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One aim of the Sustainable Development Goals is to end the
epidemics of neglected tropical diseases by 2030. A
multifaceted approach is needed to tackle leishmaniasis,
keeping in mind the parasite, as well as its vector, host and
reservoir. Attention should be focused on sustainable and
achievable solutions rather than fairytale goals, and biology
should play a more prominent role.
Leishmania is a highly adaptable parasite. At least 20 different species can

cause the disease. Clinical manifestations include cutaneous (CL),

mucocutaneous (MCL), visceral (VL, also known as kala-azar in Africa and

Asia), and post-kala-azar dermal leishmaniasis (PKDL). Cutaneous

leishmaniasis causes skin lesions that usually self-heal but may metastasise,

causing scarring and stigmatisation. Mucocutaneous leishmaniasis may cause

facial disfigurement. Visceral leishmaniasis affects organs such as the spleen,

the liver and lymph nodes and, if left untreated, is fatal in 80–95 % of patients

(1). After treatment, post-kala-azar dermal leishmaniasis may develop with few

or no symptoms, but patients are potentially harbouring parasites in the skin

(2, 3). In addition, there are vast numbers of asymptomatic individuals who

serve as reservoirs for the Leishmania parasite (3, 4).

Leishmaniasis is prevalent in 98 countries and endemic in some of the poorest

regions of the world. Around 350 million people are at risk of infection (5).

Annually, 200–400 000 people are infected with visceral leishmaniasis, and

700 000–1 200 000 with cutaneous leishmaniasis (5). Visceral leishmaniasis

ranks second only behind malaria in terms of mortality caused by a parasitic

disease. Risk factors for leishmaniasis include poverty, malnutrition, human

migration and inadequate housing. In Europe, leishmaniasis is endemic in the

Mediterranean region.

Almost 50 different sand fly species are known to transmit Leishmania (6, 7),

and they exist in diverse environments, from the humid rainforests of Brazil to

the dry climate in Afghanistan. Strategies to tackle the sand flies have so far not

proven to be effective, and resistance to insecticides has been reported (1, 3).

Dogs and rodents are an important reservoir of Leishmania in several endemic

areas. Dogs may be targeted using insecticide-impregnated dog collars,

topically applied insecticide, drug therapy or vaccines, or more drastically,

 

Developing a vaccine for leishmaniasis: how biology shapes policy | Tidsskrift for Den norske legeforening

AUDUN HELGE NERLAND

http://www.icmje.org/coi_disclosure.pdf
http://www.icmje.org/coi_disclosure.pdf


culling. However, all these measures have limited effect on human

transmission and are impractical (1, 3). Drugs have limited usability in dogs,

due to relapses and development of parasite resistance (3, 8). Questions have

also been raised about the efficacy of the vaccines available for dogs in Europe

and Brazil, especially on the effect of transmission from dog reservoir to

humans (1, 8, 9).

Furthermore, when the transmission involves wild animals, such as rodents,

control of the animal reservoir is almost impossible. Crucially, the feasibility of

vector and animal reservoir control programmes in poor resource settings is

also questionable due to high costs and complexity of implementation (10).

Fighting leishmaniasis

Leishmaniasis, given its complex interplay between host, vector and reservoir,

probably requires a multifaceted approach. Approaches to the vector and the

animal reservoir have been discussed above. For humans, potential control

strategies could include early detection, drugs and vaccine. Although dogs and

rodents are important reservoirs in most endemic areas, there are areas such as

India, where the transmission is thought to be anthroponotic, occurring only

between humans. In these areas especially, early detection and treatment are

essential to control leishmaniasis (11).

For humans, several of the available drugs have toxic side-effects, and parasite

resistance has developed. In addition, long-term hospitalisation might be

challenging in a low endemic setting. Therefore, in our opinion a vaccine is

probably the best way forward, especially since infected people are known to

acquire long-lasting immunity against infection from parasites of related

strains (1, 3, 10, 12).

A vaccine could work

There are several unanswered questions concerning the development of

vaccines for leishmaniasis. First, for which form of leishmaniasis is it most

urgent to develop a vaccine? Ideally, a vaccine for leishmaniasis should be

broadly protective against all the species of the parasite causing the different

variants of clinical disease, but this has so far proven difficult. However, in

theory, it should be possible. When selecting antigens for a recombinant, vector

or nucleic acid vaccine, antigens that are highly conserved among different

species of the pathogen are typically selected. Even if two species are relatively

distant in evolutionary terms, a vaccine based on conserved antigens could give

protection against several species. Intuitively, it may be most pressing to

develop a vaccine for the potentially fatal visceral form, commonly caused by

only two species – L. donovani or L. infantum.

Second, Leishmania has a complex digenetic life cycle between the mammalian

host and the vector sand fly. The host-vector-reservoir relationship is only

partly understood – making vaccine development more difficult. For example,
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when developing new vaccines, antigens that might enhance the susceptibility

of the host to the infection have to be avoided (13). Likewise, a vaccine has to be

tested for adverse effects among already infected individuals, such as what has

been reported for the Q-fever vaccine (14, 15). Another example is the role of

the sand fly and how it may affect the immune response in humans. This is only

partly understood and may affect the efficacy of a vaccine (11). Furthermore,

antibodies against Leishmania may facilitate infection rather than limit it (13, 

16), also potentially complicating vaccine development.

Third, there is a debate about how the vaccine should work. Traditionally

vaccines work prophylactically. But a vaccine could also work therapeutically,

alone or in combination with drug therapy (3, 17). For leishmaniasis, it is

unclear which approach is most viable and most important to prioritise.

Fourth, which type of vaccine is most likely to be effective against

leishmaniasis? (See Table 1 for a brief overview of potential vaccine strategies

and their pros and cons.) First generation vaccines include killed or live

attenuated pathogens. Such vaccines have the potential to closely mimic

natural infection. In the Middle East, so-called leishmanisation has been

practised, whereby pus from cutaneous lesions and parasites from culture were

used to induce a local infection (10). Leishmanisation was discontinued

because of problems with reproducibility and safety issues. Furthermore, a

leishmanisation strategy involving a viscerotropic strain, such as L. donovani,

is highly unlikely.

Table 1

Potential vaccine strategies for leishmaniasis and their pros and cons

Vaccine

approach

Inducing

antibody

production

Inducing

cellular

immunity

Allows

diagnostic

testing

Safe for

immuno-

suppressed

individuals

Inactivated
pathogen

Yes No No Yes

Live attenuated
pathogen

Yes Yes No No

Recombinant
antigens

Yes No Yes Yes

Vector- based
vaccines

Yes Yes No No

Nucleic acid
vaccine

Weak Yes Yes Yes

To discriminate infected from vaccinated

Includes both bacterial and viral vectors

DNA, mRNA, RNA replicons
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Moreover, ill-defined mutants may lack important epitopes necessary for

protective immune responses, while at the same time carrying wild-type alleles

that could potentially cause disease. The live attenuated approach is especially

unattractive because endemic areas for leishmaniasis are also endemic for HIV

and those infected with the latter are thereby also immunosuppressed. Another

path would be to inactivate the parasite. However, there have been issues with

standardisation of the culture from which the vaccine would be produced, and

initial tests show that these vaccines give limited protection in humans (10).

Second generation vaccines are purified or recombinant proteins expressed in

bacteria or eukaryotic cells. Such vaccines usually require an adjuvant to induce

a good T-cell response (18). The Infectious Disease Research Institute in Seattle

has developed a vaccine where several proteins conserved across several species

of Leishmania are expressed in a single vaccine using a toll-like-receptor

agonist as an adjuvant to induce a strong T-cell response (18, 19). This vaccine

has shown promising results (19).

Third generation vaccines are nucleic acid vaccines where expression vectors

encoding for a protein antigen are introduced. Here not the antigen itself, but

the information required to produce it, is introduced. The recipient’s cells

produce and present the antigens to immune cells (20). This vaccine strategy

has obvious attractions, such as the fact that the vaccine can be rapidly and

cheaply produced. The DNA-vaccine approach has been tested with several

antigens against Leishmania-infected mice, but its effect remains

unconvincing. Also, to the best of our knowledge, there are currently no pre-

clinical or clinical trials using RNA-based vaccine technology for Leishmania.

Vectors such as Adenovirus, expressing recombinant antigens, can also be used

as vaccines. A novel vaccine uses this approach by expressing a gene encoding

for two Leishmania proteins, and initial results are promising (17). But this is

only in the phase I clinical trial stage, and there are significant challenges

ahead.

It takes great effort to develop vaccines. So far, vaccine development has been

carried out with limited information on the pathophysiological and

immunological complexity of Leishmania infection.

Over the years, several vaccine targets and vaccination routes have been

proposed and tested (21). Some of them have shown great potential in

protecting animals against leishmaniasis (2). Remarkably few have been able to

proceed to a clinical trial. This lack of progress is partly due to lack of a small-

animal model that reflects human disease, and to the fact that many vaccines

are tested with cutaneous strains where the testing has been undertaken by

injections instead of sand fly bites (18).

Policy and biology

Leishmaniasis is one of the numerous examples of communicable diseases

where the transition from laboratory testing to field trials has proved difficult.

Researchers may put considerable efforts into optimising vaccine
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administration. By doing so, they risk removing themselves further from

reality.

Many people with a risk of leishmaniasis infection live in areas that lack

electricity supply and necessary infrastructure. How useful then is a vaccine

that requires a cold-chain? And how beneficial is a vaccine that requires

multiple boosts at specific time intervals, when there is a significant challenge

in getting patients to the clinic? This is how a two-way approach between

biology and policy comes into practice. In addition to a proper understanding

of pathophysiology and immunology, an in-depth understanding of the day-to-

day situation in several endemic areas is essential.

Currently, the World Health Organization classifies 20 communicable diseases

and conditions as neglected tropical diseases (NTDs) (22). These neglected

tropical diseases affect more than one billion people and cause high levels of

morbidity and mortality (9, 22). Most neglected tropical diseases are treatable,

and they are first and foremost diseases of the poor (22). The Global Burden of

Disease study – a critical tool for monitoring global health and prioritising

between health programmes – systematically undervalues the neglected

tropical diseases (23).

According to Sustainable Development Goal 3, we should: ‘end the epidemics of

AIDS, tuberculosis, malaria and neglected tropical diseases and combat

hepatitis, water-borne diseases and other communicable diseases’ (24) by

2030. Much has been said about the hurdles in securing adequate funding for

fighting neglected tropical diseases (9, 12). The market is not lucrative enough

to recover the cost of developing vaccines (25). Therefore, there is a

requirement for a need-based rather than a market-based approach.

In recent years, the neglected tropical diseases have received increased

attention worldwide. Advances include the 2012 London Declaration (26), the

Global Network for neglected tropical diseases (27) and several World Health

Assembly resolutions (28). The development of drugs and vaccines for

neglected tropical diseases is progressing, albeit slowly (29). This improvement

includes the Drugs for Neglected Diseases Initiative (30), and other

partnerships between industry, government and academic institutions such as

BIO Ventures for Global Health (31) and the Tres Cantos Open Lab Foundation

(32).

Priority to biology

Neglected tropical diseases are ignored in several ways: They are

underreported, underestimated, underfunded and underprioritised (9).

Although we applaud the initiatives to put neglected tropical diseases higher on

the global agenda, through for example the Sustainable Development Goals,

much remains to be done. There is a need for coordinated leadership if

Sustainable Development Goal 3 is to be reached by 2030. Attention should be

focused on sustainable and achievable solutions rather than fairytale goals. In

policy initiatives for fighting neglected tropical diseases, biology should have a
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more prominent role. One reason for this is the complexity in targeting the

diseases and conditions that often require an in-depth knowledge of the

intricacies of the biology of the pathogen and the host.

In this article we have given some insight into how a potentially effective

preventive strategy has proven difficult for leishmaniasis and why that might be

so. Partnership and cooperation between the public and private sectors must be

strengthened, as Sustainable Development Goal 17 highlights. Significant

advances could be ensured by improved collaboration between various actors

and stakeholders to allow real translation from basic scientific research to the

development of a commercially available protective vaccine for leishmaniasis.
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