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REVIEW

Visceral leishmaniasis:
what are the needs for diagnosis,
treatment and control?

Leishmaniasis, a vector-borne disease that is caused
by obligate intra-macrophage protozoa, is endemic
in large areas of the tropics, subtropics and the
Mediterranean basin (FIG. 1). This disease is character-
ized by both diversity and complexity': it is caused by
more than 20 leishmanial species and is transmitted
to humans by ~30 different species of phlebotomine
sandflies’.

Leishmaniasis consists of four main clinical syn-
dromes: cutaneous leishmaniasis; muco-cutaneous
leishmaniasis (also known as espundia); visceral leishma-
niasis (VL; also known as kala-azar); and post-kala-azar
dermal leishmaniasis (PKDL) (FIG. 2). In cutaneous leish-
maniasis, the patient generally presents with one or sev-
eral ulcer(s) or nodule(s) in the skin. Different species
of Leishmania can infect the macrophages in the dermis,
with variable clinical presentations and prognoses™*.
The ulcers heal spontaneously — although slowly — in
immunocompetent individuals, but cause disfiguring
scars. In muco-cutaneous leishmaniasis, patients suf-
fer from progressively destructive ulcerations of the
mucosa, extending from the nose and mouth to the
pharynx and larynx. These lesions are not self-healing
and are usually seen months or years after a first episode
of cutaneous leishmaniasis, when the macrophages of
the naso-oropharyngeal mucosa become colonized.
Leishmania braziliensis is responsible for most cases of
muco-cutaneous leishmaniasis.

Francois Chappuis**, Shyam Sundars, Asrat Hailu!, Hashim Ghalib¥, Suman Rijal*,
Rosanna W. Peeling’, Jorge Alvar** and Marleen Boelaert**

Abstract | Visceral leishmaniasis (VL) is a systemic protozoan disease that is transmitted by
phlebotomine sandflies. Poor and neglected populations in East Africa and the Indian sub-
continent are particularly affected. Early and accurate diagnosis and treatment remain key
components of VL control. In addition to improved diagnostic tests, accurate and simple tests
are needed to identify treatment failures. Miltefosine, paromomycin and liposomal
amphotericin B are gradually replacing pentavalent antimonials and conventional
amphotericin B as the preferred treatments in some regions, but in other areas these drugs are
still being evaluated in both mono- and combination therapies. New diagnostic tools and new
treatment strategies will only have an impact if they are made widely available to patients.

VL is a systemic disease that is fatal if left untreated
and is caused by the Leishmania donovani complex
— L. donovani sensu stricto in East Africa and the
Indian subcontinent and Leishmania infantum in
Europe, North Africa and Latin America®® (FIG. 1).
There are two types of VL, which differ in their trans-
mission characteristics: zoonotic VL is transmitted
from animal to vector to human and anthroponotic
VL is transmitted from human to vector to human.
In the former, humans are occasional hosts and ani-
mals, mainly dogs, are the reservoir of the parasite’.
Zoonotic VL is found in areas of L. infantum transmis-
sion whereas anthroponotic VL is found in areas of
L. donovani transmission. PKDL is characterized by
a macular, maculo-papular or nodular rash and is a
complication of VL that is frequently observed after
treatment in Sudan and more rarely in other East
African countries and in the Indian subcontinent®.
It can also occur in immunosuppressed individuals
in L. infantum-endemic areas. The interval between
treated VL and PKDL is 0-6 months in Sudan and
6 months to 3 years in India. PKDL cases are highly
infectious because the nodular lesions contain many
parasites’, and such cases are the putative reservoir for
anthroponotic VL between epidemic cycles.

In this Review, the epidemiology, clinical presenta-
tion and pathogenesis of VL are reviewed, along with the
current control strategies and research challenges.
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Figure 1| The distribution of visceral leishmaniasis (VL) worldwide. The majority of
VL cases occur in just six countries — Bangladesh, Brazil, Ethiopia, India, Nepal and
Sudan. Modified, with permission, from REF. 167 © 2004 Macmillan Publishers Ltd.

Author addresses

The epidemiology of VL

As already mentioned, VL is caused by two leishmanial
species, L. donovani or L. infantum, depending on the
geographical area. L. infantum infects mostly children
and immunosuppressed individuals, whereas L. donovani
infects all age groups.

There are an estimated 500,000 new cases of VL and
more than 50,000 deaths from the disease each year', a
death toll that is surpassed among the parasitic diseases
only by malaria''. Both figures are approximations as VL is
frequently not recognized or not reported'>'*. The major-
ity (>90%) of cases occur in just six countries: Bangladesh,
India, Nepal, Sudan, Ethiopia and Brazil. Migration, lack
of control measures and HIV-VL co-infection (BOX 1) are
the three main factors driving the increased incidence of
VL', Severe VL epidemics have been reported in the
past: in Southern Sudan, in a context of civil war and
famine, VL killed an estimated 100,000 people out of a
population of 280,000 between 1984 and 1994 (REF. 16).

VL affects poor communities, generally in remote
rural areas. The disease is mostly endemic in countries
that are among the least developed in the world (such
as Nepal) or in the poorest regions of so-called ‘middle-
income’ countries (such as Bihar State in India). Patients
and families affected by VL become poorer because of the
high direct costs (for example, the costs of VL diagnosis
and treatment) and indirect costs (for example, loss of
household income) of the disease'”". As India, Nepal and
Bangladesh harbour an estimated 67% of the global VL
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disease burden®, the commitment of the governments of
these countries to launch a regional VL elimination pro-
gramme is welcome (BOX 2). The target of this programme
is to eliminate VL as a public health problem in these
countries by 2015, by using a local approach to reduce
the annual incidence of VL to less than 1 case per 10,000
individuals.

The clinical presentation of VL

Following an incubation period that generally lasts
between 2 and 6 months, VL patients present symptoms
and signs of persistent systemic infection (including fever,
fatigue, weakness, loss of appetite and weight loss) and
parasitic invasion of the blood and reticulo-endothelial
system (that is, the general phagocytic system), such as
enlarged lymph nodes, spleen and liver. Fever is usually
associated with rigor and chills and can be intermittent.
Fatigue and weakness are worsened by anaemia, which
is caused by the persistent inflammatory state, hyper-
splenism (the peripheral destruction of erythrocytes in
the enlarged spleen) and sometimes by bleeding.

The clinical presentation of VL is similar in the vari-
ous endemic areas but there are some differences. For
example, enlarged lymph nodes are rarely found in Indian
VL patients but are frequent in Sudanese VL patients**.
Hyper-pigmentation, which probably led to the name
kala-azar (black fever in hindi), has only been described
in VL patients from the Indian subcontinent, but today
this symptom is uncommon and was perhaps a feature of
prolonged illness in the era when effective treatment was
not available. As the disease advances, splenomegaly can
increase, causing abdominal distension and pain, which
is sometimes increased by concomitant hepatomegaly.
Symptoms and signs of bacterial co-infections such as
pneumonia, diarrhoea or tuberculosis can confuse the
clinical picture at the time of initial diagnosis. VL symp-
toms often persist for several weeks to months before
patients either seek medical care or die from bacterial
co-infections, massive bleeding or severe anaemia.

The pathogenesis of VL

The lifecycle of L. donovani has two distinct forms: a
promastigote flagellar form found in the gut of the
arthropod vector and an amastigote form, which devel-
ops intracellularly in the mammalian host (FIG. 3). Only
female phlebotomine sandflies transmit the disease, by
inoculation of the promastigote form into the skin. The
parasites are internalized by dendritic cells and macro-
phages in the dermis and transform into amastigotes
by losing their flagella. They multiply and survive in
phagolysosomes through a complex parasite-host inter-
action??!. The parasites disseminate through the lym-
phatic and vascular systems and infect other monocytes
and macrophages in the reticulo-endothelial system,
resulting in infiltration of the bone marrow, hepato-
splenomegaly and sometimes enlarged lymph nodes
(lymphadenopathy).

Importantly, infection does not always equate with
clinical illness. The ratio of incident asymptomatic infec-
tions to incident clinical cases varies, being 1:2.6 to 11:1
in Sudan®?%, 4:1 in Kenya®, 5.6:1 in Ethiopia®, 13:1 in
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Iran®, 8:1 to 18:1 in Brazil***! and 50:1 in Spain®. It is of
utmost importance for vaccine development and disease
control to understand the factors that might predispose
some individuals to develop the disease or control the
infection. The host specific cell-mediated immune (CMI)
response has an important role in controlling the infec-
tion. In VL patients, the inability to control L. donovani
infection is associated with a profound T-cell unrespon-
siveness to L. donovani antigens™ and the production of
interleukin 10 (IL10)*. IL10-producing CD25" Foxp3~
T cells were recently implicated in the pathogenesis
of human VL in India*. The crucial role of the CMI
response is illustrated by the increased risk of developing
clinical illness in cases of malnutrition or concomitant
immunosuppressive diseases, such as HIV infection®-*.
Other risk factors for developing clinical illness have been
identified and include young age*®***, decreased produc-
tion of interferon y (IFN-7)* and polymorphisms in the
promoter of the tumour necrosis factor o. (TNF-o) gene™.
The gene encoding solute carrier family 11 A1 (SLC11A1;
formerly NRAMP1), which regulates macrophage activa-
tion, and polymorphisms in the gene encoding IL4 were
also associated with underlying susceptibility to VL in
Sudan, highlighting the key role of innate immunity
in driving the adaptive host immune response*’.

So far, VL research has considered only a single param-
eter or a limited number of parameters, and has mainly
been conducted in L. infantum-endemic areas. There is
thus an urgent need to conduct more ambitious studies
on the environmental, clinical, parasitic, genetic and
immunological predictors of VL in L. donovani-endemic
areas (East Africa and the Indian subcontinent).

e
E |

Figure 2 | Clinical signs of leishmaniasis. a | A patient from Peru with cutaneous
leishmaniasis. b | A patient from Bolivia with mucosal leishmaniasis. ¢ | A patient from
Uganda with visceral leishmaniasis. d | A patient from India with nodular post-kala-azar

dermal leishmaniasis (PKDL).
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VL control strategies

The current control strategies for VL rely on reservoir
and vector control, the use of insecticide-impregnated
materials and active case detection and treatment'**%
anti-leishmanial vaccines are still being developed.

Reservoir control. Dogs are the main reservoir of
L. infantum in zoonotic VL. Despite evidence from
experimental studies showing a decreased incidence
of VL in both dogs and children following serological
screening of dogs and killing of sero-positive animals***,
the efficiency and acceptability of this control strategy
is increasingly being debated”**S. Treating infected
dogs is not an effective control strategy as relapses are
frequent and dogs can regain infectivity weeks after
treatment, despite being clinically cured*. Moreover,
the widespread veterinary use of VL drugs might lead
to resistance in parasites. A new control approach is
the use of deltamethrine-treated collars, which reduced
the risk of infection in dogs (by 54%) and children (by
43%) in a study conducted in Iran*. Vaccination of dogs
would nevertheless be the best strategy if an efficacious
vaccine can be developed.

Vector control. Sandflies are susceptible to the same
insecticides as Anopheles mosquitoes, the malaria vec-
tor. Residual insecticide spraying of houses and animal
shelters was shown to be efficacious in India*, where
the vector (Phlebotomus argentipes) is restricted to areas
in and around the home. Following the large scale anti-
malarial insecticide (dichloro-diphenyl-trichloroethane
(DDT)) spraying campaigns that were implemented in
the 1950s, VL almost completely disappeared from the
Indian subcontinent. Unfortunately, the disease quickly
re-emerged when these spraying campaigns were dis-
continued. Resistance of P. argentipes to DDT remains
limited, but has been reported in Bihar*. In Sudan and
other endemic countries in East Africa, transmission
occurs mainly, but not exclusively®, outside villages, dur-
ing shepherding for example. Indoor residual spraying
for disease control is therefore unlikely to be as efficient
in this region.

Insecticide-impregnated materials. The use of insecti-
cide-treated bednets (ITNs) could concomitantly pre-
vent VL and other vector-borne diseases, such as malaria
and Japanese encephalitis. There is limited evidence that
bednets provide protection against VL. Case-control
studies conducted in Bangladesh and Nepal showed
that sleeping under a non-impregnated bednet during
the warm months was a protective factor against VL
(odds ratio = 0.20, p = 0.001; odds ratio = 0.69, p = 0.01,
respectively)*>*. Despite low usage, the mass distribution
of ITNs in Sudan was accompanied by a 27% reduction
in the incidence of VL in an observational study™. A
large prospective randomized controlled trial testing
the efficacy of long-lasting ITNs to prevent L. donovani
infection and VL is underway in Nepal and India (see
the Kalanet Project website). Depending on the sleeping
traditions of the population and the biting habits of the
local vector, other insecticide-impregnated materials
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Box 1| Visceral leishmaniasis in HIV co-infected patients

Cases of HIV and visceral leishmaniasis (VL) co-infection have been reported in

35 countries worldwide. Both the cellular and humoral responses to Leishmania are
diminished in co-infected patients'? leading to an increased risk of developing VL
after Leishmania infection, increased parasite load in blood and bone marrow, lower
sensitivity of serological tests, and a higher rate of treatment failure®**. The clinical
features can be atypical in severely immunosuppressed patients (CD4* T-cell count
<50 ml™)*1>4 False-negative results have been reported with the direct
agglutination test (DAT)™*, but more validation studies are needed to determine the
true diagnostic accuracy of the DAT and rK39 dipsticks in co-infected patients. An
antigen-detection-based approach appears to be a promising alternative to more
invasive tests'®.

The risk of treatment failure is high, whatever anti-leishmanial drug is used**’="*°.
One of the essential objectives when treating co-infected individuals is therefore not
to harm the patient. Liposomal amphotericin B was recently recommended as a first-
line therapy during a WHO Informal Consultative Meeting in Addis Ababa, 20-22
March 2007. Antimonials should be avoided as they have been associated with
unacceptably high case-fatality rates'?!. Another essential objective is to prevent
relapses. Secondary prophylaxis with anti-leishmanials is likely to be efficient but
remains to be standardized'®®'®'. Highly active antiretroviral therapy (HAART) should
be initiated to partially restore immune function but its efficacy in preventing
relapses is disappointingly low!®*'%. HAART appears efficient at preventing VL in
individuals infected by Leishmania'®, as reflected by the sharp decrease in the
incidence of VL in Europe following the widespread use of HAART¢>166,

such as curtains and blankets should be evaluated for use
in VL prevention, as some have been shown to provide
efficient protection against cutaneous leishmaniasis®*°.

Early diagnosis and treatment. Early diagnosis and
treatment are essential for both individual patients
and for the community. The treatment outcome is
worse in VL patients in bad general health. Adult
patients in Sudan with severe anaemia, malnutrition
and long duration of illness were shown to be at an
increased risk of death®. Untreated VL patients act as
a reservoir for parasites and therefore contribute to
disease transmission in anthroponotic VL areas. Early
case-finding and treatment is therefore considered an
essential component of VL control'*'**. The concomi-
tant detection and treatment of PKDL patients is also
likely to be beneficial and the feasibility, impact and
cost of a PKDL management strategy should therefore
be properly evaluated.

Box 2 | The rationale for VL elimination in the Indian subcontinent

Several factors are thought to favour the elimination of visceral leishmaniasis in the
Indian subcontinent: the disease in this area is anthroponotic, with humans being
the only reservoir and Phlebotomous argentipes sandflies the only known vector; new
and more effective drugs (such as miltefosine) and a rapid diagnostic test, the rk39
immunochromatographic test, are available that can be used in the field; there is
strong political commitment and inter-country collaboration; and the disease is
endemic in only a limited number of districts. The elimination initiative has adopted
five main strategies:

e Early diagnosis and complete treatment of cases

e Integrated vector management
o Effective disease surveillance through passive and active case detection
 Social mobilization and partnership building at all levels

e Clinical and operational research as it is needed

VL diagnosis

As the clinical presentation of VL lacks specificity, con-
firmatory tests are required to decide which patients
should be treated. Such tests should be highly sensi-
tive (>95%) as VL is a fatal condition, but also highly
specific because the current drugs used to treat VL are
toxic. Ideally, a test should be able to make the distinc-
tion between acute disease and asymptomatic infection,
because none of the drugs currently available is safe
enough to treat aymptomatic infections. Moreover, such
tests should be simple and affordable.

Non-leishmanial tests. A reduction in the number of red
and white blood cells and platelets (pancytopenia) was
found to be highly specific (98%) for VL in suspected
clinical patients in Nepal but the sensitivity was low
(16%)*. Marked polyclonal hypergammaglobulinemia
(the production of high titres of non-specific antibody),
a common finding in VL, can be detected by a formol
gel test (FGT; also called the aldehyde test), which is still
used in East Africa and Asia because of its simplicity and
low cost. However, as the sensitivity of this test is poor
(as low as 34%%), some experts have recommended its
use be discontinued®.

Parasite detection. The visualization of the amastigote
form of the parasite by microscopic examination of
aspirates from lymph nodes, bone marrow or spleen
is the classical confirmatory test for VL. Although the
specificity is high, the sensitivity of microscopy varies,
being higher for spleen (93-99%) than for bone mar-
row (53-86%) or lymph node (53-65%) aspirates®'-%.
However, spleen aspiration can be complicated by life-
threatening haemorrhages in ~0.1% of individuals and
therefore requires considerable technical expertise®, as
well as facilities for nursing surveillance, blood trans-
fusion and surgery. Moreover, the accuracy of micro-
scopic examination is influenced by the ability of the
laboratory technician and the quality of the reagents
used. The detection of parasites in the blood or organs
by culture or by using molecular techniques such as
PCR is more sensitive than microscopic examination
but these techniques remain restricted to referral hos-
pitals and research centres, despite efforts to simplify
them®’.

Antibody-detection tests. Several tests that detect specific
anti-leishmanial antibodies have been developed, but all
have two major limitations. First, though serum anti-
body levels decrease after successful treatment®®®, they
remain detectable up to several years after cure®*”®’".
Therefore, VL relapse cannot be diagnosed by serology.
Second, a significant proportion of healthy individuals
living in endemic areas with no history of VL are positive
for anti-leishmanial antibodies owing to asymptomatic
infections. The seroprevalence in healthy populations
varies from <10% in low to moderate endemic areas”’>",
to >30% in high-transmission foci or in household con-
tacts’*7°. Antibody-based tests must therefore always be
used in combination with a standardized clinical case
definition for VL diagnosis.
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Figure 3| The Leishmania donovani lifecycle. The promastigote form of L. donovani is
transmitted into the skin by female phlebotomine sandflies. Once transmitted, the
parasites are internalized by dendritic cells and macrophages in the dermis where they
lose their flagella, transforming into the amastigote form. The amastigotes multiply,
destroy the host cell and infect other phagocytic cells. The amastigotes disseminate
through the lymphatic and vascular systems, eventually infiltrating the bone marrow,
liver and spleen. Reproduced, with permission, from REF. 168 © (2001) American Society

for Microbiology.

Serological tests based on indirect fluorescence
antibody (IFA), enzyme-linked immunosorbent assay
(ELISA) or western blot have shown high diagnostic
accuracy in most studies but are poorly adapted to field
settings”~%. Two serological tests have been specifi-
cally developed for field use and have been sufficiently
validated — the direct agglutination test (DAT) and the
rK39-based immunochromatographic test (ICT) (FIC. 4).
The DAT is a semi-quantitative test that uses microtitre
plates in which increasing dilutions of patient’s serum or
blood are mixed with stained killed L. donovani promas-
tigotes®"#2. If specific antibodies are present, agglutina-
tion is visible after 18 hours with the naked eye. This test
has been extensively validated in most endemic areas.
Thirty studies were included in a recent meta-analysis,

REVIEW

which gave sensitivity and specificity estimates of 94.8%
(95% confidence intervals (CI), 92.7-96.4) and 97.1%
(95% CI, 93.9-98.7), respectively®. The performance of
the DAT was influenced by neither the region nor by
the Leishmania species. Freeze-dried antigen is more
robust than liquid antigen”*-%. The DAT is simpler
than many other tests but it requires equipment such as
microtitre plates and micropipettes, well-trained labora-
tory technicians and regular quality control. The storage
of the antigen at 2-8°C once it has been dissolved and
the prolonged incubation time are other drawbacks. The
fast agglutination screening test (FAST) is a simplified
(single serum dilution at a cutoff of 1:800 or 1:1600)
and more rapid (2-3 hours) version of the DAT, and its
diagnostic accuracy seems comparable®’-%, but further
validation is needed.

rK39 is a 39-amino acid repeat that is part of a
kinesin-related protein in Leishmania chagasi and which
is conserved within the L. donovani complex™. An rK39-
based ELISA showed excellent sensitivity (93-100%)
and specificity (97-98%) in many VL-endemic coun-
tries®>*-8. The test was then developed into an ICT, or
dipstick, format that was more suitable for field use. A
meta-analysis that included 13 validation studies of the
rK39 ICT showed sensitivity and specificity estimates
of 93.9% (95% CI, 87.7-97.1) and 95.3% (95% CI,
88.8-98.1), respectively®. Recently, the excellent diag-
nostic performance of rK39 ICT was confirmed in India
and Nepal’*7>*1%_ However, this test has been shown to
be less accurate in East Africa®!"'"'*, For reasons that
remain unclear, Sudanese patients seem to develop lower
titres of antibodies against rK39 than do Indian patients,
although the format of the test might be a factor, as other
brands of ICT performed better in this region'*"'®.

rK39 ICTs are easy to perform, rapid (10-20 minutes),
cheap (around US$1 per test) and give reproducible
results. They are currently the best available diagnostic
tool for VL for use in remote areas, and their wide dis-
tribution and use within an appropriate VL diagnostic
algorithm should be promoted. The case-management
strategy of the VL elimination programme planned for
the Indian subcontinent (BOX 2), which is based on the
treatment of suspected clinically infected individuals who
have positive rK39 ICT results, is supported by solid sci-
entific evidence. Given that several counterfeit VL ICTs
have already been found in the Indian subcontinent, the
need for rigorous quality standards and regulation of
diagnostics should be addressed at the same time.

Antigen-detection tests. In theory, antigen-detection
tests should be more specific than antibody-detection
tests as they avoid cross-reactivity and can distinguish
active from past infections. A latex agglutination test
detecting a heat-stable, low-molecular-weight carbo-
hydrate antigen in the urine of VL patients has shown
promising initial results'*>'””. Several studies conducted
in East Africa and the Indian subcontinent showed good
specificity but only low to moderate (48-87%) sensitiv-
ity®*100108109 The latex agglutination test correlated well
with cure in a high proportion (97-100%) of patients
during anti-leishmanial treatment'*''°. Apart from its
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Figure 4 | Serological tests for for visceral leishmaniasis. a | The direct agglutination test. b | The rK39 immunochro-

matographic test strip.

low sensitivity, there are two practical limitations: the
urine must be boiled to avoid false-positive reactions and
itis difficult to distinguish weakly positive from negative
results, which affects the reproducibility of the test®'%.
Work to improve the format of this test is ongoing.

VL treatment strategies

Treatment of VL relies on specific anti-leishmanial drugs
and the aggressive management of any concomitant
bacterial or parasitic infections, anaemia, hypovolemia
(decreased blood volume) and malnutrition. The pen-
tavalent antimonials sodium stibogluconate and meg-
lumine antimoniate have been the first-line treatment
for VL in many areas for more than 70 years. Cheaper
generic forms of these drugs are available that have been
shown to be equivalent to the branded products''-'*%.
Antimonials are toxic drugs with frequent, sometimes
life-threatening, adverse side effects, including cardiac
arrhythmia and acute pancreatitis. Patients under the age
of 2 or aged 45 or over with signs of advanced disease
and/or severe malnutrition are at higher risk of death
during antimonial therapy owing to drug toxicity, slow-
ness of drug action, VL complications or a combination
of these factors™!™,

Conventional amphotericin B has replaced antimoni-
als as the first-line treatment for VL in some areas of the
Bihar State of India where treatment failure rates for anti-
monials reached >60% (REF. 115). In reality, antimonials
are still in use in many peripheral public health facilities
in these areas (E C., unpublished data). Infusion-related
fever, chills and rigor are almost universal side effects fol-
lowing treatment with conventional amphotericin B, and
life-threatening adverse side effects such as hypokalemia
(low potassium levels in the blood), nephrotoxicity and
first-dose anaphylaxis are not uncommon. Moreover, this
drug is costly and requires a complicated regimen (15 slow
infusions on alternate days).

Although there is still a need for more research and
development (R&D) to improve the drug pipeline for

VL', some alternatives have become available in recent
years. Liposomal amphoterin B is considered by many
experts as the best existing drug against VL, and is used as
first-line treatment in Europe and the United States. Until
recently, its use in developing countries was precluded by
its high market price (US$2,800 per treatment)''”*%, This
situation might change as the World Health Organization
(WHO) announced a drastic price reduction in May 2007,
with the cost of an average course for the public health
sector in VL-endemic countries reduced to US$200.
Miltefosine, which was initially developed as an anti-
cancer drug, is the first effective oral drug for VL. In a
recent Phase IV trial, the final cure rate was 82% by inten-
tion to treat and 95% by per protocol analysis, with only
three deaths out of 1,132 patients. In this study, common
toxicity criteria grade 3 adverse events were found in 3%
of patients, including severe gastrointestinal toxicity and
significant increases in the levels of serum aspartate ami-
notransferase, alanine aminotransferase and creatinine'*.
Data on miltefosine use in East Africa are restricted to one
study that was conducted in northern Ethiopia, in which it
was found to be as safe and effective as sodium stibogluco-
nate in HIV-negative patients and safer, but less effective,
in HIV co-infected patients'?'. Miltefosine is a teratogenic
drug and its use is therefore strictly forbidden in pregnant
women or in women who could become pregnant within
two months of treatment. Miltefosine has been registered
in India since 2002 and so far it has only been available
on the private market, at a retail cost of US$125-200 per
treatment course'**'?2 For large orders, miltefosine can be
ordered through WHO at a preferential price (for exam-
ple, €54.9 EUR (~$75) per pack for adults for an order of
3,000-9,000 packs). This drug has a long half life (~150
hours) and parasite resistance is easily induced in vitro'>.
Non-adherence to the recommended regimen could lead
to widespread parasite resistance'?. Therefore, a strictly
supervised public distribution system, preferably taking
the form of directly observed therapy (DOT), must be
urgently implemented'?. The increasing use of miltefosine
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for canine leishmaniasis in Europe might also increase the
development of miltefosine resistance in L. infantum.

Paromomycin (formerly known as aminosidine), is
an aminoglycoside antibiotic with good anti-leishmanial
activity'®. The results from initial studies in India and
Africa were promising'**'?’, but the original manufac-
turer abandoned production. The results of Phase III
trials recently conducted in India showed excellent
efficacy and safety. No nephrotoxicity was observed,
reversible high-tone ototoxicity (damage to the inner
ear) was found in 2% of patients and 1.8% of patients
showed a significant increase (>fivefold) in hepatic
transaminases'?®. Mild injection pain was reported by
over 50% of patients. Paromomycin was registered in
India in August 2006. In East Africa, paromomycin is
currently being evaluated in mono- and combination
(with sodium stibogluconate) therapy. Other advantages
of paromomycin include the fact that it is active against
a wide variety of pathogens, including bacteria, and its
low cost (US$5-10 per treatment).

Sitamagquine is an oral 8-aminoquinoline drug that
showed evidence of efficacy against VL more than 20
years ago'®. Phase II studies were conducted in Brazil,
Kenya and India and obtained cure rates ranging from
27% to 87%, but there were also several cases of serious
renal adverse events'**"'*2, Phase IIb and III studies are
ongoing and planned, respectively, in India.

Combination therapy is the suggested way forward
to increase treatment efficacy, prevent the develop-
ment of drug resistance, reduce treatment duration and

Box 3 | Questions raised by the VL elimination programme

* What are the best ways to monitor the incidence of visceral leishmaniasis (VL) in the
context of a high number of private providers?

* How can a more active case-detection approach be designed, and what will be the
performance of the available diagnostic tools using this approach?

* What is the reservoir role of asymptomatic infections and post-kala-azar dermal
leishmaniasis (PKDL) in Leishmania donovani-endemic areas and what are the factors
that predispose infected patients to develop VL?

* How will the programme incorporate recent evidence on drug therapy into its drug
policy? For example, should paromomycin, liposomal amphotericin B or drug
combinations be used as first-line therapy for all patients or just for specific sub-
groups, such as pregnant women or HIV co-infected patients?

* How can miltefosine use be regulated, and its over-the-counter or irrational use be
controlled?

* How should PKDL patients be detected, diagnosed and treated?

* How should the efficacy and toxicity of VL drugs be monitored?

* What is the insecticide susceptibility of the vectors in the area and how will it evolve?
* How should the stocks and the quality of insecticides be monitored?

* Which of the alternative vector tools to insecticide residual spraying is most
appropriate, effective and acceptable?

* How exactly should the programme be implemented, considering the weak health
systems in the affected countries? How should the public health systems be
strengthened and/or how should the private sector or non-governmental
organizations be involved?

* How should the implementation of the programme be scaled up?
* How will elimination be ascertained?

* What will be the sustainability of this effort?

REVIEW

perhaps decrease treatment cost'**. The association of
sodium stibogluconate and paromomycin was found to
be safe and effective in early trials conducted in India
and East Africa'*'**1%, and has been successfully used
by Médecins san Frontieres in more than 4,000 Sudanese
patients’®. Drug combinations including liposomal
amphotericin B and miltefosine are currently being
studied in India.

Vaccine development

The simple nature of the parasite lifecycle and the fact
that healing and recovery protects individuals from re-
infection indicate that it should be possible to develop
a vaccine against VL. The extensive knowledge that has
been gathered from animal models has shown that pro-
tection against live challenge could be achieved using
parasite-specific proteins, DNA'” or genetically attenu-
ated parasites**'*’; advances in our understanding of
Leishmania-host interactions, Leishmania pathogenesis,
protective immunity'*' and the availability of the com-
plete Leishmania major genome sequence'*, could take
this a step further.

So far, however, progress in developing a protective
vaccine against the different human leishmaniases has
been limited. ‘Leishmanization, which simulates live
infection by inoculation of live L. major as a vaccine for
protection against cutaneous leishmaniasis, has been
carried out in Uzbekistan, Iran and Israel'*>'*. However,
this technique is not suitable for large-scale use or for
use in HIV-endemic areas, and has been discontinued.
Although studies in a high-prevalence endemic site in
Eastern Sudan showed that previous natural L. major
cutaneous disease or exposure to it can protect from VL,
atrial of a killed L. major vaccine that was administared
with the tuberculosis vaccine bacille Calmette-Guérin
(BCQG) failed'”. In fact, none of the preparations of killed
parasite (which are crude preparations and difficult to
define and standardize) with or without adjuvants has
shown significant prophylactic efficacy™**%. A sec-
ond-generation vaccine is now in clinical development
as a therapeutic or prophylactic vaccine against VL; it
contains a recombinant protein comprising three leish-
manial antigens (Leish-111f)'* and a defined adjuvant
(MPL-SE)',

Interest in developing immunochemotherapeutic
vaccines, which combine a vaccine with drug treatment
and which have the potential to become a practical and
affordable treatment for PKDL and other persistent forms
of leishmaniasis, is gaining momentum. Encouraging
results have been obtained using alum-precipitated
autoclaved L. major plus BCG together with pentavalent
antimonials to treat persistent PKDL in Sudan®'. The
use of such a therapeutic vaccine could reduce the dose
and duration of chemotherapy and be an important
control tool. Further studies should focus on exploring
the L. major genome sequence for candidate protective
antigens, testing these candidates in animal models and
translating these studies to humans using novel antigen
and adjuvant combinations. Clinical trials should be
performed in well-defined sites where there is a high
prevalence of the target leishmaniasis.
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Discussion and conclusions

Recent breakthroughs such as the development of milte-
fosine and paromomycin as novel drugs, the reduction
in the cost of liposomal amphotericin B and the develop-
ment of the rK39 rapid diagnostic test have allowed the
formulation of an ambitious VL elimination programme
in the Indian subcontinent (BOX 2). The elimination ini-
tiative itself raises several pressing research and opera-
tional questions related to its implementation that must
be addressed in the short term (BOX 3).

More generally, although much can be achieved
with the existing tools, there is a definite need for
continued investment in diagnostics, treatment and
prevention of VL. rK39 ICTs perform well for the pri-
mary diagnosis of VL in the Indian subcontinent, but
further test development and evaluation is required in
East Africa, with specific attention to the diagnostic
accuracy in HIV co-infected patients. The develop-
ment of a sensitive and easy to use non-invasive anti-
gen-detection test for the diagnosis of primary VL
(particularly in HIV co-infected patients), for the diag-
nosis of relapses and to assess treatment efficacy also
remains an important challenge. Further investment

in drug development is still badly needed to fill the
pipeline with novel compounds, as all of the current
drugs have one or more drawbacks. In the meantime,
the evaluation of combination therapies with exist-
ing drugs remains a priority. Immunochemotherapy
is another approach that should be considered. The
development of improved therapies should go hand-
in-hand with the development of practical tools to
monitor drug resistance. Last but not least, an effec-
tive vaccine would significantly improve VL control,
as would new methods to control the animal reservoir
in L. infantum-endemic areas (for example dog col-
lars) or to prevent human infection (such as insecticide
impregnated bednets or blankets).

The translation of the extensive knowledge we now
have of leishmanial biology into effective diagnostic,
treatment and control tools and their rigorous field
validation are essential steps to remove VL from the
list of the most neglected diseases. Nevertheless, such
efforts will have only limited impact if these tools are
not made available to all patients. An increased and sus-
tained commitment from all implementing and funding
partners therefore remains an urgent priority.
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