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Abstract. Resolution of leishmanial infection is dependent on the coordinated interactions between components 

of cell mediated immune response, central to which is the activation of targeted T-cell populations for 

appropriate cytokine production and activation of infected cells. In human as well as murine leishmaniasis, cure 

is associated with predominant Th1 response, good cell-mediated immunity (CMI), production of interferon 

gamma (IFN-γ) and macrophage activation. On the other hand, cytokine analysis in visceral leishmaniasis reveals 

enhanced induction of IL-10 and⁄or IL-4 mRNA in tissues, poor CMI, hypergammaglobulinaemia and enhanced 

presence of IL-4 in circulation of patients with progressive disease. The Th1/Th2 paradigm of 

resistance/susceptibility is an oversimplication of a far more complicated network of regulatory/counter-

regulatory interactions and thus a deficit in the understanding of the exact mechanisms involved in resolution vs 

severity of leishmaniasis. This review, in addition to giving a general overview of basic immunology of 

Leishmania infection, consolidates findings on immune responses in experimental and human leishmaniasis. 

Such information is important in giving a feasible direction in designing prophylactic and therapeutic strategies 

against leishmaniasis. 
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Introduction 

 

Leishmaniasis, a clinically heterogeneous 

group of diseases, caused by infection with 

protozoa of the genus Leishmania, is one of the 

world’s most important infectious diseases 

(Kaur et al., 2011). Leishmania spp. cause a 

wide variety of diseases that range in severity 

from selfhealing cutaneous leishmaniasis to 

fatal disseminated visceral leishmaniasis 

(Dumonteil et al., 2003; Mutiso et al., 2012). 

Leishmaniasis has been identified as a category 

1 disease by the World Health Organisation 

(WHO) and a rising cause for concern as an 

emerging disease with the advent of HIV-

Leishmania coinfection (Piscopo and 

Azzopardi, 2006; Reithinger et al., 2007). 

Leishmaniasis is prevalent in tropical and 

subtropical regions and endemic in more than 

88 countries where 350 million people are at 

risk of infection and 15 million people are 

currently infected with a reported annual 2 

million new infections. The geographic 

distribution of each Leishmania species affects 
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the type of disease that occurs in each region of 

the world. Visceral leishmaniasis (VL; 

commonly known as kala-azar) is caused by 

Leishmania donovani in South Asia and Africa, 

while Leishmania infantum causes VL in the 

Mediterranean, the Middle East, Latin America 

and parts of Asia too (Vanloubbeeck and Jones, 

2004; WHO, 2010). Cutaneous leishmaniasis 

(CL) is caused by L. major in Africa, the Middle 

East and parts of Asia, by Leishmania tropica in 

the Middle East, the Mediterranean and parts 

of Asia, and by Leishmania aethiopica in parts 

of Africa. The incidence of fatal visceral 

leishmaniasis is rising, largely secondary to 

urbanization and the human immunodeficiency 

virus (HIV) pandemic. Epidemics have led to an 

even greater impact at a local level, such as 

occurred in southern Sudan in the 1990s 

(Seaman et al., 1996). Although most human 

cases occur as a result of transmission by 

sandfly bites, contaminated blood products and 

sharing of needles by intravenous drug users 

are other reported mechanisms of 

transmission (Cruz et al., 2002). Host genetic 

factors probably play an important part in the 

disease (Blackwell, 1996). The outcome of 

infection with Leishmania is determined by the 

parasite species and the host’s immunological 

response. The CD4+ T helper cell is critical with 

animal models demonstrating that cure is 

associated with strong IFN-γ, interleukin-2 (IL-

2) and IL-12 responses in the absence of 

classical Th2 cytokines or IL-10 (Roberts, 

2006). Although most of the information on the 

immunologic mechanisms upon infection and 

protection from the Leishmania parasites are 

accumulated from studies in mice, some critical 

findings from murine leishmaniasis have been 

confirmed in humans in recent years. This 

review presents an overview of the basic 

immunology of leishmaniasis from innate 

through humoral to cellular responses as well 

as specific immune responses in experimental 

and human leishmaniasis. 

 

Overview of immune responses to Leishmania 

infection 

 

The immune responses to Leishmania infection 

are highly complex and while they may 

accelerate cure, some responses exacerbate the 

disease depending on the particular 

circumstances (Antonelli et al., 2004). These 

immune response outcomes are dependent on 

the genetic variation in the mammalian host, 

genetic variation in the parasites between 

species and strains, and chance factors such as 

the location, inoculum size and number of 

infective bites received (Liew and O’Donnell, 

1993; Awasthi et al., 2004; Dunning, 2009). 

 

Innate immunity 

 

The innate immune response to Leishmania is 

mediated by natural killer (NK) cells, cytokines 

and mononuclear and polymorphonuclear 

phagocytes as well as the complement proteins. 

Upon entry into the body of the host 

promastigotes are engulfed by dendritic cells 

and macrophages (Scharton-Kersten et al., 

1995; Sharma and Singh, 2009) but are resistant 

to proteolysis and degradation in the 

phagosmes. The complement protein C3b is one 

of the most potent immune opsonins. C3b binds 

to Leishmania parasite which results in 

accelerated uptake by phagocytes (Sharma and 

Singh, 2009). Leishmania surface glycoprotein 

gp63 converts C3b into iC3b (Hermoso et al., 

1991) and this favors phagocytic clearance 

rather than lytic clearance as the Leishmania is 

very resistant to degradation once inside the 

phagocytes. Through a toll-like receptor-9 (TLR-

9)-dependent pathway, infected macrophages 

and dendritic cells (DCs) play important role in 

the production of IL-12 leading to activation of 

natural Killer (NK) cells, the production of IFN-γ 

and the subsequent Th1 activation (Scharton-

Kersten et al., 1995; Liese et al., 2008). The early 

activation of NK-cell is also induced by 

chemokines (IP-10, MCP-1 and lymphotactin). 

Activated NK cells have been shown to be 

cytolytic for Leishmania-infected macrophages, 

but NK cell-derived IFN-γ plays a more 

prominent role in host defense by activating 

macrophages to kill the intracellular parasite 

through the generation of reactive oxygen 

intermediates (ROI) or reactive nitrogen 

intermediates (RNI). The importance of NK cells 

in the control of intracellular parasites by 

inducing IFN-γ production has been well 

studied. NK cells purified from unexposed 

human PBMCs proliferate and secrete IFN-γ in 

response to Leishmania antigen (Nylen et al., 

2003). Depletion of NK cells within the first 7 

days of L. major infection in mice leads to 

significant reduction in IFN-γ production and 
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higher parasite burden (Laurenti et al., 1999) 

suggesting an important role of NK cells during 

the early innate response to Leishmania 

infection. Tumour necrosis factor-α (TNF-α) is a 

co-factor with nitric oxide (NO) (Muller et al., 

1991) and is important synergizing with IFN-γ 

to activate infected macrophages. Activated 

polymorphonuclear leukocytes kill parasites 

primarily through oxidative mechanisms. The 

generation of RNI by activated macrophages is 

the primary mechanism of parasite killing in 

murine model. NO is a powerful cytostatic and 

cytotoxic molecule and plays a major role in 

killing many intracellular parasites, including 

Leishmania. The importance of NO as an 

antileishmanial effector mechanism is 

underscored by the following observations: (1) 

the killing of parasites by IFN-γ activated 

macrophages in vitro is dependent on 

expression of inducible nitric oxide synthase 

(iNOS) and the generation of NO; (2) 

Leishmania-resistant mouse strains 

demonstrate high level of iNOS expression and 

NO generation, and are rendered susceptible 

when iNOS is inhibited; (3) mice carrying a null 

deletion of the NOS2 gene are highly susceptible 

to leishmanial infection; and (4) inhibition of NO 

production from iNOS by Leishmania renders 

macrophages powerless against Leishmania 

infection (Bogdan and Rollinghoff, 1999). An 

important innate immunity mechanism against 

leishmaniasis involves FasL-mediated 

macrophage apoptosis (Huang et al., 1998). 

Thus, in leishmaniasis, macrophages play a dual 

role; they represent an important cell 

population responsible for killing of the 

parasites and also the major site of parasite 

replication (Birnbaum and Craft, 2011). 

 

Humoral responses in leishmaniasis 

 

Human infection with Leishmania is 

characterized by the presence of anti-

leishmanial antibodies. Antileishmanial 

antibodies, which are produced at a low level 

in CL and at a very high level in VL, play no role 

in protection. However, the role of elevated 

antibody levels in kala-azar patients towards 

protection or pathogenesis is still unclear. The 

analysis of Leishmania antigen-specific 

immunoglobulin (Ig) isotypes revealed 

elevated levels of IgG, IgM, IgE and IgG 

subclasses during disease (Ghosh et al., 1995; 

Atta et al., 1998; Ryan et al., 2002). Generally, a 

high antibody level is a marker of progressive 

disease in VL (Melby and Anstead, 2001). 

 

Cell-mediated immune responses in 

leishmaniasis 

 

There is extensive evidence from 

experimental models that cellular immune 

mechanisms mediate acquired resistance to 

Leishmania infection, and human studies have 

generally confirmed this (Solbach and Laskay, 

2000). Following infection in the skin, 

langerhans cells phagocytose and transport 

Leishmania to the regional lymph nodes, 

where they induce a T-cell response. Acquired 

immunity in murine cutaneous leishmaniasis 

caused by L. major is mediated by parasite-

induced production of IFN-γ by CD4 T cells 

(TH1 subset), and can develop in absence of 

CD8 T-cells (Reiner and Locksley, 1995). Both 

CD4 and CD8 T cells are required for an 

effective defense against murine visceral L. 

donovani infection, but the precise role of CD8 

T cells is unclear (Melby and Anstead, 2001). 

However, in murine visceral L. infnatum 

infection, CD8 cells played multiple roles 

comprising both cytotoxic activity against 

cells expressing Leishmania antigens and 

secretion of cytokines and chemokines 

(Tsagozis et al., 2003). The generation of Th1 

response is IL-12 dependent (Scharton-

Kersten et al., 1995) and the generation of IL-

12 is critically dependent on signaling from 

CD40 to its ligand, CD40-L (CD153). Depletion 

of IL-12, or disruption of IL-12 gene, IL-18 

gene or STAT4 gene (critical to IL-12 

signaling) subverts TH1 cell development and 

renders resistant mice susceptible. 

Administration of IL-12 is protective as long 

as it is given early in the course of infection. 

Tumor necrosis factor-α (TNF-α) contributes 

to protective immunity by synergizing with 

IFN-γ to activate macrophages (Melby and 

Anstead, 2001). An important cellular immune 

mechanims against leishmaniasis associated 

with intracellular killing have been proposed 

involving destruction of infected macrophages 

by cytotoxic T lymphocytes (CTL) (Muller et 

al., 1991). 
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Immunology of murine leishmaniasis 

 

It has been demonstrated that, IFN-γ 

production by CD4+T cells is associated with 

healing of L. major-infected C57BL/6 mice, 

while IL-4 production is associated with 

susceptibility in the BALB/c mice (Heinzel et 

al., 1989). Evidence for the critical role for IFN-

γ in the control of Leishmania infection comes 

from the demonstration that IFN-γ knockout 

(KO) mice fail to cure infection (Wang et al., 

1994). Furthermore, in experimental L. major 

infections genetically resistant mice develop a 

T-cell response dominated by a CD4+ T helper 

1 (Th1) phenotype characterized by IFN-γ 

secretion, whilst in susceptible mice the 

dominant response is a CD4+ T helper 2 (Th2) 

phenotype characterized by interleukin (IL)-4, 

IL-5 and IL-13 secretion. The correlation 

between a polarized immune response and 

outcome to infection led to the concept that the 

balance of Th1 to Th2 responses determines 

the outcome (Scott et al., 1988). These 

observations of L. major in mice led to the 

emergence of the Th1/Th2 paradigm as 

opposing cytokine responses in the control of 

infections. Hence, the quest to discover how 

naïve T cells, with the potential for 

differentiation to either Th1 or Th2, is directed 

towards one of these opposing extremes. 

 

Studies on the early immune response to high-

dose infection with L. major in mice on 

resistant C57BL/6 or C3H backgrounds or a 

susceptible BALB/c background revealed three 

distinct patterns. Infection in C3H mice was 

dominated by an IL-12-driven, CD4+ Th1 

response with high IFN-γ levels secreted by 

natural killer cells and no IL-4 (Scharton and 

Scott, 1993). In contrast, progressive disease in 

susceptible BALB/c mice was characterized by 

early IL-4 synthesis in the absence of IL-12 and 

a bias towards a Th2 response (Scott, 1991). 

Evidence that early IL-4 synthesis drives this 

Th2 response came from experiments in IL-4 

KO BALB/c mice and mice treated with anti-IL-

4 antibody, demonstrating that they heal 

infection (Kopf et al., 1996). The cellular origin 

of IL-4 in BALB/c mice is confined to an 

oligoclonal CD4+ T-cell population with a 

Vβ4Vα8 T-cell receptor, recognizing the 

Leishmania homologue of the receptor for 

activated C kinase (LACK) (Julia et al., 1996). 

The critical importance of IL-12 in mediating a 

Th1 response and resistance is demonstrated 

by IL-12 depletion experiments leading to 

susceptibility in naturally resistant mice 

(Mattner et al., 1996) and the conversion of 

susceptible BALB/c mice to a resistant 

phenotype by treatment with IL-12 (Heinzel et 

al., 1993). Dendritic cells are the source of IL-

12 (Von Stebut et al., 1998). The antigens 

responsible for the IL-12 response and the 

exact mechanisms are not defined. Despite a 

wealth of evidence for IL-4 in the development 

of a non- healing phenotype, virulent strains of 

L. major can lead to susceptibility in BALB/c IL-

4 KO mice (Noben-Trauth et al., 1996). In a 

search for an explanation to this, it is observed 

that IL-4/IL-13 KO BALB/c mice exhibit 

greater resistance than single KO strains and 

additionally, IL-4Rα mice displayed greater 

resistance than IL-4 KO mice, indicating that 

IL-13 can substitute for IL-4 in promoting Th2 

differentiation (Matthews et al., 2000). 

However, the discovery that IL-4Rα/IL-10 KO 

BALB/c mice and IL-4Rα mice treated with 

anti- IL10R antibody became highly resistant 

identified IL-10 as a key cytokine (Noben-

Trauth et al., 2003). There are three potential 

sources of IL-10: (1) Th2 cells of the lineage 

that produce IL-4 as described; (2) a discrete 

subpopulation of CD4+ T cells termed ‘T 

regulatory cells’; and (3) dendritic cells (DCs) 

and macrophages. In experimental low dose 

(102–103 promasitoges) model of infection in 

C57BL/6 mice, a clear role for CD8+ T cells in 

primary immunity is defined in the control of L. 

major infection in resistant mice (Belkaid et al., 

2002a). However, parasites persist even in 

resistant mice. Using this low-dose model, it 

was demonstrated that IL-10 played an 

essential role in parasite persistence. Only IL-

10 KO and IL-4/IL-10 KO mice achieved sterile 

cure demonstrating the requirement for IL-10 

in establishing latency (Belkaid et al., 2001). A 

role for IL-10 was confirmed when C57/BL/6 

mice treated with anti-IL-10R antibody 

transiently during the chronic phase of 

infection achieved sterile cure (Belkaid et al., 

2001). A key study determined that an 

endogenous, naturally occurring population of 

CD4+CD25+ T regulatory cells (Treg), 

expressing high CTLA-4, are the source of IL-10 

controlling L. major persistence and immunity 

in C57BL/6 mice (Belkaid et al., 2002b). Treg 
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constitute 5–10% of CD4+ T cells in normal 

mice and humans, developing in the thymus 

where, following high-affinity recognition of 

self peptides, they up-regulate the 

transcription factor FoxP3 and the expression 

of the cell surface marker CD25, essential for 

their survival and a constitutive marker of Treg 

in the periphery. 

 

Two distinct sub-populations of Treg have 

been described: naturally occurring Treg, 

involved in the maintenance of peripheral 

tolerance, and antigen-specific T regulatory 

cells (Tr1) that encounter pathogen-derived 

foreign antigen in the periphery. In a model of 

Bordetella pertussis infection, pathogen-specific 

Tr1 were demonstrated for the first time 

(McGuirk and Mills, 2002). A possible 

mechanism of increased IL-10 production by 

macro- phages involves antibodies via ligation 

of Fcγ receptors (Kane and Mosser, 2001). A 

study in L. mexicana suggests that antibody 

responses block Th1 development (Kima et al., 

2000). This highlights the popular view that 

innate immunity drives adaptive immunity and 

also indicates that antibody responses may be 

a further critical component of the immune 

response against these pathogens. Another 

important component of the immune response 

are natural killer cells acting primarily through 

their ability to produce IFN-γ, which can 

optimize the production of IL-12 by DCs and 

the expression of IL-12R by activated T cells. 

The progression of murine L. major infection 

has been correlated with the expansion of Th2 

cells and the production of IL-4, IL-5 and IL-10 

(Reiner and Locksley, 1995). IL-4 production 

within the first day of infection was shown to 

down-regulate IL-12 receptor B-chain 

expression and drive the response to a Th2 

phenotype. The recognition of a single epitope 

in the Leishmania-activated C-kinase (LACK) 

antigen by CD4 T cells is responsible for the 

early IL-4 response in BALB/C mice infected 

with L. major. Neutralization of IL-4 or deletion 

of the IL-4 gene was shown in a number of 

studies to convert genetically susceptible mice 

to a resistant phenotype, however, 

susceptibility to some L. major strains is not 

strictly mediated by IL-4. IL-13 signaling 

probably plays a role in the IL-4 independent 

susceptibility. The production of TGF-β by 

infected macrophages is also associated with 

inhibition of IFN-γ production, suppression of 

macrophage activation, and progressive 

disease. In vivo neutralization of TGF-β was 

found to promote the healing of L. major and L. 

amazonensis infections (Noben-Trauth et al., 

1999; Melby and Anstead, 2001). 

 

Immunology of human leishmaniasis 

 

In an endemic area the prevalence of DTH skin 

test positivity increases and the incidence of 

clinical disease decreases with age, indicating 

the acquisition of immunity in the population 

over time. Retrospective epidemiological 

studies indicate that most individuals with 

prior infection (subclinical or healed) are 

immune to a subsequent clinical infection 

(Melby and Anstead, 2001). The role of both 

humoral and cell mediated immune responses 

in human leishmaniasis have been 

characterized as discussed below. 

 

The role of humoral immune response in 

human leishmaniasis has not been well studied 

and while the exact roles of the various types of 

IgG subclasses antibodies are not well 

elaborated, reports associated high levels of 

IgG1 and IgG3 production with IL-10 activity 

and blunting of IFN-γ activity (IgG2) in human 

visceral leishmaniasis (Garraud et al., 2003; 

Caldas et al., 2005). The role of IgG4 in 

parasitic infections is not clear but it has been 

suggested to play a blocking role in parasitic 

killing and clearance (Jassim et al., 1987; 

Dafa'alla et al., 1992). This IgG subclass (IgG4) 

as well as IgG1 and IgG3 have been shown to 

increase in patients with active VL disease 

(Shiddo et al., 1996). Immunoglobulin gamma 

2 (IgG2) which is positively associated with 

IFN-γ been implicated in conferring protection 

against leishmaniasis (Garraud et al., 2003; 

Caldas et al., 2005; Mutiso et al., 2012). 

 

Human cutaneous leishmaniasis usually leads 

to self-healing disease with life-long immunity 

against re-infection. Resolution is 

characterized by induction of specific IFN-γ 

releasing CD4+ T cells (Kemp et al., 1994a). 

Furthermore, peripheral blood mononuclear 

cells (PBMCs) isolated from patients with 

localized or subclinical leishmaniasis 

demonstrate a Th1 response to Leishmania 

antigens (Melby and Anstead, 2001). 
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Furthermore, lymphocytes from individuals 

who have recorvered from CL with L. major 

infection proliferate vigorously and produce 

IFN-γ after stimulation with either a crude 

preparation of L. major antigens or with the L. 

major surface protease gp63 (Kemp et al., 

1994a; Kemp et al., 1994b). Individuals with 

mild infection respond with a mixture of Th1 

and Th2 whereas individuals with severe 

disease show absence of Th1 response to 

specific Leishmania antigens. Failure to cure is 

associated with elevated levels of IL-4 with low 

IFN-γ responses from Leishmania-specific 

CD4+ T cells (Ajdary et al., 2000). High levels of 

IL-10 expression in L. major lesions was found 

to be associated with progressive disease 

(Louzir et al., 1998; Ribeiro-de-Jesus et al., 

1998). Furthermore, IL-10 has been shown to 

block Th1 activation and consequently a 

cytotoxic response by down-regulating IL-12 

and IFN-γ production (Ribeiro-de-Jesus et al., 

1998). Studies have also highlighted a 

dichotomy between Th1 versus Th2 responses 

in simple versus diffuse CL in humans (Convit 

et al., 1993). 

 

Mucocutaneous leishmaniasis is frequently 

refractory to treatment and may be persistent 

or recurrent. With active mucosal disease, the 

intradermal skin test and lymphocyte 

proliferative responses are often exaggerated. 

Patients with MCL exhibit vigorous T-cell 

responses, it is postulated that this 

hyperresponsive state contributes to the p 

rominent tissue destruction of ML (Melby and 

Anstead, 2001; Boaventura et al., 2010). 

Clinical DCL resemble the progressive infection 

caused by L. major in BALB/C mice. Such 

patients demonstrate minimal or absent 

Leishmania-specific lymphoproliferative 

responses, and the Th2 cytokine mRNAs are 

prominently expressed in DCL lesions (Melby 

and Anstead, 2001). During active VL in 

humans there is absence of DTH response to 

parasite antigens and marked depression of 

Leishmania-specific lymphoproliferative 

responses and IFN-γ responses (Ghalib et al., 

1993; Melby and Anstead, 2001). Protective 

immunity against L. donovani, as with species 

causing CL, is dependent on an IL-12-driven 

type 1 response and IFN-γ production, which 

results in the induction of parasite killing by 

macrophages primarily via the production of 

reactive nitrogen and oxygen intermediates 

(Sharma and Singh, 2009). Experimental 

evidences indicate that IL-10 plays an 

important regulatory role in the progression of 

VL. Interleukin-10 seems to represent the main 

macrophage-deactivating cytokine in contrast 

to IFN-γ, being present in many different 

clinical presentations of human leishmaniasis. 

This cytokine blunts several immunological 

responses mediated by lymphocytes from 

Leishmania-infected individuals (Ghalib et al., 

1993). Addition of anti-IL-10R antibody to T 

cells harvested from these patients restores 

INF-γ cytokine responses, indicating a role for 

IL-10 in suppressing T-cell responses in active 

disease (Ghalib et al., 1993). Investigation on 

Brazillian 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 leishman skin test (LST) positive 

individuals had no release of IL-10 (Holaday et 

al., 1993). Further evidence of a role for IL-10 

comes from studies demonstrating increased 

IL-10 mRNA expression in bone marrow (Karp 

et al., 1993), lymph nodes (Ghalib et al., 1993) 

and spleen (Kenney et al., 1998). Increased 

plasma levels of IL-10 during kala-azar patients 

(Ghalib et al., 1993; Holaday et al., 1993) have 

been reported. Cure from disease is associated 

with a fall in IL-10 mRNA levels (Ghalib et al., 

1993; Karp et al., 1993). A critical role for 

levels of IL-10 is seen in the argument that a 

balance between IL-10 and IL-12 is critical for 

the regulation of the immune modulation 

during infection, pathogenesis and 

chemotherapy (Sharma and Singh, 2009). In 

any case, it has been indicated that, imbalanced 

IL-10 production may play a role in 

progression of disease to PKDL (Ghalib et al., 

1993; Melby and Anstead, 2001). Increased 

expression of classical Th2 cytokines has been 

reported in VL with elevated IL-4 particularly 

associated with treatment failure (Sundar et al., 

1997; Dunning, 2009). Furthermore, the levels 

of IFN-γ and IL-4 are elevated during active 

disease and decline significantly after cure. 

Elevated levels of IL-13 have been observed in 

active disease that returned to normal 

following successful treatment (Babaloo et al., 

2001). In these studies IL-10 and not IL-13 was 

associated with disease relapse. Investigating 

the potential sources of immunoregulatory 
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cytokines, investigators have found a 

population of antigen-specific T cells co-

producing IL-10 and IFN-γ which expand in 

response to L. donovani infection in humans 

(Kemp et al., 1999). Studies indicate that 

peripheral blood mononuclear cells from 

individuals cured of VL with L. donovani 

infection responded to Leishmania 

promastigotes and amastigotes crude antigens 

by proliferation and production of either INF-γ 

or IL-4. The proliferative response of these 

cells to a purified parasite antigen, gp63, was 

weak and those responding produced either 

IFN- or IL-4 (Kurtzhals et al., 1994). The 

intracellular cytokine studies on cells from VL 

patients showed that greater than 80% of IFN-

γ and IL-4 producing cells were CD4+ and only 

a few CD8+ T cells produced IFN-γ. Disease 

outcome in human leishmaniasis is to a large 

extend determined by effector mechanisms 

with evidence that host genetic factors play a 

crucial role (Karplus et al., 2002; Mohamed et 

al., 2003; Awasthi et al., 2004). A protective 

role for Th17 cells in human VL was suggested 

by a recent longitudinal study carried out in 

the Sudan, showing correlation between the 

presence of L. donovani-specific T cells, 

secreting IL-17 and IL-22, and protection 

against developing VL (Pitta et al., 2009). 

Activation of Th17 cells is intimately associated 

with recruitment of neutrophils, which may 

contribute to both protective and damaging 

aspects of Th17 cells. In humans, IL-27 

suppresses IL-17 and IL-22 secretion by CD4 T 

cells cultured under Th17 polarizing conditions 

(Murugaiyan et al., 2009). In a recent study of 

Indian VL it was shown that patients with on-

going disease had elevated IL-27 serum levels 

and increased expression of IL-27 transcripts 

(EBI-3 and IL-27p28) in splenic aspirates, 

while IL-17/RORγT transcripts were expressed 

in scarcity in the splenic biopsies both pre- and 

post-treatment (Ansari et al., 2011). In light of 

a prospective study carried out in the Sudan, 

implicating the protective role for Th17 cells 

(Pitta et al., 2009), the low expression of Th17-

associated cytokines and transcription factors 

in patients with active VL combined with up-

regulation of IL-27 implicate a role for IL-27 in 

VL pathogenesis. It is likely that IL-27 

promotes the differentiation and expansion of 

antigen specific IL-10 producing T cells and 

inhibits the potentially protective Th17 lineage 

and thereby facilitates parasite survival. 

However, it cannot be excluded that the 

reduction of Th17 seen in VL is an attempt of 

the body to control the pathological effects of 

Th17 cells and the inflammatory response 

driven by the parasite. In PKDL patients, 

parasites cause skin manifestations after the 

patients have been successfully treated. Post 

kala-azar dermal leishmaniasis development is 

determined before the initiation of VL 

treatment, and is a consequence of interactions 

between the parasite and the host immune 

system during the early stage of the infection. 

This is supported by the findings that IL-10 

was present in the keratinocytes and in high 

levels in the plasma of VL patients who 

developed PKDL, but not present in any of the 

VL patients who did not develop PKDL (Gasim 

et al., 1998). These findings indicated that IL-

10 was involved in the pathogenesis of PKDL 

and that IL-10 levels in the skin and plasma 

could predict the development of PKDL in VL 

patients. Furthermore, these data indicated 

that PKDL is the result of an immunological 

attack on the parasites and that there is an 

association between an increased T-cell 

responsiveness to Leishmania antigens and 

PKDL development. This hypothesis is 

supported by the fact that PBMC isolated from 

patients with active PKDL responded by 

proliferation and IFN-γ production to crude L. 

donovani antigens and that both Th1 and Th2 

type cytokines were found in tissues (ElHassan 

et al., 1992; Ghalib et al., 1993). 

 

Conclusion 

 

The immunology of leishmaniasis is 

complicated both from the standpoint of the 

host response to a given parasite species and 

the fact that different animal species can elicit 

very different immune responses. To 

understand the nature of infection with 

Leishmania parasite and to develop better 

therapeutic control strategies, further in-depth 

studies focused on the immune modulation in 

both subclinical and asymptomatic individuals 

are required. The diverse special and genetic 

separation among different human populations 

exposed to the parasite makes it difficult to 

understand the parameters of resistance vs. 

control in humans. This problem is 

compounded by the lack of an animal model 
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which presents the same immunological and 

disease outcome in leishmaniasis as that of 

human patients. Furthermore, the 

immunological data available are still scarce 

and therefore, there is an urgent need for a 

better experimental model that mimics human 

infections if a breakthrough in profiling the 

exact immunological responses and effective 

therapeutic control of leishmaniasis is going to 

be achieved in the near future. 
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