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LEISHMANIASIS

Leishmaniasis is a vector-born disease,

caused by Leishmania genus protozoan

parasites. Inoculation by infected

Phlebotamine sandflies results in asymp-

tomatic infection or a diverse range of

clinical manifestations. Leishmaniasis

can present with tegumentary lesions or

visceral disease with parasite dissemin-

ation and high mortality [1]. The spectrum

of tegumentary disease includes simple-

cutaneous, diffuse, disseminated and

mucocutaneous lesions. Around 20 of

more than 50 described Leishmania spe-

cies cause this spectrum of human dis-

ease [2]. However, the link between

parasite diversity and disease outcome

remains incompletely understood be-

cause of host and environmental modi-

fiers influencing evolutionary fitness.

EVOLUTIONARY PERSPECTIVES

Evolutionary biology can be applied to

understand the genetic differences

among parasites with different disease

manifestations. Because Leishmania para-

sites encounter diverse environments,

genetic adaptations may result in positive

or negative trade-offs in other life-cycle

stages. In addition, as humans are not

the primary vertebrate reservoir, protect-

ive or pathologic immune responses

may alter disease outcome but not para-

site fitness. Thus, understanding how

Leishmania genetics influences outcomes

of human leishmaniasis requires consid-

eration of selective pressures across life-

cycle stages (Fig. 1). For instance, fitness

in the sandfly is influenced by immuno-

logic barriers, microbial competition and

insect ecology [2, 3]. In vertebrate hosts,

fitness is influenced by the immune re-

sponse, tissue tropism and vertebrate

ecology [4]. Leishmaniasis persists in part

due to genetic diversity and genomic plas-

ticity [5] allowing Leishmania parasites to

navigate its evolutionary landscape.

FUTURE IMPLICATIONS

While the complex pressures shaping

Leishmania evolution provide challenges

to investigating host range and parasite

virulence, they also present opportunities

to understand human susceptibility. The

range of leishmaniasis is limited by inter-

actions between vectors and animal reser-

voirs. As their habitat is altered due to

climate change and social conflict, eco-

logic studies informed by evolutionary dy-

namics could predict changes in

leishmaniasis distribution. Human patho-

genesis varies with the infecting

Leishmania species; however, infection

with the same species can result in an ap-

propriate immune response with reso-

lution, impaired response with parasite

proliferation, or excessive inflammation

with immunopathology [4]. To elucidate

human contributions to this variation,

epidemiologic and genome wide associ-

ation studies are needed that account

for parasite diversity. Furthermore, as

Leishmania parasites encode mechanisms

to influence host immunity, understand-

ing molecular pathogenesis requires stud-

ies using a diverse collection of parasites.

Synthesis of these approaches is needed
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to understand variation in leishmaniasis

outcomes and improve human health.

This evolutionary complexity may prove

advantageous in developing novel treat-

ments. For example, targeting parasites

in vectors and reservoirs can decrease

transmission and minimize human tox-

icity. This strategy has shown promise

against Plasmodium parasites by treating

mosquito nets with anti-malarial com-

pounds [6]. Furthermore, host-directed

therapies can be designed with decreased

risk of drug resistance by exploiting path-

ways that are anti-parasitic in the inciden-

tal human host but not the primary

animal reservoir. This represents a novel

strategy for ‘evolution-proof’ therapies

[7] uniquely available for zoonotic

pathogens.

references

1. Burza S, Croft SL, Boelaert M. Leishmaniasis.

Lancet 2018;392:951–70.

2. Akhoundi M, Kuhls K, Cannet A et al. A his-

torical overview of the classification, evolu-

tion, and dispersion of Leishmania parasites

and sandflies. PLoS Negl Trop Dis 2016;10:

e0004349.

3. Telleria EL, Martins-da-Silva A, Tempone AJ

et al. Leishmania, microbiota and sand fly

immunity. Parasitology 2018;145:1336–53.

4. Kaye P, Scott P. Leishmaniasis: complexity at

the host-pathogen interface. Nat Rev

Microbiol 2011;9:604–15.

5. Bussotti G, Gouzelou E, Cortes Boite M et

al. Leishmania genome dynamics during

environmental adaptation reveal strain-

specific differences in gene copy number

variation, karyotype instability, and telo-

meric amplification. mBio 2018;9:

e01399-18.

6. Paton DG, Childs LM, Itoe MA et al.

Exposing Anopheles mosquitoes to antima-

larials blocks Plasmodium parasite transmis-

sion. Nature 2019;567:239–43.

7. Bell G, MacLean C. The search for ‘evolution-

proof’ antibiotics. Trends Microbiol 2018;26:

471–83.

Figure 1. Diverse evolutionary pressures across Leishmania life cycle
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