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Abstract

Neglected tropical diseases (NTDs), particularly those with prominent cutaneous
manifestations such as leishmaniasis, leprosy, and Buruli ulcer, represent a substan-
tial global health burden, affecting hundreds of millions of people and perpetuating
cycles of poverty and disability. Despite the current availability of treatment strate-
gies, vaccines remain the most sustainable and cost-effective intervention that can
reduce reliance on chemotherapeutics. However, vaccine research and development
(R&D) for these diseases face considerable challenges that cannot be overcome
without a strategic shift in response by national and international health programmes
and organisations, research funders, and the pharmaceutical industry. This paper
draws on collective insights from the VALIDATE Network workshop on “Vaccines for
Skin Neglected Tropical Diseases—Progress and Challenges” (Bogota, Colombia,
5-8 May 2025). We advocate for a multisectoral shift across three critical pillars: i)
an increase in funding for NTD vaccine R&D, ii) integration of NTD vaccine R&D into
the preparedness and response policies by international agencies and local gov-
ernments, and iii) fostering patient and public engagement and advocacy for NTD
vaccine R&D and implementation. Coordinated efforts across these three pillars will
unlock the transformative potential of vaccines and substantially reduce the health,
societal, and economic burdens from these diseases.
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Introduction

Neglected tropical diseases (NTDs) represent a varied collection of ilinesses pre-
dominantly found in tropical and subtropical areas, deeply entrenched within impov-
erished communities [1,2]. These conditions cause roughly 120,000 deaths annually
and are fundamentally tied to global poverty and inequality, which in turn amplify poor
health, restrict educational access, and diminish worker output. Furthermore, NTDs
result in an estimated 14.1 million disability-adjusted life years (DALYSs) lost each
year, creating a massive economic burden through billions of dollars in direct health-
care expenses and lost productivity across developing nations [3].

Nearly half of NTDs defined by the World Health Organization (WHO) manifest
primarily in the skin [1,2]. This paper focuses on skin NTDs caused by the intracellu-
lar pathogens Leishmania (cutaneous, mucocutaneous, and post-kala azar dermal
leishmaniasis) and Mycobacteria (leprosy and Buruli ulcer, BU), which exemplify the
societal and scientific challenges posed by NTDs, as they lead to chronic disability,
severe disfigurement, and profound social stigma [4]. More broadly, the catastrophic
health expenditure, the proportion of direct and indirect costs of NTD diagnosis and
treatment relative to household income, can exceed 11% and reach up to 92% for
patients, often pushing families into financial hardship and debt [5]. This financial
strain contributes to high rates of under-reporting, reduced adherence to prolonged
therapeutic schemes, and perpetuation of transmission cycles, substantially increas-
ing costs to the public health sector [6,7]. This interconnectedness means that invest-
ment in NTD vaccines is not merely a health intervention, but a fundamental strategy
for economic development and social equity. Yet, vaccines remain largely absent
from the global health arsenal, with no approved human vaccines specifically target-
ing leishmaniasis, leprosy, and BU.

The research and development (R&D) of effective, safe, affordable, and accessible
NTD vaccines is crucial to break the self-perpetuating cycle of poverty and disease.
This is especially relevant where existing drugs face challenges such as severe
toxicity, increasing resistance, accessibility constraints, and poor affordability, as is
the case for antileishmanial and antimycobacterial drugs. Even so, major hurdles limit
skin NTD vaccine R&D: 1) the biological complexity of the host-pathogen relationship
especially for intracellular pathogens; 2) insufficient interest and support from funders
and pharmaceutical companies; 3) epidemiological gaps, such as limited under-
standing of disease burden; 4) insufficient cost-of-illness data to justify large-scale
investment; and 5) policy gaps, such as the lack of mechanisms to accelerate clinical
trials and regulatory approvals (similar to those that operated during the COVID-19
pandemic) to help reduce delays and align international agencies and local govern-
ments with the health urgency. These are further compounded by emerging global
challenges, including climate change, migratory crises, and shifting societal percep-
tions of the risks posed by infectious diseases that altogether threaten coordinated
response efforts [8—10].

VALIDATE (www.validate-network.org) is an international research network con-
necting >900 members in 80 countries working towards the development of effica-
cious vaccines against three groups of NTDs (Mycobacterium spp., Leishmania spp.,
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and Burkholderia pseudomallei). In alignment with WHO'’s vision of integrated management and control of skin NTDs,
VALIDATE conducted a 3-day workshop on “Vaccines for Skin Neglected Tropical Diseases—Progress and Challenges”
with presentations and roundtable discussions involving 29 delegates from 11 countries (5 Low- and Middle-Income
Countries, LMICs), representing different sectors (academia, research, funding bodies, charities, nongovernmental
organisations, and government officials). Results from this workshop led us to propose an integrated approach for skin
NTD vaccine R&D across three critical pillars to address the health, societal, and financial challenges brought on by these
diseases (Fig 1): i) increase in funding, ii) integration into preparedness and response policies by international agencies
and local governments, and iii) fostering patient and public engagement and advocacy.

Current progress in skin NTD vaccine R&D and challenges
Leishmaniasis

The leishmaniases represent a spectrum of clinical diseases, caused by protozoan parasites of the genus Leishmania,
that are endemic in >90 countries spread over Africa, America, Asia, and Europe [11]. Disease manifestations can range
from primary localised cutaneous ulcers (cutaneous leishmaniasis, CL) to debilitating mucosal infections and fatal visceral
leishmaniasis (VL; kala-azar). Globally, CL accounts for an estimated 0.7—1 million new cases annually [12]. In regions of
VL elimination efforts, the prevalence of post-kala azar dermal leishmaniasis (disseminated nodular, papular, or macular
lesions secondary to drug-dependent healing of VL) has increased. This, in addition to the high rates of under-reporting
due to stigma and geographic and public healthcare access barriers, indicates that the burden of CL may be higher than
anticipated [13,14].

The available control strategies for leishmaniasis are vector management (in areas without sylvatic transmission)
and active case detection followed by treatment, both with substantial implementation barriers [12]. Traditional first-line
chemotherapeutic treatment relies on toxic parenteral drugs with prolonged therapeutic schemes (>20 days), which are
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Fig 1. Pillars for advancing vaccines against skin NTDs. Success in vaccine development requires: (1) increased and dedicated funding for research
and development; (2) integration of policies that prioritise prevention and strengthen health programs; and (3) enhanced patient and public engagement
and vaccine advocacy. At the foundation of these efforts lies strong discovery science, which drives all subsequent progress. Created in BioRender.
Novais, F. (2026) https://BioRender.com/7tfd109.

https://doi.org/10.1371/journal.pntd.0014375.9001
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increasingly challenged by drug resistance, limited adherence, and barriers to access, threatening this control measure.
Local treatments (such as thermotherapy, cryotherapy, or intralesional antimony) are alternatives for patients present-
ing uncomplicated CL, however only representing 20% to 50% of cases in some endemic areas [15]. Thus, a vaccine is
urgently needed. Modelling studies indicate that a vaccine with even modest efficacy (50%) and short-term protection (5
years) would be more cost-effective than existing chemotherapies for CL and VL (e.g., a two-dose vaccine, $0.5/dose,
compared to $180 for a 20-day regimen of pentavalent antimonial drugs) [16].

The potential for vaccination against leishmaniasis is strongly supported by extensive experimental data and epide-
miological evidence of long-term immunity after primary natural infection, manifested by low recurrence rates in endemic
areas [17—19]. This is further supported by the historical practice of leishmanisation, a controlled infection with low vir-
ulence live Leishmania promastigotes (L. major), employed as a formal vaccination programme in the Middle East but
discontinued in the 90s due to safety concerns from nonhealing lesions in some cases [20].

Globally, CL can be caused by more than 20 different Leishmania species, questioning the feasibility of one vaccine
offering cross-species protection [12]. However, genome sequencing revealed >99% of genes with conserved synteny
between the evolutionary divergent L. infantum, L. braziliensis, and L. major species, and high conservation in the cod-
ing sequences with amino acid identity >80%, suggesting the potential for cross-protection [21,22]. Importantly, clinical
observations suggest that immunity acquired through infection with one Leishmania species can provide a degree of
cross-protection against others, raising the possibility that vaccines designed for CL could also confer protection against
the more severe VL, and vice versa [23—25]. However, challenges for universal vaccine development may arise from the
high genome plasticity evidenced in Leishmania, potentially impacting antigen conservation and immunodominance [26].

Several leishmaniasis vaccine candidates (LEISH-F1, LEISH-F2, LEISH-F3, and ChAd63-KH) have been evaluated in
clinical trials for safety and immunogenicity in India, the US, the UK, Sudan, and Peru [17,27-30]. Recombinant subunit
protein vaccines LEISH-F1, F2, and F3 have demonstrated safety and immunogenicity (NCT00111514, NCT00982774,
NCT01484548, and NCT02071758), and the ability to induce Th1-mediated cellular immune response characterised by
IFN-y, TNF-qa, and IL-2 production to activate macrophage-mediated killing of intracellular Leishmania parasites. Notably,
LEISH F2 completed Phase Il study (NCT01011309) showing therapeutic effects in CL patients [30—33]. ChAd63-KH,

a replication-deficient adenovirus expressing a novel synthetic gene encoding two leishmanial proteins KMP-11 and
HASPB, has progressed through a human trial in healthy UK volunteers [34]. Unfortunately, while Phase lla study showed
ChAd63-KH to be safe and immunogenic, a randomised, double-blind Phase llb trial found no significant therapeutic ben-
efit, with no improvement of skin lesions compared to the placebo, among Sudanese patients with post kala-azar dermal
leishmaniasis [29,35]. Of candidates currently positioned for future trials, LmCen™", a CRISPR-generated live-attenuated
L. major strain, has demonstrated 82.5% efficacy against canine VL and Phase | human trials are planned, alongside
Leish F1F3, a recombinant chimeric protein vaccine designed to promote early Th1-mediated cellular and regulatory
immune responses, has demonstrated cross-species protection and strong intradermal response to leishmanial antigen in
murine infection models [36—38].

The progression of the vaccine candidates to Phase Il is hindered by the poor translatability of pre-clinical models
and the absence of well-defined correlates of protection, which complicates both rational vaccine design and the deter-
mination of feasible trial sample sizes. Although murine models clearly dichotomise Th1 and Th2 responses mediating
resistance and susceptibility to infection, respectively, this is not the case for all human dermal leishmaniases [39—42].
Ulcerated chronic lesions and mucocutaneous leishmaniasis illustrate this, where exacerbated Th1 responses contribute
to sustained pathology [43,44]. Achieving effective, durable protection with an effective vaccine requires the induction of
finely controlled immune responses, further shaped by optimal antigen-adjuvant-delivery combinations, an understudied
area in the field of leishmaniasis vaccinology. Progress is accelerating; high-throughput approaches such as immunopep-
tidomics enable direct identification of Leishmania-derived antigens presented in patients, ensuring relevance to natural
human infections [45,46]. In addition, a controlled human infection model of cutaneous leishmaniasis using natural sand
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fly transmission has been established, allowing early human efficacy signals and in-depth immunological profiling already
in Phase | stage [47].

The WHO has set ambitious 2030 targets for leishmaniasis, including eliminating VL as a public health problem and
detection of 85% of global CL cases, with 95% of these receiving treatment [2,48]. Despite this, global and national strate-
gies still omit human vaccine development, leaving these efficient and preventive tools underfunded, creating a barrier to
sustainably reduce the burden of VL and CL.

Leprosy

Leprosy or Hansen'’s disease is one of the oldest known human diseases. It is a chronic and stigmatised infectious dis-
ease caused by Mycobacterium leprae and M. lepromatosis bacteria. It primarily affects the skin, peripheral nerves, upper
respiratory tract, and eyes. Leprosy is endemic in regions of the Americas, Africa, and South-East Asia. Worldwide, there
are over 200,000 new cases every year, but that number is likely an underestimate, as people affected by leprosy tend to
avoid surveillance systems [49].

Leprosy is curable with multi-drug therapy (MDT), which consists of three drugs (dapsone, rifampicin, and clofazimine),
but early diagnosis and treatment are critical. Late diagnosis or if left untreated, leaves patients at risk of permanent nerve
damage that can result in the loss of sensation, paralysis, and deformity that lead to permanent disability and stigma.
Based on skin lesions and bacillary load from skin slit smear test, the MDT regimen is either 6 monthly doses of rifampicin
for paucibacillary leprosy (for 1-5 skin lesions with no bacilli count), and 12 monthly doses for multibacillary leprosy (with 6
or more lesions or nerve involvement and/or positive bacilli count), combined with daily doses of dapsone and clofazimine
[49]. MDT has significantly decreased the disease burden over the years, but relapse can occur and leprosy is yet to be
eliminated, with a considerable burden of disability due to late diagnosis and on-going transmission, particularly evident
in paediatric cases [50]. The “elimination” declaration by WHO is defined as “the reduction of prevalence to a level below
one case per 10,000 population”. This target may not go far enough for a disease as stigmatised as leprosy and may
unduly shift resources and financial support needed for patient care and research [51-53].

Prevention strategies for leprosy are challenging because the transmission mechanism is not exactly clear, the bacilli
cultivation to study infection requires animals (mice and nine-banded armadillos), and the disease has a long incubation
period, from 6 months to 20 years before symptoms manifest in a clinically diagnosable form. The WHO recommends
contact tracing and a single dose of rifampicin as preventive chemotherapy for anyone in close contact with a leprosy
patient. However, the use of antibiotics to prevent leprosy is not a long-term solution and can exacerbate the rise of antibi-
otic resistance, risking treatment options for other mycobacterial infections, making MDT futile, and adding to the already
major challenge that M. leprae and M. lepromatosis cannot be easily cultivated in the lab for either diagnostic or research
purposes [54].

No approved leprosy-specific vaccine currently exists, though BCG vaccine (attenuated M. bovis used against tubercu-
losis since 1921) offers variable protection. In 2018, the WHO recommended BCG be given to healthy neonates at birth
for leprosy prevention [55]. However, clinical trials provide conflicting data, with an efficacy range between 18 and 90%,
and demonstrable waning protection within 10 years [56-59].

Several leprosy vaccine candidates have emerged over the years, but the majority have not progressed beyond
pre-clinical and clinical stages [60,61]. The developments involved the formulation of bacilli of the same genus as M.
leprae, such as M. habana, M. vaccae, ICRC (Indian Cancer Research Centre) bacilli, and MIP (Mycobacterium indicus
pranii, formerly Mw). These were tested in clinical trials for disease prevention in exposed populations. None demon-
strated overall superior efficacy compared to BCG. However, MIP did demonstrate protective efficacy of 68%, 59%, and
39% at 3-, 6-, and 9-year follow-up, respectively [62]. Interestingly, MIP has also proven to be efficient as an adjunct to
MDT, improving clinical endpoints in patients (e.g., quicker clinical improvements, clearance of granulomas, and a drop in
bacilli count) [63]. MIP is approved by the Drugs Controller General of India and the U.S. Food and Drug Administration
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(FDA), and it has been licensed to Cadila Pharmaceuticals. In 2017, the Indian Council for Medical Research launched
an immunisation project to eradicate leprosy in leprosy-endemic districts using MIP in addition to MDT [64]. Furthermore,
there is an on-going phase lll randomised controlled study in India (CTRI/2021/09/036335) to evaluate and compare the
immunotherapeutic efficacy of MIP and BCG-vaccines as an adjunct to chemotherapy in multibacillary leprosy patients.

There is a promising new vaccine candidate based on defined antigens and human immunology: LepVax [65]. It con-
sists of two active ingredients, the Lep-F1 antigen, a tetravalent fusion protein engineered with three M. leprae T cell anti-
gens and a protein expression stabiliser, and the adjuvant, a synthetic Toll-like receptor 4 agonist glucopyranosyl lipid A in
a stable emulsion that promotes antigen-specific Th1 responses. It had a successful Phase | safety and immunogenicity
trial in healthy volunteers in the U.S. under FDA regulation, and is now in Phase Ib/lla clinical trial to assess its safety and
efficacy in leprosy-endemic regions in Brazil [66].

As is the case for leishmaniasis, advancement of clinical trials for leprosy vaccines requires a better understanding
of the immune mechanisms of protection against M. leprae, identifying correlates of protection, determining efficacy
endpoints for vaccine trials, ensuring safety and effectiveness in people with subclinical M. leprae infection, and having
long-term financial support and investment. Furthermore, social and sometimes institutionalised stigma associated with
leprosy can be a significant barrier to care-seeking and participation in health interventions. For example, there are 127
discriminatory laws in 22 countries (most in India) based on leprosy [67]. These laws (e.g., employment opportunities,
segregation, divorce, and disqualification to stand in an election) are often relics of outdated, colonial-era fears and mis-
conceptions about the disease, primarily stemming from the false belief that it is highly contagious.

The WHO Global Leprosy Strategy 2021-2030 is structured around four key priorities: implementing integrated,
country-owned zero leprosy roadmaps; scaling up leprosy prevention alongside integrated active case detection; man-
aging leprosy and its complications to prevent new disability; and combating stigma while ensuring human rights [67].
Vaccine is part of strategic objectives for integration and prevention with existing and potential new vaccines, but vaccine
R&D is not explicitly mentioned as a priority or a dedicated goal. This strategic oversight hinders a truly proactive elimina-
tion approach, as a vaccine is essential for interrupting transmission and achieving the long-term goal of elimination of the
disease as a health threat.

Buruli ulcer (BU)

BUs, caused by M. ulcerans, are typically slowly progressive lesions characterised by extensive tissue destruction.
Delayed treatment can result in cosmetic deformity, functional impairment, disability, and psychological harm, all of which
are intrinsically linked to poverty and inequity [68,69]. Its profound impact on public health necessitates a strategic shift
towards preventive interventions, notably vaccination. BU is reported in over 30 countries, predominantly in West Africa
and Australia [68]. While global reported cases to the WHO have decreased, this trend masks the rapidly increasing inci-
dence in Australia and the challenges of reporting cases in stigmatised and vulnerable African communities [70]. In Africa,
health expenditure can push families into hardship and debt, which in turn reduces adherence to prolonged treatment and
sustains the cycle of poverty [5].

In Australia, the Aedes notoscriptus mosquito is implicated with transmission, but in endemic African communities, the
transmission has been associated with direct and indirect exposure to wetland areas and aquatic insects, complicating
prevention strategies [71,72]. A case study in Cameroon found a decreased risk of BU by 32% and 34% with bed net use
and wound care, respectively [73]. Moreover, the diagnosis of BU is frequently delayed [74]. The nonspecific and relatively
painless nature of early lesions, coupled with their insidious onset, makes clinical diagnosis of early lesions difficult. While
1IS2404 polymerase chain reaction is the diagnostic test of choice, access is limited in remote endemic communities, and
its effectiveness is highly dependent on correct sample collection, with high false negative rates for nonulcerated lesions
or incorrect swabbing techniques [75,76]. Current treatment relies on an 8-week course of rifampicin-based combination
oral antibiotic therapy, which, despite being highly effective in curing the disease, presents substantial challenges [77].
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These include significant toxicities, drug interactions, and the development of paradoxical reactions in approximately one
in five patients, which are associated with increased tissue necrosis and delayed wound healing [78,79]. Furthermore,
ulcers usually enlarge with antibiotic treatment and typically take many months to fully heal [80]. Many of these complicat-
ing factors are a likely consequence of the lipid-like M. ulcerans exotoxin mycolactone, which has profound and severe
pleiotropic effects on host tissue [81-83]. This highlights that effective treatment alone is insufficient to address the full
burden of BU, underscoring the critical need for prevention. Furthermore, a laboratory study using a murine infection
model suggests that there is indeed a window during which clinical disease can be controlled by the host immune system
following transmission from the environment, strengthening the case for vaccine development [84].

Currently, there is no effective licensed vaccine specifically for the prevention of M. ulcerans infection [85,86]. A key
scientific challenge to BU vaccine R&D is the immunosuppressive nature of mycolactone [87]. In addition, the correlates
of immune protection in humans are largely unknown [88]. The BCG vaccine appears to offer significant but non-
durable effectiveness against BU (similar to leprosy), although early trials had several limitations [86]. In mice, recom-
binant BCG-vaccines, modified to express M. ulcerans-specific antigens, appear to be a promising advance on BCG
vaccine alone [89]. More recently, a composite vaccine (Burulivac) containing two immunodominant M. ulcerans antigens,
coupled with an adjuvant and a low dose of mycolactone, has shown sterilising immunity in a murine challenge model
[90]. mRNA-based vaccines are also in development (www.baxerna.eu). However, despite the emergence of promising
vaccine candidates, a major challenge now lies in translating these results into clinical trials, as no BU-specific vaccine
candidate has ever reached this stage. Additionally, the sporadic and unpredictable epidemiology of BU makes large-scale
field testing unfeasible. A controlled human infection model for BU is currently in development in Australia; this experi-
mental platform holds the potential to fundamentally advance the understanding of early human immune responses and
rapidly evaluate vaccine candidates, directly addressing scientific and logistical barriers [91-93].

Despite scientific breakthroughs and the potential of controlled human infection models to fast-track vaccine selection,
the primary strategy by WHO for BU control focuses on early detection and antibiotic treatment, with vaccine R&D not
explicitly listed as a key research priority. This absence of a clear policy focus on vaccine R&D suggests a missed oppor-
tunity and a perpetuation of a reactive, treatment-centric approach.

Intensifying the efforts

For all three diseases, despite significant scientific progress in identifying vaccine candidates (Fig 2), approved human
vaccines remain elusive and are not expected soon. This highlights a fundamental disconnect between market and public
health need, where scientific feasibility is present, but financial incentives and regulatory pathways are not adequately
aligned to support research along the technology readiness pipeline, to bring these products to market. The so-called “val-
ley of death” between promising research and a licensed product is primarily financial and logistical barriers. To intensify
our efforts and advance vaccine R&D for skin NTDs, we call for the implementation of three major pillars:

Pillar 1: Increase in funding for skin NTD vaccine R&D

The R&D of skin NTD vaccines faces significant financial challenges because of the perception that development costs
outweigh financial returns, meaning that there is no commercial incentive for pharmaceutical companies. Vaccine R&D

is inherently expensive, estimated at hundreds of millions of dollars over 12—15 years, with a significant risk of failure.
Hence, major global health investors have shifted their focus from NTD vaccines to diseases of emergency preparedness.
Moreover, the true economic burden of NTDs is often underestimated, neglecting issues such as lost productivity, social
stigma, and costs to the public health sector. This hinders the case for investment and calls for comprehensive mathemat-
ical modelling, a cost-effective tool for quantifying the true cost of skin NTDs. For policymakers and pharmaceutical com-
panies, such models would be extremely useful when making a clear business case: while a vaccine has an initial high
cost, it ultimately saves billions in avoided treatment costs and DALYs, making it a worthwhile investment. It also calls for
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Fig 2. Global distribution of skin NTDs: Buruli ulcer (blue), leprosy (green), and leishmaniasis (yellow) cases, highlighting the ten countries
with highest number of cases. Overlap between Buruli ulcer and leprosy is shown in blue-green stripes, and overlap between leprosy and leishman-
iasis is shown in green-yellow stripes. The orange shading marks the tropics, with grey dashed lines indicating the equator and subtropics. Candidate
vaccines in pre-clinical or clinical trials are also shown for leprosy (green), Buruli ulcer (blue), and leishmaniasis (yellow). Created in BioRender. Novais,
F. (2026) https://BioRender.com/7tfd109.

https://doi.org/10.1371/journal.pntd.0014375.g002

innovative funding models and lessons, such as strengthening manufacturing and regulatory capacity in endemic regions.
Donors and investors are more likely to commit resources if a sustainable and long-term impact could be expected. There-
fore, linking vaccine development and technology transfer to capacity building in endemic regions would significantly
reduce costs, lower risks, and ensure that funding translates into sustainable impacts. This makes the investment case

for NTD vaccines not just more compelling but also more attractive to both public and private funders. The experience of
COVID-19 vaccine R&D demonstrated that substantial upfront funding, advance purchase agreements, and market com-
mitments can effectively de-risk development and incentivise manufacturers.

Priority Review Vouchers (PRVs), introduced by the U.S. FDA in 2007, incentivise the development of new drugs
for certain diseases [94]. Upon FDA registration of an NTD drug, a voucher is issued that grants expedited review.
These can be resold, and the estimated market value of these vouchers was estimated to be US$100 million in 2024,
making them flexible, untied, financial incentives to developing drugs to tackle NTDs [95]. PRVs have been instru-
mental in the development of the first Chikungunya vaccine, as well as dengue vaccine, which generated a significant
profit [96—98]. The European Union is actively exploring a similar, improved scheme, potentially involving the Euro-
pean Health Emergency Preparedness and Response Authority. However, some have pointed out flaws in and limited
impact of the PRV system [99]. Similarly, the Brazilian regulatory agency, Anvisa, has a priority review system for peti-
tions (RDC No. 204, dated December 27, 2017). Priority will be given to petitions for prior approval in clinical research
processes and substantial amendments for drugs intended for neglected, emerging, or re-emerging diseases, public
health emergencies.
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Development Impact Bonds (DIBs) offer another novel financing model [100]. They leverage upfront private sector
investment, with donors repaying capital (plus a potential return) only if clearly defined and measured development
outcomes are achieved. This mechanism transfers the risk of program failure from donors to social investors, incentiv-
ising rigor and successful delivery. DIBs provide a “front-loaded” cash flow profile, ideally suited for initiating large-scale
interventions like mass vaccination campaigns, which require high upfront costs to interrupt transmission, contrasting with
traditional flat year-on-year funding. This approach is currently being explored for zoonotic sleeping sickness and rabies
control in Uganda and is broadly applicable to most NTDs where existing disease control tools are available [101,102].

Public-Private Partnerships are also essential, as they foster collaboration between governments, academia, not-for-
profit organisations, and the private sector [103,104]. For example, governmental funds such as the U.S. Centers for
Disease Control and Prevention, the UK’s Foreign, Commonwealth & Development Office, and Agence Frangaise de
Développement, work extensively with pharmaceutical partners who generously donated billions of dollars in treatments.
Examples are the partnerships between the Sasakawa Health Foundation and Novartis who have provided free leprosy
drugs through the WHO since the mid-1990s, and the Global Health Innovative Technology Fund, which in 2023 commit-
ted ~¥150.38 million (~US$1.0 million) to advance LepVax into Phase Ib/lla clinical evaluation led by Sasakawa Health
Foundation, American Leprosy Missions, and IOC/Fiocruz in Brazil. Funding opportunities from LMICs are also important,
as these countries often prioritise diseases endemic to their regions and can fund local initiatives (e.g., clinical trials, vac-
cination campaigns, and mobile health clinics), thereby fostering regional ownership and relevance.

The success of COVID-19 vaccine R&D, driven by unprecedented public and philanthropic investment and risk-
sharing, is a compelling blueprint for accelerating NTDs vaccine development. This demonstrates that the biggest obsta-
cle for NTD vaccines is not scientific capacity but a lack of comparable financial commitment and market incentives.
Advocating for an increase in NTD vaccine funding should explicitly reference the COVID-19 model as a highly effective
strategy, emphasising that similar political and financial commitments can yield game-changing results. The funding strat-
egies for NTD vaccines should aim to alter the existing market dynamics to make NTD vaccine development much more
attractive to commercial entities. This will require a blend of philanthropic support, local government commitment, and
innovative mechanisms that can bridge the gap to commercial viability.

Pillar 2: Integration of NTD vaccine R&D into the preparedness and response policies by international
agencies and local governments

The WHO “Ending the neglect to attain the sustainable development goals: a roadmap for NTDs 2021-2030” outlines
ambitious global targets, including a 90% reduction in the number of people requiring NTD interventions, a 75% reduction
in NTDs-related DALY, and at least 100 countries eliminating one NTD by 2030 [1,2]. The roadmap strongly emphasises
the need to move away from vertical disease-specific programs to integrated, cross-cutting approaches. These should
focus on public health interventions such as preventive chemotherapy, vector control, veterinary health, water, sanitation,
and hygiene. The WHO also published their strategic framework for integrated control and management of skin NTDs,
consisting of six core interventions: early case detection, clinical diagnosis, laboratory confirmation, treatment, manage-
ment of complications, and prevention [4]. Recently, at the 78th World Health Assembly in 2025, resolution WHA78.15
“Skin diseases as a global health priority” was adopted, highlighting the critical impact of these diseases [105]. While the
roadmap and the framework highlight the need for these important programmatic actions and cross-cutting approaches,
disappointingly, they do not explicitly prioritise vaccine R&D for leishmaniasis, leprosy, or BU, despite the transformative
potential of vaccines to reduce the burden of these diseases.

The blueprint for addressing this gap comes from the tuberculosis (TB) field: in 2023, the WHO Director-General
launched the TB Vaccine Accelerator Council to tackle systemic barriers in vaccine development and access [106]. This
initiative encourages high-level collaboration among governments, funders, and industry to secure sustainable financing
and ensure equitable distribution. Adopting a similar Accelerator Council framework for skin NTDs could enable progress
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where conventional strategies have failed. Under WHO leadership, a dedicated platform with skin NTD-specific working
groups could prioritise vaccine candidates for leprosy and BU, leveraging advances in mycobacterial immunology from
TB research. This could also include addressing the funding gaps through innovative mechanisms (e.g., aggregated
donor pools), similarly to strategies proposed for TB vaccine R&D. The success by the TB Council shows that overcoming
neglect requires political urgency, diversified pipelines, and community-engaged R&D, all of which are highly relevant also
for skin NTDs. Learning from these lessons could bridge the implementation gaps and accelerate the elimination of skin
NTDs.

Pillar 3: Fostering patient and public engagement and advocacy for skin NTD vaccine R&D

Effective patient and public engagement and policy integration are paramount for the success and sustainability of
global immunisation efforts for NTDs, as they can help address vaccine hesitancy, promote adherence, and build
confidence in vaccination. Community-led strategies have been shown to significantly improve health behaviours for
NTDs [107]. It requires a fundamental shift towards community ownership and strengthening the underlying primary
healthcare system. This involves investing in local health infrastructure, ensuring consistent supply and service deliv-
ery, and empowering local health workers and leaders to act as both implementers and advocates, laying the ground-
work for lasting impact. Moreover, incorporating the patient voices in the planning of R&D process is key to aligning
with clinical needs and facilitating its implementation [108]. This has been highlighted by patients for leishmaniasis
vaccine development [109].

Tackling vaccine hesitancy remains a critical challenge, and was recognised as one of the top 10 global health threats
in 2019 [110]. Reasons include concerns about vaccine safety and side effects, low trust in health systems in some coun-
tries, language barriers, discrimination, and cultural barriers [111-114]. For NTDs, fear or hesitancy to participate in health
interventions is prominent, particularly for skin NTDs that cause lifelong disabilities, severe disfigurement, and profound
social stigma. These are significant barriers to seeking health care, attending screening activities, and participating in
health interventions [115]. Public engagement strategies for skin NTD diseases must therefore confront a dual challenge:
overcoming general vaccine hesitancy and addressing the disease-specific stigma.

Key components of effective public engagement in health strategies for skin NTDs must include transparent and cultur-
ally relevant communication, stakeholders’ participation, trust-building with communities, and inclusion of community feed-
back into R&D process and health policy. Communication efforts must go beyond building vaccine confidence to actively
work on de-stigmatising the disease and promoting early diagnosis and treatment as part of a comprehensive healthcare
approach. Skin health campaigns that screen for multiple conditions can help reduce stigma associated with single-
disease screening and potentially increase vaccine acceptance within a broader context of community well-being. Achiev-
ing this requires proactive, multi-layered strategies for improving communication, trust-building, and local ownership. For
example, a key component of the LepVax project is the active involvement of members from the Brazilian organisation
for people affected by leprosy, known as the “Movement to Reintegrate Persons Affected by Hansen’s Disease”. Their
participation brings valuable perspectives and insights to the investigation, to improve the quality of leprosy services and
increase the uptake of interventions in Brazil. By participation, they can raise awareness about leprosy and create more
intervention opportunities, ultimately working towards eliminating the disease.

Moreover, training and empowering local stakeholders are crucial to any successful vaccine initiative. Community
health workers should be trained in the new vaccine technologies and empowered to become advocates for vaccine
confidence and equitable access, equipped with skills in digital health tools, and culturally sensitive communication, to
maximise knowledge translation in rural and suburban settings. Engaging influential public figures, religious and com-
munity leaders through targeted workshops, can position them as vaccine champions. At the same time, healthcare
providers need specific training on vaccine safety and efficacy, and on how to effectively disseminate that information to
communities, to counter misinformation. Ultimately, public engagement must therefore extend beyond simple information
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campaigns, and tackle digital misinformation, foster long-term health education, ensure inclusivity, and adapt strategies
that realistically capture community impact in order to build lasting vaccine confidence and sustainability.

Conclusions and recommendations

NTD R&D relies heavily on public and philanthropic organisations and the pharmaceutical industry. However, the global
health technology community has largely shifted its focus away from NTD vaccines, instead prioritising diseases of “emer-
gency preparedness” or those requiring lower-risk technologies [116]. This is reflected in the recent G-FINDER report,
which shows that the overall NTD R&D remained stagnant or declined, and that there was an increased focus on pre-
paredness to emerging infectious diseases and mRNA technology [117].

The limited focus on vaccine R&D for leishmaniasis, leprosy, and BU in WHO Global Health policy is a manifestation
of a broader systemic problem. The “neglect” inherent in “neglected tropical diseases” seemingly extends to their vac-
cine R&D too. The market forces do not incentivise vaccine R&D to these diseases, and global health priorities are often
swayed by more immediate, high-profile threats (e.g., COVID and mpox). The unintended consequence of this structural
neglect means that even when promising candidates emerge from research, they struggle to secure the sustained funding
and policy backing necessary for progression to licensure and widespread deployment.

Yet, vaccines for skin NTDs represent the most powerful, sustainable, and cost-effective intervention available, capable
of breaking the vicious cycle of poverty and disease that traps millions of people globally. The scientific progress in identi-
fying promising candidates for leishmaniasis (LmCen™-, LEISH F1/F2/F3), leprosy (LepVax, Mw/MIP), and BU (Burulivac)
demonstrates that these goals are scientifically within reach. Realising their transformative potential will now require a
concerted, multi-pronged, and sustained global effort by all stakeholders involved. This includes investment in vaccine
R&D through financial innovation, community empowerment and engagement, and updates in WHO response policies,
more strongly advocating for vaccine R&D.

By strategically investing in NTD vaccine R&D, optimising regulatory pathways, and empowering affected communities,
the global community can significantly reduce suffering, foster economic development, and advance global health equity,
aligning with the ambitious targets of the WHO NTD Road Map 2021-2030 and the broader Sustainable Development
Goals. The ultimate success of NTD vaccine programs is not solely about developing and deploying vaccines, but integra-
tion into a robust health ecosystem that can sustain prevention, diagnosis, and treatment of these diseases.

Acknowledgments

We would like to thank the Membership of the VALIDATE Network Skin NTDs Working Group for their contributions to this
work: Blakeley Nixon, Daniela Pagliara Lage, Bartira Rossi-Bergmann, Veronica Schmitz, Sundeep Vedithi, Chyntia Caro-
lina Diaz Acosta, Rachel Simmonds, Luciana Balboa, Alexandra Cossio, Maria |. Echavarria, and Maria Elena Bottazzi.

Scoping exercise for examples of Priority Review Vouchers (PRVs), Development Impact Bonds (DIBs), and Public-
Private Partnerships (PPPs) was done by assistance of Al, with selected examples than verified by the authors.

References

1. WHO. Ending the neglect to attain the sustainable development goals: a framework for monitoring and evaluating progress of the road map for
neglected tropical diseases 2021-2030. World Health Organization; 2021.

2. WHO. Ending the neglect to attain the sustainable development goals: a road map for neglected tropical diseases 2021-2030. Overview 1st ed.
Geneva: World Health Organization; 2021.

3. WHO. Neglected tropical diseases. Available from: http://www.who.int/health-topics/neglected-tropical-diseases

4. WHO. Ending the neglect to attain the sustainable development goals: a strategic framework for integrated control and management of skin-related
neglected tropical diseases. 1st ed. Geneva: World Health Organization; 2022.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0014375 June 5, 2026 11/16



http://www.who.int/health-topics/neglected-tropical-diseases

PLO“- Neglected Tropical

10.

1.

12.
13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24,

25.

26.

27.

28.

29.

Diseases

Patikorn C, Cho J-Y, Higashi J, Huang XX, Chaiyakunapruk N. Financial hardship among patients suffering from neglected tropical diseases: a
systematic review and meta-analysis of global literature. PLoS Negl Trop Dis. 2024;18(5):e0012086. https://doi.org/10.1371/journal.pntd.0012086
PMID: 38739636

Hailemichael Y, Novignon J, Owusu L, Okyere D, Mtuy T, Alemu AY, et al. The role of economic factors in shaping and constituting the house-
hold burden of neglected tropical diseases of the skin: qualitative findings from Ghana and Ethiopia. Soc Sci Med. 2024;356:117094. https://doi.
org/10.1016/j.socscimed.2024.117094 PMID: 39032192

Ochola EA, Karanja DMS, Elliott SJ. The impact of Neglected Tropical Diseases (NTDs) on health and wellbeing in sub-Saharan Africa (SSA): a
case study of Kenya. PLoS Negl Trop Dis. 2021;15(2):e0009131. https://doi.org/10.1371/journal.pntd.0009131 PMID: 33571200

Choi SH, Beer J, Charrow A. Climate change and the displaced person: how vectors and climate are changing the landscape of infectious diseases
among displaced and migrant populations. Int J Dermatol. 2023;62(5):681—4.

d’Andrea V, Gallotti R, Castaldo N, De Domenico M. Individual risk perception and empirical social structures shape the dynamics of infectious
disease outbreaks. PLoS Comput Biol. 2022;18(2):e1009760. https://doi.org/10.1371/journal.pcbi. 1009760 PMID: 35171901

Jacob P. Climate change remains top global threat across 19-country survey: people see UN favorably and believe ‘common values’ are more
important for bringing nations together than ‘common problems’. Pew Research Center; 2022.

WHO. The global health observatory - explore a world of health data, Leishmaniasis. 2023. Available from: https://www.who.int/data/gho/data/
themes/topics/gho-ntd-leishmaniasis

WHO. Leishmaniasis. 2023. Available from: https://www.who.int/news-room/fact-sheets/detail/leishmaniasis

Joshi AB, Banjara MR, Das ML, Ghale P, Pant KR, Parajuli N, et al. Prevalence of post kala-azar dermal leishmaniasis (PKDL) and treatment seek-
ing behavior of PKDL patients in Nepal. PLoS Negl Trop Dis. 2023;17(2):e0011138. https://doi.org/10.1371/journal.pntd.0011138 PMID: 36758102

Ghosh D, Sagar SK, Uddin MR, Rashid MU, Maruf S, Nath R, et al. Post kala-azar dermal leishmaniasis burden at the village level in selected
high visceral leishmaniasis endemic upazilas in Bangladesh. Int J Infect Dis. 2024;147:107213. https://doi.org/10.1016/].ijid.2024.107213 PMID:
39179149

Uribe-Restrepo AF, Prieto MD, Cossio A, Desai MM, Castro MDM. Eligibility for local therapies in adolescents and adults with cutaneous Leishman-
iasis from southwestern Colombia: a cross-sectional study. Am J Trop Med Hyg. 2019;100(2):306—10. https://doi.org/10.4269/ajtmh.18-0643 PMID:
30628567

Bacon KM, Hotez PJ, Kruchten SD, Kamhawi S, Bottazzi ME, Valenzuela JG, et al. The potential economic value of a cutaneous leishmaniasis
vaccine in seven endemic countries in the Americas. Vaccine. 2013;31(3):480—6. https://doi.org/10.1016/j.vaccine.2012.11.032 PMID: 23176979

Ayala A, et al. Advances in leishmania vaccines: current development and future prospects. Pathogens. 2024;13(9).

Weigle KA, Santrich C, Martinez F, Valderrama L, Saravia NG. Epidemiology of cutaneous leishmaniasis in Colombia: a longitudinal study of the
natural history, prevalence, and incidence of infection and clinical manifestations. J Infect Dis. 1993;168(3):699—708. https://doi.org/10.1093/inf-
dis/168.3.699 PMID: 8354912

Davies CR, Llanos-Cuentas EA, Pyke SD, Dye C. Cutaneous leishmaniasis in the Peruvian Andes: an epidemiological study of infection and
immunity. Epidemiol Infect. 1995;114(2):297-318. https://doi.org/10.1017/s0950268800057964 PMID: 7705493

Pacheco-Fernandez T, et al. Revival of leishmanization and leishmanin. Front Cell Infect Microbiol. 2021;11:639801.

Peacock CS, Seeger K, Harris D, Murphy L, Ruiz JC, Quail MA, et al. Comparative genomic analysis of three Leishmania species that cause
diverse human disease. Nat Genet. 2007;39(7):839-47. https://doi.org/10.1038/ng2053 PMID: 17572675

Real F, Vidal RO, Carazzolle MF, Mondego JMC, Costa GGL, Herai RH, et al. The genome sequence of Leishmania (Leishmania) amazonen-
sis: functional annotation and extended analysis of gene models. DNA Res. 2013;20(6):567—-81. https://doi.org/10.1093/dnares/dst031 PMID:
23857904

Romano A, Doria NA, Mendez J, Sacks DL, Peters NC. Cutaneous infection with Leishmania major mediates heterologous protection against
visceral infection with Leishmania infantum. J Immunol. 2015;195(8):3816-27. https://doi.org/10.4049/jimmunol. 1500752 PMID: 26371247

Karmakar S, Volpedo G, Zhang W-W, Lypaczewski P, Ismail N, Oliveira F, et al. Centrin-deficient Leishmania mexicana confers protection against
Old World visceral leishmaniasis. NPJ Vaccines. 2022;7(1):157. https://doi.org/10.1038/s41541-022-00574-x PMID: 36463228

Fathima PA, Shah HK, Sivalaxmi B, Haritha HA, Ajithlal PM, Aiswarya RS, et al. Genetic diversity of Leishmania donovani causing visceral and
cutaneous leishmaniasis in the Western Ghats, India. Gene. 2024;928:148803. https://doi.org/10.1016/j.gene.2024.148803 PMID: 39074644
Spath GF, Piel L, Pescher P. Leishmania genomic adaptation: more than just a 36-body problem. Trends Parasitol. 2025;41(6):441-8. https://doi.
org/10.1016/j.pt.2025.04.002 PMID: 40316476

Alvar J, Croft SL, Kaye P, Khamesipour A, Sundar S, Reed SG. Case study for a vaccine against leishmaniasis. Vaccine. 2013;31 Suppl 2:B244-9.
https://doi.org/10.1016/j.vaccine.2012.11.080 PMID: 23598489

Volpedo G, Huston RH, Holcomb EA, Pacheco-Fernandez T, Gannavaram S, Bhattacharya P, et al. From infection to vaccination: review-
ing the global burden, history of vaccine development, and recurring challenges in global leishmaniasis protection. Expert Rev Vaccines.
2021;20(11):1431-46. https://doi.org/10.1080/14760584.2021.1969231 PMID: 34511000

Kaye PM, Matlashewski G, Mohan S, Le Rutte E, Mondal D, Khamesipour A, et al. Vaccine value profile for leishmaniasis. Vaccine. 2023;41 Suppl
2:8153-75. https://doi.org/10.1016/j.vaccine.2023.01.057 PMID: 37951693

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0014375  June 5, 2026 12/16



https://doi.org/10.1371/journal.pntd.0012086
http://www.ncbi.nlm.nih.gov/pubmed/38739636
https://doi.org/10.1016/j.socscimed.2024.117094
https://doi.org/10.1016/j.socscimed.2024.117094
http://www.ncbi.nlm.nih.gov/pubmed/39032192
https://doi.org/10.1371/journal.pntd.0009131
http://www.ncbi.nlm.nih.gov/pubmed/33571200
https://doi.org/10.1371/journal.pcbi.1009760
http://www.ncbi.nlm.nih.gov/pubmed/35171901
https://www.who.int/data/gho/data/themes/topics/gho-ntd-leishmaniasis
https://www.who.int/data/gho/data/themes/topics/gho-ntd-leishmaniasis
https://www.who.int/news-room/fact-sheets/detail/leishmaniasis
https://doi.org/10.1371/journal.pntd.0011138
http://www.ncbi.nlm.nih.gov/pubmed/36758102
https://doi.org/10.1016/j.ijid.2024.107213
http://www.ncbi.nlm.nih.gov/pubmed/39179149
https://doi.org/10.4269/ajtmh.18-0643
http://www.ncbi.nlm.nih.gov/pubmed/30628567
https://doi.org/10.1016/j.vaccine.2012.11.032
http://www.ncbi.nlm.nih.gov/pubmed/23176979
https://doi.org/10.1093/infdis/168.3.699
https://doi.org/10.1093/infdis/168.3.699
http://www.ncbi.nlm.nih.gov/pubmed/8354912
https://doi.org/10.1017/s0950268800057964
http://www.ncbi.nlm.nih.gov/pubmed/7705493
https://doi.org/10.1038/ng2053
http://www.ncbi.nlm.nih.gov/pubmed/17572675
https://doi.org/10.1093/dnares/dst031
http://www.ncbi.nlm.nih.gov/pubmed/23857904
https://doi.org/10.4049/jimmunol.1500752
http://www.ncbi.nlm.nih.gov/pubmed/26371247
https://doi.org/10.1038/s41541-022-00574-x
http://www.ncbi.nlm.nih.gov/pubmed/36463228
https://doi.org/10.1016/j.gene.2024.148803
http://www.ncbi.nlm.nih.gov/pubmed/39074644
https://doi.org/10.1016/j.pt.2025.04.002
https://doi.org/10.1016/j.pt.2025.04.002
http://www.ncbi.nlm.nih.gov/pubmed/40316476
https://doi.org/10.1016/j.vaccine.2012.11.080
http://www.ncbi.nlm.nih.gov/pubmed/23598489
https://doi.org/10.1080/14760584.2021.1969231
http://www.ncbi.nlm.nih.gov/pubmed/34511000
https://doi.org/10.1016/j.vaccine.2023.01.057
http://www.ncbi.nlm.nih.gov/pubmed/37951693

PLO“- Neglected Tropical

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49,
50.

51.

52.

53.

Diseases

Chakravarty J, Kumar S, Trivedi S, Rai VK, Singh A, Ashman JA, et al. A clinical trial to evaluate the safety and immunogenicity of the
LEISH-F1+MPL-SE vaccine for use in the prevention of visceral leishmaniasis. Vaccine. 2011;29(19):3531-7. https://doi.org/10.1016/j.vac-
cine.2011.02.096 PMID: 21414377

Sundar S, Singh A. Chemotherapeutics of visceral leishmaniasis: present and future developments. Parasitology. 2018;145(4):481-9. https://doi.
0rg/10.1017/S0031182017002116 PMID: 29215329

Coler RN, Duthie MS, Hofmeyer KA, Guderian J, Jayashankar L, Vergara J, et al. From mouse to man: safety, immunogenicity and efficacy of a
candidate leishmaniasis vaccine LEISH-F3+GLA-SE. Clin Transl Immunology. 2015;4(4):e35. https://doi.org/10.1038/cti.2015.6 PMID: 26175894

Santos MLB, et al. Nucleoside hydrolase (NH36) domains induce T-cell cytokine responses in human visceral leishmaniasis. Front Immunol.
2017;8.

Osman M, Mistry A, Keding A, Gabe R, Cook E, Forrester S, et al. A third generation vaccine for human visceral leishmaniasis and post kala azar
dermal leishmaniasis: First-in-human trial of ChAd63-KH. PLoS Negl Trop Dis. 2017;11(5):e0005527. https://doi.org/10.1371/journal.pntd.0005527
PMID: 28498840

Younis BM, Wiggins R, Khalil EAG, Osman M, Santoro F, Sonnati C, et al. A randomized, double-blind phase 2b trial to evaluate efficacy of
ChAd63-KH for treatment of post kala-azar dermal leishmaniasis. Mol Ther Methods Clin Dev. 2024;32(3):101310. https://doi.org/10.1016/j.
omtm.2024.101310 PMID: 39253357

Boussoffara T, Labidi |, Triméche M, Chelbi |, Dachraoui K, Msallem N, et al. LmCen” based vaccine is protective against canine visceral leishman-
iasis following three natural exposures in Tunisia. NPJ Vaccines. 2025;10(1):31. https://doi.org/10.1038/s41541-025-01070-8 PMID: 39952958

Gomes DC, Fonseca-Ribeiro MP, Alves-Silva MV, Palatnik-de-Sousa CB. The F1F3 recombinant chimera induced higher vaccine efficacy than
its independent F1 and F3 components against Leishmania (L.) infantum chagasi mice infection. Front Immunol. 2025;16:1598755. https://doi.
org/10.3389/fimmu.2025.1598755 PMID: 40666521

Alves-Silva MV, Nico D, de Luca PM, Palatnik de-Sousa CB. The F1F3 recombinant chimera of leishmania donovani-nucleoside hydrolase (NH36)
and Its epitopes induce cross-protection against Leishmania (V.) braziliensis Infection in Mice. Front Immunol. 2019;10. https://doi.org/10.3389/
fimmu.2019.00724

Moll H, Réllinghoff M. Resistance to murine cutaneous leishmaniasis is mediated by TH1 cells, but disease-promoting CD4+ cells are different from
TH2 cells. Eur J Immunol. 1990;20(9):2067—74. https://doi.org/10.1002/eji. 1830200927 PMID: 1976523

Sypek JP, Chung CL, Mayor SE, Subramanyam JM, Goldman SJ, Sieburth DS, et al. Resolution of cutaneous leishmaniasis: interleukin 12 initiates
a protective T helper type 1 immune response. J Exp Med. 1993;177(6):1797-802. https://doi.org/10.1084/jem.177.6.1797 PMID: 8098733

Bourreau E, Gardon J, Pradinaud R, Pascalis H, Prévot-Linguet G, Kariminia A, et al. Th2 responses predominate during the early phases of infec-
tion in patients with localized cutaneous leishmaniasis and precede the development of Th1 responses. Infect Immun. 2003;71(4):2244—6. https://
doi.org/10.1128/1A1.71.4.2244-2246.2003 PMID: 12654849

Castellano LR, Filho DC, Argiro L, Dessein H, Prata A, Dessein A, et al. Th1/Th2 immune responses are associated with active cutaneous leish-
maniasis and clinical cure is associated with strong interferon-gamma production. Hum Immunol. 2009;70(6):383—90. https://doi.org/10.1016/].
humimm.2009.01.007 PMID: 19480861

Bacellar O, Lessa H, Schriefer A, Machado P, Ribeiro de Jesus A, Dutra WO, et al. Up-regulation of Th1-type responses in mucosal leishmaniasis
patients. Infect Immun. 2002;70(12):6734—40. https://doi.org/10.1128/IA1.70.12.6734-6740.2002 PMID: 12438348

Volpedo G, Pacheco-Fernandez T, Holcomb EA, Cipriano N, Cox B, Satoskar AR. Mechanisms of immunopathogenesis in cutaneous leishmania-
sis and post kala-azar dermal leishmaniasis (PKDL). Front Cell Infect Microbiol. 2021;11:685296. https://doi.org/10.3389/fcimb.2021.685296 PMID:
34169006

de Vrij N, Pepermans E, Laurijssen L, Pham T-T, Thijs L, Boonen K, et al. Inmunopeptidomics of cutaneous leishmaniasis patients reveals the
natural antigenic landscape. Front Immunol. 2026;17:1765843. https://doi.org/10.3389/fimmu.2026.1765843 PMID: 41798914

Adriaensen W, de Vrij N, Pham T-T, Laukens K, Meysman P, Kaye PM. Breaking the deadlock in antigen discovery for Leishmania vaccines.
Trends Parasitol. 2026;42(3):183-91. https://doi.org/10.1016/j.pt.2026.01.005 PMID: 41771716

Parkash V, Ashwin H, Dey S, Sadlova J, Vojtkova B, Van Bocxlaer K, et al. Safety and reactogenicity of a controlled human infection model of sand
fly-transmitted cutaneous leishmaniasis. Nat Med. 2024;30(11):3150-62. https://doi.org/10.1038/s41591-024-03146-9 PMID: 39095597

WHO. Strategic framework for the elimination of visceral leishmaniasis as a public health problem in eastern Africa 2023—-2030. Geneva: World
Health Organization; 2024.

WHO. Leprosy. 2025. Available from: https://www.who.int/news-room/fact-sheets/detail/leprosy

WHO. Global leprosy (Hansen disease) update, 2024: beyond zero cases — what elimination of leprosy really means. In: Weekly epidemiological
record. Geneva: WHO; 2025. pp. 365—-84.

The Lancet Infectious Diseases. Leprosy elimination not yet in sight. Lancet Infect Dis. 2005;5(6):321. https://doi.org/10.1016/s1473-
3099(05)70117-1 PMID: 15948308

Lockwood DNJ, Shetty V, Penna GO. Hazards of setting targets to eliminate disease: lessons from the leprosy elimination campaign. BMJ.
2014;348:91136. https://doi.org/10.1136/bmj.g1136 PMID: 24508610

Smith WC, van Brakel W, Gillis T, Saunderson P, Richardus JH. The missing millions: a threat to the elimination of leprosy. PLoS Negl Trop Dis.
2015;9(4):e0003658. https://doi.org/10.1371/journal.pntd.0003658 PMID: 25905706

PLOS Neglected Tropical Diseases | https://doi.org/10.137 1/journal.pntd.0014375  June 5, 2026 13/16



https://doi.org/10.1016/j.vaccine.2011.02.096
https://doi.org/10.1016/j.vaccine.2011.02.096
http://www.ncbi.nlm.nih.gov/pubmed/21414377
https://doi.org/10.1017/S0031182017002116
https://doi.org/10.1017/S0031182017002116
http://www.ncbi.nlm.nih.gov/pubmed/29215329
https://doi.org/10.1038/cti.2015.6
http://www.ncbi.nlm.nih.gov/pubmed/26175894
https://doi.org/10.1371/journal.pntd.0005527
http://www.ncbi.nlm.nih.gov/pubmed/28498840
https://doi.org/10.1016/j.omtm.2024.101310
https://doi.org/10.1016/j.omtm.2024.101310
http://www.ncbi.nlm.nih.gov/pubmed/39253357
https://doi.org/10.1038/s41541-025-01070-8
http://www.ncbi.nlm.nih.gov/pubmed/39952958
https://doi.org/10.3389/fimmu.2025.1598755
https://doi.org/10.3389/fimmu.2025.1598755
http://www.ncbi.nlm.nih.gov/pubmed/40666521
https://doi.org/10.3389/fimmu.2019.00724
https://doi.org/10.3389/fimmu.2019.00724
https://doi.org/10.1002/eji.1830200927
http://www.ncbi.nlm.nih.gov/pubmed/1976523
https://doi.org/10.1084/jem.177.6.1797
http://www.ncbi.nlm.nih.gov/pubmed/8098733
https://doi.org/10.1128/IAI.71.4.2244-2246.2003
https://doi.org/10.1128/IAI.71.4.2244-2246.2003
http://www.ncbi.nlm.nih.gov/pubmed/12654849
https://doi.org/10.1016/j.humimm.2009.01.007
https://doi.org/10.1016/j.humimm.2009.01.007
http://www.ncbi.nlm.nih.gov/pubmed/19480861
https://doi.org/10.1128/IAI.70.12.6734-6740.2002
http://www.ncbi.nlm.nih.gov/pubmed/12438348
https://doi.org/10.3389/fcimb.2021.685296
http://www.ncbi.nlm.nih.gov/pubmed/34169006
https://doi.org/10.3389/fimmu.2026.1765843
http://www.ncbi.nlm.nih.gov/pubmed/41798914
https://doi.org/10.1016/j.pt.2026.01.005
http://www.ncbi.nlm.nih.gov/pubmed/41771716
https://doi.org/10.1038/s41591-024-03146-9
http://www.ncbi.nlm.nih.gov/pubmed/39095597
https://www.who.int/news-room/fact-sheets/detail/leprosy
https://doi.org/10.1016/s1473-3099(05)70117-1
https://doi.org/10.1016/s1473-3099(05)70117-1
http://www.ncbi.nlm.nih.gov/pubmed/15948308
https://doi.org/10.1136/bmj.g1136
http://www.ncbi.nlm.nih.gov/pubmed/24508610
https://doi.org/10.1371/journal.pntd.0003658
http://www.ncbi.nlm.nih.gov/pubmed/25905706

PLO“- Neglected Tropical

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.
68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

Diseases

Cambau E, Saunderson P, Matsuoka M, Cole ST, Kai M, Suffys P, et al. Antimicrobial resistance in leprosy: results of the first prospective open
survey conducted by a WHO surveillance network for the period 2009-15. Clin Microbiol Infect. 2018;24(12):1305-10. https://doi.org/10.1016/j.
cmi.2018.02.022 PMID: 29496597

WHO. BCG vaccine: WHO position paper, February 2018-recommendations. Vaccine. 2018;36(24):3408-10.
Setia MS, Steinmaus C, Ho CS, Rutherford GW. The role of BCG in prevention of leprosy: a meta-analysis. Lancet Infect Dis. 2006;6(3):162—70.
https://doi.org/10.1016/S1473-3099(06)70412-1 PMID: 16500597

Zodpey SP. Protective effect of bacillus Calmette Guerin (BCG) vaccine in the prevention of leprosy: a meta-analysis. Indian J Dermatol Venereol
Leprol. 2007;73(2):86—93. https://doi.org/10.4103/0378-6323.31891 PMID: 17456912

Merle CSC, Cunha SS, Rodrigues LC. BCG vaccination and leprosy protection: review of current evidence and status of BCG in leprosy control.
Expert Rev Vaccines. 2010;9(2):209-22. https://doi.org/10.1586/erv.09.161 PMID: 20109030

Glynn JR, Fielding K, Mzembe T, Sichali L, Banda L, McLean E, et al. BCG re-vaccination in Malawi: 30-year follow-up of a large, randomised,
double-blind, placebo-controlled trial. Lancet Glob Health. 2021;9(10):e1451-9. https://doi.org/10.1016/S2214-109X(21)00309-0 PMID: 34534489

Coppola M, et al. Vaccines for leprosy and tuberculosis: opportunities for shared research, development, and application. Front Immunol.
2018;9:308.

Wang H. Leprosy vaccines: developments for prevention and treatment. In: Christodoulides M, editor. Vaccines for neglected pathogens: strate-
gies, achievements and challenges: focus on leprosy, leishmaniasis, melioidosis and tuberculosis. Cham: Springer International Publishing; 2023.
p. 47-69.

Sharma P, Mukherjee R, Talwar GP, Sarathchandra KG, Walia R, Parida SK, et al. Immunoprophylactic effects of the anti-leprosy Mw vaccine in
household contacts of leprosy patients: clinical field trials with a follow up of 8-10 years. Lepr Rev. 2005;76(2):127—43. https://doi.org/10.47276/
Ir.76.2.127 PMID: 16038246

Narang T, Jain S, Kaushal |, Dogra S. MIP vaccine in leprosy: a scoping review and future horizons. Indian J Dermatol Venereol Leprol.
2024;90(5):606—14. https://doi.org/10.25259/IJDVL_1172_2023 PMID: 38899419

G.P T, C. Gupta J. Launching of immunization with the vaccine Mycobacterium indicus pranii for eradication of leprosy in India. IJVR. 2017;3(1):1-
5. https://doi.org/10.15226/2473-2176/3/1/00123

Duthie MS, Pena MT, Ebenezer GJ, Gillis TP, Sharma R, Cunningham K, et al. LepVax, a defined subunit vaccine that provides effective pre-
exposure and post-exposure prophylaxis of M. leprae infection. NPJ Vaccines. 2018;3:12. https://doi.org/10.1038/s41541-018-0050-z PMID:
29619252

Duthie MS, Frevol A, Day T, Coler RN, Vergara J, Rolf T, et al. A phase 1 antigen dose escalation trial to evaluate safety, tolerability and immunoge-
nicity of the leprosy vaccine candidate LepVax (LEP-F1+ GLA-SE) in healthy adults. Vaccine. 2020;38(7):1700-7.

World Health Organization. Towards zero leprosy: global leprosy (Hansen’s disease) strategy 2021-2030. World Health Organization; 2021.

WHO. Buruli ulcer (Mycobacterium ulcerans infection). 2023. Available from: https://www.who.int/news-room/fact-sheets/detail/
buruli-ulcer-(mycobacterium-ulcerans-infection)

Agbenorku P, Edusei A, Agbenorku M, Diby T, Nyador E, Nyamuame G, et al. Buruli-ulcer induced disability in Ghana: a study at apromase in the
ashanti region. Plast Surg Int. 2012;2012:752749. https://doi.org/10.1155/2012/752749 PMID: 22666574

Wong CCW, Muhi S, O’'Brien D. An overview of Buruli ulcer in Australia. Aust J Gen Pract. 2024;53(9):671—4. https://doi.org/10.31128/AJGP-08-23-
6914 PMID: 39226606

Mee PT, Buultjens AH, Oliver J, Brown K, Crowder JC, Porter JL, et al. Mosquitoes provide a transmission route between possums and humans for
Buruli ulcer in southeastern Australia. Nat Microbiol. 2024;9(2):377-89. https://doi.org/10.1038/s41564-023-01553-1 PMID: 38263454

Dhungel L, Benbow ME, Jordan HR. Linking the Mycobacterium ulcerans environment to Buruli ulcer disease: progress and challenges. One
Health. 2021;13:100311. https://doi.org/10.1016/j.onehlt.2021.100311 PMID: 34485670

Landier J, Boisier P, Fotso Piam F, Noumen-Djeunga B, Simé J, Wantong FG, et al. Adequate wound care and use of bed nets as protective
factors against Buruli Ulcer: results from a case control study in Cameroon. PLoS Negl Trop Dis. 2011;5(11):e1392. https://doi.org/10.1371/journal.
pntd.0001392 PMID: 22087346

Coutts SP, Lau CL, Field EJ, Loftus MJ, Tay EL. Delays in patient presentation and diagnosis for Buruli Ulcer (Mycobacterium ulcerans Infection) in
Victoria, Australia, 2011-2017. Trop Med Infect Dis. 2019;4(3):100. https://doi.org/10.3390/tropicalmed4030100 PMID: 31277453

Ross BC, Marino L, Oppedisano F, Edwards R, Robins-Browne RM, Johnson PD. Development of a PCR assay for rapid diagnosis of Mycobacte-
rium ulcerans infection. J Clin Microbiol. 1997;35(7):1696—700. https://doi.org/10.1128/jcm.35.7.1696-1700.1997 PMID: 9196176

Muhi S, Cox VR, O’Brien M, Priestley JT, Hill J, Murrie A, et al. Management of Mycobacterium ulcerans infection (Buruli ulcer) in Australia: con-
sensus statement. Med J Aust. 2025;222(11):571-8. https://doi.org/10.5694/mja2.52591 PMID: 39987502
Phillips RO, Robert J, Abass KM, Thompson W, Sarfo FS, Wilson T, et al. Rifampicin and clarithromycin (extended release) versus rifampicin and

streptomycin for limited Buruli ulcer lesions: a randomised, open-label, non-inferiority phase 3 trial. Lancet. 2020;395(10232):1259-67. https://doi.
org/10.1016/S0140-6736(20)30047-7 PMID: 32171422

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0014375  June 5, 2026 14 /16



https://doi.org/10.1016/j.cmi.2018.02.022
https://doi.org/10.1016/j.cmi.2018.02.022
http://www.ncbi.nlm.nih.gov/pubmed/29496597
https://doi.org/10.1016/S1473-3099(06)70412-1
http://www.ncbi.nlm.nih.gov/pubmed/16500597
https://doi.org/10.4103/0378-6323.31891
http://www.ncbi.nlm.nih.gov/pubmed/17456912
https://doi.org/10.1586/erv.09.161
http://www.ncbi.nlm.nih.gov/pubmed/20109030
https://doi.org/10.1016/S2214-109X(21)00309-0
http://www.ncbi.nlm.nih.gov/pubmed/34534489
https://doi.org/10.47276/lr.76.2.127
https://doi.org/10.47276/lr.76.2.127
http://www.ncbi.nlm.nih.gov/pubmed/16038246
https://doi.org/10.25259/IJDVL_1172_2023
http://www.ncbi.nlm.nih.gov/pubmed/38899419
https://doi.org/10.15226/2473-2176/3/1/00123
https://doi.org/10.1038/s41541-018-0050-z
http://www.ncbi.nlm.nih.gov/pubmed/29619252
https://www.who.int/news-room/fact-sheets/detail/buruli-ulcer-(mycobacterium-ulcerans-infection
https://www.who.int/news-room/fact-sheets/detail/buruli-ulcer-(mycobacterium-ulcerans-infection
https://doi.org/10.1155/2012/752749
http://www.ncbi.nlm.nih.gov/pubmed/22666574
https://doi.org/10.31128/AJGP-08-23-6914
https://doi.org/10.31128/AJGP-08-23-6914
http://www.ncbi.nlm.nih.gov/pubmed/39226606
https://doi.org/10.1038/s41564-023-01553-1
http://www.ncbi.nlm.nih.gov/pubmed/38263454
https://doi.org/10.1016/j.onehlt.2021.100311
http://www.ncbi.nlm.nih.gov/pubmed/34485670
https://doi.org/10.1371/journal.pntd.0001392
https://doi.org/10.1371/journal.pntd.0001392
http://www.ncbi.nlm.nih.gov/pubmed/22087346
https://doi.org/10.3390/tropicalmed4030100
http://www.ncbi.nlm.nih.gov/pubmed/31277453
https://doi.org/10.1128/jcm.35.7.1696-1700.1997
http://www.ncbi.nlm.nih.gov/pubmed/9196176
https://doi.org/10.5694/mja2.52591
http://www.ncbi.nlm.nih.gov/pubmed/39987502
https://doi.org/10.1016/S0140-6736(20)30047-7
https://doi.org/10.1016/S0140-6736(20)30047-7
http://www.ncbi.nlm.nih.gov/pubmed/32171422

PLO“- Neglected Tropical

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.
97.
98.
99.

100.

101.

Diseases

O’Brien DP, Robson M, Friedman ND, Walton A, McDonald A, Callan P, et al. Incidence, clinical spectrum, diagnostic features, treatment and
predictors of paradoxical reactions during antibiotic treatment of Mycobacterium ulcerans infections. BMC Infect Dis. 2013;13:416. https://doi.
org/10.1186/1471-2334-13-416 PMID: 24007371

Frimpong M, Agbavor B, Duah MS, Loglo A, Sarpong FN, Boakye-Appiah J, et al. Paradoxical reactions in Buruli ulcer after initiation of antibiotic
therapy: relationship to bacterial load. PLoS Negl Trop Dis. 2019;13(8):e0007689. https://doi.org/10.1371/journal.pntd.0007689 PMID: 31449522

O’Brien DP, Friedman ND, McDonald A, Callan P, Hughes A, Walton A, et al. Wound healing: natural history and risk factors for delay in Australian
patients treated with antibiotics for Mycobacterium ulcerans disease. PLoS Negl Trop Dis. 2018;12(3):e0006357. https://doi.org/10.1371/journal.
pntd.0006357 PMID: 29554101

Hall BS, Hill K, McKenna M, Ogbechi J, High S, Willis AE, et al. The pathogenic mechanism of the Mycobacterium ulcerans virulence factor,
mycolactone, depends on blockade of protein translocation into the ER. PLoS Pathog. 2014;10(4):e1004061. https://doi.org/10.1371/journal.
ppat.1004061 PMID: 24699819

Baron L, Paatero AO, Morel J-D, Impens F, Guenin-Macé L, Saint-Auret S, et al. Mycolactone subverts immunity by selectively blocking the
Sec61 translocon. J Exp Med. 2016;213(13):2885-96. https://doi.org/10.1084/jem.20160662 PMID: 27821549

Hsieh LT-H, Hall BS, Newcombe J, Mendum TA, Varela SS, Umrania Y, et al. The Mycobacterium ulcerans toxin mycolactone causes destructive
Sec61-dependent loss of the endothelial glycocalyx and vessel basement membrane to drive skin necrosis. Elife. 2025;12:RP86931. https://doi.
org/10.7554/eLife.86931 PMID: 39913180

Bieri R, Bolz M, Ruf M-T, Pluschke G. Interferon-y is a crucial activator of early host immune defense against Mycobacterium ulcerans infection in
mice. PLoS Negl Trop Dis. 2016;10(2):e0004450. https://doi.org/10.1371/journal.pntd.0004450 PMID: 26863011

Boakye-Appiah J, et al. Current progress and prospects for a Buruli ulcer vaccine. In: Christodoulides M, editor. Vaccines for neglected patho-
gens: strategies, achievements and challenges: focus on leprosy, leishmaniasis, melioidosis and tuberculosis. Cham: Springer International
Publishing; 2023. p. 71-95.

Muhi S, Stinear TP. Systematic review of M. Bovis BCG and other candidate vaccines for Buruli ulcer prophylaxis. Vaccine. 2021;39(50):7238-52.
https://doi.org/10.1016/j.vaccine.2021.05.092 PMID: 34119347

George KM, Pascopella L, Welty DM, Small PL. A Mycobacterium ulcerans toxin, mycolactone, causes apoptosis in guinea pig ulcers and tissue
culture cells. Infect Immun. 2000;68(2):877-83. https://doi.org/10.1128/1A1.68.2.877-883.2000 PMID: 10639458

Muhi S, Osowicki J, O’'Brien D, Johnson PDR, Pidot S, Doerflinger M, et al. A human model of Buruli ulcer: the case for controlled human infection
and considerations for selecting a Mycobacterium ulcerans challenge strain. PLoS Negl Trop Dis. 2023;17(6):e0011394. https://doi.org/10.1371/
journal.pntd.0011394 PMID: 37384606

Hart BE, Lee S. Overexpression of a Mycobacterium ulcerans Ag85B-EsxH fusion protein in recombinant BCG improves experimental Buruli
ulcer vaccine efficacy. PLoS Negl Trop Dis. 2016;10(12):e0005229. https://doi.org/10.1371/journal.pntd.0005229 PMID: 27941982
Boakye-Appiah JK, Tran AC, Paul MJ, Hart P, Phillips RO, Harrison TS, et al. A composite subunit vaccine confers full protection against

Buruli ulcer disease in the mouse footpad model of Mycobacterium ulcerans infection. PLoS Negl Trop Dis. 2025;19(2):e0012710. https://doi.
org/10.1371/journal.pntd.0012710 PMID: 39982950

Muhi S, Marshall JL, O’Brien DP, Johnson PDR, Ross G, Ramakrishnan A, et al. A human model of Buruli ulcer: provisional protocol for a Myco-
bacterium ulcerans controlled human infection study. Wellcome Open Res. 2024;9:488. https://doi.org/10.12688/wellcomeopenres.22719.2 PMID:
39386965

Muhi S, Buultjens AH, Porter JL, Marshall JL, Doerflinger M, Pidot SJ, et al. Mycobacterium ulcerans challenge strain selection for a Buruli ulcer
controlled human infection model. PLoS Negl Trop Dis. 2024;18(5):e0011979. https://doi.org/10.1371/journal.pntd.0011979 PMID: 38701090
Muhi S, Schmidt S, Marshall JL, O’'Brien DP, Johnson PDR, McCarthy JS, et al. Perceptions of a Buruli ulcer controlled human infection model:
how, who, and why? PLoS Negl Trop Dis. 2025;19(2):e0012593. https://doi.org/10.1371/journal.pntd.0012593 PMID: 39908304

Center for Drug E, et al. Guidance for industry: tropical disease priority review vouchers. Silver Spring, MD; Rockville, MD: U.S. Dept. of Health
and Human Services, Food and Drug Administration, Center for Drug Evaluation and Research (CDER) and Center for Biologics Evaluation and
Research (CBER); 2008.

Ridley DB, Lasanta AM, Storer Jones F, Ridley SK. European priority review vouchers for neglected disease product development. BMJ Glob
Health. 2024;9(1):e013686. https://doi.org/10.1136/bmjgh-2023-013686 PMID: 38290786

Sanofi. FDA grants priority review for Sanofi’'s dengue vaccine candidate, PRNewswire. Sanofi US News; 2018.
Valneva. Valneva Announces U.S. FDA Approval of World’s First Chikungunya Vaccine, IXCHIQ; 2023.
Nordic B. Bavarian Nordic receives U.S. FDA approval of chikungunya vaccine for persons aged 12 and older. 2025.

Olliaro P, Torreele E. The priority review voucher: a misconceived quid pro quo. BMJ Glob Health. 2024;9(12):€015933. https://doi.org/10.1136/
bmijgh-2024-015933 PMID: 39631790

Mishra AK, Dash AK. Development impact bonds in developing countries: an emerging innovation for achieving social outcomes. J Soc Econ
Dev. 2022;:1-27. https://doi.org/10.1007/s40847-022-00213-0 PMID: 36532830

Welburn SC, Bardosh KL, Coleman PG. Novel financing model for neglected tropical diseases: development impact bonds applied to sleeping
sickness and rabies control. PLoS Negl Trop Dis. 2016;10(11):e0005000. https://doi.org/10.1371/journal.pntd.0005000 PMID: 27855156

PLOS Neglected Tropical Diseases | https://doi.org/10.137 1/journal.pntd.0014375  June 5, 2026 15/16



https://doi.org/10.1186/1471-2334-13-416
https://doi.org/10.1186/1471-2334-13-416
http://www.ncbi.nlm.nih.gov/pubmed/24007371
https://doi.org/10.1371/journal.pntd.0007689
http://www.ncbi.nlm.nih.gov/pubmed/31449522
https://doi.org/10.1371/journal.pntd.0006357
https://doi.org/10.1371/journal.pntd.0006357
http://www.ncbi.nlm.nih.gov/pubmed/29554101
https://doi.org/10.1371/journal.ppat.1004061
https://doi.org/10.1371/journal.ppat.1004061
http://www.ncbi.nlm.nih.gov/pubmed/24699819
https://doi.org/10.1084/jem.20160662
http://www.ncbi.nlm.nih.gov/pubmed/27821549
https://doi.org/10.7554/eLife.86931
https://doi.org/10.7554/eLife.86931
http://www.ncbi.nlm.nih.gov/pubmed/39913180
https://doi.org/10.1371/journal.pntd.0004450
http://www.ncbi.nlm.nih.gov/pubmed/26863011
https://doi.org/10.1016/j.vaccine.2021.05.092
http://www.ncbi.nlm.nih.gov/pubmed/34119347
https://doi.org/10.1128/IAI.68.2.877-883.2000
http://www.ncbi.nlm.nih.gov/pubmed/10639458
https://doi.org/10.1371/journal.pntd.0011394
https://doi.org/10.1371/journal.pntd.0011394
http://www.ncbi.nlm.nih.gov/pubmed/37384606
https://doi.org/10.1371/journal.pntd.0005229
http://www.ncbi.nlm.nih.gov/pubmed/27941982
https://doi.org/10.1371/journal.pntd.0012710
https://doi.org/10.1371/journal.pntd.0012710
http://www.ncbi.nlm.nih.gov/pubmed/39982950
https://doi.org/10.12688/wellcomeopenres.22719.2
http://www.ncbi.nlm.nih.gov/pubmed/39386965
https://doi.org/10.1371/journal.pntd.0011979
http://www.ncbi.nlm.nih.gov/pubmed/38701090
https://doi.org/10.1371/journal.pntd.0012593
http://www.ncbi.nlm.nih.gov/pubmed/39908304
https://doi.org/10.1136/bmjgh-2023-013686
http://www.ncbi.nlm.nih.gov/pubmed/38290786
https://doi.org/10.1136/bmjgh-2024-015933
https://doi.org/10.1136/bmjgh-2024-015933
http://www.ncbi.nlm.nih.gov/pubmed/39631790
https://doi.org/10.1007/s40847-022-00213-0
http://www.ncbi.nlm.nih.gov/pubmed/36532830
https://doi.org/10.1371/journal.pntd.0005000
http://www.ncbi.nlm.nih.gov/pubmed/27855156

PLO“- Neglected Tropical

102.
103.

104.

105.
106.

107.

108.

109.

110.
1.

112.

113.

114.

115.

116.

117.

Diseases

Welburn SC, Coleman PG, Zinsstag J. Rabies control: could innovative financing break the deadlock? Front Vet Sci. 2017;4:32.

Ma Z, Augustijn K, De Esch I, Bossink B. Public-private partnerships influencing the initiation and duration of clinical trials for neglected tropical
diseases. PLoS Negl Trop Dis. 2023;17(11):e0011760. https://doi.org/10.1371/journal.pntd.0011760 PMID: 37956165

Ferpozzi H. Public-private partnerships and the landscape of neglected tropical disease research: the shifting logic and spaces of knowledge
production. Minerva. 2023:1-23.

WHO. Skin diseases as a global public health priority, in Seventy-eighth World Health Assembly. World Health Organization; 2025.

Ghebreyesus TA, Lima NT. The TB Vaccine Accelerator Council: harnessing the power of vaccines to end the tuberculosis epidemic. Lancet Infect
Dis. 2023;23(11):1222-3. https://doi.org/10.1016/S1473-3099(23)00589-3 PMID: 37742697

Indravudh PP, McGee K, Sibanda EL, Corbett EL, Fielding K, Terris-Prestholt F. Community-led strategies for communicable disease prevention
and management in low- and middle- income countries: a mixed-methods systematic review of health, social, and economic impact. PLOS Glob
Public Health. 2025;5(4):e0004304. https://doi.org/10.1371/journal.pgph.0004304 PMID: 40173193

Carroll P, Dervan A, Maher A, McCarthy C, Woods |, Kavanagh R, et al. Applying patient and public involvement in preclinical research: a co-
created scoping review. Health Expect. 2022;25(6):2680-99. https://doi.org/10.1111/hex.13615 PMID: 36217557

Castro MDM, Erber AC, Arana B, Cota G, Denkinger CM, Harrison N, et al. Involving patients in drug development for Neglected Tropical Dis-
eases (NTDs): a qualitative study exploring and incorporating preferences of patients with cutaneous leishmaniasis into Target Product Profile
development. PLoS Negl Trop Dis. 2024;18(2):e0011975. https://doi.org/10.1371/journal.pntd.0011975 PMID: 38381805

WHO. Ten threats to global health in 2019. World Health Organization; 2019.

MacDonald NE, SAGE Working Group on Vaccine Hesitancy. Vaccine hesitancy: definition, scope and determinants. Vaccine. 2015;33(34):4161—
4. https://doi.org/10.1016/j.vaccine.2015.04.036 PMID: 25896383

CarlLee S, Willis DE, Andersen JA, Gurel-Headley M, Kraleti SS, Selig JP, et al. Healthcare access and experiences of racial discrimination as
predictors of general vaccine hesitancy. Vaccines (Basel). 2023;11(2):409. https://doi.org/10.3390/vaccines 11020409 PMID: 36851286

McFadden SM, Demeke J, Dada D, Wilton L, Wang M, Vlahov D, et al. Confidence and hesitancy during the early roll-out of covid-19 vaccines
among black, hispanic, and undocumented immigrant communities: a review. J Urban Health. 2022;99(1):3—14. https://doi.org/10.1007/s11524-
021-00588-1 PMID: 34940933

Clark EH, Fredricks K, Woc-Colburn L, Bottazzi ME, Weatherhead J. Preparing for SARS-CoV-2 vaccines in US immigrant communities: strate-
gies for allocation, distribution, and communication. Am J Public Health. 2021;111(4):577-81. https://doi.org/10.2105/AJPH.2020.306047 PMID:
33351664

Alderton DL, Ackley C, Trueba ML. The psychosocial impacts of skin-neglected tropical diseases (SNTDs) as perceived by the affected persons:
a systematic review. PLoS Negl Trop Dis. 2024;18(8):e0012391. https://doi.org/10.1371/journal.pntd.0012391 PMID: 39093848

Bottazzi ME, Hotez PJ. “Running the Gauntlet”: formidable challenges in advancing neglected tropical diseases vaccines from development
through licensure, and a “Call to Action”. Hum Vaccin Immunother. 2019;15(10):2235-42. https://doi.org/10.1080/21645515.2019.1629254 PMID:
31180271

The G-FINDER 2024 neglected disease R&D report, in Smart Decisions. Impact Global Health; 2025.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0014375  June 5, 2026 16/16



https://doi.org/10.1371/journal.pntd.0011760
http://www.ncbi.nlm.nih.gov/pubmed/37956165
https://doi.org/10.1016/S1473-3099(23)00589-3
http://www.ncbi.nlm.nih.gov/pubmed/37742697
https://doi.org/10.1371/journal.pgph.0004304
http://www.ncbi.nlm.nih.gov/pubmed/40173193
https://doi.org/10.1111/hex.13615
http://www.ncbi.nlm.nih.gov/pubmed/36217557
https://doi.org/10.1371/journal.pntd.0011975
http://www.ncbi.nlm.nih.gov/pubmed/38381805
https://doi.org/10.1016/j.vaccine.2015.04.036
http://www.ncbi.nlm.nih.gov/pubmed/25896383
https://doi.org/10.3390/vaccines11020409
http://www.ncbi.nlm.nih.gov/pubmed/36851286
https://doi.org/10.1007/s11524-021-00588-1
https://doi.org/10.1007/s11524-021-00588-1
http://www.ncbi.nlm.nih.gov/pubmed/34940933
https://doi.org/10.2105/AJPH.2020.306047
http://www.ncbi.nlm.nih.gov/pubmed/33351664
https://doi.org/10.1371/journal.pntd.0012391
http://www.ncbi.nlm.nih.gov/pubmed/39093848
https://doi.org/10.1080/21645515.2019.1629254
http://www.ncbi.nlm.nih.gov/pubmed/31180271

	Accelerating vaccine research and development for skin neglected tropical diseases: A case for leishmaniasis, leprosy, and Buruli ulcer
	Introduction‌‌
	Current progress in skin NTD vaccine R&D and challenges
	Leishmaniasis
	Leprosy
	Buruli ulcer (BU)
	Intensifying the efforts

	Pillar 1: Increase in funding for skin NTD vaccine R&D
	Pillar 2: Integration of NTD vaccine R&D into the preparedness and response policies by international agencies and local governments
	Pillar 3: Fostering patient and public engagement and advocacy for skin NTD vaccine R&D
	Conclusions and recommendations
	References


