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1. Introduction

Leishmaniases are a group of vector-borne parasitic diseases
caused by protozoa belonging to the genus Leishmania. Generally,
Leishmania infection is transmitted to humans and to other
mammals by the bite of an infected sand fly vector. Rarely, the
infection can be transmitted by means of blood transfusions,1–4 by
needle sharing,5 or from mother to child during pregnancy.6–9

The World Health Organization (WHO) has stated that
leishmaniasis is one of the most neglected diseases, with 350
million people considered at risk of contracting the disease, a
burden of about 12 million people currently infected in 98
countries, and two million new cases estimated to occur annually.
Among these, visceral leishmaniasis (VL) accounts for about
500 000 cases each year.10,11

The clinical spectrum includes cutaneous, mucocutaneous, and
visceral forms. Asymptomatic infections have also been demon-
strated, but their role has yet to be clarified.

Here we review the role of the parasite, the vector, and the host,
and their complex interplay, in determining the different clinical
forms of VL.

2. The parasite

The genus Leishmania comprises two subgenera, Leishmania and
Viannia, and each subgenus includes many species. Culture-
isolated strains can be typed by isoenzyme electrophoresis for
identification by comparison with international reference
strains.12 Parasite populations with common isoenzyme patterns
are called zymodemes. Molecular techniques based on DNA
amplification and sequencing, or restriction fragment length
polymorphism analysis, can be used directly on clinical samples
to characterize the isolated strain, but a standardized method of
classification based on these techniques is still missing.13–15

The infecting strain of Leishmania is very important in
determining the clinical manifestations and epidemiological
characteristics of the disease. Some Leishmania species present a
preferential tropism for the viscera: Leishmania infantum and
Leishmania donovani. However, a few cases of VL have been caused
by Leishmania tropica,16 which generally causes the cutaneous
form in the Old World. Moreover, different strains belonging to a
viscerotropic species can cause cutaneous lesions (e.g., some L.

infantum zymodemes).17 Within the classical distinction of Old
World and New World leishmaniasis, different etiological agents
are associated with visceral forms, with L. donovani only involved
in the Old World, while L. infantum circulates worldwide.

The means of transmission of the two Leishmania species
mainly involved in VL differs depending on the parasite’s preferred
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S U M M A R Y

Visceral leishmaniases are vector-borne parasitic diseases caused by protozoa belonging to the genus

Leishmania. The heterogeneity of clinical manifestations and epidemiological characteristics of the

disease reflect the complex interplay between the infecting Leishmania species and the genetic and

immunologic characteristics of the infected host. The clinical presentation of visceral leishmaniasis

depends strictly on the immunocompetency of the host and ranges from asymptomatic to severe forms.

Conditions of depression of the immune system, such as HIV infection or immunosuppressive

treatments, impair the capability of the immune response to resolve the infection and allow reactivation

and relapses of the disease.
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reservoir. Leishmaniasis by L. infantum is typically a zoonosis, since
the vector becomes infected after biting an animal reservoir. In
contrast, L. donovani transmission is anthroponotic, as persistent
and abundant parasitemia facilitates sand fly infection from
humans; post kala-azar dermal lesions are also a source of
infection for the vector. In some geographical foci the two
Leishmania species coexist and clinical forms occur in different
epidemiological cycles (e.g., anthroponotic L. donovani and
zoonotic L. infantum in the Arabian Peninsula).18

3. The vector

Leishmania is a dixenous parasite since it can infect two species
and it carries out part of its lifecycle in each host. Vectors of
Leishmania parasites are phlebotomine sand flies. Different genera
are responsible for the natural transmission of VL in different
geographical areas; vectors belonging to the genus Phlebotomus

spread Leishmania infection in the Old World (Europe, Asia, and
Africa), while sand flies of the genus Lutzomyia are involved in the
New World (America). Some species of sand fly are specific vectors,
meaning that they can support the growth of only one species of
Leishmania, while other species are permissive vectors, as they can
support the growth of more than one species.19,20 This specificity is
caused by the need for appropriate binding sites on the sand fly gut
cells for the specific ligand expressed by the promastigotes, and by
the possibility of completing the development of the parasite to
produce metacyclic promastigotes, the only infecting form for the
vertebrate host. Moreover, the parasite must be able to survive the
digestive enzymes produced in the sand fly gut.20–22 The
epidemiology of leishmaniasis depends on the environmental
characteristics that allow the survival of vectors (temperature,
humidity, altitude, etc.). Climate changes causing increases in
temperature would probably expand the distribution of leishman-
iasis and its sand fly vectors to regions that are currently free from
both.23–26

4. The host

The immunological response to Leishmania infection is
complex and differs depending on the infecting species. Significant
differences in host–parasite interactions have been found for
cutaneous and visceral leishmaniasis. Distinct virulence factors
have been identified in the species involved, and differences in the
mechanisms of susceptibility/resistance to the infection have been
demonstrated depending on the species of the parasite involved in
the infection.27

In VL, resistance and susceptibility to the infection have been
related to a number of genetic factors influencing both the severity
of the disease and its prognosis. Genetic susceptibility to the
disease is probably related to polymorphism in genes associated
with the pathways that contribute to the pathogenesis of disease,
for example, by influencing trafficking or survival of the parasite in
host macrophages, or delaying the development of a protective
immune response.28,29 The host immune response is of crucial
importance in determining the clinical outcome of infection. Both
innate and adaptive immunity play a role in defense against the
Leishmania parasite. Among protective innate mechanisms, the
complement system is very rapidly activated once promastigotes
penetrate the dermis and react with serum, resulting in efficient
killing of more than 90% of all inoculated parasites within a few
minutes.30,31 Thus only a small percentage of inoculations of
Leishmania parasites would lead to the establishment of an
infection. Cytokines and cells of the innate immune system
strongly participate to early protection against leishmaniasis;
interleukin (IL)-12, produced by dendritic cells, triggers natural
killer (NK) cell activation; NK cells are the initial source of

interferon gamma (IFN-g) production and so they are able to limit
parasite spread until a specific T-cell response has been mounted.
In fact, IFN-g is important to enhance killing mechanisms in
macrophages, which are the primary target cells of Leishmania.32 It
is possible that a robust first-line cytokine response is enough to
prevent further spread and growth of the parasites, while in
symptomatic individuals, this aspecific response is overcome by
high parasite inocula, or is weak for genetic reasons.33

Tumor necrosis factor (TNF) plays a critical role in both parasite
clearance in the liver and tissue damage in the spleen. An effective
response of the liver to Leishmania infection requires the fine
regulation of TNF production, because this cytokine is essential for
granuloma formation and the control of parasite growth. In
contrast, an excess of TNF in the spleen is responsible for
progressive cell damage and immunological dysfunction.34 Che-
mokines also modulate the immune response to Leishmania.
Chemokine profiles of the host are modified by Leishmania
parasites. In the spleen, high levels of TNF and dysfunctions in the
production of chemokines are responsible for parasite persis-
tence.34,35

The specific immune response to Leishmania infection is cell-
mediated. The development of clinical symptoms is related to the
subset of CD4+ T helper (Th) lymphocytes primarily activated.
Many experimental models and clinical studies have suggested
that the Th1 response with IFN-g production correlates with
resistance or resolution of infection by inducing a potent
leishmanicidal mechanism in phagocytes. In contrast, the Th2
response with IL-4 and IL-10 production results in susceptibility to
infection and the development of severe disease, due to the
inhibition of macrophage activation with consequent intracellular
replication of the parasite. However, when experimental models
representative of the genetic heterogeneity of the human
population have been adopted, more complex immune responses
have been observed, showing that several patterns of the immune
response may be associated with the same clinical outcome.36

Accordingly, in human disease, a mixed picture of Th1 and Th2
cytokines is often observed.37–41

CD8+ T-cells also participate in the specific immune response to
Leishmania through IFN-g production and cytotoxic activity on
Leishmania-infected macrophages.42

So, clinical manifestations of VL are largely dependent on the
host’s immune competence with respect to those mechanisms
involved in granuloma formation and subsequent control of
infection, and this is also observed in cutaneous and mucocutane-
ous leishmaniasis.43–45

5. Asymptomatic infection

It has been estimated that in endemic areas the proportion of
asymptomatic infections is 5–10-times greater than the number of
clinically apparent VL cases in immunocompetent hosts.10,28,46,47

Cryptic infection can be detected in persons without a previous
history of clinical VL by serological evidence of anti-Leishmania
antibodies, by detection of parasite DNA in blood samples, or by a
positive reaction to the leishmanin skin test (LST). The meaning
and the possible evolution of asymptomatic infections is still
unclear; recent studies suggest that a previous contact with L.

infantum in asymptomatic subjects from an endemic area does not
indicate a risk of progression to VL and may only be temporary.48

However, a high rate of disease conversion was observed in
previously asymptomatic carriers of L. donovani from an endemic
area.49 Parasite DNA has been detected in blood samples from
blood donors,4,50–53 and its presence would reflect the very recent
presence of viable parasites in the host, since DNA degradation
occurs very rapidly after parasite death.54 Nevertheless, leishman-
iasis transmission by blood transfusion has only very rarely been
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