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Abstract
Infection with Leishmania parasites results in a range of clinical manifestations and outcomes.
Control of Leishmania parasite transmission is extremely difficult due to the large number of
vectors and potential reservoirs, and none of the current treatments are ideal. Vaccination could be
an effective strategy to provide sustained control. In this review, the current global situation with
regard to leishmaniasis, the immunology of Leishmania infection and various efforts to identify
second generation vaccine candidates are briefly discussed. The variety of clinical trials conducted
using the only current second generation vaccine approved for clinical use, LEISH-F1 + MPL-SE,
are described. Given that epidemiological evidence suggests that reducing the canine reservoir
also positively impacts human incidence, efforts at providing a vaccine for leishmaniasis in dogs
are highlighted. Finally, potential refinements and surrogate markers that could expedite the
introduction of a vaccine that can limit the severity and incidence of leishmaniasis are discussed.
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1. Leishmaniasis – The current situation
Leishmaniasis causes human suffering on a global scale, with an estimated 12 million
current cases, 2 million additional cases annually and threatening approximately 350 million
people in endemic areas. The epidemiology is extremely diverse, with 20 protozoan parasite
species of the genus Leishmania known to be pathogenic for humans [1]. The geographic
distribution of each Leishmania species affects the type of disease that occurs in each region,
as well as its severity. Visceral leishmaniasis (VL; also known as kala-azar) is caused by L.
donovani in South Asia and Africa, while L. infantum causes VL in the Mediterranean, the
Middle East, Latin America and parts of Asia (Table 1 and Figure 1)[2]. Among the many
other mammals that can be infected with Leishmania spp., dogs develop canine visceral
leishmaniasis (CaVL) and they serve as an important parasitic reservoir in these regions.
Cutaneous leishmaniasis (CL) is caused by L. major in Africa, the Middle East and parts of
Asia, by L. tropica in the Middle East, the Mediterranean and parts of Asia, and by L.
aethiopica in parts of Africa. Many different species may be involved in the Americas,
where CL can be found throughout South America and as far north as Mexico (Table 1 and
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Figure 2)[2]. Limited foci of infection have been reported in Canada and the US, and CaVL
caused by L. infantum has been reported within foxhound kennels in various US states.
Australia appeared to be free of Leishmania spp. but infection among captive kangaroos,
wallabies and other marsupials began to be reported in 2004 [3, 4].

Leishmania parasites are transmitted by the bite of infected female sandflies (phlebotomine),
of which 30 species are proven vectors. Biting an animal or a human affected by the disease
first infects the sand fly, then the parasites multiply in the gut and become infective 1–3
weeks later. Parasites are passed on when the sandfly takes a subsequent blood meal. There
are two main epidemiological entities: (1) zoonotic, which includes animal reservoir hosts in
the transmission cycle and (2) anthroponotic, in which man is the sole source of infection for
the vector. Humans and dogs can thus not only represent the primary affected population in
many areas but can also be the main reservoir for Leishmania parasites. Indeed, where L.
donovani predominates, humans are a VL reservoir. Elevated incidence of L. donovani
infection in dogs can be linked with increased infection rates in humans [5]. In VL-endemic
regions of the Mediterranean and Latin America, dogs are the most important reservoir of L.
infantum, and thereby represent a target for epidemiological intervention of transmission to
humans.

Human leishmanial infections may cause diverse clinical manifestations, ranging from
disfiguring and potentially disabling lesions that manifest in CL, a mutilating mucosal
leishmaniasis (ML), to potentially fatal VL. Other presentations include diffuse cutaneous
leishmaniasis (DCL), which is a long-lasting disease due to a deficient cellular-mediated
immune response, and post-kala-azar dermal leishmaniasis (PKDL), which is a skin
manifestation subsequent to apparently successful treatment of VL.

2. The need for vaccines for leishmaniasis
2.1. Current treatment issues

Treatment of leishmaniasis currently relies on chemotherapy, and various largely effective
chemotherapies are available. Until recently, chemotherapy was severely limited by factors
such as high cost, toxicity or route of administration (such as intravenous infusion) [6]. The
pentavalent antimonials such as sodium stibogluconate and meglumine antimoniate have
been widely used to treat leishmaniasis for over 70 years, and it is perhaps not surprising
that resistance to these drugs is increasing. In some endemic areas their use is limited due to
a lack of efficacy. Second line drugs and novel regimens are being developed that reduce
side effects. Recently, rather than treating with 30 days of injections with pentavalent
antimony compounds, 15 of the most endemic districts in Bihar, India have been effectively
treating VL with 28 days of oral miltefosine. Liposomal amphotericin B (AmBisome®) has
proven to be highly effective and safe as a monotherapy and as a single-dose treatment [7–
9]. A key development that now allows AmBisome to be considered for use as a first-line
drug in countries where VL is endemic was the preferential pricing agreement secured by
WHO in 2007, reducing the cost of treatment to 10% of its original price in developing
countries [10]. It has also been indicated that a single intravenous dose of 10 mg/kg
AmBisome results in a 95.7% cure rate at 6 months of follow-up, with a lower frequency of
adverse events than observed with other available VL treatments [11]. Although improved
drug regimens are becoming available, elimination can likely only be achieved through
widespread vaccination. Vaccination could provide long term reductions in potential
reservoirs that can limit transmission.

2.2. Leishmania infection and protective immunity
Understanding the protective immune response against leishmania is important for the
rationale design of vaccines and an improved capacity to direct vaccine-induced responses.
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Immunity against Leishmania parasites is mediated through a complex array of immune
parameters, including both innate (dendritic cells, macrophages, neutrophils) and adaptive
(B cells and T cells) immunity. Leishmania parasites reside mainly within macrophages and
these cells play a pivotal role in immunity. A subversive activity of Leishmania parasites in
the infectious process is the inhibition of interleukin (IL)-12 production, a cytokine
necessary for the leishmanicidal activity of macrophages through its ability to upregulate
inducible nitric oxide synthase, nitric oxide and interferon gamma (IFNγ). Cytokine
secretion promotes the recruitment of other proinflammatory cells (neutrophils, mast cells
and macrophages) to the site of infection. Amastigote uptake by dendritic cells at the
infection site stimulates IL-12 production and the presentation of antigens through the MHC
I and MHC II pathways, leading to generation of Leishmania-specific CD4+ and CD8+ T
cell responses that are essential for acquired resistance against Leishmania.

Vaccine studies against VL are hampered by the lack of small animal models that accurately
reflect all aspects of the human disease, and the best animal models of VL are L. donovani
in golden hamsters and the natural infection of dogs by L. infantum or L. chagasi [16]. On
the other hand, mouse models of CL are relative simple and the majority of experimental
vaccines have been tested against the cutaneous form of the disease. The discovery of the
Th1/Th2 paradigm of CD4 T cell response was aided largely by studies using CL-resistant
and CL-susceptible inbred mouse strains [12–14]. Given the broad relevance of Leishmania
models to understanding the development of T cell responses and vaccines against
intracellular organisms, basic research has provided a greater understanding of how to
induce protective immune responses against Leishmania [15]. Protection studies against CL,
particularly in mice, have demonstrated the Th1-dependence of effective immunity against
Leishmania. Importantly, appropriate Th1 cell responses also correlate with protection
against CL in humans. Although there are more complexities in the mechanisms responsible
for acquired immunity, the ideal vaccine against Leishmania species would induce strong,
long-lasting Th1 cell responses directed against the parasites, both preventing disease and
reducing transmission.

2.3. First generation leishmaniasis vaccines
Vaccination with live virulent parasites, termed leishmanization, was practiced from ancient
times until recently in many endemic areas [17]. Inoculation of live L. major parasites into
the skin of children (typically in hidden areas such as the buttocks) induced mild infection
and subsequent immunity. The practice has now largely been abandoned as unsafe.

Vaccine trials involving whole, killed parasites were conducted in the 1970s and 1980s.
More recent trials were conducted with inactivated whole parasite vaccines in Ecuador
(composed of three strains of locally obtained parasites), Colombia (Biobras single strain L.
amazonensis vaccine), Iran and Sudan (autoclaved L. major with BCG included as an
adjuvant: ALM + BCG) [18–24]. With the exception of the Ecuadorian trial, in which a
locally prepared vaccine was used, none of these trials demonstrated protection [25]. Similar
vaccines have been used for immunotherapy of human CL, with success reported in Brazil
and Venezuela [26, 27]. Based on these results, a first generation vaccine has been registered
in Brazil as an adjunct to antimony therapy [26].

The use of crude antigens with appropriate adjuvants has provided protection against
leishmaniasis in various animals, with protection against CaVL reported in Iran but not in
Brazil [28, 29]. Partial efficacy, primarily against CL, has been obtained in the clinic using
more refined first generation vaccines. Probably because this strategy involves the use of
crude preparations that can neither be standardized nor optimally formulated to induce
effective immune responses in the absence of undesirable ones, clinical results have been
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inconsistent. Furthermore, given vaccine regulations and release criteria, this does not
represent a sustainable, viable option for widespread use.

3. Advances toward defined second generation vaccines
Second generation vaccines with further refined products, such as recombinant proteins with
adjuvant or expression in heterologous microbial vectors, represent a more feasible option
for mass vaccination campaigns. The recombinant nature of the product means it is
accessible to large scale, reproducible and cost-effective approaches, and responses elicited
upon vaccination can be potentiated and refined by appropriate formulation with adjuvant
[30, 31]. Although the stability of second generation vaccines can pose difficulties in field
conditions, this problem is common across all vaccine platforms. Defined antigens,
delivered as plasmid DNA, vectored DNA, or as recombinant protein in adjuvant, have often
proven to be effective in animal models. Of these platform technologies, while both protein-
and DNA-based vaccines have advanced as veterinary products, to date only recombinant
proteins have advanced to licensure in human vaccines.

A variety of recombinant proteins have been investigated as Leishmania vaccine antigen
candidates in animal models [32–41]. Among these, the surface expressed glycoprotein
leishmaniolysin (gp63) generated promising findings from animal models following delivery
by numerous immunization regimens; those results were, however, overshadowed by mostly
negative T cell responses in humans [42, 43]. Immunization with native Parasite Surface
Antigen (PSA)-2 polypeptides, but not other forms, protected mice against infection [44–
48]. Although protective efficacy of Leishmania homologue for receptors of activated C
kinase (LACK) has been demonstrated mainly in the L. major model, LACK failed to
protect against experimental VL [49, 50]. To date, very few antigens have advanced to
clinical or veterinary trials.

One caveat regarding the use of recombinant proteins is that, alone, they generally induce
only weak T cell responses. Effective and durable T cell responses can however be
generated by the addition of certain adjuvants. The development of adjuvants that can be
used to design safe and effective vaccines, along with the development of defined vaccine
candidates for leishmaniases, could have a major impact on the control of disease. The
discovery that properly formulated Toll-like receptor (TLR) agonists can stimulate Th1
immune responses has profoundly impacted vaccine development against intracellular
pathogens like Leishmania. In particular, the extensive experience with monophosphoryl
lipid A (MPL), a TLR4 agonist obtained from the cell wall of Salmonella, and MPL’s
approval in vaccines for hepatitis B and human papilloma virus, have demonstrated the
safety and efficacy of engaging TLR4. MPL is the only defined TLR agonist currently in
approved vaccines, and has an extensive history of safety and efficacy [51]. Our first defined
vaccine against leishmaniasis came with the use of recombinant fusion protein Leish-111f
(L111f; LEISH-F1; comprising the L. major homologue of eukaryotic thiol-specific
antioxidant (TSA), the L. major stress-inducible protein-1 (LmSTI1) and the L. braziliensis
elongation and initiation factor (LeIF)), together with MPL formulated in an oil-in-water
emulsion (MPL-SE). This vaccine candidate protects mice, hamsters, and rhesus macaques,
and LEISH-F1+ MPL-SE was the first defined Leishmania vaccine to enter clinical trials
[52–55].

3.1. Clinical trials of second generation vaccines
3.1.1. Vaccination of humans—In initial trials targeting prevention of CL, healthy
Colombian adult volunteers with no history of leishmaniasis received three injections of the
LEISH-F1 + MPL-SE vaccine (consisting of 10 μg LEISH-F1 antigen + 25 μg MPL-SE
adjuvant) [55]. During screening, volunteers were evaluated for evidence of previous
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subclinical infection with L. braziliensis/L. panamensis based on the Montenegro skin test
(MST). Twelve MST-positive subjects were enrolled in an open-label, uncontrolled clinical
trial and sixty-eight MST-negative subjects were enrolled in a randomized, double-blind,
controlled trial in which individuals were randomly assigned to receive LEISH-F1 + MPL-
SE (n=34), LEISH-F1 alone (n=17), or a saline placebo (n=17). An anti-LEISH-F1 IgG
antibody response was induced in all vaccine recipients. In both trials, LEISH-F1-specific
IFNγ responses were observed in more than half, and a LEISH-F1-specific delayed-type
hypersensitivity (DTH) was observed in most, of the vaccine recipients. The LEISH-F1 +
MPL-SE vaccine was safe and well tolerated in subjects with and without evidence of
previous subclinical infection.

In a subsequent trial targeting prevention of VL, healthy Indian adult volunteers were
evaluated for evidence of previous infection with L. donovani based on the direct
agglutination test (DAT) [56]. Three cohorts of 6 DAT-negative and 6 DAT-positive
subjects were enrolled in an open-label, dose-escalating, uncontrolled clinical trial and
received three injections of the LEISH-F1 + MPL-SE vaccine. The vaccine was safe and
well-tolerated in DAT-negative and DAT-positive subjects and induced T cell production of
IFNγ and other cytokines in response to stimulation with the LEISH-F1 antigen.

The LEISH-F1 + MPL-SE vaccine has also been evaluated as an adjunct immunotherapy
with standard chemotherapy in CL. Adult CL patients were randomly assigned to receive
three injections of either the LEISH-F1 + MPL-SE vaccine (consisting of escalating protein
doses with a set adjuvant dose), adjuvant alone, or saline placebo, in conjunction with
chemotherapy. The injections were given subcutaneously on days 0, 28, and 56, with follow
up for safety and immunological endpoints. Forty-four CL patients were enrolled in this
trial, with all receiving chemotherapy with meglumine antimoniate starting on the first day
of vaccination [57]. Nearly all vaccine recipients and no adjuvant-alone or placebo
recipients demonstrated an IgG antibody response to LEISH-F1 at Day 84. At this timepoint,
an increased proportion of vaccine recipients were clinically cured (80%), compared to
adjuvant-alone and placebo recipients (50% and 38% respectively). The LEISH-F1 + MPL-
SE vaccine was safe and immunogenic in CL patients and appeared to shorten their time to
cure when used in combination with meglumine antimoniate chemotherapy.

Several years ago an observational open-label study was conducted to evaluate the utility of
vaccination with a mixture of several antigens with GM-CSF on drug-refractory ML [58].
Five of six patients, all of whom had failed previous drug therapy, were in complete clinical
remission 9 months after their final vaccine dose and all 6 were asymptomatic 5 years after
treatment. In a more recent double-blind trial conducted with ML as the target indication,
LEISH-F1 + MPL-SE vaccine or saline were provided in conjunction with sodium
stibogluconate [59]. The vaccine was again safe and well tolerated, and induced both
humoral and cell-mediated immune responses. Furthermore, an increase in the proportion of
memory LEISH-F1-specific IL-2-producing CD4 T cells was observed after vaccination,
which was associated with clinical cure.

Together, several clinical trials demonstrate that the LEISH-F1 + MPL-SE vaccine is safe
and immunogenic in healthy subjects with and without history of previous infection with
Leishmania as well as in patients with CL and ML.

3.1.2. Vaccination of dogs—Among the domesticated animals affected by Leishmania
infection, dogs are the most commonly affected species. Treatment options for CaVL are
limited and infected dogs are commonly euthanized [60]. Chemotherapy is not widely
recommended because it is only marginally effective and in addition, canine treatment is
performed with the same drugs as those used to treat human infection raising the risk of the
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emergence of drug resistant parasites [61]. A canine vaccine for either prevention or
treatment could be extremely beneficial because dogs harboring L. infantum serve as a
reservoir closely linked with human infection (South America and southern Europe) [5]. The
use of a canine vaccine to reduce this reservoir of infection and interrupt transmission of
Leishmania parasites to humans could eliminate the need for euthanasia. Several studies
have demonstrated varying degrees of efficacy in both prophylactic and therapeutic vaccine
approaches in CaVL [62–67].

Prophylactic use of vaccines against CaVL has been investigated in naturally exposed dogs.
L111f + MPL-SE did not protect dogs in an extremely high L. infantum endemic region in
southern Italy. Of 39 dogs enrolled in the study, 37 had been infected and developed disease
by the end of the 2 year study [62]. These results contrast with those achieved using the
fucose mannose ligand (FML)-vaccine of L. donovani in Brazil. Only 8% of dogs
vaccinated with the FML-vaccine showed mild signs of CaVL after 2 years of monitoring,
whereas 33% of non-vaccinated animals developed clinical or fatal disease associated with
L. donovani infection [63]. In a follow-up study, only 5% of dogs receiving FML-QuilA
vaccine, versus 25% of the controls, developed clinical and fatal disease [64]. The FML-
QuilA vaccine induced a significant, long lasting and strong protective effect against CaVL
in the field. The FML-vaccine was industrialized and licensed for commercialization in
Brazil in 2004 under the name of Leishmune®.

Leishmune is also used as an immunotherapeutic with a double saponin adjuvant
concentration. The Leishmune therapeutic vaccine was assessed as either a stand-alone
immunotherapy or as an immunochemotherapy in combination with allopurinol or
amphotericinB/allopurinol, in infected dogs [65]. After 3 months of treatment, compared to
infected untreated dogs, immunotherapy and immunochemotherapy similarly increased the
proportion of dogs demonstrating response to Leishmania antigen and reduced the
proportion of symptomatic cases, the proportion of parasite evidence in lymph nodes by
PCR and the proportion of deaths. After 8 months, negative lymph node PCR results were
obtained in 80% of the immunochemotherapy-treated dogs, but only in 33% of the
immunotherapy group, and protection against death was lost 4 years after immunotherapy
but not immunochemotherapy.

Both the L111f + MPL-SE vaccine and the non His-tag form of L111f (L110f), that has been
successful as a prophylactic vaccine in mouse models of CL and VL [68], have been tested
in similar canine immunotherapy trials. Both an open and a blinded trial were performed in
Salvador, Brazil to evaluate its therapeutic efficacy in cases of CaVL caused by natural
infection [67]. In the open trial, dogs received L111f + MPL-SE vaccine; Glucantime
chemotherapy; vaccine plus Glucantime; or no treatment. The vaccine was given weekly for
four weeks, while the drug was administered daily. At the 6-month assessment, while all 12
untreated dogs either died or showed no clinical improvement, 39 of 43 dogs across all
treatment groups improved. The therapeutic efficacy observed 3 years after treatment with
L111f + MPL-SE vaccine (improvement in 9 of 12 for vaccine; 7 of 11 for Glucantime; 5 of
10 for combined treatment) was confirmed in a subsequent blinded trial wherein vaccine
was again given weekly [67]. L110f + MPL-SE demonstrated efficacy during evaluation
within an immunochemotherapy protocol to treat symptomatic dogs naturally infected with
L. chagasi in Belo Horizonte, Brazil [69]. Dogs responded immunologically to weekly
vaccination and even though most dogs remained parasite-positive and many had one or
more symptoms after the 6-month study period, vaccinated dogs had a better survival rate
than dogs receiving either Glucantime or no treatment. Similar to the results obtained in
human trials, these results support the notion of using a well-characterized recombinant
vaccine as an adjunct to improve the current chemotherapy of canine leishmaniasis.
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The potential interruption of the transmission by the Leishmune vaccine has been assayed by
monitoring dogs within an epidemic area [70]. Leishmune-vaccinated dogs demonstrated a
complete absence of clinical signs and of parasites in skin, lymph node and blood samples
(by PCR for Leishmania DNA) nearly a year after vaccination. In contrast, one quarter of
the untreated controls became symptomatic cases, with 56.7% and 15.7% having positive
PCR reactions in lymph node and blood, respectively. The absence of Leishmania DNA and
parasites in Leishmune-vaccinated animals indicates the non-infectious condition of the
vaccinated dogs, suggesting they are no longer capable of transmitting parasites during
blood meals. Between 2004 and 2006, Palatnik-de-Sousa and colleagues analyzed the
possible additive effect of Leishmune® vaccination over dog culling, on the decrease of the
incidence of CaVL and VL in two Brazilian endemic areas [66]. The decreases in the
incidence of both canine and human disease correlated to the increase of the number of
vaccinated dogs. In Aracatuba, a 25% of decline was seen in CaVL with a 61% decline in
human cases, indicating the additive effect of Leishmune vaccination of the healthy dogs on
regular dog culling. In Belo Horizonte, rising incidence of canine and human VL were
observed in some districts, while the incidence started to decrease or stabilized after
Leishmune vaccination. Among the districts showing a percent decrease of human incidence
(−36.5%), Centro Sul and Pampulha showed the highest percentage of vaccinated dogs
(63.27% and 27.27%, respectively) and the lowest dog incidence (−3.36% and 1.89%,
respectively). Much lower proportions of vaccinated dogs were found in regions that
exhibited pronounced increases in both canine and human incidence. Together, the data
suggest an additive control effect of vaccination over dog culling, reducing the parasite
reservoir and protecting dogs, and coincidentally becoming an effective control tool capable
of reducing the risk of transmission of VL to humans.

3.2.3. Vaccine refinement at IDRI—As part of our vaccine development pipeline we
continue to optimize both antigen and adjuvant preparations. We have initiated studies with
our novel synthetic TLR4-based adjuvant, GLA-SE [68]. Our data reveal GLA-SE and
MPL-SE adjuvanted responses to be dose-dependent, skewing towards a Th1-like response
in mice that receive either of these TLR4 agonists. Furthermore, GLA-SE appears to be
more potent than MPL-SE in terms of stimulating antigen-presenting cell activation and
inducing greater IFNγ secretion by antigen-specific T cells [68]. We have also observed that
low dose GLA-SE induces a high frequency of multi-functional effector T cells. This is
important because such T cells have been hypothesized to serve as a correlate of protection
against parasite challenge [60]. We recently investigated if either of these TLR4 agonists
(MPL or GLA) could synergize with a TLR9 agonist to produce IL-12, and if this synergy
would be useful in the context of L110f as a therapeutic Leishmania vaccine [71]. While
L110f formulated with a single TLR agonist was protective against L. major challenge in a
prophylactic setting, only the combination-agonists vaccine reduced parasite burden where
there was pre-established disease [53, 68, 71, 72]. Our data also indicated that the ratio of
terminal effector T cells to multi-functional T cells was higher in mice treated with the
combination-agonist vaccine, further demonstrating that adjuvant use can manipulate the
subsequent responses.

We have also identified additional vaccine antigen candidates that could serve as back-ups,
if required, to the L111f/L110f antigen. Whereas Leish-111f was developed primarily as a
therapeutic candidate, recent efforts have focused on antigens that meet more stringent
criteria for prophylactic use. These criteria include sequence conservation among
Leishmania spp., the ability to protect in CL and VL models and a lack of sequence identity
with human genes, along with practical considerations such as the ability to express at high
levels and to be purified. Forty-three genes/antigens relevant to infection were identified
through screening of a L. infantum genomic expression library with sera from VL patients
and experimentally infected hamsters [73]. A fraction of these proteins was subsequently
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evaluated in murine CL and VL prophylaxis models. Sterol 24-c-methyltransferase (SMT)
induced protection against both CL and VL challenge [74, 75]. We also cloned and purified
recombinant proteins of amastigote-expressed genes shown to confer protection as DNA
vaccines against L. major challenge. These recombinant antigens, however, failed to protect
when used in combination with adjuvants as vaccines in our models of VL prophylaxis and
CL immunotherapy.

Additionally, we have produced a new fusion protein antigen termed KSAC. KSAC is
comprised of KMP-11, SMT, A2 and CPB, and each component of this fusion protein has
been demonstrated to individually confer protection in different disease models of VL [32,
34, 74–78]. Two of the individual antigens, SMT and CPB, provided the majority of the
protection provided by KSAC when delivered as protein/adjuvant in our VL model.
However, because KMP-11 was shown to be an effective antigen when delivered as DNA
and because A2 has shown some degree of efficacy in dogs, these antigens were retained in
the KSAC fusion [34, 79]. KSAC induced protection equal to or better than L110f in our
mouse protection models of CL [80]. Moreover, we have shown that the KSAC components
SMT, A2 and CPB were strongly recognized by T cells from individuals cured of VL.
Preliminary data indicate that KSAC is effective in protecting mice against L. major using a
sand fly challenge (manuscript in preparation).

4. How to interpret protective vaccination?
Among the greatest challenges for vaccine development is expedient evaluation of candidate
molecules, particularly for prophylactic vaccine trials when long periods of time are required
to generate clinical outcome data. In the screening of vaccine candidates it is important to
select candidates that evoke immune responses associated with protection, but valid
surrogate markers of protection against human leishmaniasis are still lacking. With regard to
leishmaniasis, a study of individuals provided leishmanization (a controlled injection of live
Leishmania) was conducted to identify parameters relevant to protection of humans. Lesions
developed approximately 2 months after leishmanization, then resolved by 7–8 months and
imparted protection against subsequent lesion development [81]. Nylen and colleagues used
leishmanization to evaluate the efficacy of an alum-precipitated autoclaved L. major with
BCG vaccine in order to more accurately define surrogate markers of immunity to
leishmaniasis in humans [82]. Cellular immune responses to this artificial infection were
monitored and comparisons were made between those volunteers who developed a lesion
after infection and those who did not. No significant differences in leishmanin skin test
(LST), IFNγ production, or source of IFNγ between those who developed a lesion and those
who did not after leishmanization were detected, with the exception that ulcer development
was associated with an enhanced number of IFNγ secreting CD4+ CD45RA- (memory) T
cells. The IFNγ responses in the enrolled subjects were, however, significantly lower
compared to volunteers with previous history of CL, raising the possibility that the selection
of LST-negative volunteers in an endemic area may have biased the study towards
potentially non/low L. major-reactive volunteers.

The most widely used measure of vaccine potential has been to monitor anti-Leishmania
immune responses over time. Antibody (DAT) and cellular (MST) responses have
previously been used at study enrolment to evaluate volunteers for evidence of previous
subclinical infection [55, 56]. Various relatively simple serological parameters, such as
DAT, fast agglutination screening test (FAST) or detection of antibodies against the FML,
k26, k28 and k39 antigens, that are all indicative of exposure or infection, have been or can
be used to regulate entry into clinical trials [83–93]. Analysis of individuals successfully
treated with chemotherapy indicates persistence of antibodies against k39 whereas a latex
agglutination test (KAtex; which detects a stable, non-protein) showed no positive reaction,
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indicating the differential use of these tests could be beneficial in an immunotherapeutic
setting [94–96].

It is also becoming more feasible to detect and measure antigens in body fluids. KAtex is
available for the detection of leishmanial antigen in the urine of VL patients, although the
low sensitivity (~75%) somewhat limits its utility in assessing a prophylactic vaccine [97].
Nucleic acid detection is very sensitive and real-time PCR is an established method for
detection of Leishmania parasite in blood. A urine PCR assay, as well as antigen detection,
has been demonstrated to be an effective tool for diagnosis of VL and monitoring of
treatment efficacy [98].

Dogs provide an excellent VL disease model but still require extended periods of follow-up
and invasive procedures such as lymph node biopsy or bone marrow aspiration to explore
parasite burden. The relatively constrained array of reagents available for immunological
assessment of dogs is a further limitation. Analysis of samples from Leishmune-vaccinated
dogs indicated that the vaccine not only conferred humoral responses against both vaccine
and crude Leishmania antigens, and peripheral blood mononuclear cell IFNγ responses to
FML and total antigen in the majority of animals, but also reduced CD4+CD25+ T cell
presence compared to that observed before vaccination [99]. Comprehensive immunological
evaluation of mice before and after Leishmania challenge could help establish an immune
signature for efficacy of various vaccines but this can only be accomplished paradoxically
with the availability of an effective vaccine candidate. Further characterization of protective
vaccines with additional markers would be greatly facilitated by the availability of defined
antigens against which to measure immune responses, particularly when discriminating
vaccine-from infection-induced responses.

5. Summary
Vaccination holds promise for sustained control of leishmaniasis. Data suggest that
prophylactic vaccination of both humans and dogs could generate long term protection and
interrupt transmission, ultimately reducing disease incidence. Vaccination in a therapeutic
setting as an adjunct with various chemotherapies has demonstrated safety and efficacy
against various manifestations of Leishmania infection. These data indicate not only the
promise of a therapeutic vaccination to improve response to treatment and perhaps minimize
relapse, but also suggest that the use of a vaccine in human VL carriers could reduce
transmission and prevent disease. We continue to refine both antigen and adjuvant
components of our vaccines, as well as identify parameters that can be used to expedite
clinical trials, to provide the best range of vaccines aimed at controlling disease incidence
and severity.
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DAT direct agglutination test

DCL diffuse cutaneous leishmaniasis

FAST fast agglutination screening test

FML fucose mannose ligand

IFNγ interferon gamma

IL-12 interleukin-12

KMP-11 kinetoplastid membrane protein-11

LACK Leishmania homologue for receptors of activated C kinase

LeIF L. braziliensis elongation and initiation factor

LmSTI1 L. major stress-inducible protein-1

LST leishmanin skin test

ML mucosal leishmaniasis

MPL monophosphoryl lipid A

MST Montenegro skin test

PKDL post kala-azar dermal leishmaniasis

PSA-2 Parasite Surface Antigen 2

TLR Toll-like receptor

TSA thiol-specific antioxidant

VL visceral leishmaniasis
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Figure 1.
Worldwide distribution of VL and PKDL cases. Information used to generate this map was
extracted from WHO Technical Report Series; Control of the Leishmaiases [2].
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Figure 2.
Worldwide distribution of CL and ML cases. Information used to generate this map was
extracted from WHO Technical Report Series; Control of the Leishmaiases [2].

Duthie et al. Page 18

Vaccine. Author manuscript; available in PMC 2013 January 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Duthie et al. Page 19

Ta
bl

e 
1

D
is

ea
se

 p
he

no
ty

pe
 a

nd
 g

eo
gr

ap
hi

ca
l b

ur
de

n 
at

tr
ib

ut
ed

 to
 v

ar
io

us
 L

ei
sh

m
an

ia
 s

pe
ci

es
 [

2]
. D

ep
en

di
ng

 o
n 

th
e 

st
ra

in
, L

ei
sh

m
an

ia
 in

fe
ct

io
n 

m
ay

 c
au

se
le

si
on

s 
on

 s
ki

n 
(c

ut
an

eo
us

 le
is

hm
an

ia
si

s;
 C

L
) 

or
 m

uc
os

a 
(m

uc
os

al
 le

is
hm

an
ia

si
s;

 M
L

),
 o

r 
di

ss
em

in
at

e 
to

 in
te

rn
al

 o
rg

an
s,

 in
cl

ud
in

g 
th

e 
sp

le
en

 a
nd

 li
ve

r
(v

is
ce

ra
l l

ei
sh

m
an

ia
si

s;
 V

L
).

 P
os

t-
ka

la
az

ar
 d

er
m

al
 le

is
hm

an
ia

si
s 

(P
K

D
L

) 
is

 c
au

se
d 

by
 p

er
si

st
en

ce
 o

f 
pa

ra
si

te
s 

in
 th

e 
sk

in
 f

ol
lo

w
in

g 
ap

pa
re

nt
ly

 s
uc

ce
ss

fu
l

tr
ea

tm
en

t o
f 

V
L

.

D
is

ea
se

L
ei

sh
m

an
ia

 s
p.

 [
3]

G
eo

gr
ap

hi
ca

l B
ur

de
n

C
ut

an
eo

us
 L

ei
sh

m
an

ia
si

s 
(C

L
)

L
. m

ex
ic

an
a 

co
m

pl
ex

 (
Z

C
L

)
A

rg
en

tin
a,

 B
el

iz
e,

 B
ol

iv
ia

, B
ra

zi
l. 

C
ol

om
bi

a,
 C

os
ta

 R
ic

a,
 E

cu
ad

or
, F

re
nc

h 
G

ui
an

a,
 G

ua
te

m
al

a,
 M

ex
ic

o,
 P

er
u,

Su
ri

na
m

e,
 U

SA
, a

nd
 V

en
ez

ue
la

L
.tr

op
ic

a 
co

m
pl

ex
 (

A
C

L
)

A
fg

ha
ni

st
an

, A
ze

rb
ai

ja
n,

 I
nd

ia
, I

ra
n,

 I
ra

q,
 I

sr
ae

l, 
M

or
oc

co
, P

ak
is

ta
n,

 S
yr

ia
, T

ur
ke

y,
 a

nd
 U

zb
ek

is
ta

n

L
.m

aj
or

 c
om

pl
ex

 (
Z

C
L

)
A

fg
ha

ni
st

an
, A

lg
er

ia
, A

ze
rb

ai
ja

n,
 B

ur
ki

na
 F

as
o,

 C
am

er
oo

n,
 C

ha
d,

 E
gy

pt
, E

th
io

pi
a,

 G
am

bi
a,

 G
eo

rg
ia

, G
ha

na
,

G
ui

ne
a 

B
is

sa
u,

 I
nd

ia
, I

ra
n,

 I
ra

q,
 I

sr
ae

l, 
Jo

rd
an

, K
az

ak
hs

ta
n,

 K
en

ya
, K

uw
ai

t, 
L

ib
ya

, M
al

i, 
M

au
ri

ta
ni

a,
 M

on
go

lia
,

M
or

oc
co

, N
ig

er
, N

ig
er

ia
, O

m
an

, P
ak

is
ta

n,
 S

au
di

 A
ra

bi
a,

 S
en

eg
al

, t
he

 S
ud

an
, S

yr
ia

, T
un

is
ia

, T
ur

ke
y,

T
ur

km
en

is
ta

n,
 U

zb
ek

is
ta

n,
 a

nd
 Y

em
en

L
.a

et
hi

op
ic

a 
co

m
pl

ex
 (

Z
C

L
)

E
th

io
pi

a,
 K

en
ya

, a
nd

 U
ga

nd
a

L
.b

ra
zi

le
ns

is
 c

om
pl

ex
 (

Z
C

L
)

A
rg

en
tin

a,
 B

el
iz

e,
 B

ol
iv

ia
, B

ra
zi

l. 
C

ol
om

bi
a,

 C
os

ta
 R

ic
a,

 E
cu

ad
or

, F
re

nc
h 

G
ui

an
a,

 G
ua

te
m

al
a,

 H
on

du
ra

s,
M

ex
ic

o,
 N

ic
ar

ag
ua

, P
an

am
a,

 P
ar

ag
ua

y,
 P

er
u,

 a
nd

 V
en

ez
ue

la

L
.g

uy
an

en
si

s 
co

m
pl

ex
 (

Z
C

L
)

A
rg

en
tin

a,
 B

el
iz

e,
 B

ol
iv

ia
, B

ra
zi

l. 
C

ol
om

bi
a,

 C
os

ta
 R

ic
a,

 E
cu

ad
or

, F
re

nc
h 

G
ui

an
a,

 G
ua

te
m

al
a,

 G
uy

an
a,

H
on

du
ra

s,
 N

ic
ar

ag
ua

, P
an

am
a,

 P
er

u,
 S

ur
in

am
e,

 a
nd

 V
en

ez
ue

la

M
uc

os
al

/m
uc

oc
ut

an
eo

us
 L

ei
sh

m
an

ia
si

s 
(M

L
)

L
.b

ra
zi

lie
ns

is
 c

om
pl

ex
A

rg
en

tin
a,

 B
el

iz
e,

 B
ol

iv
ia

, B
ra

zi
l. 

C
ol

om
bi

a,
 C

os
ta

 R
ic

a,
 E

cu
ad

or
, F

re
nc

h 
G

ui
an

a,
 G

ua
te

m
al

a,
 H

on
du

ra
s,

M
ex

ic
o,

 N
ic

ar
ag

ua
, P

an
am

a,
 P

ar
ag

ua
y,

 P
er

u,
 a

nd
 V

en
ez

ue
la

L
.g

uy
an

en
si

s 
co

m
pl

ex
C

ol
om

bi
a,

 C
os

ta
 R

ic
a,

 E
cu

ad
or

, G
ua

te
m

al
a,

 H
on

du
ra

s,
 N

ic
ar

ag
ua

, a
nd

 P
an

am
a

V
is

ce
ra

l L
ei

sh
m

an
ia

si
s 

(V
L

; K
al

a-
A

za
r)

L
.d

on
ov

an
i c

om
pl

ex
 (

A
V

L
, Z

V
L

)
A

fg
ha

ni
st

an
, A

lb
an

ia
, A

lg
er

ia
, A

rg
en

tin
a,

 A
rm

en
ia

, A
ze

rb
ai

ja
n,

 B
an

gl
ad

es
h,

 B
hu

ta
n,

 B
ol

iv
ia

, B
os

ni
a 

&
H

er
ze

go
vi

na
, B

ra
zi

l, 
B

ul
ga

ri
a,

 C
ha

d,
 C

en
tr

al
 A

fr
ic

an
 R

ep
ub

lic
, C

hi
na

, C
ol

om
bi

a,
 C

ro
at

ia
, C

yp
ru

s,
 D

jib
ou

ti,
E

gy
pt

, E
l S

al
va

do
r,

 E
ri

tr
ea

, E
th

io
pi

a,
 F

ra
nc

e,
 G

am
bi

a,
 G

eo
rg

ia
, G

re
ec

e,
 G

ua
te

m
al

a,
 H

on
du

ra
s,

 I
nd

ia
, I

ra
n,

 I
ra

q,
Is

ra
el

. I
ta

ly
, J

or
da

n,
 K

az
ak

hs
ta

n,
 K

en
ya

, K
yr

gy
zs

ta
n,

 L
eb

an
on

, L
ib

ya
, M

ac
ed

on
ia

, M
al

ta
, M

au
ri

at
an

ia
, M

ex
ic

o,
M

on
ac

o,
 M

on
te

ne
gr

o,
 M

or
oc

co
, N

ep
al

, N
ic

ar
ag

ua
, O

m
an

, P
ak

is
ta

n,
 P

ar
ag

ua
y,

 P
or

tu
ga

l, 
R

om
an

ia
, S

au
di

 a
ra

bi
a,

Se
ne

ga
l. 

Sl
ov

en
ia

, S
om

al
ia

, S
pa

in
, S

ri
la

nk
a,

 th
e 

Su
da

n,
 S

yr
ia

, a
nd

 Y
em

en

Po
st

-K
al

a 
–A

za
r 

D
er

m
al

 L
ei

sh
m

an
ia

si
s 

(P
K

D
L

)
L

.d
on

ov
an

i c
om

pl
ex

B
an

gl
ad

es
h,

 C
hi

na
, N

ep
al

, I
nd

ia
, I

ra
n,

 I
ra

q,
 K

en
ya

, P
ak

is
ta

n,
 th

e 
Su

da
n

Vaccine. Author manuscript; available in PMC 2013 January 05.


