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Abstract Leishmaniasis is a neglected tropical disease caused by kinetoplastid

protozoan parasites belonging to the Leishmania genus. Infection causes a wide

diversity of clinical manifestations, ranging in severity from asymptomatic infec-

tions, self-healing cutaneous lesions (cutaneous leishmaniasis (CL)), mucocutane-

ous lesions (mucocutaneous leishmaniasis (MCL)), diffuse leishmaniasis, and

visceral leishmaniasis (VL) which can be lethal when untreated. Leishmania par-

asites are transmitted to vertebrate hosts through the bite of female sandflies of the

genus Lutzomyia in the New World. We review here some of the key aspects of

leishmaniasis in Latin America and highlight some of the specificities of the disease

in the American continent. The diversity of vector and parasite species poses
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additional challenges compared to the situation in the Old World. Indeed, this

diversity implies that most tools for disease surveillance and control, including

diagnostics, vector control interventions, therapeutic treatments, and vaccines, need

to be adapted to ensure their efficacy. Further research is thus needed to optimize

leishmaniasis control and surveillance in the Americas.

Keywords Leishmania • Sand fly • Lutzomyia • Visceral leishmaniasis • Cutaneous

leishmaniasis • New world

1 Introduction

Leishmaniasis is a neglected tropical disease caused by kinetoplastid protozoan

parasites belonging to the Leishmania genus, which includes at least 35 species of

which 20 are considered pathogenic to humans (Fraga et al. 2013; WHO 2010).

Infection with Leishmania parasites causes a wide diversity of clinical manifesta-

tions, ranging in severity from asymptomatic infections, self-healing cutaneous

lesions (cutaneous leishmaniasis (CL)), mucocutaneous lesions (mucocutaneous

leishmaniasis (MCL)), diffuse leishmaniasis, and visceral leishmaniasis

(VL) which can be lethal when untreated (WHO 2010). Leishmaniasis has a global

geographic distribution in 98 countries, affecting about 12 million people world-

wide, with a yearly incidence estimated at 0.2–0.4 million cases of VL and 0.7–1.2

million of CL (Alvar et al. 2012; Pigott et al. 2014). It is thus considered as one of

the most important public health problem in these endemic countries.

CL is the most frequent clinical form of the disease, representing 75 % of

leishmaniasis total cases, and 75 % of its global incidence is distributed in Colom-

bia, Brazil, Peru, Costa Rica, Iran, Syria, Afghanistan, Algeria, Ethiopia, and Sudan

(Pigott et al. 2014). CL is responsible for 2,356,000 Disability Adjusted Lost Years

(DALYs) in men, and 946,000 in women (Murray et al. 2005). On the other hand,

90 % of all VL cases are reported in Brazil, Ethiopia, Sudan, South Sudan, India,

and Bangladesh (Pigott et al. 2014).

Leishmania parasites are transmitted to vertebrate hosts through the bite of

female sandflies of the genus Phlebotomus and Lutzomyia in the Old and New

World, respectively. About 70 sand fly species from nearly 900 existing species

have been incriminated in Leishmania transmission (Ready 2013). Several domes-

tic and wild mammals are involved as host reservoirs, including dogs, sloths,

anteaters, raccoons, and opossums, as well as some small rodent species (WHO

2010).

Given the diversity of parasite, vector, and host species, the epidemiology of

leishmaniasis is complex, with urban and rural transmission cycles involving

different species often in the same geographical area (Pigott et al. 2014, Ready,

2013; Shaw 2002; Lainson 2010). We review here some of the key aspects of

leishmaniasis in Latin America and highlight some of the specificities of the disease

in the American continent.
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2 Epidemiology of Leishmaniasis in the Americas

Leishmaniasis is widely present in the Americas, and particularly relevant in the

tropical and subtropical regions of the continent, ranging from the southern US and

Mexico to northern Argentina and Chile. There were a total of 66,941 cases of

CL/year reported in recent years in the American region, which, accounting for

underreporting, corresponds to an estimated incidence of 187,000–307,800 cases of

CL/year (Alvar et al. 2012). Similarly, 3,662 cases of VL/year have been reported

in the region, corresponding to an estimated incidence of 4,500–6,800 cases of

VL/year (Alvar et al. 2012). Thus, the American continent accounts for around 25–

30 % of global CL and 1.5–2 % of global VL cases and burden.

The incidence of the disease is rather heterogeneous, with some countries

showing a high incidence while others do not report cases (Fig. 1). Countries

with the highest incidence are Brazil, Peru, and Colombia, while Canada and the

United States do not present autochthonous cases.

Leishmaniasis has been extensively studied in Brazil over the past years, due to

its very high incidence. Over 90 % of VL cases of the American continent occur in

Brazil and 85 % of these cases are distributed in the northeast of the country

(Harhay et al. 2011). Only in the Maranhao state, an epidemiological survey in

children showed a prevalence of over 19 % of infection by Leishmania infantum
chagasi (Nascimento Mdo et al. 2005). Similarly, in the other northeastern states of

Piauı́ and Bahı́a, the affected population was around 14–16 % (Werneck et al. 2002;

Felipe et al. 2011). In the Amazon rainforest in the state of Ceará, a prevalence of

4.6 % of VL was reported in children <11 years old, while in the state of Pará, a

prevalence of 3.4 % was measured in a cohort study of 946 individuals living in

endemic areas (Evans et al. 1992). Due to the high prevalence and incidence of VL

in the country, Brazil has established a VL Control and Surveillance Program, in

which all suspected and confirmed cases must be reported (de Araujo et al. 2012).

CL is also very frequent, with an estimated yearly incidence of 26,000 cases

(Fig. 1).

In Colombia, both visceral and dermatropic clinical forms have been described,

but cutaneous leishmaniasis is largely predominant in 99 % of total cases. There is

an estimated incidence of over 17,000 CL cases/year. Leishmania (Viannia)
panamensis is responsible for 54–80 % of cases in northern and southwestern

Colombia. On the other hand, L. (Viannia) braziliensis is distributed in most of

the country and is responsible for 10–30 % of CL cases. About 1–5 % of additional

leishmaniasis cases are caused by L. (Leishmania) mexicana and L. (Viannia)
guyanensis (Martinez et al. 2010). Peru also has a high incidence of CL, reaching

about 6,500 estimated cases/year (Llanos-Cuentas et al. 2008) and the disease is

present in over 70 % of the country.

Bolivia, Ecuador, Venezuela, and Central American countries show intermedi-

ate incidence rates (Fig. 1). Bolivia presents a predominance of CL, and only

10 cases of VL have been reported in the period of 1983–2006. In contrast, the

incidence of CL was estimated in 2006 at 32.7/100,000 habitants (Garcia
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et al. 2009). Importantly, 90 % of cases were reported from only three of Bolivia’s
nine departments. The main causal agents involved were L. (V.) braziliensis, L. (V.)
amazonensis, and L. (V.) lainsoni, with up to 85 % of total cases (Garcia

et al. 2009).

In Ecuador, there is an estimated incidence of 3,000–4,500 cases of leishman-

iasis per year, with CL found in most of the country, while MCL is rather restricted

to the Amazon region (Calvopina et al. 2013).

Fig. 1 Estimated incidence

of CL in the Americas [Data

were taken from Alvar

et al. (2012)]
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VL is endemic in Venezuela, with an estimated yearly incidence of 0.2/100,000

people from 1995 to 2000, according to the National Registry of Leishmaniasis data

(Feliciangeli et al. 2005; Convit et al. 2003; Zerpa et al. 2002). The main causative

agent is L. infantum chagasi. The estimated incidence of CL is about 2,500 cases/

year (Fig. 1).

Limited information is available for Central American countries. Cases have

been described in patients from Guatemala and Belize, who present chronic ulcer-

ative lesions characteristic of CL caused by L. (L.) mexicana (Blaylock and

Wortmann 2012; Vinetz and Soong 2007; Demers et al. 2013). Panama seems to

present the highest incidence, reporting up to 100 new cases/100,000 inhabitants

per year, although incidence may still be underestimated (Miranda et al. 2009).

In spite of limited information, a significant incidence is also reported in the

countries of Argentina, Paraguay, Guatemala, Mexico, Guyana, French Guiana and

Suriname. In Mexico, both visceral and cutaneous leishmaniasis are present, mainly

in the southern part of the country, but some cases have also been detected in

northern states such as Sinaloa and Durango (Salazar-Mejia et al. 2010; Perez-Vega

et al. 2009). Leishmaniasis is endemic in 22 of 31 Mexican states, but most cases

have been found in the states of Veracruz, Tabasco, Chiapas, and in the Yucatan

peninsula. Since 1995, only around 900 cases of both CL and VL have been

reported per year (Bottazzi et al. 2011), but the epidemiology of the disease is

poorly understood and controversial (Sanchez-Garcia et al. 2010; Andrade-Narvaez

et al. 1990). VL is mostly present in the state of Chiapas, with 89 cases reported

from the period of 1990–2006 (Pastor-Santiago et al. 2012).

In French Guiana, 100–350 CL cases/year have been reported in the past years,

and the incidence appears to be significantly increasing, possibly in association with

the development of ecotourism and mining in endemic forested areas (Rotureau

2006; Rotureau et al. 2007).

Uruguay, Chile, El Salvador, and Belize do not report any cases but are likely to

have some disease present. For example, some sporadic cases have been described

in Belize (Vinetz and Soong 2007), but the magnitude of Leishmania transmission

to humans remains unknown. In the USA, canine leishmaniasis has been reported in

several kennels, starting from an initial outbreak in 1999 in New York (Petersen and

Barr 2009; Petersen 2009a), but there does not seem to have autochthonous human

cases. The mechanisms of transmission of canine leishmaniasis in the USA remain

largely unknown, although congenital transmission has been incriminated (Petersen

2009b; Boggiatto et al. 2011).

3 Clinical Forms and Leishmania Species

In Latin America, the clinical forms of leishmaniasis include CL and VL as

mentioned above, but also disseminated, atypical cutaneous and mucocutaneous

leishmaniasis. This diversity of clinical forms of the disease is strongly associated

with the diversity of Leishmania parasite species. Indeed, while leishmaniasis is

caused by only five species of Leishmania in the old world (L. aethiopica,
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L. donovani, L. infantum, L. major, and L. tropica), a key characteristic of the

American continent is the presence of a much greater diversity of parasite species,

which include both the Leishmania and Viannia subgenus (Table 1). Species from

the Viannia subgenus are endemic only in the new world. This diversity of species

has important implications for disease epidemiology, control, and patient care.

Indeed, it complicates vector control as well as diagnosis and treatment of patients

in the Americas.

The species status of L. chagasi has been debated for many years, but recent

molecular studies provided very strong evidence indicating that it should be

considered as a subspecies of L. infantum, hence denominated L. infantum chagasi.
Phylogeographic analysis indeed suggests a recent introduction of L. infantum
chagasi in the new world, potentially from infected dogs brought to the Americas

from Europe around 500 years ago during colonization (Marcili et al. 2014). This

introduction was associated with a major bottleneck signature in L. infantum
chagasi in the New World and a dramatic 1,000-fold reduction in the genetic

diversity of this subspecies compared to L. (L.) infantum in the Old World.

CL can result from the infection with most of the species, including L. (L.)
mexicana, L. (L.) venezuelensis, L. (L.) amazonensis as well as L. (V.) braziliensis,
L. (V.) guyanensis, L. (V.) panamensis, L. (V.) shawi, L. (V.) naiffi, L. (V.) lainsoni,
L. (V.) lindenbergui, and L. (V.) peruviana (Shaw 2002; WHO 2010). Localized

cutaneous lesions are usually characterized by a unique or a few round-to-oval well-

delimited ulcerated lesions with elevated borders, which can persist for months or

even years, leaving a scar which can have severe social implications according to its

severity (Banuls et al. 1999, 2011; Guimaraes et al. 2009). There are important

geographic variations in the frequency of the different Leishmania species found.

For example, L. (L.) mexicana is the most frequent species present in southern

Table 1 Main Leishmania species and their common clinical manifestations

Genus Subgenus Species Clinical manifestations

Leishmania (Leishmania) donovani
infantum
infantum chagasi
major
tropica

aethiopica

mexicana
amazonensis

VL

VL

VL

CL

CL

CL

CL (VLa)

CL, ADCL

(Viannia)b braziliensis
guyanensis
panamensis

naiffi
peruviana
colombiensis
shawi

CL, MCL

CL, MCL

CL, MCL

CL

CL

CL

CL
aMostly in immunocompromized patients. Bold fonts indicate species for which the genome

sequence is available
bThe Viannia subgenus is exclusively present in the Americas
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Mexico. In Panama, the most frequent species is L. (V.) panamensis while other

species such as L. (V.) amazonensis, L. (V.) colombiensis, and L. (L.) mexicana are

less frequent (Miranda et al. 2009). In Peru, L. (V.) peruviana, L. (V.) guyanensis,
and L. (V.) braziliensis are the most frequent species infecting humans, although

L. (V.) guyanensis is also present in the Andean region. The identification of

Leishmania species is important for the diagnosis and treatment, as treatment

failure with pentavalent antimonials can be very frequent, particularly in infections

with L. (V.) peruviana and L. (V.) braziliensis (Llanos-Cuentas et al. 2008; Adaui
et al. 2011). Leishmania species identification can be achieved using monoclonal

antibodies, but these methods have now largely been replaced by PCR-based

molecular approaches based on a variety of molecular targets (Tsukayama

et al. 2009, 2013; Valencia et al. 2012; Fraga et al. 2012).

Atypical manifestations of cutaneous leishmaniasis have been reported in Bahia,

Brazil, where 1,396 cases between 2005 and 2006 were studied and 1.3 % patients

without other morbidities resulted with vegetative, verrucous, crusted, and lupoid

lesions. L. (V.) braziliensis was isolated and responsible for atypical leishmaniasis

in 8 of these patients (Guimaraes et al. 2009). In Costa Rica and Nicaragua, some

patients infected with L. infantum chagasi also showed atypical cutaneous cases

(Convit et al. 2005).

Disseminated leishmaniasis appears as multiple pleomorphic lesions in at least

two separated parts of the body and it is characterized by limited T cell responses to

Leishmania antigens and a high number of phagocytized parasites within macro-

phages (Turetz et al. 2002). Disseminated leishmaniasis is rather rare, as it occurred

in 1.9 % of 2,206 cutaneous leishmaniasis cases reported from 1992 to 1998, and

patients showed an initial and isolated ulcer lesion, which developed into>10 up to

hundreds of acneiform, nodular, papular, and ulcerated lesions over the following

days. The principal causal agent of disseminated leishmaniasis is L. (V.) braziliensis
(Turetz et al. 2002) and it has been observed mainly in northeastern Brazil, but

some cases have been reported in other countries where this species is present

(Table 1).

More than a clinical form, the mucocutaneous or mucosal leishmaniasis is the

involvement of the mouth, pharynx, and larynx following the extension of cutane-

ous lesions. MCL is characterized by early nose block and bleeding. Patients can

show a septal perforation after days or months postinfection, nose skin can be

thickened and hyperemic, with deformation of the nasal pyramid. Metastasis can

occur in mucosal tissues of the mouth and the upper respiratory tract, resulting in

severe mutilation and difficulties for feeding or breathing (WHO 2010; Lessa

et al. 2012). Also known as “espundia,” mucosal leishmaniasis occurs in 3 % of

CL cases in Bahia, Brazil. In the Amazon region of Brazil, mucosal leishmaniasis

cases are often caused by L. (V.) braziliensis in 2/3 of the cases, while L. (V.)
guyanensis is responsible for 1/3 of the cases (Guerra et al. 2011). Mucosal

leishmaniasis has also been reported in Bolivia and Peru (WHO 2010; Lessa

et al. 2012).

The visceral form (VL) is exclusive of L. infantum infection in the new world

and its subspecies L. infantum chagasi. It is characterized by liver and spleen
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involvement, and it is often fatal if not treated. The main symptoms associated with

an unfavorable prognosis of VL include jaundice, thrombocytopenia, hemorrhage,

diarrhea, severe neutropenia, and dyspnea, and the associated factors are HIV

co-infection, age <5 and age >40–50 years, and bacterial infections (Belo

et al. 2013). Tubuloglomerular dysfunction and renal inflammation have also

been observed in some VL patients, suggesting that renal damage may also be

part of the clinical evolution of VL (Silva Junior et al. 2014). Although Brazilian

government efforts are directed toward early diagnosis and treatment, the fatality

rate reported for VL was estimated to be 7 %, and in Belo Horizonte, Mina Gerais, it

reached 12.6 % during the years 2002–2009 (de Araujo et al. 2012). HIV

co-infection is also a growing concern, as it leads to a much more severe VL

outcome (van Griensven et al. 2014; Lindoso et al. 2014). Other species such as

L. (L.) mexicana can also cause VL, particularly in patients with low immune status

(Ramos-Santos et al. 2000).

Following the sequencing of L. (L.) major genome in 2005 (Ivens et al. 2005),

the complete genomes of 17 additional Leishmania species and strains are now

available, including for L. (L.) donovani, L. (L.) infantum, L. (L.) mexicana,
L. tarentolae, L. (V.) panamensis, and L. (V.) braziliensis. It is expected that

these sequences and databases will allow a large variety of studies to further

understand the pathogenesis and biology associated with the different species of

Leishmania (Table 1).

4 Sand Fly Vectors of Leishmania Parasites

in the Americas

A large diversity of sand fly vectors is present in the Americas, and they have

adapted to a variety of habitats throughout the continent. Most species are associ-

ated with sylvatic habitats, but some have adapted to peridomestic habitats as well.

Figure 2 summarizes the major sand fly species that have been incriminated as

vectors of Leishmania in the Americas.

In contrast to the rather good knowledge of vectors in the Old World, much less

is known about Leishmania vectors in the New World. For example, while a few

vector species have been established for the transmission of L. (L.) mexicana, L. (L.)
infantum, L. (V.) braziliensis, L. (V.) guyanensis, and L. (L.) amazonensis, the
sandfly species associated with L. peruviana, L. panamensis, L. shawi,
L. Lainsoni, L. colombiensis, L. naiffi, and L. venezuelensis transmission are still

not clearly established (Ready 2013). A number of sand fly species are suspected

vectors, but many await confirmation.

As can be seen, Lu. longipalpis is the most widespread and predominant vector

of Leishmania (Fig. 2). It is considered the main vector for L. infantum in Brazil,

where it has been able to adapt to the peridomestic habitat, possibly in association

with environmental changes (Lainson and Rangel 2005). Lu. Longipalpis is also
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present in Bolivia, Colombia, Venezuela, various parts of Central America, and to a

lesser extent in Mexico. In some instances, such as in Panama, Lu. longipalplis has
been found but no case of VL has been reported (Miranda et al. 2009). L. infantum
infection rate can be up to 19 % for Lu. Longipalpis, but other sand fly species such
as Nyssomiya intermedia and Ny. Whitmani also present high L. infantum infection

Fig. 2 Diversity of sand fly vectors of Leishmania in the Americas. Only demonstrated vectors are

indicated. Bold fonts indicate the most epidemiologically relevant species. Additional species of

sandflies are also suspected to contribute to Leishmania transmission but are not indicated
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rates in Brazil (Saraiva et al. 2010), and Lu. pseudolongipalpis has also been

proposed as a vector for L. infantum (Feliciangeli et al. 2005).

Important vector species for dermotropic Leishmania parasites include Lu.
ovallesi, which is widely distributed in Guatemala, Belize, Panama, Colombia,

and Venezuela (Fig. 2). It presents anthropophilic habits and shows high suscepti-

bility to parasite infection, and it is considered the main vector of L. (V.) braziliensis
in Venezuela (Nieves et al. 2012). Lu. olmeca and Lu. cruciata are the principal

vectors of L. (L.) mexicana in Mexico and America Central (Pech-May et al. 2010).

Lu. panamensis, Lu. trapidoi, Lu. ylephileptor, Lu. gomezi, and Lu. sanguinaria are
incriminated in L. panamensis transmission. In the USA, Lu. shannoni and Lu.
vexator are present, but seem to participate only in zoonotic transmission cycles.

This extensive diversity of sand fly species involved in parasite transmission to

humans in the Americas has important implications. First it makes vector control

very challenging, given the diversity of ecological niches and habitats implicated

for the different sand fly species. Second, it also complicates the study of the role of

sand fly saliva in Leishmania pathogenesis. Indeed, following pioneering studies

with L. (L.) major and Phlebotomus papatasii, an Old World vector (Belkaid

et al. 1998; Kamhawi et al. 2000), it is now clearly established that while the

primary role of salivary proteins is to facilitate sand fly blood feeding, an important

secondary property is to modulate the host immune response and the outcome of

Leishmania infection (Kamhawi et al. 2000, 2014). Protection against Leishmania
may be obtained following exposure with specific sand fly salivary proteins, and

these have thus been proposed as a vaccine component against Leishmania para-

sites. In the Americas, most studies have focused on Lu. longipalpis, given its

epidemiological relevance (Kamhawi et al. 2014), and some studies have

highlighted some level of antigenic variability in key salivary proteins such as

maxadilan (Milleron et al. 2004). The immune response to salivary proteins may

also be used as a biological marker of exposure to sand fly bites in epidemiological

studies (Souza et al. 2010). However, much less is known about the repertoire of

salivary proteins from other species and their biological properties, although recent

studies are beginning to unravel some information on the saliva of a variety of sand

fly species, including Lu. intermedia (Weinkopff et al. 2014) and Lu. ovallesi
(Nieves et al. 2012).

5 Reservoir Hosts of Leishmania in the Americas

A reservoir host is considered to be responsible for the long-term maintenance of

circulating Leishmania parasites. Humans are rather considered to be incidental

hosts, who may in some cases be involved in parasite transmission, but are not

considered essential to complete transmission cycles.

In southern Texas Neotoma micropus is one of the most common rodent species

which is associated with cactus vegetation where Lu. anthophora is present, and at

least 9 % of the rodents are found positive to L. (L.) mexicana (Ashford 1996). In
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Mexico, small rodents such as Ototylomys phyllotis and Peromyscus yucatanicus
have been incriminated as reservoirs for L. (L.) mexicana parasites (Van

Wynsberghe et al. 2009). Sloths and anteaters have been reported to be infected

with L. (V.) guyanensis and L. (V.) panamensis, and may serve as reservoirs for

these species, as well as opposums for L. (V.) guyanensis, L. (L.) infantum, and
L. (V.) peruviana; and raccoons may serve as reservoirs for L. (V.) panamensis
parasites (WHO 2010).

However, domestic dogs (Canis familiaris) are considered the most important

domestic reservoir of Leishmania parasites in most of its geographic distribution,

including the Americas. Dogs have been found infected with L. infantum,
L. tropica, L. major, L. (L.) mexicana, and L. (V.) braziliensis (Ashford 1996).

Canine infection with Leishmania spp., as in humans, can thus lead to VL or CL

clinical forms, although many animals may remain asymptomatic as well. In

peridomestic transmission cycles, dogs play a major role in attracting sandflies

around human dwellings as demonstrated in southern Brazil, where the presence of

infected dogs increases the risk of human infection 4.39 times (CI: 1.37–13.45)

(Membrive et al. 2012). L. infantum chagasi infection rates can be very high in

dogs, reaching nearly 50 % in Maranhao, or even 67 % in Sao Luis, Brazil (Felipe

et al. 2011). While it is clearly established that dogs are the main reservoirs of

L. infantum chagasi in many regions (Moreno and Alvar 2002; Baneth et al. 2008),

their role in the transmission of cutaneous Leishmania species is not well under-

stood. The observation of long-lasting skin ulcer lesions and a high susceptibility of

dogs from Argentina suggests that they could act as reservoirs for other Leishmania
parasites species (Padilla et al. 2002; Cruz-Chan et al. 2014). This has important

implications for the definition of epidemiological control measures of this impor-

tant reservoir. Indeed, the massive euthanasia of infected dogs in Brazil has been

strongly discussed and has had a questionable efficacy to reduce infection rate in

humans (Moreira et al. 2004; Grimaldi et al. 2012). Thus, alternative control

strategies, including dog vaccination still need to be considered (Otranto and

Dantas-Torres 2013; Palatnik-de-Sousa 2012). A few canine vaccines against VL

are available in some countries, such as Brazil, and while they are highly immu-

nogenic, their protective potential is still debated (Fernandes et al. 2014; Wylie

et al. 2014). Further evaluation of these vaccines, as well as their improvement, is

thus needed for an optimal control of canine leishmaniasis, and as for a human

vaccine, these need to take into account the diversity of Leishmania species

circulating in the region.

6 Concluding Remarks

Leishmaniasis remains a significant neglected disease in the Americas, with a rather

high incidence in many regions and countries. Importantly, the diversity of vector

and parasite species poses additional challenges compared to the situation in the

Old World where leishmaniasis is also highly endemic. Indeed, this diversity
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implies that most tools for disease surveillance and control, including diagnostics,

vector control interventions, therapeutic treatments, and vaccines, need to be

adapted to the species involved to ensure their efficacy. Further research is thus

needed to optimize leishmaniasis control and surveillance in the Americas.
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