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LEISHMANIASES are a
group of diseases
caused by protozoa
belonging to the
genus Leishmania,
that affected humans
and different animal
species



Distribution of the 20 
Leishmania species
pathogenic for 
humans

A: L. aethiopica; 
Am: L. amazonensis; 
B: L. braziliensis; 
C: L. colombiensis; 
D: L. donovani; 
G: L. guyanensis; 
Gh: 'Ghana strain’; 
I: L. infantum; 
La: L. lainsoni; 
L: L. lindenbergi; 
M: L. major; 
Ma: L. martiniquensis; 
Mx: L. mexicana;
N: L. naiffi; 

Pa: L. panamensis; 
P: L. peruviana; 
S: L. 'siamensis’; 
Sh: L. shawi; 
T: L. tropica; 
V: L. venezuelensis; 
W: L. waltoni

WHO Leishmaniasis map: www.who.int
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Figure 1. The transmission cycles of zoonotic leishmaniases. Sylvatic leishmaniases can spill over into 

humans living in proximity to forest foci of transmission, mainly due to deforestation or other factors 

affecting the ecological balance. As depicted by arrows, sand fly vectors, whose primary forests are 

their natural breeding sites, adapt to peri-domestic and domestic environments and eventually invade 

densely populated urban environments (modified from [9]). 

Leishmaniases present a broad spectrum of clinical manifestations, ranging from self-healing 

localized or multiple cutaneous lesions to mucosal lesions and potentially fatal visceral forms. These 

different forms are often associated with a particular species or subgenus, nonetheless, they are not 

unique to a species [10]. In most cases, cutaneous leishmaniasis (CL) skin lesions are self-healing and 

leave permanent scars. However, some species can lead to more severe pathologies such as 

mucocutaneous (MCL), diffuse (DCL), or disseminated (DL) cutaneous leishmaniases. Visceral 

leishmaniasis (VL), also known as kala-azar, is the most severe form of leishmaniases and can be fatal 

unless treated. Common clinical signs include non-tender splenomegaly, with or without 

hepatomegaly, and individuals with pre-existing health conditions may develop post-kala-azar 

dermal leishmaniasis (PKDL) consequent to the treatment [1]. 

Due to the complex relationship between human, animal hosts, parasites, and sand fly vectors, 

the transmission of Leishmania spp. is intricate. Moreover, vector-borne diseases are influenced by 

environmental changes and socioeconomic factors such as poor housing and sanitary conditions, 

malnutrition, or population movement. Anthropogenic factors tend to reorient the composition and 

behavior of sand fly vectors. To date, there are at least 50 different sand fly species known to transmit 

leishmaniases. In general, each sand fly species has its preferred ecological niche and transmits a 

certain Leishmania species (reviewed in [11]). Furthermore, zoonotic leishmaniases have a broad 

mammalian reservoir diversity in different parts of the world [12]. The sylvatic transmission is 

affected by the wildlife population in and around human settlements. Divergent species of sylvatic, 

domestic, and synanthropic animals have been reported as reservoir hosts for various Leishmania 

species around the globe—rodents, foxes, dogs, cats, primates, hyraxes, and bats are among those 

maintaining the transmission of Leishmania [1] (Figure 1). Leishmania species may infect a distinct 

mammalian host, yet, in the northeast region of Brazil, a mosaic of different sylvatic and synanthropic 

rodents appear to be reservoirs of L. (V.) braziliensis [12]. Events such as deforestation due to 

urbanization can create new breeding habitats for vectors, which can lead to spillovers across 

ecosystem boundaries [13,14]. With over 60% of human infectious diseases being zoonotic [15], 

recognizing the interdependence and connections between humans, animals, and the environment 

that the hosts and vectors inhabit is indisputably essential. Hence, adopting a ‘One Health’ approach 

becomes imperative to control leishmaniases. 

Figure 1. The transmission cycles of zoonotic leishmaniases. Sylvatic leishmaniases can spill over into
humans living in proximity to forest foci of transmission, mainly due to deforestation or other factors
a↵ecting the ecological balance. As depicted by arrows, sand fly vectors, whose primary forests are
their natural breeding sites, adapt to peri-domestic and domestic environments and eventually invade
densely populated urban environments (modified from [9]).

Table 1. Clinical manifestations, reservoir host, and geographical distribution of Leishmania species
(modified from [1]).

Species Clinical Manifestation Reservoir Host Country/Region
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L. (L.) donovani AVL, PKDL, CL Human

VL: West and Central Asia, China, The Indian
subcontinent, The Mediterranean Basin,

East Africa; CL: The Mediterranean Basin; ML:
North Africa; PKDL: The Indian subcontinent, East

and North Africa

L. (L.) infantum AVL, ZVL, CL
Human, Dog, Fox, Jackal,

Badger, Rodent, Cat,
Opossum

VL: Central and West Asia, China,
The Mediterranean Basin, Africa; CL:

The Mediterranean Basin, West Asia, China,
West Africa

L. (L.) major ZCL Rodent West and Central Asia, The Indian subcontinent,
The Mediterranean Basin, Africa

L. (L.) tropica ACL, ZCLAVL Human, HyraxHuman
Central, South and West Asia, The Mediterranean

Basin, East Africa
West Asia

L. (L.) killicki CL Unknown The Mediterranean Basin
L. (L.) aethiopica ZCL, DCL, ML Hyrax, Rodent CL: East Africa (Ethiopia and Kenya); ML: Ethiopia
L. (M.) orientalis CL, DL, VL Unknown Thailand
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L. (L.) infantum chagasi ZVL, CL Dog, Cat, Fox, Opossum South and Central America, Mexico
L. (L.) mexicana ZCL, MCL, DCL Rodent, Opossum Americas

L. (L.) pifanol DCL Unknown Venezuela
L. (L.) venezuelensis CL Unknown Venezuela

L. (L.) garnhami ZCL Unknown Central America, Venezuela
L. (L.) amazonensis ZCL, DCL, CL Rodent South America

L. (V.) braziliensis ZCL, MCL, DL Dog, Horse, Donkey,
Mule, Rodent, Opossum South and Central America, Mexico

L. (L.) waltoni DCL Unknown Dominican Republic

L. (V.) guyanesis ZCL, MCL Sloth, Anteater,
Opossum South America

L. (V.) panamensis ZCL, MCL Dog, Sloth, Opossum,
Tamandua South and Central America

L. (V.) shawi ZCL Sloth, Primate Brazil
L. (V.) nai� ZCL Armadillo Brazil, French Guiana

L. (V.) lainsoni ZCL Rodent South America
L. (V.) lindenbergi ZCL Unknown Brazil
L. (V.) peruviana ZCL, MCL Dog, Opossum, Rodent Peru

L. (M.) martiniquensis CL Unknown French Guiana
Endotrypanum colombiensis ZCL Sloth Colombia, Venezuela, Panama

ACL, anthroponotic cutaneous leishmaniasis; AVL, anthroponotic visceral leishmaniasis; CL, cutaneous
leishmaniasis; DL, disseminated cutaneous leishmaniasis; DCL, di↵use (anergic) cutaneous leishmaniasis; MCL,
mucocutaneous leishmaniasis; ML, mucosal leishmaniasis; PKDL, post-kala-azar dermal leishmaniasis; VL, visceral
leishmaniasis; ZCL, zoonotic cutaneous leishmaniasis; ZVL, zoonotic visceral leishmaniasis.Cl
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Hong A. et al., 2020



Leishmania life cycle (Kumar and Engwerda, 2014)



Both infected and sick dogs are 
considered the main domestic 
animal reservoirs for 
Leishmania infantum parasite

Healthy infected as reservoirs



Clinical manifestations of Leishmaniases

Humans

• Visceral leishmaniasis (VL)
• Localized Leishmanial Lymphadenopathy
• Post-Kala-Azar dermal leishmaniasis

(PKDL)
• Cutaneous leishmaniasis (CL)
• Diffuse and Disseminated CL
• Mucocutaneous leishmaniasis (MCL)
• Localized mucosal leishmaniasis
• Diffuse mucosal leishmaniasis

Domestic animals (dog and cat)

• Generalized leishmaniasis (ZVL)
• Cutaneous form(s)
• Localized mucosal/mucocutaneous

form(s)



L. infantum
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Figure 5. Geographical distribution of reported animal leishmaniasis cases, European Union and 
neighbouring countries, 2009−2020 

 

Figure 6. Geographical distribution of reported human and/or animal leishmaniasis cases, European 
Union and neighbouring countries, 2009−2020 

 
  

L. infantum
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leishmaniasis prevalence in dogs, cats and wildlife according to NUTS3 and regions of Portugal and the diagnostic 
technique used. In dogs, seroprevalence ranged between 0% and 56%, and was <20% in most studies; PCR 
prevalence in blood ranged between 0% and 69% and PCR prevalence in tissue ranged between 0% and 33% (Table 
23a). In cats, seroprevalence ranged between 0% and 17%, with PCR in blood samples ranging between 0% and 
25% and PCR in skin and buffy coat samples 0% and 5%, respectively (Table 23b). In wildlife, seroprevalence ranged 
between 0% and 6% and PCR prevalence in tissue samples between 0% and 33% (Table 23c). 

Sand fly infections 
Infection rates by PCR in individual sand flies were 4% in P. ariasi females from Médio Tejo, 0.1−0.2% in P. 
perniciosus and 0.1% in S. minuta from Algarve, 1.7% in P. perniciosus and 4.9% in S. minuta from Alentejo 
Central and Beja, and 0% in other sand fly species from these territories and two studies in the metropolitan area 
of Lisbon (Table 24) [240-246]. 

Figure 7. Geographical distribution of reported human and/or animal cases of leishmaniasis due to 
Leishmania donovani s.s., European Union and neighbouring countries, 2009−2020 

 
  

Surveillance, prevention and control of leishmaniases in the European Union and its neighbouring countries TECHNICAL REPORT 

24 

3.2.2 Status of leishmaniases in North Africa 
General epidemiological features 
Three Leishmania species, L. infantum, L. major and L. tropica are endemic in the region (Figures 2, 6, 8 and 9). 
They cause tens of thousands of HumL cases every year, mostly CL cases, and L. major is responsible for the 
majority of them.  

Figure 8. Geographical distribution of reported human and/or animal cases of leishmaniasis due to 
Leishmania major, European Union and neighbouring countries, 2009−2020 

 
Figure 9. Geographical distribution of reported human and/or animal cases of leishmaniasis due to 
Leishmania tropica, European Union and neighbouring countries, 2009−2020  
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Figure 9. Geographical distribution of reported human and/or animal cases of leishmaniasis due to 
Leishmania tropica, European Union and neighbouring countries, 2009−2020  

 



One Health approach and NTDs
• All aspects of human, animal, and 

ecology to recognizing their 
interconnectedness

• Socio-economic factors: higher risk for 
impoverished communities

• Political and migratory influences: high 
infection rates occurring in war zones and 
densely populated areas such as refugee
camps

• Environmental Risk Factors: the warming
climate can affect the movement of 
vectors and reservoir animals. Mass 
deforestation may influence the increase
of Leishmaniases



The main actor: Phlebotomine sand flies

36

immigrants, it adapted to development in the highly permissive sand !y Lu. longipal-
pis (Volf and Myskova 2007).

3.3  Leishmania Development in Sand Fly Gut 
and Transmission to the Host

Leishmania development in sand !y vector is con"ned to the digestive tract of the 
insect. This tract consists of three major parts, foregut (stomodeum), midgut (mesen-
theron) and hindgut (proctodeum), see Fig. 3.4. The midgut is composed of a single-
layered epithelium with a brush border of microvilli lining the lumen. In contrast, the 
foregut (including the stomodeal valve) and the hindgut (including the pyloric trian-
gle) are lined by chitin. Promastigotes of subgenus Leishmania develop exclusively 
in the midgut (and eventually the foregut). Promastigotes of parasites belonging to 
the subgenera Viannia and Sauroleishmania also move posteriorly and attach to chi-
tin lining of the pylorus region (as haptomonads) (Lainson et al. 1977; Walters et al. 
1993). The mechanisms of midgut attachment in members of subgenus Viannia 
remain to be studied in greater detail (Bates 2007; Wilson et al. 2010), but members 
of subgenus Leishmania develop exclusively in the midgut and foregut. Parasite 
development in the vector is summarized in Fig. 3.4, and in the text below.

HA
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NE

SV

PSG

HA

STOMODEUM THORACIC MIDGUT ABDOMINAL MIDGUT PROCTODEUM

PM

LE

Fig. 3.4 Sand !y digestive tract and Leishmania development in the vector. Sand !y female ingest 
amastigotes (AM) together with the blood meal. In the abdominal midgut the blood meal is encased 
by peritrophic matrix (PM), and amastigotes transform to procyclic promastigotes (PP) which 
proliferate. After PM disintegrates, PP transform to long nectomonads (NE) which later transform 
to shorter form called leptomonads (LE = short nectomonads). These forms temporarily attach to 
midgut epithelium and proliferate. In subgenus Viannia, haptomonads (HA) attach to cuticular 
lining of proctodeum. In late-stage infections, leptomonads migrate to thoracic midgut, produce 
promastigote secretory gel (PSG) and transform either to metacyclics (MC) or haptomonads (HA) 
attaching to cuticular lining of stomodeal valve (SV) (J. Sadlova and P. Volf)

V. Dvorak et al.

PM: Peritrophyc Matrix
AM: Amastigotes
PP: Procyclic Promastigotes
NE: Neptomonas
LE: Leptomonas
HA: Haptomonads
MC: Metacyclics
PSG: Promastigote Secretory Gel
SV: Stomodeal ValveSa
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Immunological unbalance during VL (ZVL)
116

Immunity of
Visceral

Leishmaniasis

CD4+

CD8+

CD8+CD4+

B cells

IL-10
NK

Neutrophils

DC

TLRS

+

IFN-γ

TGF-β

IL-17

Th2

PATHOGENESIS

Th1

PROTECTION

IL-27

O2
NO

-

MΦ

Fig. 5.2 Brief explanation of immunity in visceral leishmaniasis. After infective metacyclic pro-
mastigotes enter the dermis, the innate immune system is triggered, and in!ammatory cells are 
recruited to the site of invasion within minutes. A variety of cells (neutrophils, macrophages, DCs, 
and NK cells) and TLRs (TLR2, TLR3, TLR4, TLR7, and TLR9) are present in the site of infec-
tion. Two pathways can be activated: protection against VL mediated by Th1 immune response and 
pathogenesis which is associated with Th2 response. Protection is associated with the production 
of IFN-γ by CD4+ T cells and/or CD8+ lymphocytes. In the last instance, control of VL depends on 
the development of antileishmanial effector molecules (reactive nitrogen and oxygen intermedi-
ates). Progression of the disease is enhanced by IL-10 and TGF-β production. Increased levels of 
IL-10 (restricted to T CD8+ and B cells) induce parasite persistence and chronicity of the disease, 
while IL-27 enhances production of IL-10 and inhibits secretion of IL-17 by CD4+ T cells

from leishmaniases (Oliveira et al. 2006; Oliveira et al. 2008; Gomes et al. 2008; 
Collin et al. 2009; Kamhawi et al. 2014; Gomes et al. 2016). On the other hand, it 
has also been demonstrated that saliva of Lutzomyia longipalpis could exacerbate 
Leishmania major infection (Titus and Ribeiro 1988). In addition, an experiment 
where salivary glands of Lu. longipalpis were sonicated (SGS) and exposed to mice 
demonstrated that SGS was able to modulate PGE2/LTB4 axis. This #nding seems 
to point toward the importance of salivary glands products as a critical factor driving 
immune evasion of the parasite, which in turn represents an important mechanism 
for establishment of infection (Araujo-Santos et al. 2014).

J.J. Lauthier and M. Korenaga

Immunocompromised patients:

• HIV +
• Long-term immune-suppressive

treatment
• Chronic diseases
• Co-infections

• IMMUNOCOMPETENT PATIENTS

Lauthier and Korenaga, 2018



The Fuenlabrada (Spain, Europe) case

• In Spain, more than 8,000 hospitalizations related to
leishmaniasis have been registered between 1997 and 2011
• The only species present, Leishmania infantum, is
hypoendemic and causes both cutaneous and visceral
leishmaniasis (CL and VL)
• In 2009, a significant increase of cases was identified in
southwestern of the Community of Madrid. Until June 2020, 479
cases of CL and 303 of VL have been registered, with a peak of
197 cases in 2011
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NEW STUDIES ON

• The role of dog in maintaining and transmitting Leishmania species different from 
L. infantum





Xenodiagnosis

MAIN VARIABLES

ü The number of sand flies employed for dog biting

ü The nature and extension of the body surface exposed to 
their bite (whole body vs limeted areas)

ü The time of exposure



We need more information on

• Vertical transmission

• Venereal transmission

• Organ(s) transplant transmission

• Blood derivatives transmission



NOT INFECTED:

Repellents (Pyrethroids)
Vaccine (limits severe disease)

Avoiding breeding/transfusion

• INFECTED/SICK:

• Repellents
• Anti-Leishmania drugs
• Immune-potentiating drugs
• Avoiding breeding/transfusion

PREVENTION/TREATMENT



• SICK:

• Anti-Leishmania drugs (L AmPh B)

• Immune-potentiating drugs

PREVENTION/TREATMENT HEALTHY PEOPLE:

Repellents (Pyrethroids)
Indoor/Outdoor spray

Vaccine not available !!!



Climate Monitoring and Decision 
Support Framework for Sand Fly-

borne Diseases Detection and 
Mitigation with Cost-benefit and 

Climate-policy Measures 

Co-Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union 
or the European Health and Digital Executive Agency (HADEA). Neither the European Union nor the granting authority can be held responsible for them.

UK Research and Innovation, 
Horizon Europe Guarantee.

The six Horizon Europe projects, BlueAdapt, CATALYSE, CLIMOS, HIGH Horizons, IDAlert, and TRIGGER, form the climate 
change and health cluster

Providing a better knowledge and 
comprehension of climate and environmental 

drivers of sand fly-borne diseases 

– The CLIMOS project –

Carla Maia

17th Symposium of the CVBD World Forum, September 24-25, 2023, Lisbon, Portugal



Take home messages
• Leishmaniases control must be conceived as an integrated approach
• Control the vectors the main strategy

• Fight the poverty, fight against global worming (and globalization) fight
against the deforestation, do everything to save the environment. These
are the best strategies to fight against Leishmaniases

• Companion animals are in the loop as innocent bystander


