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Abstract: Visceral leishmaniasis (VL), a phlebotomine-borne neglected tropical disease, 

is caused by parasites of the Leishmania donovani complex. While L. donovani infection is 

restricted to the Indian subcontinent and East Africa, where transmission is anthroponotic, 

Leishmania infantum occurs in Europe, North Africa, and parts of Latin America, where it 

is zoonotic in nature with dogs as reservoir hosts. Though the incidence of VL caused by L. 

infantum has been on the decline, L. donovani continues to cause epidemics periodically. By 

and large, a small proportion of L. donovani infection manifests as clinical disease but majority 

of the infected individuals remain asymptomatic and contribute to the perpetuation of the VL 

transmission cycle via the sand fly vector. This is one of the major stumbling blocks to World 

Health Organization initiatives to eliminate this deadly disease by 2020. These parasites reside 

within the host macrophages and impair the immune system of the infected individual, which 

ultimately results in marked immunosuppression. In the absence of any safe and effective vector 

control measure, attempts have been made to design therapeutic vaccine(s) that can exclusively 

target infected macrophages. So far, two vaccines – a glycoprotein complex from L. donovani 

promastigote, fucose–mannose ligand with saponin, commercialized as Leishmune®, as well as a 

polyprotein vaccine formulation, Leish-111f + monophosphoryl lipid A plus squalene emulsion 

in combination with glucantime, have been successfully evaluated for their immunotherapeutic 

potential against canine VL. However, encouraging results obtained from several experimen-

tal trials so far against human VL are still to be translated clinically. This review provides an 

overview on the various strategies tried and tested for developing therapeutic vaccines against 

this dreaded disease.
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Introduction
The Leishmania donovani complex (comprising L. donovani and L. infantum chagasi), 

an obligate intracellular protozoan parasite, is responsible for a fatal progressive sys-

temic disease – visceral leishmaniasis (VL), commonly referred to as “kala azar” or 

“black fever”.1 This disease can be of either zoonotic (from animal-to-human, or vice 

versa) or anthroponotic type (human-to-human cycle) based on their transmission 

characteristics.1 Approximately 90% of the annual 100,000 VL cases were recorded 

from the Asian (Bangladesh and India), African (Ethiopia, Sudan, and South Sudan), 

and South American (Brazil) continents, where it affects the underprivileged commu-

nities residing in remote areas with limited access to primary health care facilities,1 

although the actual number of VL cases is much higher due to underreporting.2–4 L. 

donovani, the causal agent in the Indian subcontinent and East Africa, is transmitted 
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through Phlebotomus argentipes and Phlebotomus orientalis, 

respectively, in a predominantly anthroponotic life cycle.5 

However, L. infantum, transmitted through Lutzomyia spp., 

is mainly responsible for VL in the Mediterranean region and 

the American subcontinent. The parasites remain either as 

extracellular and flagellated promastigotes within the sand-

fly or as intracellular and nonflagellated amastigotes within 

the mammalian host. This digenetic lifestyle ensures better 

survival of the parasite within vector and host.6

Leishmania parasites mainly affect mononuclear phago-

cytic cells of the reticuloendothelial organs, such as liver, 

spleen, and bone marrow. However, they are usually dis-

seminated to other visceral organs (gut, lung, etc), as well 

as the skin, particularly seen in L. infantum-affected areas.7 

Persistent fever, hepatosplenomegaly, pancytopenia, and 

hypergammaglobulinemia are the characteristic features of 

human VL.1 The case fatality rate of this disease is 100% 

because the patient dies in the absence of treatment. Available 

chemotherapeutics have several demerits, and their usage is 

also limited due to the fact that only ailing individuals with 

clinical symptoms are benefited.

Human VL occurs in a more heterogeneous form with 

varied chronicity. Only few infected individuals develop 

clinical symptoms, and on this basis, they are the ones who 

are subjected to antileishmanial chemotherapy. However, the 

majority of the endemic population remains with subclinical 

infection or as asymptomatic carriers (~6–10 times more 

than the number of VL patients) and their role in disease 

transmission is yet to be confirmed.8 Moreover, the immuno-

compromised state of VL patients makes them susceptible to 

other secondary infections. Emergence of parasite resistance 

following drug treatment and increased reporting of disease 

relapse is another major problem. Furthermore, because the 

treatment end point is not defined, as patients often fail to 

report back 6 months posttreatment, it is difficult to ascertain 

the complete cure from the disease.

Occasionally, approximately 10%–50% of VL patients, 

during or after the treatment, develop post kala azar dermal 

leishmaniasis (PKDL), which is characterized by maculo-

papular or nodular skin rashes.9 It is commonly seen in East 

Africa and the Indian subcontinent and requires prolonged 

and expensive treatment.9 These individuals play a crucial 

role in VL transmission because they can act as a potential 

source of kala azar.10

Due to the geographical overlap between VL- and HIV-

affected areas, there is increase in the number of Leishmania/

HIV-coinfected individuals, showing atypical presentations of 

VL.11 Because both are opportunistic infections, they impose 

a similar detrimental effect on the immune system, result-

ing in increased frequency of treatment failure and relapse 

cases. However, antiretroviral therapy significantly decreases 

disease progression and relapses, with increased survival of 

the coinfected patients.11 Increased incidence of HIV cases 

resulted in the spread of this coinfection in ~35 countries of 

the world, including India.12 In Leishmania/HIV-coinfected 

patients, characteristic features of VL such as splenomegaly 

may be absent;13 however, there is involvement of atypical 

organs such as lungs or the gastrointestinal system.14

Immunopathology of VL
Humans
Active VL patients demonstrate depressed cell-mediated 

immune response, with a negative leishmanin skin test.15 

Moreover, their peripheral blood mononuclear cells 

(PBMCs) neither proliferate nor produce interferon (IFN)-γ 

in the presence of Leishmania antigen.16,17 Conversely, 

stimulation of PBMCs of cured VL patients with parasite 

antigen enhances the production of IFN-γ, thus showing 

that immunosuppression is not due to the antigen-specific 

T-cell response but several other elements might be involved 

in the undesirable clinical outcomes.18 Various studies on 

human VL suggested that the immune response did not 

clearly skew toward T-helper cell type 2 (Th2 type) as 

increased synthesis of cytokines and chemokines of the 

Th1 type was also noticed.19 Clinical studies strongly depict 

that there is an elevated level of serum interleukin (IL)-10 

in active VL patients, confirmed by increased messenger 

RNA (mRNA) transcripts in the spleen, bone marrow, and 

lymph nodes.18 In addition, regulatory T (T-reg)-cells, found 

to produce IL-10 in the bone marrow of VL patients, could 

suppress antiparasitic immunity.20 The mRNA expression 

of transforming growth factor beta (TGF-β) was also found 

to be elevated in splenic aspirates of active VL patients.21 

In addition to this, a typical VL patient showed an elevated 

level of antibodies in the plasma, leading to the formation 

of immune complexes.22

PKDL, which generally appears on the skin, either due 

to the ineffective treatment of VL or the suppression of 

immunity due to persistent parasites, differs immunologically 

from VL in several ways.9 Increased levels of IL-4, IL-10, 

and IFN-γ were observed in PKDL lesions, with increased 

infiltration of cluster of differentiation 3 (CD3+) T-cell.23 

Other studies reveal that there was a stronger parasite-specific 

T-cell response evident at the onset of PKDL.24 Furthermore, 

PKDL lesions showed T-reg cell aggregation to be positively 

associated with parasite burden. Although most PKDL cases 
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showed IL-10-mediated immunosuppression, there must be 

involvement of other deregulated inflammatory responses.25

Animal models
Rodent
Mice models, especially BALB/c, as well as Syrian hamsters 

are widely used for experimental VL studies and each has its 

own limitations.26 Susceptible mouse strains initially allow 

parasite replication in the liver, with a resolution of disease 

in the later stages of infection; therefore, they serve as a more 

suitable model of acute infection rather than of the progressive 

chronic VL.27 Although not representing the ideal pathological 

signs, the parasites cause splenomegaly, with atrophy of the 

lymphoid follicles, which progresses for a longer duration in 

the spleen and is not seen in the liver.28 Similar to the human 

immune response, which is characterized by a mixed Th1/

Th2 type, the spleen of mice showed increased levels of tumor 

necrosis factor alpha (TNF-α) as well as IL-10. Secretion of 

IL-10 induced by TNF-α promoted disease progression by 

 rendering the macrophages unresponsive to activation signals 

and also inhibit the priming of T-cell responses by acting on 

dendritic cells.29 Hence, BALB/c mice work as better models 

of self-healing or subclinical VL infection.26

Another rodent model, the Syrian golden hamster, closely 

mimics the clinicopathologic features of active human and 

canine VL, which gradually develops into progressive fatal 

disease, ultimately causing the death of the host.26 There is 

an elevated level of Th1 cytokines and significant amounts of 

IL-10 and TGF-β mRNA transcripts in Leishmania-infected 

hamsters, with reduced expression of inducible nitric oxide 

synthase. This promotes the multiplication and survival of 

the parasite, similar to the situation in humans.30 However, in 

contrast to humans, hamsters show the development of severe 

ascites and glomerulonephritis.31 In spite of being a highly 

relevant VL model, the hamster is not frequently used due to 

the unavailability of commercial reagents for immunological 

and molecular studies.26,27

Dog
Dog, being a natural host of L. infantum, serves as a pertinent 

model for VL.32 Canine VL is a multisystemic disease asso-

ciated with poor body condition score, lymphadenomegaly, 

and typical granulomatous inflammatory reactions.32 Infected 

dogs show a balance between Th1 and Th2 cytokines, with 

increased production of IL-10 and INF-γ.33 However, there 

are measurable levels of IL-4 mRNA transcripts, which 

are related to the parasitic load as well as clinical symp-

toms.33,34 Moreover, there is a reduction in CD4+ and CD8+ 

 populations during infection, which are restored after drug 

therapy.35 Contrarily, there is significant production of 

IL-2 and TNF-α by the PBMCs of asymptomatic dogs in 

comparison to symptomatic and uninfected ones.36 Dogs, 

although the most appropriate model for canine VL, are used 

in limited number for studies due to their higher costs and 

ethical concerns.27

Thus, in a nutshell, hamster is a better model than mice 

to study progressive VL as the latter varies in immuno-

pathological features relative to human cases. However, 

the nonavailability of immunological markers makes its use 

difficult for the evaluation of vaccine candidates, although 

some recent studies have indicated that the immune status 

after vaccination could be analyzed by other techniques 

such as real-time polymerase chain reaction.30,37,38 Because 

dogs act as a key natural reservoir of the visceralizing form 

of Leishmania, they constitute a model of choice for study-

ing zoonotic VL.26 Continuous efforts are being made to 

develop strategies that could mimic natural transmission by 

either using lower infectious doses of parasites or bioactive 

saliva or using natural reservoir hosts, which ultimately 

will lead to better understanding of the disease dynamics. 

This will ultimately help in generation of more meaningful 

data regarding the immune response that parallels human 

disease, and thus contribute immensely to the development 

of improved experimental models to evaluate possible 

 vaccine candidates.

Feasibility of a suitable vaccine 
against VL
The only control measure for VL presently available is chemo-

therapy, which includes pentavalent antimonials (meglumine 

antimoniate and sodium stibogluconate [SSG]), amphotericin 

B and its liposomal formulation, paromomycin, and milt-

efosine either alone or in combination.1 The World Health 

Organization, in 2005, has initiated elimination campaigns in 

VL-endemic regions through early case detection, followed 

by complete treatment with a target to reduce the number of 

diseased individuals. This drive has successfully saved many 

lives through the administration of antileishmanial drugs. 

Although these chemotherapeutics are effective, they have 

several demerits, such as lesser availability, high cost of treat-

ment (drugs and hospitalization), low efficacy, adverse effects 

such as toxicity, and requirement of longer regimens with 

the invasive route of administration (parenteral).39 Moreover, 

with the emergence of drug- unresponsive cases, it is difficult 

to curb this disease completely with chemotherapy alone.40 

 Furthermore, the presence of  asymptomatic individuals results 
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in disease transmission, especially in hyperendemic pockets 

of the globe, defeating the goal of the current VL control 

program.41 Hence, there is an urgent need for alternative 

treatment strategies that become truly accessible in order to 

sustain the accomplishment of the current kala azar elimina-

tion program.41 Over the past few decades, researchers have 

been trying to develop a vaccine as a cost-effective treatment 

strategy against VL because this is thought to be critical for 

the complete eradication of this dreadful disease.41 It was 

evident that recovered VL patients develop strong immunity, 

making them resistant to subsequent  clinical infections, which 

indicates that prevention of VL through either prophylactic or 

therapeutic vaccination is feasible.42 Identification of appropri-

ate vaccine candidates through a proper understanding of the 

immunobiology and pathogenesis of the disease is required 

for the success of the vaccine development program.43 Addi-

tionally, selection of either a suitable adjuvant or immuno-

modulator or an effective delivery system can further boost 

the immune responses and generate long-lasting immunity.44 

Although a little emphasis was given to the development of 

therapeutic vaccines, it would be more useful for individuals 

with active infection so as to modulate their immune responses 

toward a cure.

Current status of prophylactic 
vaccines
Prophylactic vaccines were thought of as obvious priority, 

for which several molecules were identified and evaluated 

as vaccine targets, as reviewed by Joshi et al.45 However, 

only a few of them reached the stage of clinical trials and 

were commercialized. LeishTec® and Leishmune® were 

developed and registered in Brazil, while CaniLeish® 

was developed in Europe, against canine VL. LeishTec® 

(recombinant A2 antigen plus saponin) conferred only 40% 

protection, whereas Leishmune® (fucose–mannose ligand 

[FML]-QuilA) and CaniLeish® (LiESP/QA-21) offered 

significant protection in naturally infected dogs.46 Apart 

from these trials, another vaccine candidate LEISH-F1, a 

polyprotein expressed in bacteria, has made it into Phase I and 

Phase II clinical trials.47 Further, when used in conjunction 

with chemotherapy, it appeared to have shortened the time to 

cure.48,49 With the encouraging results from LEISH-F1, a new 

construct – LEISH-F2 – was designed, lacking a histidine tag 

due to regulatory issues, which also progressed to clinical 

trials (Phase I and Phase II).50 Additionally, LEISH-F3, com-

posed of nucleoside hydrolase from L. donovani and sterol 

24-c-methyltransferase from L. infantum, formulated with a 

Toll-like receptor 4 (TLR4)-based adjuvant, glucopyranosyl 

lipid A, was found to be safe and immunogenic.51 Beyond 

these trials, an ongoing research project named Multivalent 

Vaccine for Human Visceral Leishmaniasis (MeLeVaClin) 

is also looking for newer vaccine strategies against VL in 

preclinical models.52

Therapeutic vaccines against VL
Therapeutic vaccines are thought to be essential, particularly 

in the case of persistent chronic infections, because in such 

cases, either intracellular parasites evade the host immune 

system and establish themselves in a more secured way 

or the available control intervention is ineffective.53 In the 

case of VL, the majority of inhabitants in disease-affected 

areas are either healthy endemic individuals or asymptom-

atic ones, who serve as the reservoir of the parasite or may 

become symptomatic in future.41 Hence, there is need for a 

therapeutic vaccine that can be effectively used to stimulate 

the patients’ own immune defense system in these endemic 

populations, which would be a major asset in controlling the 

progression of disease.54 These therapeutic vaccines have 

been reported to be extremely successful against several 

chronic diseases,55 such as HIV infection,56 tuberculosis,57 

Chagas disease,58 human papilloma virus infection,59 as well 

as cancer,60,61 indicating that the era of successful therapeutic 

vaccination has arrived.

The therapeutic strategy involves the use of biological 

molecules (whole or their components) in combination with 

either adjuvants or drugs to modulate the immune responses 

of Leishmania-infected individuals toward the protective 

type.62 Therefore, this strategy, which restores or induces an 

effective immune response without any side effects, could 

be a promising alternative to conventional chemothera-

peutics.62,63 This review focuses on the various therapeutic 

approaches against VL, as summarized in Table 1.

Use of therapeutic vaccines alone
Considering the fact that strong immunity was developed in 

individuals who had recovered from cutaneous leishmani-

asis (CL), leishmanization (LZ), a process of vaccination 

using live parasites, was effectively practiced in Western 

and Southwestern Asia.64 Subsequently, a large number of 

prophylactic vaccination trials were conducted using these 

parasites with a higher success rate.45 Similarly, these live 

parasites were assessed for their immunotherapeutic potential 

also.  Mukhopadhyay et al65,66 evaluated the immunothera-

peutic effects of live attenuated UR6 leishmanial parasite, 

which fails to develop the disease in infected hamster and 

BALB/c mice. It was observed that this parasite alone confers 
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 significant protection by reduction of parasite load in the 

spleen and the liver of these animal models, respectively. 

Later on, Datta et al67 assessed the therapeutic efficacy 

of attenuated (gamma-irradiated) L. donovani parasite in 

infected mice and reported the clearance of the parasites in 

the 100 Gy and 150 Gy treated infected mice, facilitated by 

the restoration of T-cell response and increased generation 

of nitric oxide and reactive oxygen species. Further stud-

ies on these attenuated parasites demonstrated that PDK1, 

PI3K, and p38MAPK signaling pathways are involved in the 

increased level of nitric oxide and decreased expression of 

TGF-β responsible for the predominant Th1-type response.68

Use of therapeutic vaccines in 
combination with adjuvant
Immune modulation via immunomodulatory agents plays a 

beneficial role in the regulation of chronic diseases that show 

either suboptimal or excessive immune response.27 These ele-

ments are required for inducing a very strong and long-lasting 

immune response (humoral as well as cellular), which makes 

them promising adjuvants for the control of VL. So far, for the 

immunoprophylaxis and immunotherapy of VL, plant-based 

immunomodulators (such as saponin, garlic extract, and so 

on) and nonvirulent bacteria-based adjuvants (eg, Bacillus 

Calmette–Guérin [BCG], Propionibacterium acnes, and so 

on) have been widely used.

A saponin formulation of FML, a glycoprotein complex 

that is expressed throughout the life cycle of L. donovani 

parasite, was found to be safe, protective, and immunogenic 

in experimental rodent (mouse and hamster) models and 

against canine VL, with significant prophylactic efficacy, as 

reviewed by Palatnik-de-Sousa.69 This formulation became 

the first commercial Leishmune veterinary vaccine, licensed 

after a series of canine VL field studies.70 The vaccine was 

further evaluated for its immunotherapeutic potential in mice 

and resulted in the reduction of parasitic burden in liver with 

significant lymphoproliferative response.71 Later, it was 

 successfully evaluated therapeutically against both experi-

mentally (L. donovani) and naturally (L. chagasi) infected 

dogs.72 Santos et al73 also investigated the therapeutic efficacy 

of Leishmune with increased concentrations of saponin in 

infected, seropositive, and symptomatic dogs with experi-

mental canine VL, where they found a reduction in clinical 

outcome and modulation of the response toward the Th1 

type. In another study, a 36 kDa glycoprotein –  nucleoside 

hydrolase NH36 – in the FML complex was observed to 

be protective in mice as the native recombinant protein or 

as a bivalent DNA vaccine.74 When used along with garlic 
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extract, it showed immunoprotection in L. chagasi-infected 

BALB/c mice, with a significant reduction in liver parasitic 

load and 100% survival.74

Likewise, Ferreira et al75 explored the therapeutic poten-

tial of recombinant cysteine proteinase from L. infantum 

chagasi (rLdccys1), in conjunction with P. acnes as adjuvant, 

which was earlier found to be protective in both canine and 

murine models. Dogs that underwent the treatment showed 

reduced parasitic load in spleen without increase in clinical 

symptoms, accompanied by enhanced levels of IFN-γ and 

immunoglobulin G2 (IgG2) antibodies.

Therapeutic vaccines in combination with 
antileishmanial drugs
Therapeutic vaccines, whole parasite (live attenuated/

killed), soluble antigen, or recombinant antigen, when used 

either alone or with antileishmanial drugs, may be more 

effective in controlling a variety of VL forms. Assess-

ment of the immunotherapeutic potential of autoclaved L. 

major (ALM) antigen mixed with Mycobacterium vaccae 

(as adjuvant), with or without meglumine antimoniate, 

against experimental canine VL revealed a reduction 

in the parasitic count, particularly in dogs treated with 

ALM with adjuvant and administered along with drug.76 

The ALM vaccine was also evaluated therapeutically in 

PKDL patients in combination with antileishmanial drug 

in order to reduce the incidence of relapse. The patients 

receiving a weekly dose of alum-ALM + BCG with SSG 

showed significant healing, probably due to elevated IFN-γ 

production, thus modulating the patient’s immune system 

toward Th1 type.77 In another study, assessment of complete 

soluble antigen of attenuated parasites in combination 

with suboptimal dose of sodium antimony gluconate in 

Leishmania-infected BALB/c mice (both antimony sensi-

tive and resistant) resulted in parasitic clearance, probably 

due to enhanced T-cell response.78

Using another approach, Ghosh et al79 assessed the 

therapeutic efficacy of soluble Leishmania antigen (SLA) 

entrapped in dendritic cell (DC), in combination with drugs 

(SSG) against murine VL. The results showed complete clear-

ance of parasite load from both liver and spleen, suggesting 

that the antileishmanial potential of SLA was enhanced by 

DC-based immunotherapy or vice versa as they are inefficient 

in curing established infection when administered alone.

The understanding of VL pathogenesis suggested the 

possible reasons for the failure of whole-parasite vaccines 

(killed or live attenuated) as either they do not provide life-

long immunity or their immunogenicity may get altered due 

to attenuation. Moreover, the complexity of the parasite 

makes it difficult to select suitable vaccine candidates.45 

Various crude fractions of the parasite were, therefore, 

tested for their prophylactic potential so as to draw some 

conclusive results,45 and subsequently some of these frac-

tions were also evaluated for their therapeutic potential. L. 

infantum-derived Fraction 2 (LiF2) antigen, either alone 

or in conjunction with chemotherapy, was evaluated in 

naturally infected dogs, wherein complete parasitological 

healing was observed in dogs treated with combination 

therapy but the absence of clinical outcomes was not cor-

related with it.80 Furthermore, over the past few years, the 

soluble and other fractions of parasites were evaluated 

through various proteomic tools, resulting in the identifica-

tion of  various proteins that were tested as suitable vaccine 

candidates against VL.81 Leishmune enriched with saponin 

was used in combination with allopurinol or amphotericin 

B against naturally infected dogs, which resulted in the 

control of disease, rendering most dogs asymptomatic. This 

suggested that combining chemotherapy with vaccine helps 

in disease elimination in dogs.82

Immunization with glucose-regulated protein GRP78 

antigen (a 78 kDa Ca2+-binding chaperone molecule) 

of Leishmania, in combination with various adjuvants, 

imparts optimum protection with monophosphoryl lipid A 

(MPLA).83 Encouraged with these results, the therapeutic 

potential of recombinant GRP78 with MPLA was further 

assessed in L. donovani-infected mice in combination with 

cisplatin, which is a platinum-based anticancer drug that 

has also shown antileishmanial activity.84 The treatment 

resulted in marked parasitic inhibition, with increased 

delayed type hypersensitivity response and elevated IFN-γ 

production.85

Later on, it was thought that a multicomponent/polypro-

tein vaccine would elicit an enhanced protective response 

as it overcomes the genetic variability of the mammalian 

immune system.86 Moreover, it would have lower manufactur-

ing cost and more straightforward quality control testing.47 

Therefore, various polyprotein vaccines were developed 

and evaluated for their therapeutic potential. Leish-111f, 

in formulation with monophosphoryl lipid A plus squalene 

emulsion (MPL-SE) (Leish-111f + MPL-SE), failed to 

prevent naturally infected canine VL cases,43 although it 

was found to be protective in mouse models of CL and VL. 

However, an immunotherapeutic evaluation of Leish-111f + 

MPL-SE in combination with N-methyl meglumine antimo-

niate (Glucantime) was studied by Miret et al87 in natural L. 

chagasi-infected dogs, wherein evaluation of immunological 
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(both humoral and cellular) responses revealed improvement 

of the clinical picture in dogs, both in the chemotherapy-alone 

and immunochemotherapy cohorts, with reduced death. 

In another study, two separate trials (open and blinded) to 

 evaluate the therapeutic efficacy of Leish-111f + MPL-SE 

with or without glucantime in naturally infected canine VL 

cases, were performed by Trigo et al.88 In the open trial, there 

was 75% efficacy in canine VL cases receiving a combination 

of Leish-111f + MPL-SE + glucantime, when monitored up to 

36 months posttherapy. This efficacy was subsequently con-

firmed in a blinded trial. Results of these trials suggested that 

well-characterized polyprotein vaccines, as an adjunct, can 

proficiently boost the current chemotherapy efficiency against 

canine VL in lower doses. In addition to these approaches, 

Seifert et al89 studied the immunotherapeutic role of novel 

T-cell epitope-based DNA vaccine (LEISHDNAVAX) along 

with AmBisome in experimental VL, whereby they found 

significant reduction in splenic parasite burden, with no 

 difference in the numbers of CD3+ cells.

The higher efficacy of combined therapy, as evident from 

experimental and human studies, is possibly due to the conse-

quence of drug-induced reduction in the parasite load, aided 

by the stimulation of sensitized T-lymphocytes by specific 

mitogenic antigens, ultimately leading to the production of 

lymphokines, which in turn further induced the activation of 

macrophages for killing the residual parasites in the hosts.80

Delivery of therapeutic vaccines using 
carrier systems
Due to severe suppression of cell-mediated immune response 

in active VL cases, there is a strong need to have immunostim-

ulatory formulations containing materials such as additives, 

which can generate a strong cell-mediated immune response 

to the already delivered insufficiently immunogenic antigens 

to provide optimum therapeutic efficacy against this disease. 

Of the various vaccine-delivery vehicles being developed to 

date, liposomes, nondegradable nanoparticles, viral vectors, 

and virus-like particles have been shown to generate cellular 

immunity, thus becoming important carrier systems.

Liposomes are phospholipid vesicles that have been 

evaluated both as adjuvant and as vehicles for antigens. Ver-

satility and plasticity are the key features of liposome-based 

vaccine delivery systems.90 In particular, cationic liposomes 

offer long-acting depot effect at the site of injection with 

strong Th1- and Th17-mediated immunostimulatory effect. 

Although many studies on the liposomized delivery of pro-

phylactic antigens against VL have been carried out, very few 

reports are available for therapeutic vaccines.91 In one such 

study, SLA, entrapped in positively charged liposomes, was 

used against Leishmania-infected BALB/c mice, wherein it 

showed 90% parasite clearance from liver and spleen, both 

in conjunction with production of Th1 cytokines (IFN-γ and 

IL-12).92 These studies showed that liposomized SLA-based 

immunotherapy significantly reduced parasite burden through 

the switching of immune responses toward Th1 type.

Recently, Maroof et al93 developed an adenovirus-based 

vaccine (Ad5-KH), which was assessed for its therapeutic 

efficacy in L. donovani-infected BALB/c mice. Adenovirus 

offers a frequent viral-vector platform for several vaccines 

against Alzheimer’s disease, influenza, tetanus, and HIV 

infection.44 Results showed moderate inhibition of splenic 

parasitic burden, with increased humoral and cellular (CD8+ 

T-cell) responses following a single vaccination. These obser-

vations indicated the utility of the adenoviral vector, which 

can deliver leishmanial antigens into Leishmania-infected 

animals in a better protective manner.93

Future perspectives and conclusion
Because VL is a complex heterogeneous disease, with its 

pathology well associated with various innate and adaptive 

immune mechanisms, it warrants designing a unified strategy 

aimed at targeting different mediators and pathways in a 

comprehensive manner. This necessitates the complete under-

standing of the actual immunological mechanisms involved 

in the control of disease, which can ultimately facilitate the 

development of effective therapeutic vaccines and help in 

achieving VL elimination.94 Of all the therapeutic vaccina-

tion protocols evaluated so far with encouraging results in 

experimental human VL, none has been translated clinically.

In order to have successful therapeutic vaccines against 

human VL, the following points, as depicted in  Figure 1, 

need to be addressed:

1. An understanding of VL disease pathology, along with 

the underlying basic mechanisms of immunosuppression, 

is required for searching for novel immunotherapeutic 

vaccine targets against specific affected regions of the 

host in established infection. This would necessitate 

application of genomics, proteomics, and computational 

modeling to identify/design potential proteins/epitopes as 

vaccine targets. Immunogens with ability to potentiate 

Th1-type cellular immune response would be the most 

ideal ones.45,95

2. For poorly immunogenic molecular vaccines, adjuvants 

and specific formulation(s) or vector system(s) with 

enhanced immunogenicity have to be developed for 

inducing strong immune responses.
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3. There is a need for an impeccable experimental model 

to minimize the variations in experimental results, such 

as classical cytokine measurement and parasite burden, 

which can be extrapolated to human settings (patients).

4. Development of a standardized operating procedure, includ-

ing pharmacokinetic considerations such as assessment of 

the dose and duration of therapy, for evaluation and com-

parison of the immunotherapeutic benefits of all emerging 

strategies is needed. This would ultimately reduce the huge 

variations in readouts from different immunological assays.

5. Identif ication of immunological biomarkers for 

 assessment of the efficacy of the vaccines is required.

6. There is the need to address several issues regarding the 

mechanism of action as well as the safety and efficacy 

considerations of therapeutic vaccines.

7. Last but not the least, more studies are required on the 

management of cases of asymptomatic, PKDL, as well 

as HIV–VL coinfections through therapeutic vaccines as 

they serve as silent reservoirs in endemic areas and, as 

such, will hamper the sustainability of the success of 

ongoing VL elimination programs. Lessons needs to be 

learnt from the experience of smallpox and polio eradica-

tion for complete elimination of VL.

The prospects for therapeutic vaccines against infec-

tious diseases are better today than ever before. So far, ten 

 therapeutic vaccines are in the offing for humans, particularly 

against cancer96 (cancer of the brain, cervix, skin, lung, breast, 

head and neck, and pancreas), celiac disease,97 and recurrent 

vulvovaginal candidiasis.98 Furthermore, some of the chronic 

viral infections, importantly infections with hepatitis B virus, 

human papilloma virus, HIV, and so on, conceptually may 

present a suitable target for active specific immunotherapy. 

These immunotherapeutic interventions represent an effec-

tive strategy in controlling the chronic infections in days to 

come.99 Thus, the continuous concerted efforts in academic 

research will eventually lead to the development of efficient 

therapeutic vaccine(s) against VL.
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Figure 1 Roadmap for development of therapeutic vaccines against VL.
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