prescribed
drug to treat leishmaniasis patients, was discovered
a century ago, has serious side effects, requires a
prolonged course of treatment and is losing its
efficacy in some regions due to increasing parasite
resistance. Although newer treatments exist, they are
not optimal due to problems of toxicity, high price
or difficulty in administration. Co-infection with HIV
poses an additional challenge. In northern Bihar,
resistance levels of up to 65 per cent have been
recorded in parasites and other regions might also
follow2,3. Research over the past decade has identified
a number of drugs and formulations that offer
improved treatment for this disease 4,5. The main
alternative currently available in the area is
amphotericin B (AmB). Although highly efficacious,
AmB treatment is associated with serious sideeffects, and can only be given in hospital settings.
Other alternatives exist to treat VL6 but these remain
largely inaccessible to patients because they are too
expensive (AmBisome, miltefosine which is
teratogenic, only registered in India and expensive)
or not registered (paromomycin). Given the problems
of toxicity, need for hospitalization, growing
resistance, and high costs associated with the
currently available drugs for leishmaniasis, it is clear
that patients urgently need new and improved
treatments to replace or complement these drugs.
Excellent recent reviews deal with Leishmania and
anti-leishmanial drugs available or under
development 7,8.

of the host 11 . Reduction could either occur
enzymatically, as in yeast12, or by parasite or host
derived thiols 13 . Parasite-specific thiols such as
trypanothione as well as macrophage-specific thiols
such as glycylcysteine, can reduce SbV to SbIII non
enzymatically. Recently, a parasite-specific enzyme
thiol dependent reductase (TDR1), that contains
domains with similarities to omega glutathione
transferases, was shown to catalyze the conversion
of SbV to SbIII using glutathione as a reductant14. A
new antimoniate reductase, ACR2, was characterized
in Leishmania and was shown to reduce SbV and to
increase the sensitivity of Leishmania cells to SbV15.
Recent data suggest that antimony compromises the
thiol redox potential of the cell by inducing the efflux
of intracellular thiols and by inhibiting trypanothione
reductase 16 . It is possible that more than one
mechanism are responsible for drug activation.
Antimonials are thought to act directly by targeting
important biological features of the parasite. In
macrophage infection models, SbV is leishmanicidal,
but in an animal infection model its mode of action
is dependent on a number of factors including T cell
subsets and cytokines17. Stibogluconate was found
to be a potent inhibitor of protein tyrosine
phosphatases, leading to an increase in cytokine
responses18. These results suggest that SbV may kill
the parasites by both direct and indirect mechanisms,
the host response being implicated in the activity of
SbV. It has been shown that both SbIII and SbV
mediate DNA fragmentation in Leishmania species,
suggesting that antimony kills the parasite by a
process reminiscent of apoptosis19,20. The routes of
entry of antimonials into Leishmania (or into
macrophages) are not known, although pentavalent
arsenate, a metal related to SbV, is known to enter
via phosphate transporters 21. The accumulation of
SbV is measured with radioactive isotopes 22, and
lately using mass spectrometric approaches23.

Antimony treatment
Potential mechanisms of drug resistance
It is quite remarkable that even after 50 years of
clinical use, the mode of action of antimony is
unknown, but there is a general belief that to be
active, pentavalent form Sb(V) needs to be reduced
to the trivalent form9. Evidence for reduction inside
the parasites has been described 10. An alternative
view is that the metal is reduced in the macrophage

Potential mechanism of drug resistance include:
(i) conversion of the drug to an inactive form by an
enzyme; (ii) modification of a drug sensitive site;
(iii) increased efflux or decreased influx; (iv)
alternative pathway to bypass inhibited reaction; (v)
increased production of drug sensitive enzymes; (vi)
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increase in the amount of an enzyme substrate
(i.e., to compete with the drug); (vii) decrease
requirement for product of inhibited reaction; and
(viii) failure to activate the drug.
Many of these mechanisms have been observed
in parasites such as alteration in cell permeability,
modifications of drug sensitive sites and increased
quantities of the target enzyme. These modifications
may arise in a population of parasites by a number
of mechanisms such as (i) physiological adaptations;
(ii) differential selection of resistant individuals from
a mixed population of susceptible and resistant
individuals; (iii) spontaneous mutations followed by
selection; and (iv) changes in gene expression (gene
amplification).
It is believed that the genes which confer
resistance to a particular drug are already within the
parasite populations, but prior to exposure to the
drug, are present at low frequencies. Exposure to the
drug selects for these resistant individuals and their
frequency within the population increases rapidly.
The appearance of resistance within a population has
been observed to occur within 5-50 generations. One
factor which might cause the rapid acquisition of
resistance is the sub-optimal concentration of the
drug, resulting in more survivors.
Drug resistance in Leishmania
Resistance of Leishmania against a given drug
may be either natural, or may be acquired when the
parasites are exposed to sub-optimal drug doses 24.
Resistant phenotypes selected in vitro are usually
obtained by culturing wild type parasites under stepwise increasing drug concentration.
Leishmania has the potential to respond to drug
pressure in multiple ways. Most of the understanding
in this area is gained from work based on cells in
which resistance was selected in vitro. Toxic
metalloids such as arsenic and antimony have always
been an integral part of natural environment.
Metalloid containing drugs are used to combat
infectious diseases caused by pathogenic parasites,
as well as in anticancer therapy. To survive in such a
hostile habitat, it is crucial to develop strategies to
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exclude toxic substances from the cell and to acquire
tolerance. Cells remove metalloids from the cytosol
either by active efflux or by sequestration in an
integral organelle. Controlling the influx appears to
be another way of maintaining a low intracellular
metalloid content. The presence of metalloids could
also activate transcription of various cellular defence
genes. The emergence of resistance to metalloid
containing drugs is a serious threat to effective
medical treatment. It is therefore, important to
identify the components that cause the resistance
phenomenon.
Leishmania cells have been selected in the past
for Sb(V) resistance, and some resistance
mechanisms were suggested, including reduced
accumulation 25, gene amplification 26, and loss of
reduction of the metal10. Since the active drug is likely
to be Sb(III), cells were also selected for Sb(III)
resistance27, and analysis of these mutants led to the
proposal of a model for resistance. This model was
derived mostly from work carried out while studying
resistance mechanisms to arsenite, a metal sharing
several characteristics with antimony, but seems to
hold true for Sb(III), at least in L. tarentolae
promastigotes 27. Once Sb(III) is within the cell, it
would be conjugated to trypanothione9, the parasite
specific spermidine glutathione conjugate 28 .
Trypanothione is found to be increased in arsenite
and antimoniate resistant cells 27,29 . This Sbtrypanothione conjugate could then be sequestered
inside a vacuole by the ATP binding cassette (ABC)
transporter PGPA30 or extruded from the cell by a
thiol-X pump31. Altered transport of metals appears
to be an important determinant for resistance25. An
altered membrane partition model for decreased drug
accumulation in drug resistant cells has been
described32. This model suggests that decreased drug
accumulation is the result of alterations in pH
gradients, electrical membrane potential and perhaps
other biophysical parameters, and is not necessarily
a direct result of drug trafficking32. Drug resistance
is also associated with changes in physiological
events such as parasite infectivity, incorporation of
metabolites, xenobiotics conjugation and traffic,
intracellular metabolism, host-parasite interaction,
parasite cell shape and promastigote-amastigote
differentiation 33 . An understanding of these
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physiological events may be helpful for designing
chemotherapeutic approaches to multiple cellular
targets, identifying strategies to circumvent
Leishmania drug resistance. Transport studies of
Leishmania cells selected for SbIII resistance in vitro
(either as promastigotes or amastigotes) have
measured a reduction in accumulation of metals in
resistant Leishmania. Either reduced uptake or
increased efflux could explain the reduced
accumulation 25,34. It has been shown that a metal
efflux pump is present in the Leishmania plasma
membrane 31 which recognizes the metal conjugated
to thiols, such as glutathione or trypanothione 29,31. In
mammalian cells, thiol associated efflux is mediated
by the ATP binding cassette (ABC) transporters of
the multidrug resistance protein (MRP) family35,36.
These are involved in multidrug resistance as well
as metal resistance 37,38. Three different classes of
ABC transporters have been described in Leishmania
parasites. The first group is homologous to the human
multidrug resistance protein (MRP) subfamily of
transporters 39 . The second class of ABC proteins
identified in Leishmania parasites is transporters with
a higher similarity to mammalian P-glycoproteins
that confer a multidrug resistance (MDR) phenotype
similar to that observed in cancer cells40,41. The third
class of ABC transporters has been reported to show
high homology with members of the mammalian
ABCA subfamily with related gene been identified
in L. tropica42.
Drug resistance in clinical isolates of L. donovani
So far ours has been the only attempt to elucidate
the molecular mechanism of resistance to antimony
in field isolates. A lot of knowledge has been
generated on work with laboratory mutants but the
most pertinent question is whether this knowledge
can be translated to the field. A better understanding
of drug resistance mechanisms in the field will allow
the development of new diagnostic assays, such as
nucleic acid based tests, that could rapidly detect a
resistance gene.
The first task is to confirm whether the field isolates
are truly resistant to antimonial therapy or not?43. The
field isolates from drug unresponsive and responsive
VL patients were collected by us from disease endemic

areas of Muzaffarpur in Bihar and Varanasi between
1995-1998; 1999-2000; 2003-2004 and 2005. The
patients were admitted to the Kala-azar Medical
Research Centre of the Institute of Medical Sciences,
Banaras Hindu University, Varanasi, Uttar Pradesh
and also its affiliated hospital situated at Muzaffarpur,
Bihar. The criterion for diagnosis was the presence of
Leishman Donovan (LD) bodies in splenic aspirations
performed and graded according to standard criteria44.
After diagnosis, the patients were administered a
course of sodium antimony gluconate, 20 mg/kg body
weight intravenously once daily for 30 days. Response
to treatment was evaluated by a repeat splenic
aspiration on day 30 of treatment. Patients were
designated responsive based on the absence of fever,
clinical improvement with reduction in spleen size and
absence of parasites in the splenic aspirate while
patients who showed presence of parasites in splenic
aspirates were labelled as antimonial unresponsive.
These patients were subsequently treated successfully
with amphotericin B.
Splenic aspirates of responsive (S) and
unresponsive (R) kala-azar patients (VL) were
adapted in vitro culture as described43 and cultures
maintained at 260C. In order to determine whether
resistance is the intrinsic property of parasites and
not the host, antimonial drug sensitivity of these
isolates were evaluated in vitro 43 . A correlation
between clinical response and SAG sensitivity in
vitro was observed (Fig. 1). Isolate R1 was more
resistant than isolate R2 and R3, and isolate S in
comparison was drug responsive.

No Intravellular amastigote %
Control
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Fig. 1. Sodium antimony gluconate (SAG) sensitivity of Indian
Leishmania donovani isolates (S) sensitive; (R1-R3) resistant,
assayed as amastigotes in J774 macrophages.
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Fig. 2 (A). A confocal image. Expression of green fluorescent protein (GFP) in electroporated Leishmania donovani field isolate.
Cells were viewed after washing and fixing in 3.8 per cent formaldehyde in phosphate buffer saline (PBS).

Fig. 2 (B). Confocal image of intracellular amastigotes expressing GFP from episomal vector.
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Fig. 3. Plasmid constructs. Leishmania-specific vector P6.5MCS was used for cloning the amplicon in 2 different orientations with
reference to that of nagt [(amplicon in correct orientation with respect to nagt of Leishmania expression vector (C) and amplicon in
reverse orientation with respect to nagt of Leishmania expression vector P6.5 (P6.5 R)].

Since classic techniques for detecting the
susceptibility of Leishmania to different drugs are
time-consuming, laborious and require the use of
macrophages, we introduced the green fluorescent
protein (GFP) into the field strains of Leishmania 45.
Leishmania expression vector pXG-GFP was
obtained as a gift from Dr Stephen Beverley
(Washington University, St. Louis, MO).
The transfectants were examined for green
fluorescent protein (GFP) expression by confocal
microscopy. As shown (Fig. 2A) GFP was
completely localized in the cytosol. Cells were
viewed after washing and fixing in 3.8 per cent
formaldehyde in phosphate buffer saline (PBS).
These promastigotes were used to infect J774
macrophages at a host-parasite ratio of 1:10. Again
using confocal microscopy, the intracellular
amastigotes expressing GFP from episomal vector
could be visualized directly without the need for
any cumbersome antibody staining step (Fig. 2B).

Flow cytometry (FC) was used to quantify the
parasitocidal effect of commonly used antileishmanial drugs 45,46. Thus, using GFP transfected
clinical isolate of Leishmania donovani, we
demonstrated the parasitocidal effect of drugs as
reported in literature but in a easier, reliable, simple,
less expensive and quick way. This rapid
determination of drug activity as done by FACS
required no additional antibody staining. This in
vitro model presents numerous advantages over the
traditional drug screening procedure or over the
luciferase system as it requires neither substrates
nor cofactors due to the intrinsically fluorescent
nature of the protein. Although animal models are
well established for drug testing, they are not
suitable for large-scale primary drug screens. Since
cells are not killed during this procedure, which
makes possible high throughput screening (HTS) in
microtitre plates. Currently it is being automated
in 96-well formats for high-throughput screening
of compounds from libraries in our institute.
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Having established parasite resistance to the
antimonial drug (SAG), these isolates form the basis
of our further work to characterize the molecular and
functional basis of resistance.
Nuclear DNA was isolated from these parasites,
using DNAzol (Gibco-BRL, Gaithersburg, MD)
according to the manufacturer’s instructions, and
then digested with HindIII or EcoRI, which recognize
AT-rich sequences (and therefore cause relatively
few breaks in Leishmania DNA, with its 65% GC
content). When the HindIII fragments were subjected
to electrophoresis in agarose and stained with
ethidium bromide, leishmanial DNA from the
unresponsive cases was found to contain a 1.254 kb
fragment which was not present in the lane
corresponding to the responsive isolate. It then
seemed possible that this fragment was linked to the
drug resistance in the unresponsive isolate. In order
to establish a link between SAG resistance and the
1.254 kb sequence, transfection studies were carried
out 47 . The SAG resistance of the transfectants in
which the test sequence had been correctly oriented
with respect to the nagt gene was compared with that
of transfectants (used as controls) which carried the
sequence in the reverse orientation (Fig. 3).
Resistance was explored both while the parasites
were amastigotes in J774 macrophages and after such
amastigotes had been allowed to differentiate into
promastigotes. In six independent experiments, the
transfectants with the correctly oriented sequence
were consistently found to be 2-3 fold more resistant
to SAG than the control L. amazonensis (Fig. 4).
Molecular mechanism(s) responsible
resistance in clinical isolates of L. donovani

for

The amplified sequence detected in antimonial
unresponsive patients did not hybridize with probes
derived from ABC transporter genes which have been
implicated to be involved in antimony resistance in
laboratory mutants. Nor did the amplified sequence
(AF 273843) show any homology with the sequences
for proteins already associated with drug resistance
in Leishmania laboratory mutants. Thus it can be
affirmed that the mechanisms of resistance postulated
for laboratory mutants of Leishmania were probably
not operating in the present field isolates of
L. donovani from India47.

Fig. 4. Increased resistance to sodium antimony gluconate
(SAG) in Leishmania amazonensis amastigotes as a result of
transfection with the 1.254-kb sequence. Macrophages of the
J774 line were infected with promastigotes of transfectants in
which the gene sequence was placed in the correct n or reverse
orientation l with respect to the nagt gene of the Leishmania
expression vector P6.5. After 3 days in tissue-culture flasks,
the infected cells were plated at 0.5 million cells/well, treated
with graded concentrations of SAG, and then incubated for
another 24 h before the numbers of amastigotes were estimated.
The total number of amastigotes/well was estimated from the
number of macrophages, the percentage of macrophages infected
and the mean number of amastigotes/infected macrophage.
Vertical lines indicate SD.

An open reading frame of 305 nucleotides was
identified within this novel sequence. The entire
sequence consisted of mostly hydrophobic amino
acids. Sequence analysis did not convincingly
support the presence of putative transmembrane
domains that are essential features of transport
proteins. Efflux therefore seems unlikely. No obvious
BLAST hits with any protein implicated in drug
resistance emerged with this sequence. This
corroborated the fact that we had not obtained any
signals on hybridization of this sequence with probes
implicated in drug resistance in laboratory mutants.
Therefore, this gene appears to be conferring
resistance by a novel mechanism. One structural
feature that may suggest how this sequence confers
resistance was the prediction of phosphorylation sites
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Fig. 5. Membrane topology model of MRP (multidrug resistance
protein) MRP1 consists of two ATP binding sites (circles) and
two membrane bound domains.

Ser 0, Thr 3 and Tyr 1. It has been reported that
P-glycoproteins and homologous multidrug
transporters contain a phosphorylated linker sequence
that is proposed to control drug efflux (Fig. 5).
Phosphorylation is enhanced in resistant strains
compared with wild type strains. The predicted
phosphorylation sites in our sequence awaits
experimental demonstration. It may be that protein
phosphorylation is playing a role in signal
transduction pathway in the parasite after exposure
to drug and thus confers resistance. We have done
the cloning, expression, purification and antibody
production of this gene implicated in imparting
resistance48. The expressed recombinant protein was
found predominantly in the insoluble fraction. This
could be caused by strong membrane association of
the recombinant protein since it is highly
hydrophobic. Antibody raised against this
recombinant protein was localized on the cell surface
in the resistant parasite (Fig. 6). Now that the
Leishmania genome (major and infantum) has been
sequenced, we carried out a search to identify
whether we could detect any homologous gene to that
of the gene we have found in the clinical isolate which
seems to be associated with the resistance phenotype.
We found the gene with 80 per cent homology on
chromosome 18 in both the species (Fig. 7). The
protein is hypothetical but conserved. Our work so
far suggests that this gene is responsible for resistance
induced modification of membraneous lipid in the
parasite cell.

Fig. 6. Polyclonal antibody raised against the recombinant
protein implicated by us in antimonial resistance, was used in
immunofluorescence analysis to study the localization by
confocal microscopy.

Functional studies to elucidate mechanism(s)
responsible for resistance in clinical isolates of
L. donovani
It has been discussed above that one of the
pathways adopted by the parasite to develop
resistance to antimonials has been attributed to
over-expression of ABC efflux pumps (Fig. 8).
Although, it is conceivable that other mechanisms,
unrelated to drug efflux, might be involved in
Leishmania resistance to antimonials. To date, an
unanswered yet pertinent question is the status of
the MDR or MRP ABC transporter pumps in
clinical isolates collected from VL patients. Using
flow cytometry, we have assayed the functional
activity of MRP and MDR in clinical antimony
resistant and sensitive Leishmania isolates
(unpublished observation) 49 . Our studies indicated
that the clinical isolates tested were all
conspicuous in the absence of the classical MDR
pump which is inhibited by verapamil. An
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Fig. 7. Graphic display (in Artemis) of LmjF18.0310 (L.major) & LinJ18.0300 (L.infantum) clone or chromosome 18.

increased MRP like pump activity was however
detected in the resistant clinical isolates although
resistance was not solely reflective of this as the
isolate from which the gene seemingly involved
in resistance has been cloned and expressed,
showed no MDR or MRP pump activity. We have
already seen that resistance induced modification
in the parasite cell surface could be a contributor
towards this phenotype. We also found increased
thiol levels in the resistant isolates that possibly
generates increased formation of metal thiol
adducts (unpublished). Taken together, our results
suggest that the clinical isolates use various type
of mechanisms simultaneously.
Microarray analysis of differential gene
expression in antimony resistant kala-azar clinical
isolates
Fig. 8. Membrane topology models for the MDR-related ABC
transporters.

DNA microarrays are powerful tools employed
in the field of parasitology. Studies have validated
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Fig. 9. Gene expression analysis of resistant isolate as determined by DNA microarray. (A) Scatter plot of hybridization intensities
between resistant Cy5 and sensitive Cy3 isolates. The expression of genes represented within the dashed lines are considered as
similar in the two isolates. Dashed lines indicate two fold differences and genes whose expression differ significantly are indicated.

the use of microarrays in studying drug resistance in
Leishmania and have pinpointed new genes
overexpressed either by gene amplification or by
other mechanisms 49 . We made use of DNA
microarrays as a rapid screening tool to identify genes
associated with phenotype of interest i.e., drug
resistance. Once target genes are identified,
additional laboratory resources may be invested to
validate the list and to further characterize the
relationship of their biological functions to the
process of drug resistance. We obtained microarrays
of cDNAs from both the stages in the life cycle of
the parasite promastigote and amastigote. To probe
these microarray slides, fluorescent cDNAs were
synthesized from total promastigote RNA isolated
from drug unresponsive and responsive clinical
isolates of L. donovani. The Cy5 signal (from drug
unresponsive isolate) was plotted against the Cy3
signal (from drug responsive isolate) on a scatter plot
(Fig. 9). For each gene represented in the array, the

Cy5/Cy3 fluorescence ratio measured at the
corresponding array element is a quantitative
measurement of the relative abundance of the
transcript of that gene in the two isolates.
The distribution was not tightly packed with a
fraction of the points deviating from line of best fit
indicating possible differential expression. The
significantly expressed genes in the resistant isolate
were further compared bioinformatically and
clustering of cDNAs with a common pattern of
expression revealed potential pathway specific genes.
Though majority of genes were detected as
hypothetical proteins, the analysis by microarray has
shown a set of genes whose expression was
significantly altered compared to sensitive
(unpublished). These identified genes belonged to the
ABC transporter family and also genes pertaining to
cell surface molecules again indicating to resistance
induced modification therein.
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A vaccine against different forms of leishmaniasis should be feasible considering the wealth of
information on genetics and biology of the parasite, clinical and experimental immunology of
leishmaniasis, and the availability of vaccines that can protect experimental animals against
challenge with different Leishmania species. However, there is no vaccine against any form of
leishmaniasis for general human use. One major factor is the lack of a conceived market for human
leishmaniasis vaccines. Hence pharmaceutical industries involved in vaccine development are not
interested in investing millions of dollars and a decade that is required for developing a new vaccine.
Besides, leishmaniasis is a local/regional problem and not a global one. According to the estimates
of the World Health Organization, 90 per cent of visceral leishmaniasis occurs in five countries
(Bangladesh, Brazil, India, Nepal and Sudan). Those in need are amongst the poorest people in
these countries. It should therefore be the objectives of these countries to develop a vaccine.
Fortunately, both Brazil and India have designated the control of visceral leishmaniasis as a top
priority for their respective Ministries of Health. The purpose of this review is to present only the
vaccines in use and those in development for use in dogs or humans. This is not an exhaustive
review of vaccine discovery or the principles of clinical immunology underlying vaccine development.
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Development of a new vaccine must meet current
requirements of Good Laboratory Practices (GLP),
Good Manufacturing Practices (GMP) and Good
Clinical Practices (GCP). These guidelines evolve
continuously and for a prophylactic vaccine that is
destined for healthy individuals - mostly children utmost attention must be given to assure safety,
reproducibility and efficacy. A candidate molecule(s)
to be used in clinical trials should be developed under

these internationally accepted guidelines. All
materials, their origins, sources and all procedures
should be well defined/followed. Standard operating
procedures (SOPs) must be developed for each step
and followed meticulously to assure consistency of
products at predefined high quality. Implementation
of quality control (QC, of products according to
predefined criteria) and quality assurance (QA,
systems for equipment and personnel) for in-process
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control is required to assure batch to batch
reproducibility and quality of the final product. All
procedures, equipment and even personnel involved
would have to be validated to conform to the rules
of GMP. For recombinant vaccines, the origins of
genes, and all materials used in pre-industrial scale
production including the gene expression system,
recombinant host, and purification should be well
defined and acceptable. Items required to be tested
in recombinant vaccine are shown in Table I, adopted
from WHO technical report series 823 and U.S. Food
and Drug Administration (FDA) Code of Federal
Regulations 21. In contrast to recombinant vaccines,
conventional vaccines either live or killed require
fewer tests on bulk intermediates and finished
products. This makes the cost of production lesser
than for recombinant protein production. However,
cultivation of live organism and adapting a system
to check the consistency in culture, and problems
because of using sera in media are obstacles in
conventional vaccine.
Development of vaccines can be divided into five
different stages: discovery, pre-clinical development,
clinical-development, registration, and postmarketing evaluation. For leishmaniasis vaccines,
there has been much activity in the discovery area
funded by national and international agencies,
yielding many candidate second generation vaccines.
These activities are carried out in research
laboratories at universities and research institutes
where neither the scientists nor the institutions are
geared or experienced in GLP, GMP or GCP. Hence,
in the absence of industrial interests, the many
candidate vaccines have remained as fine
publications. Only one candidate is in clinical
development at this time for human use (see below
under Second Generation Vaccines).
In general, the leishmaniasis vaccines in
development can be divided into three categories:
(i) Live Leishmania; including new genetically
modified constructs; (ii) First generation vaccines
(FGV) consisting fractions of the parasite or whole
killed Leishmania with or without adjuvants; and
(iii) Second generation vaccines (SGV) including all
defined vaccines, i.e., recombinant proteins, DNA
vaccines and combinations thereof.

Live Leishmania as a prophylactic vaccine
Leishmanization (LZ)
Past experience: From ancient times it was known
in western and south-western Asia, that recovery
from cutaneous leishmaniasis (CL) is followed by
a strong immunity to the disease 1. Hence, much like
cow-pox, the exudates from active lesions were
inoculated into a covered part of the body of healthy
children to induce a self-healing lesion and
protection against multiple lesions on the face and
other exposed parts of the body. This approach later
became known as “leishmanization” (LZ) and live
virulent promastigotes of Leishmania major
harvested from cell free cultures of the parasite
replaced
inoculation
from
exudates 2,3 .
Leishmanization as a prophylactic vaccine was used
in Israel in 1970s and in Iran in 1980s 4 and then in
a massive programme covering over 2 million
people during the Iran-Iraq war of 1982-865. The
programme in Israel was stopped mainly due to loss
of infectivity of the parasite as a result of continuous
sub-culturing.
In addition they reported
immunosuppression as seen by reduced
responsiveness to diphtheria, pertussis, tetanus
(DPT) vaccine in children following LZ. In Iran,
first a pilot study was conducted, in which 250
volunteers received LZ and the rate of incidence of
natural infection in “takes” vs. “non-takes” in this
group was compared to unmatched control within
the same geographic focus. Lesions lasted between
3.5 -13.5 months. The two year incidence of the
natural infection in this hyperendemic area was 0.8
per cent for “takes” and 10.5 per cent for “nontakes” 4.
The LZ programme was stopped in Iran after the
war due to complications arising from the special
war conditions under which the vaccine was produced
and delivered. In addition, a few cases became
chronic and did not respond to routine treatment.
Present use: At present there is only one
prophylactic live vaccine in use. This is a mixture
of live virulent L. major mixed with killed parasite
registered in Uzbekistan. The parasite is isolated
from an active lesion to produce the vaccine each
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year to overcome the problem of loss of virulence
and given a few months prior to the start of
transmission cycle (February) to high risk
population 6,7 . The problems associated with this
vaccine are standardization and quality control.
Fortunately, there is no HIV infection at the site
and amongst the target population which primarily
consists of school-age children.
Future of live vaccination: Using wild type
L. major for LZ, a lesion must develop before
protection is induced. However, there are examples
of protective vaccination in mice with genetically
modified parasites that do not produce the
pathology, yet induce protection against wild type
parasites. These mutant parasites have been
developed by mutagenesis and selection 8 , gene
targeting methods (either to introduce foreign genes
into the genome or to derive deficient strains, known
as knock-out mutants) to assess the function of
individual genes or gene families 9-13 . Genetic
modification may consist of removal of a gene(s)
as in knock-out parasites 9-11,14-16 or by introducing
several position dominant selectable markers 17-20.
Another approach is to add external gene(s)
“suicidal cassettes”21-26 to render the parasite more
responsive to drugs. In all these models, the idea is
to induce protection but not the pathology associated
with LZ.
Knock-out parasites: Several Leishmania lines have
been engineered in which essential genes for
survival in the host have been blocked or removed/
replaced. The first construct generated by gene
targeting, was a dihydrofolate reductasethymidylate synthase (DHFR-TS) L. major knockout 10. This mutant was shown to survive in mice for
about two months without producing a lesion.
Injected mice showed significant protection (short
term) against challenge with wild type 27,28. Although
the knock-out parasite showed a type-1 cytokine
response by human cells in vitro, further studies in
monkeys were disappointing hence the DHFR-TS
knock-out construct has not been further developed
as a vaccine.
Using a similar technique of homologous
recombination with L. donovani, the biopterin
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transporter (BT1) was inactivated. The BT1 knockout construct had much reduced virulence but elicited
an immune response leading to a high level of
resistance against challenge by the wild-type
parasite 30 . Several cysteine proteinases (CP) of
L. maxicana knock-outs were constructed lacking
CPa, CPb or both31,32. These constructs had reduced
pathogenecity and induced partial protection in
BALB/c mice against challenge with the wild type
L. mexicana33.
Suicidal cassettes: Like other organisms,
Leishmania can be genetically modified to commit
suicide in response to external signals for selfdestruction as a strategy for vaccination21,23,24,34. By
introducing genes that would produce lethal
materials upon exposure to harmless substrates,
toxic products are generated which are lethal to the
parasite. More recently a double drug sensitive
strain of L. major was constructed using advances
in gene targeting technology by stably introducing
into the chromosome modified HSV-1 thymidine
kinase gene (tk), conferring increased sensitivity to
ganciclovir (GCV), and a Saccharomyces cerevisiae
cytosine deaminase gene (cd), conferring sensitivity
to 5-fluorocytosine (5-FC) 25,26 . In vitro studies
showed that the homozygous L. major (tk–cd+/+)
promastigotes were killed by either drug alone, and
together the drugs acted synergistically26 . Studies
conducted in vivo showed that progressively
growing lesions in BALB/c mice, caused by
L. major (tk-cd+/+), were completely cured by two
weeks of treatment with either drug alone or in
combination. Treated animals showed no signs of
recurrence of infection for at least 4 months when
the experiments were terminated 26 . Further
investigations, regarding the use of this interesting
system in vaccination studies demonstrated that
even combined therapy with GCV and 5-FC as early
as day seven post infection can eliminate the
parasites, yet induce a high level of IFN-γ and
protection in both BALB/c C57BL/6 mice
(Davoudi N, unpublished data).
None of these constructs has reached clinical
development yet, however the approach provides
possibilities for induction of protection with a selflimiting infection, possibly without any pathology.
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Fig. 1. Appearances of lesions caused by leishmanization at the peak of lesion development. Note the different forms, (A) a small
benign lesion that healed with a minimal scar; (B) satellite lesions resembling recidivans; (C) a raised lesion with strong induration
at the site of infection. D1 and D2, lesions from natural infection.

Live Leishmania as a challenge infection to test
candidate vaccines
A major time- and cost-strain for development of
a vaccine is the conduct of pivotal field efficacy trials
(Phase-3), with sufficient power (large sample size)
needed to facilitate registration. Hence prior to
embarking on costly phase-3 trial of a candidate
vaccine, it would be prudent to have some indications
of its efficacy in human. This is particularly
important when true surrogate markers of protection
are not fully identified - as is the case with
leishmaniasis. Live challenge studies simulate natural
infection, but can be done with a small sample size
and in a short duration thereby saving a considerable
amount of time and resources. To this end, live
challenge has been used to measure the efficacy of
candidate vaccines35,36. For leishmaniasis, a seed bank
and several hundred seed lots were established from
the same well characterized and extensively studied
parasite (L. major, MRHO/IR/75/ER) that was used

in the massive LZ programme at Razi Vaccine and
Serum Institute in Iran 37. From the seed lots, several
live Leishmania stabilates were produced for
challenge studies. The autoclaved L. major (ALM)
vaccine was also produced from the same seed lots,
(see under killed vaccines). The stabilates were made
from the late stationary phase of parasites in culture
and were kept frozen in liquid nitrogen until used.
This proved useful for maintaining parasite virulence
as tested in mice. Two LZ trials were conducted in
42 inoculations in 28 male adult volunteers who were
followed until complete healing of their lesions 38 .
Lesions induced by LZ were as diverse as natural
infection, but much milder (Fig. 1). All volunteers
who recovered from their lesions and agreed to
receive a second LZ were totally protected (100%
protection against second challenge 11/11). In spite
of much variation and the small sample size, it was
clearly demonstrated that standardized stabilates may
be used to evaluate candidate vaccines in a short
period (2-3 months) when 70-80 per cent of recipients
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Day Post leishmanization
Fig.2. Ulcerated lesions development and their complete healing to scar formation in 18/23 volunteers who developed an ulcer
following leishmanization. Note: Over 70 per cent had an ulcerated lesion by day 60, hence candidate vaccine efficacy can be
determined in 2 months.

would develop an ulcerative lesion (Fig. 2). The
stabilates proved to retain their virulence over three
years and produce comparable outcomes with respect
to virulence (take rates), size of lesions produced,
duration to onset of ulceration and healing38.

hyperendemic foci where HIV infection has not yet
been detected.

The advantages of live challenge studies over
field efficacy trials against natural infection are low
cost, reduced time to evaluation, all participants in
a vaccine trial will end up being protected (if the
candidate vaccine would not protect, then LZ
would), and facility to search for surrogate markers
cost-effectively. The disadvantage is a long lasting
lesion (3-13 months) if untreated. In addition,
Leishmania are believed to persist for a long time
after recovery, as shown in mice 39,40 and recurrence
of leishmaniasis in immunosuppressed individuals41,
hence, introduction of live Leishmania is not
possible in an area with a risk of HIV infection.
There are still certain limited isolated leishmaniasis

Killed parasite - New World: The early trials with
killed Leishmania as a vaccine were conducted in
Brazil in 1940s. Later, from 1970s onwards Mayrink
and his colleagues developed a killed vaccine
composed of five isolates of Leishmania containing
four different species43 . This was simplified to a
single (L. amazonensis) vaccine and tested for
prophylactic potential in Columbia48.49 and Ecuador47
and as an adjunct to chemotherapy in Brazil44. Convit
and his group in Venezuela introduced their
autoclaved L. mexicana + BCG for immunotherapy
and/or immunochemotherapy42. Several prophylactic
studies were done43 with inconclusive results or low
protection induced by the vaccine (killed Leishmania

Killed parasite (first generation) vaccines or
fractions
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Table I. Criteria for recombinant vaccine candidate (Bulk & Intermediate)

Test

Specification

Peptide map

Sample to reference peak height ratio

Methionine oxidation

< 5.5%

Carbohydrate analysis (if recombinant host is eukaryotic)

Disialo-biantennary,glycansTrisialo-triantennary+
Monosialo-biantennary glycans

N-terminal sequencing

First 10-14 amino acids

Biological potency (specific activity)

According to pre-clinical criteria

Purity

More than 96 per cent

SDS-PAGE Apparent molecular weight and impurities
(Coomassie Blue stain)

Apparent molecular weight impurities bands

Size exclusion chromatography

Aggregation (both at release and expiration date).

Host cell protein

≤ 500 ng/ml

Endotoxin

≤30 EU/ml

DNA content

≤10 ng/ml

Bioburden

≤ 10 cfu/10ml

SDS-PAGE, Sodium dodecyl sulphate-polyacrylamide gel electrophoresis
Source: Adopted from WHO Expert Committee on Biological Standardisation, Technical Report Series 760, 1987; WHO
Technical Report Series 823; WHO Expert Committee on Specifications for Pharmaceutical Preparations. Thirty- second Report,
WHO, Geneva, 1992, and US Food and Drug Administration Code of Federal Regulations - Title 21 - Office of the Federal
Register, National Archives and Records Administration, Washington DC, 1996

injected 3 times without any adjuvant) when given
to leishmanin-negative (Montenegro skin test, MSTsame as leishmanin skin test, LST -) individuals.
However, a highly significant finding of this group,
which has been confirmed over and over again by
others, is that the incidence rate amongst the MSTconverted individuals in the vaccine group was
significantly lower than those in the control
(unvaccinated) group or vaccinated but MST nonconverted individuals. As in Venezuela with Convit’s
vaccine, Mayrink’s vaccine was effective in reducing
the dose of antimony required to achieve cure 44 .
Based on these trials the vaccine was registered as
an adjunct to antimony therapy in Brazil but not for
prophylactic use.
In Venezuela, autoclaved killed L. mexicana is
now used to treat patients with CL. If the patient does
not respond after three injections (2 months), then
antimony treatment is initiated 45. In Ecuador, two
doses of a vaccine composed of L. amazonensis and
L. mexicana mixed with BCG induced 73 per cent
protection46. A double-blind randomized efficacy trial
with Mayrink’s vaccine formulated to be injected
intradermal mixed with BCG could not be conducted

as planned due to flooding caused by Niño, as a
results case finding was delayed and it was not
possible to determine the efficacy of the vaccine, if
any 47. This study unlike the claims of the authors
should be considered as “inconclusive”.
A comparative trial of this vaccine with and
without BCG was conducted in Colombia, the
formulation without BCG was chosen to proceed to
efficacy trial due to lesion formation at the site of
injection with BCG48. A randomized double-blind
placebo control efficacy trial against natural infection
was conducted in Colombia49. Similar to the finding
of Mayrink 43 in Brazil, there was no significant
difference in incidence rates of vaccinated vs
unvaccinated controls. Unlike Mayrink’s studies,
there was no skin test performed after vaccination,
hence the immunogenicity of the vaccine soon after
immunization was not known. A low conversion rate
due to whatever reason could account for lack of
sufficient efficacy. Further, it is not possible to
determine the incidence only in those vaccinated
individuals who responded by skin test conversion,
the group that in previous trials were shown to have
a lower incidence rate. In general, considering all
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Table II. Double-blind randomized BCG-control field efficacy trials of ALM mixed with BCG
Trial

Disease
No. of volunteers
No. of injection

% LST conversion
in vaccinees

Incidence rate
vaccines/BCG

Other outcome

1

ZCL*
2,453
One55

36.2 (80)

18/18.5

35% ↓ incidence in LST + P<0.05
↓ severity in vaccinated children,
P< 0.04

2

ACL**
3,637
One56

16.5 (80)

2.8/3.2

Boys protected > girls P< 0.01

3

VL ***
2,306
Two57

30 (42)

11.5/12.3

43% ↓ incidence in LST
converted, P<0.003

4

ZCL*
2,179
Three a

23.3 (60)

9.8/10.3

Efficacy against severe cases 46%

5

ZCL*
2,111
3 injections a month apart a

Not done

14.1/14.8

Efficacy not more than single
injection

6

ACL**
4,500
Threeb

16.2 (60)

2.9/3.5

Efficacy not more than single
injection, no difference between
boys and girls

Causative parasite: *L. major; **L. tropica; ***L. donovani
Figures in parentheses represent time (in days after vaccination) when LST was performed
LST, Leishmania skin test; ZCL, zoonotic cutaneous leishmaniasis; ACL, anthroponotic cutaneous leishmaniasis; VL, visceral
leishmaniasis
Source: Refs 56, 57 a, Khamesipour et al unpublished;b, Sharifi et al unpublished

trials, based on the immunogenicity of various killed
Leishmania preparations, it seems that a better
adjuvant than BCG would be required to produce a
potent vaccine.
Fractionated preparation: The fucose mannose
ligand (FML) antigen is present on the surface of
the parasite throughout the life cycle, and it has been
shown that it is a potent immunogen in mice and
rabbits and a sensitive, predictive and specific
antigen in serodiagnosis of human and canine kalaazar50. The FML saponine formulation is shown to
be safe, immunogenic and protective in BALB/c,
Swiss albino mice and CB hamsters51. In a Brazillian
focus endemic for both human and dog visceral
leishmaniasis (VL), efficacy trials using the FML
vaccine in dogs induced 92 and 95 per cent protection
in naturally exposed vaccinated dogs. Protection
induced by the FML-Quillaja saponin vaccine lasted
up to 3.5 yr after vaccination, therefore, it induced
strong protective effect against canine kala-azar in
the field52.

Old world killed L. major vaccines: In Iran, both
types of zoonotic cutaneous leishmaniasis (ZCL) and
anthroponotic cutaneous leishmaniasis (ACL) exist
at very high incidence rates in different parts of Iran,
which makes the disease one of the major health
problems in this country. This has given the impetus
to focus much attention and resources for developing
a vaccine during the last decade.
Using the same organism that was used for LZ in
Iran, a seed bank and several hundred seed lots were
prepared under GMP guidelines at Razi Serum and
Vaccine Research Institute, Hesarak, Iran. Several
procedures were used for killing the promastigotes
and finally autoclaving was selected similar to that
developed in Venezuela to produce autoclaved
L. major (ALM) as the vaccine. Stepwise phase I-II
safety and dose-response trials were conducted in non
endemic area53,54. A dose of 1.0 mg ALM mixed with
one tenth of the dose of BCG usually used for antituberculosis vaccine was chosen for further
development. The results showed that the mixture
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was safe, acceptable and induced LST conversion in
about 38 per cent and weak but measurable IFN-γ
production. Efficacy trials of a single dose of 1 mg
of ALM mixed with one tenth dose of BCG were
conducted in a zoonotic55 as well as anthroponotic
foci of Iran56. The immunogenicity of the vaccine in
the field was much reduced and only 16.5 per cent
LST conversion was seen in the anthroponotic focus
of Bam, Iran (Table II). To increase immunogenicity,
multiple injections were planned. Safety and
immunogenicity of multiple doses were studied in
non endemic foci before proceeding to field efficacy
trials. Two doses of the vaccine gave a reduction of
incidence of 43 per cent in LST converted volunteers
in Sudan against VL involving 2306 volunteers
(Table II)57. Three injections of the vaccine did not
produce any higher protection than single dose
against anthroponotic or zoonotic CL in Iran
(unpublished observations). It was decided that the
vaccine is not immunogenic enough and another
adjuvant was sought.

effects were minimal and acceptable and no systemic
side effect was recorded. The low immune response
in the 200 µg group was attributed to the problems
with the BCG vial used on that day as BCG lesions
either did not develop or developed many weeks after
injection. The safety-immunogenicity trial was
repeated in Sudan and essentially all participants
responded strongly with a single injection 62 .
Currently, an immunochemotherapy trial of
4 injections of 100 µg of alum-ALM+BCG combined
with sodium stibogluconate (Pentostam) for
treatment of post-kala-azar dermal leishmaniasis
(PKDL) is underway in Sudan. The initial results are
highly encouraging with significant cure in the group
receiving combined therapy compared to
chemotherapy alone. Thus, alum precipitated ALM
mixed with one tenth dose of BCG appears to
constitute a safe vaccine and an appropriate candidate
for further development.

In order to enhance the immunogenicity of the
vaccine (ALM+BCG), ALM was adsorbed to alum
(aluminum hydroxide), and the resulting alum-ALM
was mixed with BCG just prior to injection. Indeed,
addition of alum to ALM led to enhanced
immunogenicity as a single injection of killed
Leishmania in alum plus IL-12 induced strong
cellular immune responses and protection in Rhesus
monkeys against cutaneous leishmaniasis 58 .
Likewise, alum-ALM + BCG protected Langur
monkeys against visceral leishmaniasis59. A single
injection of alum-ALM mixed with BCG showed
70 per cent protection in canine leishmaniasis in Iran.
The vaccine did not produce high titre of
antileishmanial antibodies and the efficacy was
assessed by rising serum antibodies after exposure
to natural infection60 . A dose escalating trial of a
single intradermal injection of alum-ALM (10, 100,
200 or 400 µg of Leishmania proteins) mixed with
BCG was carried out in healthy volunteers from a
non endemic area of Sudan. The results showed the
highest skin test conversion seen in any Leishmania
vaccine trials so far 61. With the exception of the
200 µg arm, all volunteers developed a strong LST
reaction, which remained strongly positive when
tested up to 90 days post vaccination. Local side

The development of a defined vaccine candidate
against leishmaniasis has been made possible by our
understanding of immunological mechanisms that
mediate protection in animal models and to a lesser
extent by supporting data from the characterization
of immune responses in leishmaniasis patients. In
addition, presently, genome sequencing of L. major
is completed and one of the driving forces behind
the genome project is to identify genes that are
expressed in the infectious stages of the parasite and
in particular, in amastigotes. Access to numerous
DNA sequences will favour the development of
genetic vaccines over the conventional ones,
considering its simple use, low cost of production
and flexibility of combining multiple genes in a
single construct63.

Second generation vaccines

It is almost 30 yr since the first successful
transfection of cells following injection of purified
DNA and the expression of the encoded gene in vivo
with production of a biologically active protein 64 .
This observation led to the conclusion that if a foreign
protein could be expressed in vivo in the host, then
immunity should be generated to that protein. Hence
DNA vaccination was conceived which have lead to
promising results in recent years. In comparison with
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Table III. Leishmania antigens: Second generation candidate vaccines
Antigen

DNA / rProtein

Animal Model

Disease (Leishmania spp.)

Ref. no.

gp63

+

/

+

Mice

CL (L.m.)

68

gp63

+

/

-

Monkey

CL (L.m.)

70

LACK

+

/

+

Mice

CL (L.m.)

71

LACK

+

/

+

Dog

VL (L.i.)

72

H1

-

/

+

Monkey

CL (L.m.)

82

H2A+H2B+H3+H4

-

/

+

Mice

CL (L.m.)

81

CPB

-

/

+

Mice

CL (L.m.)

69

CPA+CPB (fused)

+

/

+

Mice

CL (L.m.)

73

CPA+CPB

+

/

+

Dog

VL (L.i.)

77

Leish-111f

-

/

+

Mice

CL (L.m.)

83

KMP11

-

/

+

Mice

CL (L.m.)

78

LCR1

-

/

+

Mice

VL (L.i.)

80

A2

+

/

+

Mice

CL (L.m.)

76

HASPB1

-

/

+

Mice

VL (L.d.)

75

PapLe22

+

/

-

Hamster

VL (L.i.)

79

PSA2

+

/

+

Mice

VL (L.i.)

74

L.d., L. donovani; L.i., L. infantum; L.m., L. major
CL, Cutaneous leishmaniasis; VL, visceral leishmaniasis

the recombinant protein vaccines and attenuated
organisms, DNA vaccines are relatively simple and
inexpensive to produce 65 . In addition, genetic
vaccines effectively engage both major
histocompatibility class (MHC) I and MHC II
pathways, thereby allowing the induction of both
CD8+ and CD4+ T cells. This feature is particularly
attractive for leishmaniasis, in which both cell types
are involved in protection66. Other unique features
that make DNA vaccination particularly attractive
are the long lived production of the antigen, which
is similar to the situation in natural Leishmania
infection, together with improved immunological
memory67. A selected list of leishmanial antigens as
second generation vaccines against leishmaniasis is
shown in Table III. In this review, we concentrate
on the most promising vaccine candidates and
highlight new approaches for the development of new
generation vaccines.
The encoding for the protein portion of the
Leishmania surface glycoprotein (gp63) was the first
Leishmania vaccine delivered as a plasmid 68. In this
study, the level of IFN-γ but not IL-4 was high in
spleen cells from immunized mice when stimulated

by freeze/thawed antigen. These mice were partially
protected against challenge with infectious L. major.
The protective efficacy of purified gp63 has been
tested in several experimental models using different
strains and adjuvants, giving rise to conflicting
results84. A small scale vaccine study of rgp63 against
L. major infection was performed in vervet
monkeys70. Three doses of the recombinant antigen
were administrated mixed with BCG as an adjuvant.
After vaccination, peripheral blood mononuclear
cells (PBMC) from these animals neither proliferated
nor produced IFN-γ following stimulation with
antigen, and only partial protection was achieved
after challenge with virulent L. major promastigotes.
Subsequent to this work, the protective efficacy of
LACK DNA was compared with that of LACK
protein and IL-1271. It was shown that the LACK gene
construct induced a strong protective response
comparable to that achieved when LACK protein plus
recombinant IL-12 was administered, and was better
than protection seen with LACK protein alone.
Moreover, it was demonstrated that the depletion of
CD8 + cells at the time of vaccination or infection
abolished the protective response induced by LACK
DNA vaccination, suggesting a role for CD8+ T cells
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in DNA vaccine induced protection toward L. major.
Recently, a heterologous prime boost vaccination
regime with DNA and recombinant vaccinia virus
(rVV) vectors expressing LACK was shown to confer
60 per cent protection against L. infantum infection
in dogs72.
The L. major parasite surface antigen-2 (PSA-2)
is a family of glycoinositol phospholipids anchored
glycoprotein expressed in both promastigote and
amastigote. PSA-2 comprises three polypeptides with
approximate molecular weights of 96,000, 80,000
and 50,000 85 . The amastigote form expresses a
distinct but closely related PSA-2 with molecular
weight of 50,000 kDa. It has been shown that
vaccination with native PSA-2 with Corynebacterium
parvum as adjuvant protects mice from Leishmania
through a Th1 mediated response, but the
recombinant PSA-2 purified from Escherichia coli
and administered in immuno stimulating complexes
(ISCOMs) or mixed with C. parvum as an adjuvant,
does not induce protective immunity despite the
induction of Th1 responses. Both C3H and BALB/c
mice showed good protection against L. major
challenge when the DNA was administered as a
prophylactic vaccine, but also significant healing
from established L. major infection was seen when
the plasmid was given as an immunotherapeutic
agent 74.
Although vaccination studies against VL are
limited in comparison to CL, there are some defined
recombinant antigens with considerable level of
protection. The recombinant hydrophilic acylated
surface protein B1 (rHASPB1) is able to confer
protection against experimental challenge with
L. donovani. Protection induced by rHASPB1 does
not require adjuvant and since vaccine induced
protection correlates with the presence of rHASPB1
specific IFN-γ producing CD8 + T cells, it appears
that the mechanism of protection is similar to DNA
vaccination 75.
The A2 genes are amastigote stage specific. They
form a part of a multigene family of at least 11 genes
and are considered to be virulence factors that are
required for the survival of Leishmania parasites in
the mammalian host. Both A2 used as a recombinant

protein with IL-12, or as a DNA vaccine
demonstrated significant protection against VL in
mice challenged with L. donovani 76 . Among the
subunit vaccine candidates the kinetoplastid
membrane protein-11 (KMP-11) appears highly
conserved in all Leishmania species tested and has
been described to elicit potent lymphoproliferative
and antibody responses in leishmaniasis patients or
experimentally infected mice78,86 and a significant
protection in hamsters against L. donovani infection
(S. Roy, Indian Institute of Chemical Biology,
personal communications). In addition, papLe22 is
another antigen which is weakly expressed and
localized in the promastigotes nucleus of L. infantum,
L. major and L. guyanesis, is highly immunogenic
and recognized by sera of VL patients. The
immunization of papLe22 cDNA, administrated as a
single intramuscular injection in golden hamsters, a
highly susceptible animal, induced a marked decrease
in parasite load79.
LCR1 is another recombinant protein which
shares homology with Trypanosoma cruzi flagellar
antigen from L. chagasi stimulated proliferation of
splenic T lymphocytes from L. infantum infected
C3H and BALB/c mice and induced IFN-γ but not
IL-4, IL-5 or IL-10 secretion. Immunization with
LCR1 partially protected BALB/c mice against
challenge with L. infantum80. It has been shown that
Leishmania histones are relevant immunogens for the
host immune system during both Leishmania
infection and disease. The mixture of four plasmid
DNAs, encoding the L. infantum histones H2A, H2B,
H3 and H4, was tested for protection in BALB/c
mice 81 . It was found that the immunized animals
developed a specific Th1 immune response, which
was associated with an antigen specific production
of IFN-γ and a limited humoral response against
histones. Both CD4+ and CD8+ T cells contributed to
the resistance of vaccinated mice to CL in these
experiments.
Recombinant histone H1 antigen or a long
synthetic peptide representing the complete L. major
histone H1 sequence, each formulated with
Montanide ISA 721 as adjuvant, did not produce
significant protection in African green monkeys
against CL82.
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Some antigens expressed in amastigotes are likely
to be suitable vaccine candidates. Cathepsin L-like
cysteine proteinases (CPs), which are predominantly
expressed and are active in the amastigote form, have
received considerable attention 87 . Cysteine
proteinases are enzymes that belong to the papain
superfamily. Three classes of CPs have been
identified in Leishmania. Type I CP (CPB) is encoded
by multicopy genes arranged in tandem arrays and
is characterized by the presence of a long C-terminal
extension (CTE) rich in proline, serine and/or
threonine residues. Type II (CPA) and Type III (CPC)
are encoded by a single copy gene. Both native and
recombinant forms of the cysteine proteinases are
recognized by the immune system of the individuals
recovered from cutaneous leishmaniasis88,89. These
enzymes have also been used in immunization
experiments in the mouse model. The results showed
that recombinant CPB, in combination with adjuvant,
induces long lasting immunity against L. major
infection in BALB/c mice, while DNA vaccination
is more efficient when a cocktail of plasmid DNAs
encoding CPa and CPb is used, indicating the
usefulness of the combination of these antigens69. It
has also been shown that a bacterially expressed
recombinant CPA/B hybrid protein administered with
poloxamer 407 as adjuvant, elicited a partial
protective response against infection with
Leishmania in BALB/c mice that was stronger than
the response given by recombinant versions of CPA
and CPB expressed as individual proteins73. Further,
the immunization of mice with either co-expressing
CPA and CPB DNA plasmid or the fusion construct
encoding CPA/B hybrid protein, induced partial
protection against L. major infection 90.
The cysteine proteinases type I and II also have
been used as a heterologous prime-boost regime for
vaccination against experimental visceral
leishmaniasis in dogs. All vaccinated dogs remained
free of infection in their bone morrow. In contrast,
75 per cent in the control groups had infection in
their bone marrow. Vaccinated dogs had elevated
IFN-γ mRNA in their PBMC whereas control dogs
had consistently increased level of IL-10. With the
exception of one dog, vaccinated dogs had a stronger
delayed type hypersensitivity (DTH) response than
control dogs. This vaccine 89 will soon be tested
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against natural infection of canine leishmaniasis in
the northwest of Iran.
Recently, to overcome the genetic predisposition
of the immune response amongst different
individuals and population, the idea of multi-antigen
vaccines using more than a single antigen has been
promoted. One of the best examples of such vaccine
is the tri-fusion TSA LmSTI1, and LeIF formulated
in mono-phosphoryl lipid A (MPL, an amphiphilic
preparation derived from the lipopolysaccharide of
Salmonella Minnesota) in an oil/water stable
emulsion (SE) using synthetic squalene
(2,6,10,15,19,23-hexamethyl-2,6,10,14,18,22tetracosahexaene, a biodegradable product). This
poly protein is called Leish-111f83. The antigens are
present in both amastigotes and promastigotes and
were selected from an expression library of L. major
using sera from infected humans and mice. They are
conserved in most Leishmania species that cause
human disease and elicit primarily a Th1 type
immune response in mice when given with
appropriate adjuvants. Recombinant-LmSTI1 and
r-TSA, protect mice and non human primates against
Leishmania infection when given with IL-12 or MPLSE. The r-LeIF antigen is therapeutically effective
against leishmaniasis in mice. It has Th1 adjuvant
properties, including eliciting IL-12 and IL-18 both
in mouse and human cells. Leish-111f+MPL-SE
produces a long term protection against L. major and
L. amazonensis infection (over 14 wk) in BALB/c
mice, unusual for protein antigens. No decrease in
immunogenicity, diversity of epitope recognition and
protection is noted with Leish-111f compared with
protein mixtures91.
This is the only second generation vaccine against
leishmaniasis that has reached human trials. The
initial safety and dose escalating trial, conducted in
volunteers in the USA, produced satisfactory results.
The MPL-SE is being developed both for prophylaxis
as well as therapy based on studies in mice92 and
preliminary trials in humans on compassionate
basis93. There are ongoing trials in Brazil and Peru
on CL and mucosal leishmaniasis (ML) patients
respectively.
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Discussion
There have been several initiatives in the
discovery area by scientists interested in fundamental
research funded by national and international
agencies, yielding many candidate second generation
vaccines. Many antigens with potential for protective
immunization have been discovered through
fundamental research rather than direct search for
vaccine candidates. These activities are carried out
in research laboratories at universities and research
institutes where neither the scientists nor the
institutions are principally involved, geared or
experienced in GLP, GMP or GCP. Hence, in the
absence of industrial interests, many candidate
vaccines have remained as fine publications. Only
one candidate is in clinical development at this time,
thanks to a public (for profit)-private (not for profit)
partnership, where the public partner provided the
industrial expertise and the private was able to raise
funds for research and development (Steve Reed,
Infectious Disease Research Institute, personal
communication). For neglected diseases, those with
perceived lack of a profitable market, such
partnership seems to be essential, without
dependency on and expectation of a large return. The
role of governments and industrial partners in
leishmaniasis endemic countries, particularly
advanced developing countries where leishmaniasis
is a major public health problem, cannot be
overemphasized. Fortunately, these partnerships exist
or are beginning to be formed in Brazil, India and
Iran where all aspects of development of new
generation vaccines from basic science to registration
and post market analysis are available. In addition,
there are still remote pockets of foci in Iran with high
incidence of CL, where no HIV infection has been
detected or reported. These sites are ideal for costeffective evaluation those candidate vaccines that
have met all preclinical requirements using
leishmanization.
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Visceral leishmaniases (VL) or kala-azar is the most dreaded and devastating amongst the various
forms of leishmaniases. The disease, though localized in certain areas only, has gained immense
importance because of high mortality rate, mainly in children. The parasite is responsible for a
spectrum of clinical syndromes, which can, in most extreme cases, go from an asymptomatic infection
to a fatal form of VL. Chemotherapeutic measures, alone are not sufficient to control and contain
the disease. As an alternate strategy, vaccination is also under experimental and clinical trails.
The situation unquestionably demands the use of proper screening system, rationale chemical
synthesis, vaccine development and targeted vaccine delivery. Thus, development of an acceptable
vaccine is not an easy task.
While the factors, which determine clinical outcomes, are in part, a feature of the parasite, it is the
nature of the host and its genetic make up and immune status that play crucial role. The prerequisite
of reliable animal model is that it should have a considerably good correlation with the clinical
situation and is expected to mimic the pathological features and immunological responses observed
in humans when exposed to a variety of Leishmania spp. with different pathogenic characteristics.
Many experimental animal models like rodents, dogs and monkeys have been developed, each with
specific features, but none accurately reproduces what happens in humans. In addition to the
nature of the host, the major difference between natural and experimental infections is the parasite
inoculum; in natural conditions, the infected sand fly vector deposits a few hundred metacyclic
promastigotes into the dermis of the host, whereas experimental infections are induced by the
injection (subcutaneous or intravenous) of millions of promastigotes grown in axenic cultures in
vitro or amastigotes recovered from infected spleens.
In public health terms, VL is the disease of humans and dogs (which may be considered secondary
or ‘accidental’ hosts in the leishmanial life cycle) who often exhibit severe clinical signs and
symptoms when infected, whereas reservoir hosts generally show a few, minor or no signs. This
situation makes the definition of a suitable laboratory model a difficult one since the various
experimental hosts may behave either like a reservoir or an accidental host.
This review discusses the concept of animal models for VL and provides a critical evaluation of the
most common experimental models and their respective advantages and disadvantages. Particular
emphasis is given to the value of using mouse, hamster, dog and primate models, especially in the
context of testing potential antileishmanial vaccines.

Key words Amastigotes - dog - hamster - mice - monkey - promastigotes - vaccines - visceral leishmaniasis
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The leishmaniases represent endemic infections
that occur, predominantly, in tropical and subtropical
regions. Currently, the leishmaniases are considered
to be endemic in 88 countries and an estimated
12 million people are infected and 350 million
people live at risk of infection (http:// www.who.int/
emc/discase/leish\leis.html).Leishmaniases are
transmitted by different species of sand flies and they
present a wide spectrum of clinical manifestations:
tegumentary leishmaniasis, ranging from localized
cutaneous and mucocutaneous leishmaniases (CL and
MCL), representing the responsive pole, to diffuse
cutaneous leishmaniasis (DCL) which represents the
unresponsive pole and visceral leishmaniasis (VL)
ranging from sub clinical to fatal disease.
Visceral leishmaniasis (VL or Kala-azar) is the
most devastating type among a complex of
leishmaniasis (cutaneous, mucocutaneous, and
visceral) and is caused by the invasion of the
reticuloendothelial system (spleen, liver and bone
marrow) by the hemoflagellate protozoan parasite,
Leishmania donovani. If left untreated the disease is
almost always fatal. Humans are the main reservoir.
The disease is generally restricted to the areas, which
are heavily infested by the sandfly (Phlebotomus
spp.), the vector of this disease. Although visceral
leishmaniasis is widely distributed throughout the
tropics, it is rampant in the Indian subcontinent and
southwest Asia. Annually, about 500,000 cases of
VL occur worldwide, of which 90 per cent occurs in
India, Sudan, Nepal, Bangladesh and Brazil1,2. The
last epidemic of the disease that occurred in India
(Bihar and West Bengal) in 1997-1998 caused an
estimated loss of 20,000 human lives. It should thus
be appreciated that this form of leishmaniasis is of
great public health importance, and if proper
preventive/curative measures are not adapted, the
disease is likely to take a high toll of lives in endemic
areas.
The symptomology of L. donovani infection is
characteristic. The incubation period is usually from
6 wk to 6 months but can be as short as 2 wk or as
long as 9 yr. The initial symptoms consist of malaise,
headache, and fever occurring at irregular intervals
and later becoming of daily occurrence, often
accompanied by chills and sweating. Other symptoms

include cough, diarrhea, dizziness, vomiting,
bleeding of gums, pains in the limbs, and weight loss.
Later, the clinical picture is transformed to
enlargement of spleen and liver, and anemia with
leukopenia and lymphadenopathy. The skin becomes
dark gray, corresponding to the name of the disease
Kala-azar or black sickness.
In most acute infections death may occur within
a few weeks; in sub acute cases within a year and in
chronic cases within 2 to 3 yr. Since, parasites invade
macrophages, which are involved in defense
mechanisms, the Kala-azar patients are invariably
immuno-depressed and promote speedy
multiplication of parasites. The patients thus easily
fall prey to secondary invaders.
Patients, who recovered from VL, usually have
lifelong immunity to reinfection but occasionally
relapses may occur 2. The incomplete treatment of
the patient may lead to a condition usually referred
to as post Kala-azar dermal leishmaniasis (PKDL).
This condition has been witnessed very often in
India and occasionally in East Africa. About 20 per
cent of patients in India develop PKDL3. A year or
two after antimony treatment, hypopigmented and
erythematous patches are found on the face, trunk
of the body, and limbs. These may develop into
nodules and resemble those of lepromatous leprosy.
A small number of amastigotes can be seen on the
skin.
Vaccine development
There has been little advancement in the area of
drug development against leishmaniasis and the age
old drugs which have benefited the patient for over
40 yr are still the only hope of patients. Sodium
antimony gluconate (SAG) or Sodium
stibogluconate (SSG) is cardiotoxic at therapeutic
doses recommended for visceral and mucocutaneous
leishmaniases. Further treatment failures reported
with this drug worldwide have often been
interpreted as Sb v or SSG drug resistance 2. A second
line drug, amphotericin B, has numerous side
effects, and pentamidine is associated with
disturbance of glucose metabolism and other
toxicity problems.
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Thus, mere chemotherapy is not sufficient to
combat the disease. Hence, in addition to the
therapeutic measures, vaccination is the point of
serious consideration. Immunization against
leishmaniasis was achieved in the past by inoculating
humans with living parasites that induced localized
self-healing cutaneous lesions (leishmanization).
Since then, a first generation of vaccines composed
of formulations including killed parasites were
developed against cutaneous but not visceral
leishmaniasis and were used in large clinical trials
on human populations of endemic areas 4-7. Second
generation vaccines can be divided into three
categories according to their composition: live
mutant vaccines, defined subunits, and crude
fractions. Among the recombinant and native
antigens tested in murine models, the LACK protein8,
the LPGAP peptides9, the LeIF protein10 and the dp72
glycoprotein of L. donovani 11 were protective
immunogens for mice. Finally, protection results
obtained with the third generation vaccines composed
of cDNA encoding leishmanial antigens cloned into
a eukaryotic expression vector are still in preliminary
stage 4. Although a great number of antigens have
been tested for protection against the cutaneous
disease with in vitro cell or mouse models, no
effective vaccine against human kala-azar is yet
available. Though, the solid immunity observed
following cure of kala-azar has suggested that the
vaccination to prevent leishmaniasis is within the
reach of conventional immunization methods12, only
few reports in literature deal with vaccines viz., FML,
FML-QuilA Saponin etc., against canine visceral
leishmaniasis 13-15.
To date, there are no vaccines against visceral
leishmaniasis. However, there is consensus that in the
long term, vaccines ought to become a major tool in
the control of this group of diseases. Unfortunately, the
development of vaccines has been hampered by
significant antigenic diversity and the fact that the
parasites have a digenetic life cycle in at least two hosts
(sand fly vector and human, but there is also an animal
reservoir). An equally important consideration for the
design and implementation of anti parasite vaccines in
general is the contribution of the genetics of the target
host population and their susceptibility to infection and
disease, i.e., the severity of disease manifestations.
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Evidence indicates that visceral leishmaniasis did
not get the attention that it deserved because, until
the late 1940s the disease was a local problem and
the world’s attention was engaged in tackling the
highly fatal and epidemic bacterial and viral
infections. The problem was further aggravated by
lack of a proper laboratory animal model to screen
potential antileishmanial compounds or vaccines,
which had serious repercussions on the screening
system; as such the human served both as the
experimental and clinical subjects.
The development of a vaccine against
leishmaniasis is a long term goal in both human and
veterinary medicine. In the past decade, various
subunit and DNA antigens have been identified as
potential vaccine candidates in experimental animals
but none have so far been approved for human use.
Vaccine formulation with killed parasites is still
attractive in terms of cost. To date there is no vaccine
against VL in routine use anywhere in the world.
Several vaccine preparations are in more or less
advanced stages of testing 15-21 . The situation
unquestionably demands the use of a proper screening
system. A careful appraisal of these aspects would
certainly lead to success in the development of much
needed antileishmanial agents. We present here a
comprehensive scenario of the laboratory models and
screening systems in use.
Host immune response
Infection begins when an infected female sand fly
takes a blood meal from a human host. Following
inoculation into the skin by the sand fly bite, the
flagellated promastigotes penetrate into the
macrophage, transform into amastigotes and
multiply. The infected macrophage eventually bursts
and the released parasites are able to infect new
phagocytic cells. When the infected host is bitten by
another female sand fly, parasites are ingested and
the life cycle continues. The incubation period of VL
is estimated to range from two to four months. The
disease can present an acute, sub acute or chronic
evolution, but most infected individuals remain
completely asymptomatic. The asymptomatic
individual is characterized by positive serology to
Leishmania and, possibly, a positive intradermal test.
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Infected individuals can evolve to a subclinical form
of VL or directly to an overt form of disease (classical
VL). The classical manifestations of VL are fever,
cough, weight loss, weakness, diarrhoea or dysentery,
and abdominal swelling. Patients also present severe
cachexia, pancytopenia (anaemia, thrombocytopenia,
and leukopenia, with neutropenia, marked
eosinopenia, and a relative lymphocytosis and
monocytosis), oedema, bleeding episodes, huge
hepatosplenomegaly (splenomegaly usually
predominates), and hypergammaglobulinaemia
(mainly IgG from polyclonal B-cell activation) with
hypoalbuminaemia.
VL is a potentially fatal disease and develops
life long immunity against reinfection. Human VL
caused by L. donovani or L. infantum is a severe
disease with generalized spread of the parasites to
reticuloendothelial system, such as spleen, liver and
bone marrow. In communities exposed to infection,
individuals develop a strong cellular immunity in
age related fashion 22 . There are several studies
indicating that a Th2 type response predominates
during acute disease, such as suppression of T-cell
reactivity to Leishmania antigens, predominance of
endogenous interleukin-4 (IL-4) over interferon-γ
(IFN-γ) production, and polyclonal B-cell activation
resulting in hypergammaglobulinaemia 23 . In
contrast with the L. major mouse model, however,
other studies indicate that both Th1 and Th2 like
cells appear to be activated during the course of the
disease, as revealed by the simultaneous high levels
of IFN-γ and IL-10 detected in patients24. Further,
upregulation of IL-10, rather than IL-4, appears to
be a constant feature in clinical disease. This
cytokine has been associated to the immune
suppression commonly seen in VL patients 25 and to
the development of PKDL26, a skin manifestation
caused by L. donovani after apparent VL healing 27.
Taken together, the above findings provide evidence
for the existence of a Th1/Th2 dichotomy in the
T-cell response also in human leishmaniases.
Interestingly, the outcome of the infection appears
to be determined and regulated by the balance
between the two parasite-specific T-cell
populations 27. Thus, even in humans it is difficult
to demarcate the responses leading either to visceral
disease or to protective immunity with L. donovani.

Studies of tissue cytokine mRNA expression
reveal a role for IL-10 in downregulating CD4+Tcell responses and the involvement of IL-10 in
disease pathology of L. donovani infections 28 .
However, active VL also finds correlation with
enhanced induction of IFN-γ, lL-2, IL-10 and IL-4.
After cure, levels of IFN-γ, IL-4 and IL-10 persist
suggesting a co-existence of Thl and Th2 in kalaazar patients as well as in cured individuals28-33.
Individuals with overt visceral leishmaniasis
display a negative skin test response to Leishmania
antigens. Further, peripheral blood mononuclear cells
from such individuals fail to proliferate or to produce
IFN-γ when exposed to specific antigen in vitro 34.
Interestingly, failure of peripheral blood
mononuclear cells (PBMC) from recently infected
infants to produce this cytokine is predictive of
evolution of the disease towards classical, patent
visceral leishmaniasis, whereas conversely,
production of IFN-γ in vitro is indicative of
maintenance of the infection at a subclinical level.
These observations point to the critical importance
of early T-cell activation patterns in determining the
eventual outcome of the infection.
Which mechanisms underlie the poor T-cell
reactivity to Leishmania antigens characteristic of
patients with active disease? Much of this effect
might be due to unbalanced production of IL-10.
Indeed, elevated blood levels of IL-10 as well as high
production of this cytokine (or its mRNA) by lymph
node cells or PBMC from kala-azar patients appears
to be a hallmark of this form of infection 25,35,36 ,
whereas cell populations collected from cured
individuals fail to express this immunomodulatory
molecule. Of high interest, neutralizing anti-IL-10
monoclonal antibody added to PBMC from acutely
infected patients markedly increased the proliferative
response to a Leishmania lysate 25. In this connection,
an antigen of L. infantum (papLe22, a 22-kDa
“potentially aggravating protein” of Leishmania) has
been described, which stimulated IL-10 production
by mononuclear cells from VL patients 37 . IL-10
therefore, appears to constitute a major regulatory
cytokine whose production may critically control the
outcome of infection. Failure to produce IL-12 has
similarly been associated with the active form of the
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Table I. Experimental models used for vaccine trials against visceral leishmaniasis (VL)
Animal/strains

Parasite

Route of inoculation

Characteristics

Mouse:
BALB/b
BALB/c
C57BL/6

L. chagasi
L. donovani
L. infantum

i.v
i.d
s.c

-Self curing to non healing type
-Th1/Th2 response
-All immunological reagents are available
-Good model for dissecting protective immune response

Golden
Chinese

L. chagasi
L. donovani
L. infantum

s.c
i.p
i.c

-Progressive fatal infection
-Severe immunosuppression (Th2 response)
-Reagents for T-cell response not available
-Good experimental model for initial vaccine trial

Stray
Beagle
Mongrel

L. infantum
L. chagasi

i.v
i.d

-Natural reservoir (not in India)
-Subclinical/asymptomatic to progressive fatal infection
-Immunosuppression (Th2 response)-Reagents for
cytokine response not available-Good secondary model for
pre clinical vaccine trial

Owl
Squirrel
Vervet
Langurs

L. donovani

i.v.
i.d

-Sub clinical to fulminating progressive fatal infection
-Severe immunosuppression (Th2 response)
-All immunological reagents are available
-Good secondary model for pre clinical vaccine trial but
difficult to use due to cost, handling and immunological
black boxes

Hamster:

Dog:

Monkey:

i.v., intravenous; i.d., intradermal; s.c., subcutaneous; i.p., intraperitonial; i.c., intracardial

disease38. It is also being suggested that unbalanced
IL-10 production might play a role in progression of
the disease towards the cutaneous form of the
infection known as PKDL 25.
Selection of models for testing of vaccine
Animal models are expected to mimic the
pathological features and immunological responses
observed in humans when exposed to a variety of
Leishmania spp. with different pathogenic
characteristics. Many experimental models have been
devel-oped, each with specific features, but none
accurately reproduces what happens in hu-mans. For
in vivo testing of vaccine several animal species have
served as experimental host for VL (Table I).
Important among them are BALB/c mice and Syrian
golden hamster (primary tests), dogs (secondary
tests) and monkeys viz., squirrel, vervet and Indian
langur monkeys as tertiary screens.
In natural conditions, the infected sandfly deposits
a few hundred metacyclic promastigotes into the

dermis of the host, whereas experimental infections
are usually induced by subcutaneous (s.c.) or
intravenous (i.v.) injection of millions of
promastigotes grown under in vitro conditions or
amastigotes recovered from cutaneous lesions or
infected spleens. In each particular laboratory animal,
the outcome of infection (e.g., whether an infection
remains restricted to the site of inoculation or
visceralizes) will depend on a combination of factors,
including the Leishmania species injected, virulence
of the parasite isolate, nature of the inoculum and
the route of inoculation. A suitable laboratory host
for the target parasite (L. donovani) is very important
from the point of view of conducting research on
various aspects including host-parasite interactions,
pathogenesis, biochemical changes, prophylaxis, and
maintenance of parasites and above all evaluation of
antileishmanial action of newer compounds for
development of new drugs. For establishment of
infection in animals there are few criteria viz., (i)
the susceptibility of the animal inoculated, (ii) the
age and particular morphological phase of the
parasite in culture, and (iii) the mode of infection.
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The influence of the inoculum on the outcome is a
particularly important consideration in experimental
models and a wide variety of inoculation routes has
been used. The intradermal (i.d.), subcutaneous (s.c.),
intravenous (i.v.) and intraperitoneal (i.p.) routes are
the most frequently used, but some experimental
studies have reported unexpected results following
the use of more unconventional models of
inoculation. In recent years, there has been a tendency
for inducing an infection similar to natural ways by
using low numbers of infective parasites and the i.d.
route. Of particular interest, in the context, is the
improved infectivity of laboratory isolates when the
inoculum contains sandfly salivary gland extracts of
parasites isolated from sandflies39.
Primary evaluation systems are helpful primarily
in detecting leads for a vaccine development. Since
the host plays an important role in the host-parasitevaccine interaction (and we have very little
knowledge about these interactions), every effort
should be made to initiate evaluation of likely
molecules in the target species as early as possible.
This is particularly important if the translation of
activity from test model to target species in the
natural host is contemplated because the behaviour
of the vaccine is likely to be significantly different.
To substantiate the results of primary screening, the
therapeutic trials of vaccines are undertaken under
controlled conditions either against the target parasite
in its natural host or adopted in laboratory animals.
If the efficacy is established and dose relationship
exists, the results of the secondary screening would
help in predicting the dose against the objective
parasite in man. Such an exercise may also serve as
an indication of effective vaccine.
Models for primary testing: Rodents
Several attempts were made in the past to use
small rodents for L. donovani infection. These
includes hamster (European, Chinese and Syrian);
mouse (BALB/c, NMRI, DBA/1, C57BL/6) rat,
mastomys, squirrel, gerbil etc 40 . Of the various
animals tried, BALB/c mice and Syrian golden
hamsters are the commonest and currently used
animal models for drug and vaccine testing
against VL.

Mice: Outbreed mice are generally resistant to
infection with L. donovani, but inbred strains display
marked differences in susceptibility, which led, in
the early 1970s, to the isolation of the Lsh
susceptibility gene (subsequently designated
NRAMP1)41. NRAMP1 determines the degree of early
expansion of the parasites in the liver and spleen42.
Studies with the mouse model also led to the
characterization of the immune mechanisms
important for the development of organ specific
immune responses, which cause the clearance of the
parasites from the liver but not the spleen43. Another
important contribution of the mouse model has been
the discovery that chemotherapy is ineffective in the
absence of intact T-cell mediated responses 43. These
experimental studies pointed to the need to activate
the immune system for successful chemotherapy and
led to the successful trial in India. The mouse model
has been used widely for the development of vaccines
against VL 18,44-46. One of the difficulties with the
mouse as a model for human disease is the need to
inject amastigotes intravenously in order to induce a
reproducible pattern of colonization of the liver and
spleen of wasting, as in the human disease, and the
infection is chronic but not fatal. Recently, an
intradermal murine model of VL has been explored
for the establishment of a chronic infection pattern
in susceptible BALB/c mice resembling a course of
disease similar to that of human VL47. This model
could serve as an important tool in future vaccine
studies against VL.
Different Leishmania species cause clinically
distinct diseases and the severity of the disease
caused by any given parasite can vary markedly
between individual hosts 41 . Till date, two host
systems have been classified for studying Leishmania
infection on the basis of susceptibility and resistance
of the host. Murine models for experimental
leishmania are well established. Parasites are injected
underneath the skin of the footpad. Most of the mice
strains like C57BL/6, CBA/J, C3H or BIOD2 resist
the infection with clinical cure within few months48;
while BALB/c and all T-cell immunodeficient strains
manifest a systemic visceral leishmania leading to
death 49. Resistance and susceptibility are closely
related with the development of T-cell responses of

GARG & DUBE: ANIMAL MODELS FOR KALA-AZAR

Th1 or Th2 type, respectively. C57BL/6 mice mount
early Th1 immune response and prevent the further
growth of the parasite causes self-healing phenotype 50
whereas susceptible BALB/c strain mounts early Th2
response and results in non healing lesion and
exaggeration of disease51. Respective resistance and
susceptibility of C57BL/6 and BALB/c strains
depend not only on the Th1 and Th2 type of immune
response of CD4+ T cells but also on the genetic
background of the host.
In general, the immune responses following
infection of inbred mouse strains with viscerotropic
Leishmania species, such as L. donovani or
L. infantum, are similar to those observed in the
L. major mouse model. However, BALB/c mice do
not appear to exhibit a similarly high susceptibility
to these parasites, since intravenous injection of
visceral Leishmania results in a self-healing chronic
infection. Further, cytokine phenotypes elicited by
viscerotropic Leishmania in this mouse model are
not typical of a Th2-type response52.
First attempts were the use of killed promastigotes
together with glucan or IL-12 as an adjuvant injected
subcutaneously or intravenously. The effort could
impart partial resistance against challenge infection
in CF1 mice 53 Vaccines like live attenuated
promastigotes or genetically manipulated parasites,
were also tested in susceptible (BALB/c) and
resistant (C57BL/6) mice54-56.
This animal has also been used to assess the
efficacy immunization procedures using Leishmania
parasites of low virulence to protect against
infections by the viseralizing species57. However,
it is unclear whether these very interesting results
are applicable in other experimental models of
visceral disease. Indeed, in a murine model,
protection against visceral infection allowing
intravenous injection of L. chagasi could be achieved
only by subcutaneous inoculation of high doses of
virulent promastigotes, whereas protection was not
afforded by attenuated or DHFR-TS gene knockouts
from this or other (L. donovani, L. major) species 58.
Further, the biopterin transporter (BT1) of
L. donovani was inactivated by homologous
recombination, the parasite showed a much reduced
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capacity to infect BALB/c mice, yet elicited an
immune response characterized by the production of
IFN-γ, leading to a high level of resistance against
challenge by the wild type parasite59.
Immunization with recombinant L. donovani A2
protein, which is regarded as a virulence factor, led
to significant protection against challenge infection
by the homologous parasite, correlating with a mixed
Thl/Th2 as well as a humoral response against the
A2 protein 60 . BALB/c mice immunized with
recombinant HASPB1 were similarly protected
against L. donovani challenge, as shown by strong
reduction of spleen and liver parasite loads61. Partial
protection was also achieved in BALB/c mice by
subcutaneous injection of the recombinant ORFF and
BTI proteins in complete, followed by incomplete
Freund’s adjuvant62, Recombinant LCR1, a protein
shown to stimulate IFN-γ but not IL-4 production by
T-cell enriched spleen cells from L. chagasi infected
susceptible or resistant mice 63.
Though, BALB/c strain of mice infected with
L. (L.) donovani or L. (L.) chagasi is the most widely
studied model of VL, this is considered to be
susceptible wherein the infection progresses during
the first two weeks, and it is then controlled by the
host immune response64. As mentioned above, human
visceral leishmaniasis presents a spectrum of clinical
manifestations from a self-controlled infection to a
progressive disease. The mouse model is comparable
to self-controlled oligosymptomatic cases and
therefore is useful for the study of the protective
immune response. On the other hand, the better model
to study the progressive disease is hamsters infected
with L. (L.) donovani or L. (L.) chagasi that develop
a disease similar to human progressive visceral
leishmaniasis
with
hepatosplenomegaly,
hypoalbuminaemia, hypergammaglobulinaemia, and
pancytopenia65. Therefore, this model is mainly used
to study the mechanisms of immunosuppression.
Hamster: The Syrian golden hamster (Mesocricetus
auratus) is uniquely susceptible to a variety of
intracellular pathogens and is an excellent model for
a number of human infectious diseases. The golden
hamster was used as one of the early animal models
for the study of visceral leishmaniasis. Infection with
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L. donovani leads to visceral disease and death
making it a useful tool for the characterization of
molecules and mechanisms involved in
pathogenesis40. Hence, they are ideal for most of the
experimental studies including vaccine testing
because they almost mimic the situation in a Kalaazar patient66. Very few inbred strains of hamsters
are available from commercial sources, limiting the
possibility of genetic manipulations in this model.
In addition to its use as a model of disease, the
hamster is also the favourite laboratory animal for
the isolation and laboratory adaptation of field
isolates 40 . Hence, these animal models have the
potential to be comparable to the clinical situation.
A major disadvantage of the visceral models is that,
in the prime model of visceral disease (the hamster
model), only high dosages of antimony could
suppress established lesions. The model has also been
used for vaccination studies 67,68 but the molecular
basis for this high level of susceptibility is unknown,
and immunological studies related to this model have
been limited by the lack of available reagents.
Interestingly, an inoculum (103 to 105) of L. infantum
promastigotes could result in the development of both
symptomatic and asymptomatic states with a
spontaneous protective response 69. Heterologous
protection has been observed using killed L. major
plus BCG combination against L. donovani in
hamsters 21.
Melby et al70 described the cloning and sequence
analysis of portions of the Syrian hamster interleukin
2 (IL-2), IL-4, interferon gamma (IFN-γ), tumour
necrosis factor alpha (TNF-α), IL-10, IL-12p40, and
transforming growth factor beta cDNAs. In addition,
they examined the cytokine response to infection with
the intracellular protozoan L. donovani in this animal
model. Sequence analysis of the hamster cytokines
revealed 69 to 93 per cent homology with the
corresponding mouse, rat, and human nucleotide
sequences and 48 to 100 per cent homology with the
deduced amino acid sequences. The hamster IFN-γ,
compared with the mouse and rat homologs, had an
additional 17 amino acids at the C terminus that could
decrease the biological activity of this molecule and
thus contribute to the extreme susceptibility of this
animal to intracellular pathogens. The splenic
expression of these genes in response to infection

with L. donovani, the cause of visceral leishmaniasis
(VL), was determined by Northern blotting. VL in
the hamster is a progressive, lethal disease which very
closely mimics active human disease. In this model
there was pronounced expression of the Th1 cytokine
mRNAs, with transcripts being detected as early as
1 wk post infection. Basal expression of IL-4 in
uninfected hamsters was prominent but did not
increase in response to infection with L. donovani.
IL-12 transcript expression was detected at low levels
in infected animals and paralleled the expression of
IFN-γ. Expression of IL-10, a potent macrophage
deactivator, increased throughout the course of
infection and could contribute to the progressive
nature of this infection. These initial studies are the
first to examine the molecular immunopathogenesis
in a hamster model of VL infection and indicate that
progressive disease in this model of VL is not
associated with early polarization of the splenic
cellular immune response toward a Th2 phenotype
and away from a Th1 phenotype.
Mice control Leishmania infection through the
generation of NO, an effector mechanism that does
not have a clear role in human macrophage
antimicrobial function. Remarkably, since, infection
of the Syrian hamster (M. auratus) with L. donovani
reproduced the clinicopathological features of human
VL, investigation into the mechanisms of disease in
the hamster revealed striking differences from the
murine model. Uncontrolled parasite replication in
the hamster liver, spleen, and bone marrow occurred
despite a strong Th1-like cytokine (IL-2, IFN-γ, and
TNF/lymphotoxin) response in these organs,
suggesting impairment of macrophage effector
function. Indeed, throughout the course of infection,
inducible NO synthase (iNOS, NOS2) mRNA or
enzyme activity in liver or spleen tissue was not
detected. In contrast, NOS2 mRNA and enzyme
activity was readily detected in the spleens of infected
mice. The impaired hamster NOS2 expression could
not be explained by an absence of the NOS2 gene,
overproduction of IL-4, defective TNF/lymphotoxin
production (a potent second signal for NOS2
induction), or early dominant production of the
deactivating cytokines IL-10 and TGF-β. Thus,
although a Th1-like cytokine response was
prominent, the major antileishmanial effector
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mechanism that is responsible for control of infection
in mice was absent throughout the course of
progressive VL in the hamster.
Recent studies have revealed that the mice model
of L. donovani does not reproduce the features of
active human VL like chronic fever,
hepatosplenomegaly, pancytopenia and profound
cachexia and have an ineffective antileishmanial
cellular response66. On the contrary, Syrian golden
hamster model of active VL closely relates the
human counterpart as shown by relentless increase
in visceral parasite burden, progressive
cachexia, hepatosplenomegaly, pancytopenia,
hypergammaglobulinaemia and ultimately death.
While the mice are either intrinsically resistant or
susceptible to Leishmania infection and offer a well
characterized genetic makeup, chiefly by the use of
inbred, recombinant and naturally or experimentally
mutated strains, hamsters provide an excellent model
for an overtly susceptible host. Therefore, hamsters
are used for histopathological and vaccine studies
despite the lack of fine immunochemicals that limit
the mechanistic exploration of immune responses to
Leishmania infection 66.
Models for secondary testing: Canines
As all rodent models have the disadvantage of
having different metabolisms and kinetics of the
drugs, eliciting responses different from those seen
in humans, the secondary testing in higher models
such as dogs, cats and monkeys, which have
responses close to human, would further strengthen
the claim of primary screening and would help in
picking the most promising molecules/epitopes,
which need to be pursued in successive steps in a
vaccine development programme. The dog is the
major reservoir of L. infantum in the Middle East
and the Mediterranean region and L. chagasi in South
America. There has been no such reservoir for VL
noticed in India; the disease pattern in dogs and
humans is similar, with a long period of
asymptomatic infection followed by wasting,
anaemia, enlarged lymph nodes, and fever. As in
humans, the infection remains asymptomatic in some
dogs 71,72. One of the few differences is the presence
of skin lesions in the dogs, rarely detected in
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humans40. The unpredictable nature of the infection
has been a major problem in establishing
experi-mental models for canine VL, but appears to
reflect the spectrum of clinical responses seen in
natural infections.
The dog may be the best animal model for VL in
which relevant immunological studies and vaccine
development could be performed73. With the recent
cloning of several dog genes encoding cytokines and
immunologically important cell markers, as well as
the development of monoclonal antibodies to these
molecules, there is a hope for a more sustained
exploitation of this excellent animal model. Dog
populations are an important reservoir of
visceralizing leishmania in many endemic areas, and
vaccination of these animals would presumably
constitute a major step towards control of the
infection74. Therefore, dogs have been proposed as a
logical substitute at least for L. infantum, for which
the dog is the natural reservoir. L. donovani also
multiplies within the viscera of mongrel and beagle
dogs. German shepherd dogs have been reported to
give better results than beagles 75 , whereas some
researchers claimed highly successful infection rates
with mixed breeds 71. Studies on the prevalence of
natural infections in dogs indicated that German
shepherds, boxers and Dobermans exhibited VL more
fre-quently than other breeds of dogs71.
In a pilot study by Dunan and colleagues76, 393
seronegative dogs were inoculated with a L. infantum
promastigote fraction (LiF2) previously shown to
induce strong protection against L. major infection
in both susceptible (BALB/c) and resistant (C57BL/
6) mice. The dogs were then released and monitored
for low acquisition of infection by natural routes.
Surprisingly, during the first year after vaccination,
the rate of infection was significantly higher in the
vaccinated group relative to animals injected with
adjuvant alone, a difference that disappeared during
the second year. As similar immunization protocols
had been used in both the mouse and the dog studies,
the authors stressed the differences that may exist
between infection of natural hosts and laboratory
substitutes. In a recent study, dogs from an endemic
area from Brazil were vaccinated subcutaneously (in
the absence of adjuvant) with the fucose-mannose
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ligand (FML) of L. donovani 77 . This resulted in
strong, long-lasting protection against naturally
acquired infection, with only 8 per cent of the
vaccinated animal developing mild disease (and no
fatal infection), while 33 per cent of the control
population presented with clinical or fatal disease.
Recently FML vaccine and heterologous prime-boost
regime using DNA and vaccinia recombinant vectors
expressing LACK have been tested in canine model
of VL13,15,78.
Models for tertiary or pre clinical testing: Non
human primates
A vaccine for man needs to be tested in primates
due to their close phylogenic relation to humans
in the evolutionary tree. For VL, the availability
of a non human primate model would increase the
understanding of various aspects of host parasite
interactions. Earlier efforts in establishing VL in
New and Old World monkeys demonstrated that
Aotus trivirgatus (owl monkeys) and Saimiri
sciureus (Squirrel monkeys) developed
fulminating but short lived infection.
Antileishmanial screening was performed in owl
monkey 7 9 and squirrel monkey 8 0 . Old World
monkeys such as Macaca spp. viz., M. mulatta, M.
fascicularis and M. nemestrina, and African vervet
monkeys developed low and/or inconsistent
infections 81 . Attempts to establish VL in Presbytis
entellus showed that this species was highly
susceptible to single intravenous inoculation of
hamster spleen- derived L. donovani amastigotes,
which invariably produced consistent and
progressive acute fatal infection, leading to death
between 110 to 150 days post infection. The
infected animals presented all the clinicoimmunopathological features as observed in human
kala-azar 82,83 . The Indian langurs have also been
used for preclinical evaluation of potential
antileishmanial drugs 68 and vaccine 19,20.
Successful vaccination has been achieved against
visceral leishmaniasis by intradermal inoculation of
alum-precipitated autoclaved L. major (ALM) with
BCG and autoclaved L. donovani (ALD) with BCG
in Indian langurs. Vaccinated animals show
significant lymphoproliferative response with high
level of IFN-γ and IL-220,21.

Primates are less fashionable in vaccine
development, because primates are not only
expensive laboratory animals that are difficult to
obtain and to handle, but they are also immunological
black boxes.
Conclusions: Relevance of the experimental
models to clinical infection and immunity
The functions of experimental animal models of
VL are: (i) to provide the means for the in vivo
maintenance of virulent strains of parasites and the
production of amastigotes; (ii) to study the
pathogenesis of VL and antileishmanial immunity;
(iii) to test antileishmanial drugs and vaccines.
Experimental infections cannot be used to predict
whether an animal can or cannot be incriminated as
a reservoir in the transmission cycle.
The in vivo maintenance of parasites may be done
using a variety of animals; for L. donovani isolates,
the hamster is usually chosen and infection is most
successful when using i.p. or i.c. injection of
amastigotes isolated from the spleen of a previously
infected animal. The modeling of clinical features
of VL is a daunting problem in view of the very
different behaviour of parasites in different hosts and
with different inocula. Paradoxically, any model
where inoculation of parasites is not systematically
followed by disease is deemed inadequate or, at best,
‘capricious’ (as is the case of the canine model),
whereas models where inoculation is rapidly
followed by a fulminating parasite proliferation and
clinical VL (hamster and a majority of primate
models) are considered adequate, despite failing to
follow the pattern observed in humans or dogs40.
The testing of antileishmanial vaccines presents
yet a different set of constraints on models. Various
models may be used to investigate new vaccination
strategies, but in view of the species specificity of
most antigens, it will ultimately be necessary to test
a vaccine in a host permissive for the relevant human
isolates. Thus, the L. major/mouse model is probably
the best choice when investigating the fundamental
immunological factors involved in vaccination
against VL, but not for screening an actual vaccine
against L. donovani84,40. In as much as the function
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Table II. Evaluation of different vaccines in human and experimental models for visceral leishmaniasis (VL)
Form of vaccine

Stage of parasite/Leishmania strain

Evaluated in parasite-host system

References

Live vaccine

Promastigotes/L. tropica
Promastigotes/L. donovani
107 amastigotes/L. donovani
107 promastigotes
Killed promastigote L. donovani
+ glucan
Autoclaved L. donovani +BCG
108 formaldehyde killed
promastigotes (UR6)
Autoclaved L. major + BCG

L.
L.
L.
L.
L.

85
86, 87, 88
89
58
90

Killed vaccine

Subunit vaccine

Recombinant/
Mutant vaccine

Killed promastigote of L. infantum
+ FCA
Merthiolated promastigote of
L. brazilensis + BCG
BCG alone
fraction of L. donovani+β-1,3-glucan
dp72 + C. parvum
FML+ FIA/ BCG/ saponin/ IL-12/
QS 21/ Quil A/ Aluminum hydroxide/
Riedel De Haen
gp36 + Reidel De Haen
Eluted gp63 in positive liposome
Q protein formulated with BCG
LiF2 (L. infantum fraction)
Glucose regulated protein-78
Integral membrane protein + CFA
BCG expressing flagellar
antigen LCR1/recombinant LCR1
5 x107 promastigote BT1 Null mutant
Oligonucleotides primer from
L. donovani DNA
ORFF+BT1+ CFA
ORFF DNA
rHASPB1+ IL12
15 cDNA sub libraries
Only papLe 22 cDNA
A2 DNA/ rA2 + heat killed P.acnes
IL-12 p40 –p35 fusion cDNA
LACK DNA+ vaccina virus

donovani/Human
donovani/ Human/Hamster
donovani/Hamster
chagasi/ Mice
donovani/Mice

L. donovani/Hamster and Langur
L. donovani/Hamster/Mice

21
88, 91

L. donovani/Hamster/Langur/Human
(Clinical trial) L. infantum/Dog
L. infantum/ Dog

19, 20, 7, 92
93

L. chagasi/Dog (Phases I-III)

94

L.
L.
L.
L.

95
53
44
96, 97, 14, 98, 77

donovani/Hamster
donovani/Mice
donovani/Mice
infantum/Mice/Hamster/ Dog

L. donovani/Mice
L. donovani/Mice
L. infantum/Dog
L. infantum/Dog (Phases I-III)
Mice
L. donovani/Hamster
L. chagasi/Mice

99
100
101
76
102
103
104, 63

L. donovani/Mice
L. donovani/Mice

59
105

L.
L.
L.
L.
L.
L.
L.
L.

62
106
61
107
108
109
66
78

donovani/Mice
donovani/Mice
donovani/Mice
donovani/Mice
donovani/Hamster
donovani/Mice
donovani/Hamster
infantum/Dog

FCA, Freund’s complete adjuvant; FML, fucose-mannose ligand; FIA, Freund’s incomplete adjuvant; CFA, Complete Freund’s
adjuvant

of a vaccine is to transform a susceptible animal into
a resistant one, it may be logical to choose a highly
susceptible animal host for initial vaccine trials
(e.g., the hamster) and to follow this by trials in a
host which is also a reservoir host (i.e., a host which
could be used in the final stage for exposure to natural
challenge). Many investigators consider the dog as
the best choice for the latter, and have been working
on improving protocols for obtaining more

predictable infection rates. Others have explored the
possibility of using primate hosts, following the
rationale that any vaccine for man needs initial trials
in primates (Table II). However, in view of the fact
that the pattern of leishmanial infection in primates
is sub-stantially different from that observed in
humans, and given the difficulty and costs of
handling primates and the additional problems related
with experimentation on wild-caught animals, there
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does not appear to be a very strong case to support
the use of primates for vaccination trials, particularly
since these animals could never be used for exposure
to natural challenge40.
Further, the use of a natural model of
transmission, using sand fly saliva plus low doses
of parasites has shown that components present in
sand fly saliva can modify the course of infection.
Interestingly, new studies in this area have
emphasized the possibility to use saliva
components in the vaccine design. Studies
performed in an endemic area for VL have shown
that individuals exposed to uninfected sand flies
can mount an immune response against saliva
components and have shown that some of these
individuals can develop a protective immune
response against Leishmania, upon the encounter
with the parasite 110 . Therefore, more studies are
required to understand the parasite-vector and host
relationship. By contrast, in vitro studies using
normal human peripheral blood mononuclear cells
(PBMC) stimulated with Leishmania in vitro
appear to yield results that mimic infection in
humans just as the murine in vitro system mimics
infection in the mouse. Therefore, the human in
vitro system might prove useful for dissecting the
immune response of humans to Leishmania,
especially during the first few hours and days of
infection, which might prove to be crucial to
understand the immune response of humans to the
parasite. This approach can be used to screen new
parasite antigens as candidates for the development
of a potential vaccine.
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Leishmaniasis causes significant morbidity and mortality worldwide and is an important public
health problem. Even though it is endemic in developing countries in tropical regions of the world,
in recent years economic globalization and increased travel has extended its reach to people in
developed countries. Leishmania is usually spread by the bite of the female sandfly. In addition,
naïve populations can be exposed to Leishmania infection through transfusion of blood and blood
products from infected asymptomatic individuals. There are several clinical forms of leishmaniasis
caused by different species of the parasite. In some cases, the only possible cure for this disease is
drug treatment. However, prolonged use of such drugs has led to parasite drug resistance. At
present there are no effective vaccines against Leishmania. Many vaccine strategies have been
pursued, including the use of whole cell lysate, killed, avirulent or irradiated parasites. Additionally,
DNA vaccines and purified or recombinant parasite antigens have also been tested. Most of these
strategies have shown some degree of effectiveness in animal models but little or no protection in
humans. There is now a general consensus among Leishmania vaccine researchers that parasite
persistence may be important for effective protective response and could be achieved by live
attenuated parasite immunization. In this article we reviewed the efforts in developing genetically
defined live attenuated Leishmania parasites as vaccine candidates with the goal of achieving a low
level of parasite persistence without being virulent in the host and inducing protective immunity.
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Trypanosomatid parasites of the genus
Leishmania infect about 12 million people
worldwide, with 600,000 new clinical cases reported
annually and with an estimated death toll of about
50,000 persons/year1. The two major clinical forms
of leishmaniasis, cutaneous and visceral, are the
result of infection by different species of the parasite.

However, in addition to the infecting species, the
clinical outcome of leishmaniasis also depends on
the immune response of the host 2 . Visceral
leishmaniasis (VL), fatal if not treated, is caused by
Leishmania donovani, L. infantum, and L. chagasi.
More than 90 per cent of the visceral cases in the
world are reported from Bangladesh, Brazil, India
455
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and Sudan3. Cutaneous leishmaniasis (CL) causes
lesions which are self healing and are caused by L.
major, L. tropica or L. aethiopica in the Old World
and by L. mexicana or L. braziliensis complex in the
New World4. Both environmental risk factors such
as massive displacement of populations,
urbanization, deforestation, new irrigation plans and
individual risk factors such as HIV, malnutrition and
genetic susceptibility make leishmaniasis an
important public health problem1. Though the most
significant public health effects of leishmaniasis are
concentrated in developing countries, occasional
cases occur in developed countries as well. In the
European countries around the Mediterranean basin
and throughout the Middle East, as well as Latin
America, there are large populations that must still
consider the risk of leishmaniasis. In some of these
countries, dogs represent an important reservoir for
the parasite. In the US, even though leishmaniasis is
not endemic, infections can be found in pockets of
the country especially in the southwest5. In addition,
Leishmania infection was found in dogs in the
northeastern part of the US6. Increasing immigration,
tourism, and military activity in Leishmania endemic
areas, led to leishmaniasis becoming an increasing
threat in non-endemic areas of the world. This was
underscored by the recent military deployments to
Leishmania endemic areas such as Iraq and
Afghanistan, which have resulted in infected
soldiers 7 . In addition, there have been several
documented cases of parasite transmission by blood
transfusion worldwide forcing the deferral of exposed
individuals from blood donation8. Studies in animal
models, such as hamsters and dogs show that
Leishmania not only survives blood banking storage
conditions, but also retains its infectivity 9,10.
In the Leishmania life cycle, motile promastigote
forms that reside in the alimentary canal of the
sandfly vector are transmitted to a mammalian host
during a blood meal. Host macrophages ingest the
parasites, which must differentiate into the nonmotile, amastigote form to persist in the
macrophage’s lysosomal compartment11. These two
life stages have been adapted to in vitro culture for
most Leishmania species12,13 allowing manipulation
of the genome and assessment of the altered
phenotypes in vitro14,15.

The only available cure for visceral leishmaniasis
is drug treatment. However, currently available drugs
for leishmaniasis are far from satisfactory because
of the development of drug resistance after prolonged
use 16,17 . Vaccination is not a viable option either,
because there are as yet no effective vaccines for
leishmaniasis. However, recent technological
advances in the understanding of the pathogenesis
of leishmaniasis beg the question how these advances
could be translated into either development of better
drugs or vaccination strategies that could eradicate
this disease.
Historical perspective on vaccine strategies
against leishmaniasis
A vaccine to prevent leishmaniasis has been a goal
for nearly a century based on the knowledge that a
cured infection protects the individual from
reinfection. Inoculation of uninfected children on
hidden parts of the body with material isolated from
cutaneous leishmaniasis lesions has been practiced
in the Middle East to prevent lesions in visible areas18.
In a similar way, cultured virulent promastigotes
were inoculated in a procedure called leishmanization
and showed protection from reinfection 18 .
Leishmanization in Uzbekistan is carried out actively
in high risk populations with a mixture of live and
killed Leishmania parasites. However, dangers of
pathogenesis associated with the use of such live
parasite vaccines have put a stop to this process in
other areas.
Immune response in leishmaniasis
Development of vaccines against leishmaniasis
must take into account the latest knowledge on the
immune response to Leishmania infection19,20. Studies
in animal models, mostly the mouse, have
demonstrated the requirement for a cell-mediated
immune response. Working with the cutaneous
disease caused by L. major, researchers have
observed a dichotomy in the T helper (Th)
lymphocyte response 21,22. Resistant mouse strains,
such as C57BL/6, respond with a Th1-type response
characterized by T cells that produce interferon
gamma (IFN-γ). The development of the Th1 type
CD4+ T cells is dependent on the cytokine IL-1223,24.
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In these mice IFN-γ activates macrophages to clear
the parasites. As a source of protective INF-γ, natural
killer (NK) cells have also been shown to be
important25. In contrast, susceptible mouse strains,
such as BALB/c, respond to infection with Th2-type
effector cells that secrete IL-4. In the presence of
this cytokine, antibody production is favoured, IL12 and its receptor are suppressed 26,27 and the
infection is not cleared28. More recent work has called
into question the role of IL-4 as a susceptibility
factor 29,30 and revealed the importance of another
cytokine, IL-10, in promoting disease progression31,32.
The immune response to Leishmania in primate
models and humans does not follow the Th1/Th2
paradigm precisely. Several studies on L. major
infection of primates have shown vaccine mediated
protection or lack of protection that does not correlate
with the INF-γ responses33-35.
Diversity in the immune response to different
species of Leishmania parasites suggests the
requirements for vaccines intended to protect from
cutaneous leishmaniasis may differ from those for
visceral disease vaccines. Evidence shows that the
immune cells that may be conferring protection after
CL secrete IFN-γ, while similar cells prepared from
VL patients secrete IFN-γ and IL-421. Even comparing
cutaneous disease caused by L. major to that caused
by the L. mexicana/L. amazonensis complex shows
differences in protective or disease exacerbating
responses19. This rather complex picture of multiple
aspects of a protective immune response that may
be mounted by the host in different ways to a variety
of Leishmania species clearly indicates that any
vaccine must be designed to invoke such a response.
Further, any vaccine candidate should be evaluated
by measuring its ability to produce such responses
in primates and ultimately, human trials.
Current knowledge about vaccine candidates
Early vaccine trials in human subjects utilized
whole killed parasites5, with variable success. The
addition of adjuvants such as Bacillus CalmetteGuerin (BCG) improved the effectiveness, but still
not adequately for routine clinical use 36-38 . As a
refinement of whole parasite lysate vaccines,
fractionation led to the development of a glycoprotein
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enriched mixture termed the FML antigen. The FML
has been reported 92 per cent effective against canine
leishmaniasis39, though there are no reported trials
in human subjects. With the advent of molecular
biological techniques, numerous Leishmania
vaccines have been developed with recombinant
protein antigens either mixed with appropriate
adjuvants for injection or expressed by attenuated
bacteria or viral vectors. Glycoprotein 63 (gp63)
antigen reconstituted in liposomes was protective in
animal models 40 . However, inconsistent T cell
response in humans 41 has hindered further
development of this vaccine. Another recombinant
antigen, LeIF, showed promise in the BALB/c mouse
model42 and has been added to a multi-epitope subunit
vaccine 43 . Though some recombinant antigen
vaccines are still under investigation, none are ready
for routine clinical use. Another application of
recombinant technology is the development of DNA
vaccines in which DNA sequence that encodes a
Leishmania antigen is spliced into an expression
vector. Immunization is achieved by injecting the
expression vector into the vaccinee44. DNA vaccines
for Leishmania have produced an immune response
in mice 45,46 and in these models combinations of
multiple antigen encoding plasmids have improved
protection47. DNA vaccine protection against visceral
leishmaniasis has been more difficult to achieve
though successful with the L. donovani A2 antigen 48.
The interesting finding that a complete Leishmania
cDNA expression library injected into mice was more
protective than any subpools of the library plasmids49
reinforces the idea that the whole parasite makes the
best vaccine. New discoveries of the role of sandfly
saliva in facilitating the Leishmania infection have
suggested an addition of saliva proteins that could
improve any type of vaccine 50,51 . Another new
approach to the development of Leishmania vaccines
is the identification of Th1-inducing adjuvants.
Prime
candidates
include
synthetic
oligodeoxynucleotides containing CpG motifs (CpG
ODN), which act on professional antigen presenting
cells (APC) monocytes, macrophages and dendritic
cells (DC) to increase their antigen uptake and
presentation as well as augment the expression of
co-stimulatory molecules, and the secretion of proinflammatory cytokines such as IP-10, type 1 IFNs
and IL-12. These cytokines, in turn, activate NK cells,
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CD4 + , CD8 + and gT cells enhancing their lytic
activity and the secretion of high levels of IFNγ52.
The increased antigen presentation in a Th1 cytokine
milieu supports antigen-specific humoral and cellular
responses. In mice and primates, CpG DNA
sequences have been shown to improve the immune
response to microbial antigens including leishmanial
antigen 53,54. Results from ongoing clinical studies
suggest that CpG ODN are well tolerated and are
effective as vaccine adjuvants 54.
Live attenuated vaccines
The ineffectiveness of subunit based strategies
and our improved understanding of the immune
response to Leishmania emphasized the need for a
live attenuated vaccine that would expose the
recipient to complex antigens in the right context over
time without producing pathology. However, it is
possible that these parasites could revert to the
virulent form 55 . Persistence of asymptomatic
Leishmania infections raises the risk of subsequent
reactivation, especially in AIDS where leishmaniasis
is an opportunistic infection 56. Early attempts at
development of attenuated strains, whether obtained
through long term in vitro culture, γ-irradiation,
selection for temperature sensitivity, or chemical
mutagenesis, possess genetically undefined
mutations55, thus the potential for reversion cannot
be predicted. Undefined attenuation can also lead to
loss of effectiveness as shown by laboratory mice
immunized with L. chagasi attenuated by long term
in vitro culture that did not elicit a protective
immunity57. The current techniques for discovery of
new genes involved in parasite growth and survival
and the possibility of manipulation of the Leishmania
genome revive the potential of a live attenuated
parasite vaccine with reduced danger of reversion.
As a demonstration of the concept of defined
genetically altered attenuated strains, we have
developed several attenuated lines of L. donovani
(L.d.), such as one overexpressing the L.d. centrin
protein lacking its N-terminal domain (NLdCen).
Centrin is a calcium binding protein that has been
shown to be involved in duplication and segregation
of the centrosome and basal body duplication in
higher and lower eukaryotes respectively 58. These

NLdCen mutant parasites showed reduced growth
rate both as promastigotes and axenic amastigotes 59
and showed reduced survival in human macrophages
in vitro (Selvapandiyan, unpublished data). Similarly,
L. donovani promastigotes over expressing the
central P-domain of calreticulin, another calcium
binding protein that plays a role as a chaperone
protein in the ER, showed reduced parasite survival
in human macrophages in vitro14. Other studies also
showed that dominant negative expression of a
specific protein by parasites could result in reduced
survival in macrophages in vitro or in reduced
virulence in mice in vivo 60,61. Unfortunately such
transfected parasites, although genetically defined,
cannot be exploited as vaccine candidates since the
expression of the implicated, episomally encoded
proteins would require constant antibiotic pressure
in the vaccinee.
Permanent alteration of the genetic makeup of
these parasites can be achieved using gene
replacement through homologous recombination, a
powerful method for altering and testing gene
function 62,63. Such permanently genetically altered
parasites have been proposed as live attenuated
vaccines56,64.
An example of an attenuated parasite generated
by targeted gene deletion has been demonstrated for
L. donovani in our laboratory15. We have targeted
the same centrin gene from L. donovani whose
mutant form upon overexpression reduces the growth
of the parasite in vitro as well as in the macrophage.
Unlike many other eukaryotes, Leishmania is diploid
throughout its life cycle. Hence it was necessary to
delete both the alleles of a gene by targeting with
two different selectable marker genes 63 . We
sequentially disrupted the two alleles of the centrin
gene by homologous recombination with the hyg gene
and the neo gene flanked at the 5’ and 3’ ends with
the 5’ and 3’ untranslated regions (UTRs) of the
centrin gene (Fig. 1). The centrin gene status of
selected double drug resistant clones was determined
by Southern blot analysis using gene specific probes
for centrin, hyg and neo and further shown to be
negative for RNA and protein expression of centrin 15.
Deletion of both the alleles of centrin did not affect
the growth of null mutant promastigotes (Fig. 2, left
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Fig. 1. Schematic diagram showing design and use of constructs
for deletion of the two LdCEN alleles in the Leishmania
donovani genome. Constructs 1 and 2 show hyg or neo genes
respectively, flanked on the 5’ and 3’ sides with LdCEN 5’ and
3’untranalated regions (UTR) respectively.

panel). However, actively growing LdCEN -/promastigotes transferred to the axenic amastigote
medium, increased slightly in cell number in the first
24 h, a period required for the promastigotes to
differentiate into axenic amastigotes, thereafter the
LdCEN-/- parasites failed to grow (Fig. 2, right panel).
Electron microscopic (EM) studies showed that the
centrin knockout axenic amastigotes accumulated
multiple nuclei from day 1 until day 4 as opposed to
the single nucleus in the axenic amastigotes of the
wild type cells (Fig. 3 A & B). EM studies showing
failure of basal body duplication further
demonstrated the lack of centrin function in the
growth defect of this parasite15.
To be a vaccine candidate, the growth defect in
these parasites must be reproduced intracellularly.
After in vitro infection of human macrophages, the
LdCEN-/- cells became large and multinucleated (Fig.
3 D) as observed in the axenic culture. In contrast,
wild type control cells continued to multiply in
macrophages as uninucleated cells (Fig. 3 C) and
significantly more macrophages remained infected
with wild type than with LdCEN -/- parasites15. The
parasite load at 10 days post infection was
significantly greater for wild type parasites than for
the mutant parasite (Fig. 3 E & F). These results
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Fig. 2. The effect of LdCEN disruption on the in vitro growth
of Leishmania promastigotes and axenic amastigotes of wild
type (WT) and the centrin null mutant (KO). The cells were
grown in the absence of antibiotics. Initial cell density in the
culture was 0.1 x 107 cells/ml. Data represent the mean + SD of
four independent experiments.(Figure adapted from Reference
15 with permission from JBC).

suggested that the centrin deleted parasites are
attenuated and unable to survive in human
macrophages in vitro.
Thus the LdCEN -/- cell line can be propagated as
the promastigote form for production of a potential
live attenuated vaccine, yet when differentiated into
the amastigote form in the mammalian host, should
fail to grow thereby unable to induce pathology. The
time that the differentiated cells persist in the
vaccinated host may be enough to elicit a protective
immune response.
In all the other gene knockout studies, the
genetically altered parasite was affected equally in
both the promastigote and amastigote stages.
However, interestingly, L. donovani centrin gene
disruption affects selectively only the growth of the
amastigote stage of the parasite both in vitro and
inside the human macrophages. This is the first gene
knockout for a cytoskeletal structural protein in
Leishmania that plays such an important role in the
growth of the parasite. The plasmid constructs and
the method of gene knockout optimized for centrin
in L. donovani can be applied readily for other
Leishmania sp. that have a high degree of genome
sequence conservation and cause similar visceral
leishmaniasis, such as L. infantum and L. chagasi.
In addition, inactivation of the centrin gene in the
amastigote form of other related Leishmania species
(L. major, L. braziliensis) which cause other forms
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Fig. 3. Transmission electron micrograph of L. donovani wild
type (A) and knockout (B) axenic amastigotes after 48 h in culture.
N - Nucleus. Scale bar, 2 µm. (C-F) Macrophage infection: Light
microscopy of the ‘Wright’ stained human macrophages infected
with the LdCEN+/+ (C & E) and LdCEN-/- (D & F) parasites
incubated for 120 h (C & D) and 240 h (E & F). Am - amastigotes;
M - multinucleated parasites. Scale bar, 10 µm. (Figs C-F adapted
from Reference 15 with permission from JBC).

of leishmaniasis, such as cutaneous and
mucocutaneous diseases, will ultimately help in
developing attenuated strains for these species of
Leishmania. Such attenuated strains could be
potential vaccine candidates for these diseases.
Because of the essential role of centrin in the growth
of organisms, similar inactivation of the centrin gene
in agents of other parasitic diseases such as malaria
and Chagas also could be exploited for the
development of attenuated vaccine candidates.
Similarly, other laboratories have engineered and
tested genetically defined mutant parasites that could
point the way toward attenuated vaccines. For

example, null mutants for the glucose transporter
gene family in L. mexicana exhibited reduced
infectivity to BALB/c mouse macrophages 65
demonstrating that a single gene deletion can render
a parasite avirulent. Additionally, although L. major
mutants deficient for leishmanolysin genes showed
normal development in macrophages, in vitro, they
showed delayed lesion formation in susceptible
BALB/c mice 66,67. L. major mutants that lack LPG1
(the gene encoding a galactofuranosyl transferase)
showed attenuated virulence in mice 68. Whereas the
parasites that lack LPG2 (the gene encoding a Golgi
GDP-Mannose transporter) persisted indefinitely at
a low level in mice without displaying disease and
provided protection from virulent L. major
challenge 69,70 . Such protection from virulent
challenges in mice was also achieved after gene
knockout for other genes: cysteine protease in L.
mexicana64,71,72, biopterin transporter in L. donovani73;
dihydrofolate reductase-thymidylate synthase
(DHFR-TS) in L. major56,63 (Table). Though infection
with DHFR-TS mutants protected mice from virulent
challenge, they did not protect Rhesus monkeys 35.
Revealing an additional concern, follow up of lpg2
mutants, which lacked virulence, showed that after a
prolonged period, these parasites are partially
reverted to virulence even in the absence of LPG2dependent glycoconjugates 78 . Therefore, it is
important to ensure lack of virulence in live
attenuated parasites and to further study genetically
modified parasites to understand the mechanism of
pathogenesis. Such types of studies with centrin
deleted parasites are underway in our laboratory.
Experiments conducted to study the survival;
pathogenicity and protection from challenge by the
gene knockout parasites also assessed the type of
immune response that was triggered by such parasites
in the host following immunization and challenge.
Mice that were infected with cysteine protease
deleted L. mexicana produced significantly less IL4 and more IFN-γ than those infected with the wild
type parasites 64 . This displays a shift from a
predominant Th2 associated immunity during wild
type parasite infection to a Th1 type due to infection
with mutants. In a second case, inoculation of
susceptible mice with the LPG2 deficient L. major
mutant resulted in a decreased level of IL-4 in the
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Table. A survey of gene knockout studies that demonstrated attenuation of Leishmania and studied pathogenicity in macrophage
cells and animal infections
Organism

Gene/s knocked out

Mutant phenotype

Mutant survival in macrophage/animal

Reference

Leishmania
major

dihydrofolate reductase - auxotrophic for thymidine
thymidylate synthase
(dhfr-ts)

survival in macrophage is thymidine
dependent, mutant incapable of causing
disease in mice and rhesus monkeys, did
not protect monkeys on challenge with
virulent parasite.

35,56,63

L. major

leishmanolysin
(gp63 genes 1-7)

deficient in leishmanolysin;
no change in growth in vitro

showed normal development in sand fly,
but delayed lesion formation in mice

66,67

L. major

galactofuranosyl
transferase (lpg1)

deficient in LPG but
contained normal levels of
related glycoconjugates and
GPI-anchored proteins

did not infect sand fly, mouse or
macrophages

74,75

L. major

Golgi GDP-Man
transporter (lpg2)

mutant lacked all
phosphoglycans

unable to survive in sand fly, persisted
indefinitely in mice with no disease,
provided protection from challenge with
virulent parasites in the absence of a strong
Th1 response

69,70

L. mexicana

glucose transporter
genes (LmGT1,
Lm GT2 & Lm GT3)

Promastigotes showed
reduced growth rate in vitro

reduced growth rate in sand fly mid gut,
reduced infectivity in macrophages

L. mexicana

cysteine proteases
(cpa, cpb & cpc)

deficient in cysteine
protease; no change in
growth in vitro

reduced infectivity in macrophages,
attenuated virulence in mice and provided
protection upon challenge with virulent
parasite

L. donovani

partial knockout of
A2-A2rel gene clusters

proliferation of mutants
in culture compromised

attenuated virulence in mice

77

L. donovani

biopterin transporter
(BT1)

biopterin transport
abolished

reduced infectivity, parasite specific
production of IFN-γ (cellular immunity TH1 type response) and provided protection
upon challenge with virulent parasite

73

L. donovani

centrin (Ldcen)

defects in cytokinesis in
the amastigote form

reduced parasite survival in macrophage

15

host and protection from virulent challenge, although,
a strong IFN-γ response was absent before
challenge70, describing a complex immune responses
seen in mice against infection with different species/
mutant strains of Leishmania.
Animal models for the evaluation
development of Leishmania vaccines

and

Animal models for Leishmania pathogenesis and
vaccine testing have been established in the mouse79
and the monkey35. Though visceral leishmaniasis is
the greatest concern for public health, L. major,
causing cutaneous disease, more closely mimics
human disease in the animal model and provides a

65

64,72,76

basis to demonstrate vaccine development strategies.
Although most of the studies involving DNA as well
as protein-based vaccines have been conducted in
susceptible BALB/c mice, the healing lesions
produced in C57BL/6 mice provide a more relevant
model of L. major infection in natural reservoirs and
in human hosts. Further, in almost every case the
efficacy of Leishmania vaccines has been evaluated
using a high dose of parasites (105–10 7) inoculated
into the footpad or other subcutaneous (s.c.) sites. A
natural infection model in resistant mice has been
developed that takes into account three main features
of natural transmission: (i) low-dose (1000)
metacyclic promastigotes isolated from stationary
culture by negative selection using peanut agglutinin,
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combined with (ii) a salivary gland sonicate obtained
from the sand fly and (iii) intradermal inoculation
(the ear dermis) 80. All of which correspond more
closely to the bite of an infected sand fly. In this
model, the evolution of small, healing dermal lesions
exhibit features suggesting a better reproduction of
the natural disease including an initial phase of
parasite growth in the absence of lesion formation;
an acute phase, lasting 5-10 wk, corresponding to
the development and resolution of a lesion that is
associated with an acute infiltration of neutrophils,
macrophages, and eosinophils into the dermis, and
is coincident with the onset of immunity and the
killing of parasites in the site; and a chronic phase,
lasting for the life of the animal, during which a low
number of parasites persists in the skin in the absence
of overt pathology.
Results obtained from the mouse model, though
practical and informative, must be further confirmed
in a primate model that more closely predicts
pathogenesis and immunogenesis in humans. The
rhesus macaque has demonstrated protective efficacy
following infectious challenge with some Leishmania
vaccine formulations34 and detailed examination of
the immune response in naïve and previously infected
macaques has been reported81.
Challenges towards
development

Leishmania

vaccine

As noted above, several vaccine formulations that
demonstrated efficacy in the mouse models, were not
protective in primates 35,57. This underscores the need
for new methods to assess the immune response of
animals to vaccination that can better predict the
response to a virulent organism challenge in primates
and humans. Further, attenuated vaccine candidates
must be evaluated for pathogenicity, which can
require many months of follow up. New methods
would be useful for detection of parasites as well as
assessment of pathology. Effective diagnosis of the
progression of infection with a candidate vaccine will
require assessment of the genetic stability of the
agent. An example of a tool to assess the genetic
stability of the attenuated parasite vaccine on a global
scale is the microarray. A microarray is a large
collection of DNA sequences printed on a solid

surface that can be hybridized with total RNA to
measure global gene expression changes 82 or total
DNA to search for areas of deletion or amplification
through comparative genome hybridization83. These
types of approaches could be utilized to more quickly
evaluate stability of attenuation or reversion.
Conclusion
In conclusion, there is a need to develop new
strategies to control this disease due to its impact on
world public health. Current drug treatments alone
may not successfully control this disease.
Particularly since prolonged use of drugs can lead to
drug resistance. The constant efforts to develop new
drugs to overcome drug resistance are costly and have
short-range applicability. Vaccination against
leishmaniasis in humans using live parasite
inoculations has been tried based on the knowledge
that a cured infection protects the individuals from
reinfection. Early attempts at development of
avirulent parasites as vaccine candidates were made
through long term culture, γ-irradiation, temperature
sensitive mutations or random mutations induced by
chemical agents. However, it was soon realized that
these approaches also have drawbacks such as
reversion to virulent forms and lack of knowledge
about the type of change(s) that have occurred in such
parasites. The reversion to virulent form can occur
spontaneously in healthy individuals or under
conditions of weak host immune system. In the last
two decades, use of subunit vaccines either in the
form of DNA vaccines or immunization with antigens
along with adjuvants in small or large animal models
has resulted in partial success in the development of
Leishmania vaccine candidates. When this strategy
was tested in humans, however, the results were not
favourable. The outcome of recombinant strategies
for Leishmania vaccine candidates led to the
conclusion that a low level of parasite persistence
seemed to be required to maintain the immunological
memory against reinfection as was originally
observed in patients who recovered from infection
provided such parasites cannot revert to the virulent
phenotype. These challenges can be met with newly
developed live attenuated strains because they (i)
possess genetically defined mutations; (ii) persist in
the host without being virulent; (iii) have less chance
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of reversion to the virulent phenotype because of
irreversible genetic modifications; (iv) are amenable
to further genetic manipulation if a candidate vaccine
causes adverse reactions; (v) can be produced in large
quantities in well defined conditions suitable for
human vaccination; and (vi) can be tested along with
new adjuvants or parasite antigens to enhance
protective immune response or in combination with
antileishmanial drugs to reduce pathogenesis, if
needed. Finally, in our view, to make the Leishmania
live attenuated-parasite vaccine strategy work,
significant funding from governmental and nongovernmental entities is needed, which can ultimately
lead to eradication of leishmaniasis worldwide.
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Indoor residual spraying is a simple and cost effective method of controlling endophilic vectors
and DDT remains the insecticide of choice for the control of leishmaniasis. However resistance to
insecticide is likely to become more widespread in the population especially in those areas in which
insecticide has been used for years. In this context use of slow release emulsified suspension (SRES)
may be the best substitute. In this review spraying frequencies of DDT and new schedule of spray
have been discussed. Role of biological control and environment management in the control of
leishmaniasis has been emphasized. Allethrin (coil) 0.1 and 1.6 per cent prallethrin (liquid) have
been found to be effective repellents against Phlebotomus argentipes, the vector of Indian kalaazar. Insecticide impregnated bednets is another area which requires further research on priority
basis for the control of leishmaniasis. Role of satellite remote sensing for early prediction of disease
by identifying the sandflygenic conditions cannot be undermined. In future synthetic pheromons
can be exploited in the control of leishmaniasis.
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Leishmaniasis is the vector borne disease
transmitted by the Phlebotomine flies in the Old World
and Lutzomyia in the New World1. The vector of
various leishmaniases worldover belong to order
Diptera of class Insecta (Phylum Arthopoda). Fauna
of Indian sub-zone is represented by 46 species, of
these 11, belong to Phlebotomine species and 35 to
sergentomyia species2. Phlebotomus argentipes is the
proved vector of kala-azar (visceral leishmaniasis, VL)
in India3.

dogs and elimination of sandflies by environmental
and chemical control. In India, Bangladesh and Nepal
where visceral leishmaniasis is anthroponotic the
only choice is chemical and environmental control.
Best method to interrupt any vector borne disease is
to reduce man-vector contact. Many methods exist
at present for leishmaniasis control which can be used
individually or in combination. The selection of the
method or combination of methods depends on the
type of the leishmaniasis to be controlled and also
the method should be situation specific. In this article
attempts have been made to discuss the conventional
and some latest technologies of vectors control
measures being used worldwide.

Control of VL mainly depends on its
epidemiological features. In the zoonotic foci where
carriers are involved and dogs are the main vertebrate
host, the effective methods include destruction of
467
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Present status of kala-azar and chemical control
in India
Visceral leishmaniasis is a serious public health
problem in the country since 1970s, in the State of
Bihar and latter spread to West Bengal and eastern
Uttar Pradesh. In 1977 a sample survey estimated
the number of cases to be about one lakh with 4500
deaths in Bihar 4. The disease is prevalent in more
than 30 districts in the State of Bihar (old Bihar). In
India, there is no definite control programme for kalaazar but control was only as a byproduct of antimalaria activities. Under National Malaria Control
Programme in 1953 and later National Malaria
Eradication Programme (NMEP) now National
Vector Borne Disease Control Programmes, DDT
was extensively used. The DDT spray operation
reduced the sandfly population to the very low levels
resulting in interruption of kala-azar transmission and
virtual elimination of the disease. Spraying of
residual insecticide was withdrawn under NMEPin
phased manner from different areas from 1962. In
1970s, kala-azar cases started being reported from
Muzaffarpur, Sitamahari and Samastipur in Bihar
signaling a simmering outbreak 5. Kala-azar incidence
recorded an increasing trend after resurgence till 1992.
Until 1989-1990 kala-azar control activities were
undertaken by the States on focal basis diverting
NMEP resources. However, during 1990-1991
planning commission approved a centrally sponsored
Kala-azar Control Scheme which was implemented
in both the endemic States namely Bihar and West
Bengal. After the implementation of this scheme
kala-azar cases showed a sharp decline from 1993
and continued till 1999. However, in 2000 number
of cases significantly increased to 12964 cases with
202 deaths (Data obtained from Bihar Directorate of
Health Services). A mandate committee of
Government of India decided to evaluate the efficacy
of DDT and malathion in malaria and kala-azar
control programme. In 2000, a multicentric study was
initiated by the Indian Council of Medical Research
(ICMR) and Rajendra Memorial Research Institute
of Medical Sciences (RMRIMS), Patna conducted
the evaluation of DDT as indoor residual spraying
(IRS) in the control of kala-azar with the objectives
to assess the susceptibility status of P. argentipes to
DDT and other commonly used insecticides.
Insecticide of choice: Indoor residual spraying is a
simple and cost-effective method of controlling

vector. DDT still remains the insecticide of choice
because of its low cost, high efficacy, long residual
action and relative safety when used for indoor
residual spray. Dosage schedule of 1 or 2 g/m2 or
100-200 mg/ft2 has been found to be quite effective;
5 per cent emulsified suspension of DDT is the
choice6. Mukhopadhya et al7 in a study in an endemic
focus in Bihar reported two rounds of spray, one in
March-April and other in June-July. The study was
based on two ascending phases in P. argentipes
population. They further advocated two rounds of
DDT spray for three successive years keeping in mind
the long incubation period of kala-azar 8 . If the
probability of a female P. argentipes being infected
with Leishmania donovani does not vary with season,
peak transmission of this parasite to humans probably
occurs between February and May at mid night9. This
also substantiates the proper schedule of DDT spray.
Under the anti-vector control strategies as
introduced by NMEP since 1992 10, the schedule
adopted in Bihar was two rounds of spray, first round
in February-March and second round in May-June.
Whereas in West Bangal first round of spray was
done in May-July and second in August-October. In
a separate observation Palit et al11 suggested AprilMay and September-October with a spacing of
4 months for 1st and 2 nd rounds of spray, respectively.
Kumar et al12 have suggested June-July and OctoberNovember, for 1st and 2nd rounds of spray.
Spraying procedure: Spraying of DDT in the
indoor human dwellings including the roof structure
should be done. It should also cover animal shelters
(especially cow-sheds) and other structures in
peridomestic situations as sandflies have been
recovered both from human as well as animal
dwellings. People living in mixed dwelling are at the
greatest risk of contracting the disease. Special care
should be taken to spray into cracks/crevices in which
sandflies seek shelter. Before spraying, evaluation
of technical know-how among spraying personnel,
viz., spraying technique, stroke of spraying machines,
handling of pumps, total area of coverage by a given
amount of insecticide, etc., should be undertaken.
DDT should be mixed in the proportion of 3.3
pounds/3gallons (i.e., 1.1 kg/ 15 l ) resulting in a
5 per cent suspension at the flow rate of 750 ml/
minute and 45 mm distance from the target, using
single nozzle. According to WHO recommendation 13,
2 liter of 5 per cent water dispersible powder (3.3
pounds) DDT suspension sprayed at the rate of 100
mg/sq.ft. should cover 1000 ft2.
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Susceptibility status: DDT still being the choice
insecticide, is going to be used extensively in the
kala-azar control programme. However, some
workers have reported development of tolerance in
P. argentipes against DDT therefore its sensitivity
level needs to be taken into consideration while
formulating any control strategies. Development of
tolerance against DDT in P. argentipes has been
reported from Samstipur5, Bakhtiyarpur9, Darbhanga,
Samastipur and Vaishali districts 14. Development of
tolerance to DDT in P. argentipes of Vaishali 15 and
Muzaffarpur (unpublished) districts has also been
reported. Thus, the magnitude of the problem is well
recognized, warranting new approaches by
developing more effective and feasible control
measures. Use of slow release formulation of
polyvinyl acetate based malathion SRES may be
feasible proposition since this formulation is
expected to give desired effect for a longer time.
Further, P. argentipes is still susceptible to most of
the insecticides16. Malathion SRES, paint formulation
has been tried against triatomid bugs which proved to
be very effective in control of Chagas disease in Brazil17.
A pilot study was conducted by RMRIMS in Patna
district with 5 per cent malathion, SRES suspension
was used in the dose of 2 mg/m 2 with manually
operated stirrup pressure pump. The study was
conducted in an endemic village of Bihar,
Gulmahiabagh. On the basis of house index and man
hour density (MHD) of the vector species the study
revealed the effectiveness of malathion, SRES, for
25-26 months 18 . In a study on evaluation of
cholinesterase levels in endemic population exposed
to malathion suspension, plasma cholinesterase level
remained within the normal range 19. Oleveira-Filho
et al 20,21 reported the polyvinyl acetate based
suspension of malathion quite effective against
Lutzomyia longipalpis though DDT was cheapest,
and gave estimated cost ratio of 0.9 becoming
cheaper than DDT due to its long residual effect. The
effectiveness of spraying is not the only issue of
concern, other problems are the side effects on human
health and environment and their sustainability.
Several factors such as cost of the insecticides, the
logistic constraints low acceptance by the community
and low community participation and the emergence
of resistance affect the long term effectiveness and
sustainability of these interventions.
Use of insecticide impregnated bed nets in the control
of leishmaniasis: Insecticide impregnated bed nets
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(ITN) were shown as one of the most effective
methods of reducing man-vector contact and intraand peridomicilliary transmission of vector-borne
diseases. In most studies the insecticides used were
synthetic pyrethroids (permethrin, deltamethrin,
Lambda-cyhalothrin), which combine the properties
of low to moderate mammalian toxicity 22 , low
volatility and high insecticidal activity. ITNs act as
‘baited traps’ but have also important deterent and
repellent effect. Compared with house spraying ITNs
have theoretically the following advantages: (i) their
effectiveness is independent of the endophilic and
exophilic behaviour of the vectors; ( ii) less
insecticide is used; and (iii) the household exerts
control over its application and thus depends less on
the performance of a knock-down planned disease
control programme.
In the laboratory bioassays, wild P. perniciosus
and P. papatasi confined in a cage were stimulated,
using a bait, to cross-treated curtains (cotton 0.5 cm
mesh size) to test the effect of treatment on
repellence, feeding rate and mortality 23. The results
showed that permethrin (1000 mg/m 2) had a low
repellent effect on both sandfly species, but reduced
the feeding rates by 67 per cent for P. perniciosus
and 80 per cent for P. papatasi and caused high 24 h
mortality (>90% for each species).
Environmental control
Sandflies breed in dark corners in the crevices of
the walls having rich humus and moisture. The
principle behind the environmental control is to
manage the environment to make it unsuitable for
breeding. In 1980, Vyokov24 in USSR successfully
controlled leishmaniasis by destroying rodent
burrows. In a study on technological control of
sandflies, the walls of the resting sites were plastered
filling all the cracks and crevices by mud and lime,
and the breeding of sandflies could be stopped
successfully25. Lime has a powerful water absorbing
capacity which makes it unsuitable for the sandfly
breeding. In another experiment Dhiman 26
successfully controlled 70 per cent population of P.
papatasi by constructing cement skirting of 9”
vertically on the wall and 9” horizontally on the floor.
Biological control
Very scanty information is available on the
biological control of sandfly. As the application of

470

INDIAN J MED RES, MARCH 2006

biolarvicides in the field condition is difficult due to
diverse breeding habitat of sandfly, their practical
application appears to be of limited use in the control
of visceral leishmaniasis. In the laboratory
experiment De Barjac et al27 first time demonstrated
the role of Bacillus thuringiensis var. israelensis in
the control of larvae of P. papatasi and Lutzomyia
longipalpis. Robert et al 28 successfully used Bacillus
sphaericus in the control of P. martini in Kenya based
on the work of Schlein29 and Yuval and Warburg30.
This approach requires further evaluation. They also
observed inhibitory effect of B. sphaericus on
hatching of eggs of P. dubosqui31.
Prophylactic methods
These include self protection by use of mosquito
nets and of repellents. Use of nets for sandflies of
approximately 36-42 mesh would definitely prevent
from its biting. DEET (diethyl tolumide) was found
to be quite effective against L. longipalpis32. Essential
lemon oil also gave good results with 70 per cent
protection 33. Soap solution containing 20 per cent
DEET and 0.5 per cent permethrin was effective
against L. longipalpis, its effect lasted for 4 h34 .
Sharma & Dhiman 35 found that concentration of
2 per cent neem oil mixed in coconut or mustard oil
provided 100 per cent protection against
P. argentipes throughout the night in the field
conditions. Application of mustard oil alone exposed
to the uncovered areas acts as repellent against
P. argentipes (unpublished observation). Recently it
was found that 0.1 per cent allethrin (in coil) and 1.6
per cent prallethrin in liquid form can give maximum
protection against the bite of P. argentipes
(unpublished data).
Role of community participation in sandfly
control
Health education for control of leishmaniasis is
of great importance. Simple eradication of all
possible resting sites of vector within a locality by
the population itselt can result in a significant
reduction of disease incidence. Like other
communicable diseases of public health importance,
general and broad basic knowledge about
leishmaniasis should be widely disseminated.

Recent development in the control of leishmaniasis
Remote sensing: Satellite remote sensing has been
successfully used in the identification of high risk
areas for malaria. Recently a pilot study has been
concluded at RMRIMS, Patna, for identifying and
mapping of P. argentipes distribution for early
prediction of disease with the help of satellite remote
sensing in integration with geographical information
system (GIS)36. Kala-azar or visceral leishmaniasis
has been continuing unabated in India for over a
century and now considered one of the major health
problems in the eastern states mainly Bihar, West
Bengal and Uttar Pradesh. In absences of any suitable
‘epidemic prediction tool’, it is very difficult to
forewarn or predict epidemic outbreak of the disease.
With increasing accessibility to new technologies
viz., remote sensing and GIS, it has become possible
to monitor land-use features on earth’s surface over
various time intervals to develop methods for rapid
stratification of high susceptive areas and for the
design of remedial measures.
As such, two study sites representing different
types of ecosystem were selected in Bihar. Eighteen
villages in Patepur block in Vaishali district, one of
the high endemic areas of Kala-azar in north Bihar
(as endemic foci) and 12 villages in Lohardagga
block in Lohardagga district, (as non endemic foci),
were selected for addressing and evaluating the use
of satellite data for monitoring the macro-ecosystem
i.e., specific vegetation cover and human settlement,
and relating them with the changing conditions
favourable for sandflies for assessing its role as
potential epidemic predictor.
Season-wise data on temperature, humidity, vector
density, incidence of VL cases and soil samples were
collected through ground surveys carried out in the
selected sites during November 1999 to March 2000.
Satellite data of Indian Remote Sensing Multispectral
IRS-1D LISS3 data for both the blocks were analysed
in Silicon Graphic Image Processing System using
ERDAS software. The preliminary analysis of both
ground and satellite data sources included the
construction of digital maps, which were overlaid on
the digital environmental data and the relevant data
for the collection sites using GIS software37.
Statistical analysis showed significant correlation
of vector density with variables like temperature,
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humidity, settlement, crop areas, moist fallow, dry
fallow, minimum normalized digitized vegetation
index (NDVI) and standard deviation of NDVI.
Multivariate regression analysis performed using
significantly correlated variables, generated six
models and the best model gave detailed mapping of
sandfly density in both endemic and non endemic
sites. This model derived from the environmental
variables and land cover features can produce a map
of distribution of P. argentipes. Although, this model
was based on data pertaining to two blocks of the
State, it can be used for the prediction of vector
density in other endemic areas of Bihar.
Cross et al 37 on the basis of NDVI values have
advocated the low and high probability of P. papatasi
zone. In another study Miranda et al 38 in Brazil
demonstrated strong co-rrelation between cutaneous
leishmaniasis (CL) infection and creeks and relevant
vegetation.
Future prospects
Role of pheromons: Pheromons are chemical
substances which help in attracting the insects at a
particular site for mating. This property of pheromons
is yet to be exploited in the control of vector of
leishmaniasis. A pilot project is being initiated at
RMRIMS, Patna in collaboration with Keele
university, UK, to explore the role of synthetic
pheromons in control strategies.
Concluding remarks
Vigorous research efforts need to be done to
develop the larvicide for successful elimination of
the vector. Application of satellite remote sensing,
insecticide impregnated bed nets and synthetic
pheromons traps are other exciting areas which
require attention. Health education about the habitat
and breeding of vector species may go a long way in
the vector control.
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Correspondence
Prevalence of visceral leishmania & HIV co-infection in Nepal

Sir,

looking for job, drug abuse and increase in
commercial sex trade. Therefore, the number of
cases of Leishmania/HIV co-infection is expected
to rise in Asia including in Nepal owing to the
simultaneous spread of the two infectious diseases
and their increasingly overlapping geographical
distribution.

Visceral leishmaniasis (VL, kala-azar) is a
worldwide disseminated intracellular infection
mainly caused by Leishmania donovani, L. chagasi
or L. infantum. Leishmaniasis is endemic in 88
countries on five continents - Africa, Asia, Europe,
North America and South America1. New cases of
leishmaniasis continue to occur annually, 90 per cent
of which are in five countries: Bangladesh, Brazil,
India, Nepal and Sudan 2 . The incidence of
leishmaniasis as an opportunistic infection in AIDS
patients has been increasing since the first case of
HIV-Leishmania co-infection was described in 19853.
This duo of disease produces cumulative deficiency
of the immune response since Leishmania parasites
and HIV destroy the same cells, thus exponentially
increasing disease severity and consequences.

SACTS (STI/AIDS Counselling and Training
Service), a non-profit making non-governmental
organization for prevention of sexually transmitted
infections (STIs) and acquired immune deficiency
syndrome (AIDS) conducted this study to
determine the presence of HIV-Leishmania coinfection in some endemic districts e.g., Janakpur,
Siraha, Saptari, Jhapa, Biratnagar. The study
included 39 hospital-based cases, 415 field-based
cases and 400 HIV- surveillance based cases
during June 1, 2003 to May 31, 2004. In hospitalbased study, serum samples and bone marrow were
collected from clinically suspected cases of VL
from patients admitted to some hospitals.
Diagnosis of VL was established by demonstration
of parasite (LD bodies) in bone marrow and by
serological tests (K39 antigen dipstick). Also
samples were screened for HIV. In field study,
serum samples were collected from clinically
suspected cases. Patients having history of fever
for 15 days or more and clinically palpable spleen
were selected randomly. All serum samples
positive for formol gel test and K39 antigen
dipstick were screened for HIV. In HIVsurveillance based study; all serum samples

Visceral leishmaniasis has been reported from
12 districts of Nepal. Approximately more than 5.5
million people in Nepal are believed to be at risk
of the disease. Since 1980, 14685 cases and 215
deaths from this disease have been reported and
this figure may be lower than actual cases. The
case incidence is about 43/100,000 population at
risk and case fatality rate ranges from 0.84 to 1.75
per cent 4. HIV/AIDS is also emerging as a major
public health problem in Nepal. Recently drug
resistant cases of VL and some cases of post-kalaazar dermal leishmaniasis (PKDL) were also
reported 4. VL endemic districts, the HIV situation
is made more complex by movement of people
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Table. Age and sex-wise distribution of study population

Age (yr)

15-19
20-29
30-39
40-49
49+
Total

Sample

VL positive

HIV positive

Male

Female

Total

Male

Female

Total

Male

Female

Total

52
342
209
64
20
687

30
60
56
20
1
167

82
402
265
84
21
854

6
51
36
2
95

2
26
16
1
45

8
77
52
3
140

1
3
1
5

2
1
3

3
4
1
8

positive for HIV were subjected to formol gel test 5
and K39 antigen using the InBios International Inc
(Seattle WA 98104, USA) dipstick test for VL 6 .
Serum samples were collected from private clinics,
SACTS and prevalence study. Two different
ELISA test Kits screened all samples for HIV.
The one ELISA was Bioelisa HIV 1+2 (rec),
Biokit, SA; 08186. Leissad Amunt (Barcelona,
Spain). The other one was Genedia HIV1/2 ELISA
3.0, Green Cross Life Science Corp. (Korea).
The study population consisted of 854 individuals
(687 males, 167 females) in the age group of 15 yr
to 49 plus years. Of the 854 samples, 140 were found
positive for VL; of 140 these, 8 were also positive
for HIV. Of the 8 HIV positive cases, 5 were male
and 3 female. VL cases were highest among age
group 20-39 yr (Table).
Of the 39 clinically suspected cases admitted to
the hospitals, 16 were positive for LD bodies and
one of these was HIV positive. These 16 positive
cases were also positive by K39 antigen dipstick. Of
the 415 samples collected from field, 114 were
positive by K39 antigen dipstick, and of these 114, 5
were positive for HIV. In 400 HIV surveillance
samples, 10 were positive for VL and two for HIV.
Our study revealed VL and HIV co-infection was
detected among 5 males and 3 females. Among 5
males, 4 were migrant workers and one was injecting
drug users. The three females were commercial sex
workers. All of them were from VL endemic areas
of Eastern and Central region e.g., Janakpur, Siraha,
Saptari, Jhapa, Biratnagar.

Sharing of needles can transmit both Leishmania and
HIV infection. Gradual increase of drug use by young
people in endemic areas makes the situation more
complex. Co-infected patients can harbour large number
of parasites making them a risk of becoming reservoir7.
In conclusion, there is a need to monitor VL/HIV
co-infection especially in VL endemic areas in Nepal
to properly assess the burden of the problem. Also
advocacy programme for public education on VL/
HIV co-infection should be integral part of both HIV
as well as VL prevention programmes.
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Book Review

Clinical features were presented by Dr P. Desjeux
who gave a worldwide overview, and Dr T.K. Jha
who discussed Indian kala-azar specifically based on
the 14,346 patients he has personally treated. The
full-colour photographs illustrating clinical
presentations were particularly attractive.

Trends and research in Leishmaniasis, with
particular reference to kala azar. Report of the 5th
Sir Dorabji Tata Symposium. Raghunath D, Nayak
R, editors (Tata McGraw-Hill, New Delhi) 2005.
445 Pages.

Diagnosis was covered by Drs R. Sivakumar, M.
Boelaeart, and J.C. Samantaray. Tables listing the
sensitivity and specificity for the large number of
diagnostic tests employed, although unreferenced,
provide data that the reader will be hard put to obtain
elsewhere.

This publication reports the presentations made
at the 5th symposium in honour of Sir Dorabji Tata.
The previous four volumes covered Indian
tuberculosis (2001), malaria (2002), diarrhoeal
diseases (2003), and respiratory diseases (2004). The
present volume contains 27 presentations. The
subject of this Symposium was Indian visceral
leishmaniasis (kala-azar), with its focus in the
Northwest Indian State of Bihar. There are still, in
2004, 10,000 cases annually in spite of intense
national and international interest in the problem.

The Treatment session progressed from the clinic
back to animal models. Dr Shyam Sundar gave an
authoritative review of treatment for kala-azar; Dr
S. Croft summarized drug resistance with insights
that again would be difficult to find elsewhere;
Dr A. Dube reviewed preclincal drug and vaccine
models.
The Immunology/Molecular biology session and
the Vaccine/Drug session provided overviews and
also detailed accounts of laboratory studies. Drs R.C.
Mahajan, B. Saha, F. Modabbar, and P.K. Sinha
provided overviews, whereas very detailed reports
on laboratory advances in biomarkers, macrophage
function, gene knockouts, protein and DNA antigens,
and drug targets were provided by Drs C. Mandal,
S. Roy, P. Salotra, H.K. Majumder, R. Madhubala,
and S. Singh.

The Plenary session given by Drs C.P. Thakur and
N.K. Ganguly covered epidemiological issues: the
volume and location of kala-azar, the relationship to
control measures such as insecticide spraying, and
the possibility that further control measures might
eliminate this anthroponotic disease. The Keynote
address by Dr R. Ridley concerned the approach of
Tropical Disease Research (TDR) at WHO in dealing
with the disease burden of HIV, TB, malaria, the
trypanosomid diseases including visceral
leishmaniasis, and helminthic diseases. Given the
“10%, 90%” problem (10% of the world’s medical
research funds go for 90% of the world’s disease
burden), TDR has a crucial role to play, although
new non governmental organizations have created a
complex mixture of such entities.

The final sessions were on Vector biology and on
Epidemiology. Dr K. Kishore detailed the biology
of the sandfly vector, something about which
clinicians are often unaware. Dr Sherchand described
vector control measures with their relative
advantages and disadvantages. Dr Gupta described
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the organization of vaccine trials in India, and
Drs N. Karunaweera, Y. Sukthana, and
Y. Wagatsuma described the epidemiology of
leishmaniasis in the lesser known locales of Sri
Lanka, Thailand, and Bangladesh.
In all, this volume provides a thorough review of
India kala-azar. The strengths of the volume are the
expertise of the symposium presenters, the alteration
between general overviews and detailed research

presentations both by experts, and the excellent tables
and figures.

J. Berman
Office of Clinical and Regulatory Affairs
National Center for Complementary &
Alternative Medicine, National Institutes of
Health, Bethesda, MD 20892, USA
e-mail: bermanJ@mail.nih.gov
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Book Received
10 Health questions about the new EU neighbours, Albena Arnaudova (World Health Organization, Geneva)
2006. 248 pages. Price: CHF 40.00/US$ 36.00; in developing countries: CHF 28.00/US$ 25.20
ISBN 92-890-1381-8
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SOME FORTHCOMING SCIENTIFIC EVENTS
Symposium/Seminar/Workshop
Course/Conference (Date & Place)

Contact Address

International Conference on Leptospirosis: a
diagnostic enigma & the VI Scientific Meeting
of the Indian Leptospirosis Society (June 20-22,
2006; Hyderabad)

Dr Manjula Sritharan, Organising Secretary
Department of Animal Sciences, School of
Life Sciences, University of Hyderabad
Hyderabad 500046, India
Tel: 91-040-23134700; 23011763
Fax: 91-040-23010120
e-mail: ils2006.hcu@gmail.com

VII ICMR Course in Medical Genetics and Genetic
Counseling (July 17-22, 2006; Lucknow)

Dr Shubha R. Phadke, Department of Medical Genetics
Sanjay Gandhi Postgraduate Institute of Medical Sciences
Lucknow 226014, India
Tel: 91-0522-266800, 266805-8 Ext. 2334, 2325
Fax: 91-0522-2668017
e-mail: shubha@sgpgi.ac.in

I National Workshop on Microdeletion FISH
(August 7-12, 2006; New Delhi)

Dr Ashutosh Halder, Assistant Professor
Department of Reproductive Biology
All India Institute of Medical Sciences
Ansari Nagar, New Delhi 110029, India
Tel: 91-011-26593304 ext. 4211
Mobile: 9313309579
Fax: 91-011-26588663
e-mail: ashutoshhalder@yahoo.co.in
ashutoshhalder@gmail.com
Web Site: http://www.aiims.ac.in

VI National Autoantibody Workshop
(September 11-16, 2006; Lucknow)

Dr Amita Aggarwal, Department of Immunology
Sanjay Gandhi Postgraduate Institute of Medical
Sciences, Raebareli Road, Lucknow 226014, India
Fax: 91-0522-2668017
e-mail: amita@sgpgi.ac.in

III Postgraduate Clinic, Immuonology for Clinicians
(September 16-17, 2006; Lucknow)

Dr Vikas Agarwal, Department of Immunology
Sanjay Gandhi Postgraduate Institute of Medical
Sciences, Raebareli Road, Lucknow 226014, India
Fax: 91-0522-2668017
e-mail: vikasagr@sgpgi.ac.in
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Standard abbreviations to be used in IJMR
The abbreviations should be used in the text, tables and illustrations without a full stop.
Molar (mole/litre)

M*

counts per minute

cpm

milli molar (m mole/litre)

mM

Curie

Ci

Micromolar (mole/litre)

µM

rad

rad

mole (quantity of substance)

mol

Roentgen

R

normal

N

gravity

g

metre

m

ortho

o

centimetre

cm

meta

m

para

p

2

square centimetre

cm

millimeter

mm

intramuscular

im

micrometre

µm

intraperitoneal

ip

nanometre

nm

intravenous

iv

picometre

pm

subcutaneous

sc

mg/100 ml

mg/dl

oral

po

A

lethal dose-50

LD50

litre

l

Ampere

A

millilitre

ml

milli Ampere

mA

microlitre

µl

Watt

W

gram

g

anti meridiem (before noon)

am

milligram

mg

post meridiem (after noon)

pm

kilogram

kg

volume

vol

hour(s)

h

volume ratio

vol/vol

minute(s)

min

(volume per volume)

second(s)

sec

weight

wt

week(s)

wk

weight per volume

wt/vol

year(s)

yr

weight ratio

wt/wt

revolution per minute

rpm

(weight per weight)

Angstrom

o

* Should not be used as an abbrevation for mole
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