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ABSTRACT

Leishmaniasis is a parasitic infectious disease that accounts for
approximately one million new cases annually. The treatment of this
disease is complex and costly, particularly in developing countries.
Numerous studies have been conducted on various vaccines utilizing live
attenuated parasites, killed parasites, subunit antigens, recombinant
vaccines, and DNA technology. However, an effective and widely
applicable preventive vaccine for leishmaniasis has not yet been
developed. Present study aimed to examine the progress in the
development of leishmaniasis vaccines.

Articles for this study were selected from the PubMed, Web of Science
and Scopus databases using relevant keywords, focusing on subject
matter, scientific quality, and publication date, with an emphasis on more
recent publications.

Research on the development of leishmaniasis vaccines indicates that
several candidates, such as Leishmune, CaniLeish, and Leish-Tec, which
are at various stages of clinical trials, may serve as suitable options for
controlling and preventing leishmaniasis in dogs. The LeishChim
vaccine, designed using immunoinformatics and molecular docking
techniques, has shown promising efficacy results in mouse studies.
Additionally, the mutant gene-centered LmCen-/- vaccine has completed
Phase 1 clinical trials in humans.

Given the importance of developing a leishmaniasis vaccine, research in
this area continues. Utilizing immunoinformatics and biological
modeling studies can aid in the faster identification of effective vaccine
candidates.
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Extended Abstract

Leishmaniasis is a significant global health
challenge, particularly in impoverished and
developing regions. This disease, caused by
protozoan parasites of the genus Leishmania, is
transmitted to vertebrate hosts through the bites
of infected female phlebotomine sandflies. It is
endemic in over 100 countries and affects
approximately 350 million people worldwide.
Leishmaniasis presents in three primary forms:
visceral leishmaniasis (kala-azar), cutaneous
leishmaniasis, and mucocutaneous
leishmaniasis. The complexity of diagnosing
leishmaniasis arises from the variability of
symptoms and the need for multiple diagnostic
methods, highlighting the importance of
effective treatment and prevention strategies.
This paper summarizes the progress made in
creating leishmaniasis vaccines, highlighting
various vaccine candidates and their efficacy.
Current Treatment Challenges

Current therapeutic strategies for leishmaniasis
primarily depend on chemotherapy, which
poses risks of adverse effects and the potential
for drug resistance. The World Health
Organization (WHO) highlights the urgent need
for effective therapies, advocating vaccination
as a viable prevention method. Vaccines work
by stimulating the immune system to recognize
and combat specific pathogens, preventing
infection and disease progression. The
limitations of existing treatments, along with
the emergence of drug-resistant strains,
emphasize the necessity for innovative
solutions to combat this infectious disease.
Immune Response to Leishmaniasis

Research indicates that protective immune
responses against leishmaniasis are closely
linked to the activation of T-helper 1 (Thl)
cells and the production of interferon-gamma
(IFN-y).  Understanding  these = immune
mechanisms is essential for developing
effective vaccines. The immune response to
Leishmania infection involves both innate and
adaptive immunity, highlighting the roles of
macrophages, dendritic cells, and T cells in
controlling the infection. The interaction among
these immune components is critical for
establishing a robust defense against the
parasite, making it imperative for vaccine
strategies to enhance this immune response.

Vaccine Development Strategies

Vaccine development for leishmaniasis has
developed significantly, categorized into three
main generations:

1. First-Generation Vaccines: These vaccines
are based on whole- killed parasites. Animal
studies indicate that these vaccines exhibit
promising efficacy, raising hopes for their
application in human trials. Notable candidates
include the killed whole Leishmania vaccine,
which combines killed L. amazonensis and L.
mexicana with Bacillus Calmette-Guérin
(BCG), achieving a 95% recovery rate in
cutaneous leishmaniasis and inducing a Thl
immune  response.  Another  candidate,
Leishvacin, contains killed promastigotes of L.
amazonensis and BCG, showing promise
against  canine  leishmaniasis.  Various
formulations with different Leishmania strains
are also being explored. While these vaccines
have demonstrated promising efficacy in animal
studies and are well-tolerated in Phase | and 1l
trials, they have not met expectations in Phase
11 trials.

2. Second-Generation Vaccines: These
vaccines utilize recombinant proteins and are
designed to produce specific antigens from
Leishmania using vectors derived from
bacteria, viruses, or genetically modified
parasites. This approach allows for the
production of pure antigens cost-effectively.
Notable examples include candidates based on
Leishmania antigenic subunits such as gp63,
p36/LACK, A-2, and FML. These antigens can
be delivered wusing carrier systems like
liposomes, chitosan, and nanoparticles,
directing the immune response toward
appropriate pathways to combat the disease.
Vaccines, such as LEISH-F1, LEISH-F2, and
LEISH-F3, have shown protective immune
responses during clinical trials. LEISH-F1,
previously known as Leish-111f, has advanced
to Phase Il trials, demonstrating efficacy in
generating protective immunity in healthy
volunteers and treating cutaneous or mucosal
leishmaniasis. Similarly, LEISH-F2 is
undergoing Phase Il trials to evaluate its
therapeutic effects on cutaneous leishmaniasis
patients. Studies have shown that proteins like
gp63, when used as a subunit in cationic
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liposomes, can enhance T cell activation and
IFN-y production. Furthermore, the
incorporation of adjuvants such as MPLA
(monophosphoryl lipid A) has been shown to
significantly boost the immunogenicity of these
vaccines, leading to improved protective
outcomes in animal models. Additionally, live
attenuated vaccines and genetically engineered
strains are being explored, with some showing
potential in preclinical studies. Live attenuated
vaccines for Leishmania are created by
culturing the parasites in a lab for extended
periods. Techniques like gamma irradiation and
genetic modifications disable virulence genes,
enabling the vaccine to trigger an immune
response without causing disease.

Recent advancements in Leishmania vaccines
involve genetically engineered strains with
essential genes, like the p27 gene, knocked out.
These modified parasites can elicit strong
immune responses without causing disease.
Overall, while these second-generation vaccines
present significant promise, ongoing clinical
evaluations are crucial to confirm their efficacy
and safety in broader populations.

3. Third-generation vaccines utilize naked
DNA or DNA in vectors, focusing on
biotechnological innovations like chimeric
vaccines for effective immunizations. These
vaccines, similar to subunit types, do not induce
disease in immunocompromised individuals
and can be single or multi-gene formulations.
They enhance both cellular and humoral
immunity, targeting CD8+ T cells. For instance,
the ChAd63-KH vaccine activates CD8+T cells
against Leishmania and is currently in Phase Il
trials for safety in post-kala-azar dermal
leishmaniasis (PKDL). Overall, DNA vaccines
show promise in providing long-lasting
protection against Leishmania in animal
models, but thorough assessments of the risks
associated with DNA integration are essential.

New Approaches in Leishmania Vaccine
Studies

Recent studies employing immunoinformatics
and molecular docking have identified
promising candidates for Leishmania vaccines.
For instance, a 2023 study identified a chimeric
multi-epitope  protein  called LeishChim,
capable of binding to MHCI and MHCII
molecules, as a safe and effective candidate for
L. infantum, L. major, and L. braziliensis. This
protein, encapsulated with monophosphoryl
lipid A (MPLA) in PLGA nanoparticles,
showed positive results in BALB/c

Mice, including increased memory CD4+ T
cells and production of IFN-y and TNF by
CD4+ and CD8+ T cells, indicating the
vaccine's efficacy.

Conclusion

Vaccines are crucial for controlling diseases,
with the development of safe and affordable
options for leishmaniasis being a global health
priority. However, significant challenges arise
from the differences between animal models
and human diseases, complicating the
translation of research findings. Additionally,
many questions about immune responses and
long-term  immunity during Leishmania
infections remain unanswered. Currently,
several vaccines are in various phases of human
clinical trials. Notable candidates include the
second-generation vaccine LEISH-F2, which
shows promise for preventing human
leishmaniasis, and the LmCen-/- gene mutation
vaccine, which has completed Phase | trials.
Animal vaccines like Leishmune, CaniLeish,
and Leish-Tec are also recommended for
controlling the disease. Furthermore, using
multiple antigens may enhance success,
especially with second-generation vaccines like
Leish-111f and MPL-SE. Despite these
advancements, more clinical trials are necessary
to validate the efficacy of these candidates,
highlighting the ongoing challenges in vaccine
development for leishmaniasis.
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