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Abstract
Phlebotominae sand flies are natural hosts of various microorganisms including etiological agents of diseases of 

medical and veterinary importance such as viruses, bacteria and protozoa. Parasites of the genus Leishmania is widely 
spread around the world and are pathogenic to man, wild and domestic animals with a variety of species and, in most 
cases, a specific vectors. In the Neotropical region nearly 530 species of sand flies are known and this current review 
updates the information on the vectors of leishmaniases in the Americas.

Introduction
Sand flies (Diptera: Psychodidae: Phlebotominae) are natural 

hosts of various microorganisms including etiological agents of 
diseases of medical and veterinary importance such as viruses, 
bacteria and protozoa. Four genera of trypanosomatid protozoa are 
found parasitizing this group of insect: Endotrypanum, Trypanosoma, 
Sauroleishmania and Leishmania. Only the latter genus is pathogenic 
for man who has sand flies as vectors, a fact that gives these insects great 
importance for the transmission of leishmaniases in various regions of 
the world including Americas [1,2]. Several countries in the New World 
have occasional to high incidence of skin and visceral leishmaniasis. 
The main risk factors for contracting this disease are increase human 
exposure to sand fly in sylvatic areas or intense urbanization of new 
areas with environmental changes  of ecosystems and adaptation of 
sand flies to new environments [3-5].

Phlebotomine sand flies are a group of insects with a long 
evolutionary history that probably has appeared in the Lower Cretaceous 
[6,7]. This well-defined group is likely to have a monophyletic origin 
with adaptation to diverse environments and today they are found in 
temperate regions but most species presents tropical and subtropical 
distribution [8,9].

Adults, males and females, are recognized by their small size, hairy 
body, the wings held erect on the body when resting, and a bouncy 
flight. Females are blood feeders and, in general, tend to bite at night or 
in twilight, but also can sting during the day in forested areas. 

Today, there are slightly 1.000 described species of sand flies in 
the world and near 530 species are found in the Neotropical region. 
Among these a little more than 20 species are considered proven 
vectors of leishmaniases in the New World. This relatively small 
number of vectors is in function of a number of physiological and 
biochemical factors inherent to both insects and parasites, these factors 
influence the survival of the parasites in the digestive tract of the insect, 
its multiplication and transformations that result in the development 
of infective forms, influencing the transmission to the vertebrate host 
[9-11].

The development of different species of Leishmania in the sand fly 
species possible varies on the location of the infection in the digestive 
tract of the insect, which allows dividing them into three different 
groups. This physiological characteristic of Leishmania served as 
the basis for the current classification of the genus Leishmania into 
two subgenera: Leishmania and Viannia and separating the genus 
Sauroleishmania which was subsequently confirmed to be a valid 
genus by biochemical and molecular studies. The latter genus includes 
species of lizards and parasites not pathogenic to humans but sand flies 

are their natural vectors. Endotrypanum is a blood parasite of sloth in 
South and Central America and natural infection of sand flies can often 
lead to a mistaken diagnosis for Leishmania [11,12]. 

The search of natural infection of sand flies by Leishmania is 
made by dissection of females and observing the flagellated forms in 
the digestive tract of the insect. Although laborious, this technique 
allows establishing the rate of infection, observing the activity, the 
development and location of flagellates in the insect, which aids the 
identification of the parasite to the subgenus level, and allows the 
isolation of the flagellate for further confirmation and comparison with 
human or non-human isolates [13,14]. 

In recent years, molecular techniques based on PCR have been 
applied in the detection of Leishmania in sand flies transmission in 
different regions [15,16]. Due to its high sensitivity, a high number 
of sand flies with “natural” infection has been observed, but in 
reality, in most cases, these findings do not meet the basic criteria to 
be determinant as vectors since the presence of DNA only indicates 
that the insect was fed on infected source with parasite DNA, without, 
however, indicate that there was adhesion or multiplication of the 
Leishmania in the digestive tract of the insect. Thus, the abdominal 
status of the female sand fly is a useful biological character for vector 
incrimination investigation and in an  mature infected sand fly blood 
meal is fully digested [10,16].

Discussion
Visceral leishmaniasis

Leishmania (Leishmania) infantum: Today there is no doubt 
that Leishmania infantum, responsible for visceral leishmaniasis (VL), 
was introduced to the South and Central America by infected dogs 
as companions of the new settlers from Portugal and Mediterranean 
region [17]. Visceral leishmaniasis is now an endemic disease in 
different regions of the continent and the primary vector is Lutzomyia 
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longipalpis [5,18]. This sand fly has a geographic distribution from 
southern Mexico (20°N) to Uruguay (32°S). More recently Lu. cruzi 
a sibling species of the Lu longipalpis complex, has been incriminated 
as main vector in the western region of Brazil and possible some areas 
of Bolivia [19,20]. Another sand fly, Pintomyia (Pifanomyia) evansi is 
also the vector in certain regions of Venezuela and the Caribbean coast 
of Colombia [21]. The dispersion and presence of a domestic reservoir, 
such the dog, and the constant ecological change in natural habitats 
of sand flies may be responsible for the presence of new vectors of L. 
infantum in different regions of the Americas [22].

Cutaneous leishmaniasis

It´s well known that cutaneous leishmaniasis (CL) in the New 
World is an autochthonous disease caused by different species of 
Leishmania Ross, 1903. Under an epidemiological point of view CL is 
a zoonotic disease where sylvatic animals play an important role in the 
maintenance of the cycle. However in some specific situation, due to 
human modification of the environment and the constant presence of 
sinanthropic and domestic animals, CL becomes a zoo anthroponotic 
disease. Up to this moment, at least, twelve species of Leishmania 
are responsible for cutaneous leishmaniasis in the Americas, three 
belonging to the subgenus Leishmania, nine to the subgenus Viannia. 
Due to the variety of Leishmania species involved and a wide 
geographical distribution there are also a variable number of vectors 
and in some cases one species of Leishmania may have more than one 
vector (Table 1).

Leishmania (Leishmania) mexicana: Also known as “ulcera 
de los chicleros” with a limited distribution in the southern United 
States, Mexico and Central American countries where Bichromomyia 
olmeca olmeca is a proven vector. Although this sand fly bites man 
frequently, it shows some preference for wild rodents. For this reason 
the characteristics the disease is typically a zoonosis and infection is 
commonly contracted in forests [23]. Another sand fly of importance 
is Lutzomyia (Tricholateralis) cruciata (Coquillett) which may be 
of epidemiological significance due to its anthropophilic behavior 
in the endemic regions of CL, but the role as vector still requires 
confirmation[1,24].

Leishmania (Viannia) panamensis: This parasite is responsible 
for cutaneous leishmaniasis in northern South America and Central 
America showing a relatively wide geographical distribution being 
isolated in South America (Ecuador, Venezuela and Colombia) and 

Central America (Panama, Costa Rica and Nicaragua). Its transmission 
usually occurs in primary and secondary forests in those countries 
where several different sand fly species act as vectors such Nyssomyia 
trapidoi in Colombia, Panama and Costa Rica, Nyssomyia ylephiletor 
in Costa Rica and Panama, Lutzomyia (Tricholateralis) gomezi 
(Nitzulescu) in Panama and Psychodopygus panamensis Shannon, 1926 
in Panama [25].

Leishmania (V.) braziliensis: The exact geographical distribution 
of L. braziliensis sensu lato is still uncertain although the parasite has 
already been identified from Central America to Argentina. The parasite 
is responsible for the cutaneous form that can evolve to form muco- 
cutaneous leishmaniasis. In Brazil the parasite has been identified 
in virtually all states, with several sand fly species implicated in the 
transmission. The two major vectors are Nyssomyia intermedia and 
Ny. whitmani with a wide distribution in peri-urban and urban areas 
of the Northeast, Southeast, South and Central Brazil [15,22]. In some 
areas of Minas Gerais, São Paulo and southern Brazil, Ny. intermedia 
is sympatric with the sister species Ny. neivai. This later species is more 
common in some regions of southern Brazil and Argentina [22,26]. 
With respect to Ny. whitmani is possible that it is a species complex and 
its importance as a vector of Leishmania spp have to be re-evaluated 
in various regions of Brazil. There are strong indications that this is a 
sylvatic species, where primary forests would be their natural breeding 
sites. However, observations in several regions of Brazil indicate a 
tendency to inhabit secondary forest or areas already altered by man. 
Its importance as a vector of Leishmania braziliensis in the Northeast 
and Southeast and possibly other regions of Brazil [22,27] is irrefutable 
and maybe also an important vector in Argentina and Paraguay.  
Another possible vector of L. braziliensis is Migonemyia (Migonemyia) 
migonei a sand fly with a wide distribution throughout most of South 
America and well adaptated to most environments modified by man. It 
has been considered a suspected vector in Brazil and also in Venezuela 
where natural Leishmania infection had been frequently found [15]. 

In the North and Northeast of Brazil, Psychodopygus wellcomei 
Fraiha, Lainson and Shaw is an important vector of this parasite. This 
sand fly that has a preference for forested areas is highly anthropophilic 
and bites humans during the day and at night. Another sand fly of the 
same group is Psychodopygus complexus that is also considered vector 
L. braziliensis in some Amazonian areas [1,28]. 

Leishmania (Leishmania) venezuelensis: To date, this parasite 
was identified in only a few isolated cases of cutaneous leishmaniasis 

Leishmania spp. Geographic distribution Clinical Forms Vectors 

L.(Leishmania) infantum  South and Central America Visceral Lu.longipalpis, Lu.cruzi,
Lu.evansi

L.(Viannia) braziliensis  South and Central America CL/MUCL Ny. intermedia, Ny. neivai, Ny. whitmani, Mi. migonei, Psy. wellcomei, 
Psy. complexus 

L. (V.) guyanensis North of Brazil, French Guiana & Suriname CL/MUCL Ny. umbratilis
L. (V.) panamensis North of South and Central America CL Ny. trapidoi, Ny. ylephiletor, Lu. gomezi, Psy. Panamensis
L. (V.) peruviana Peru CL Lu. peruensis, Lu. verrucarum
L. (V.) lainsoni North of Brazil, Bolívia and Peru CL Tr. ubiquitalis, Lu. nuneztovari , Tr. velascoi
L. (V.) naiffi North of Brazil and French Guiana CL Psy. Ayrozai
L. (V.) shawi North of Brazil CL Ny. whitmani 
L (V.) colombiensis Colombia and Panamá CL Lu. hartmanni, Lu. gomezi, Psy. panamensis 
L. (V.) lindenbergi  North of Brazil CL Nyssomyia antunesi
L.(L.) amazonensis South and Central America CL/DCL Bi. flaviscutellata, Pi. nuneztovari
L. (L.) mexicana South of USA, México and Central America CL/DCL Bi. olmeca olmeca
L.(L.) venezuelensis  Venezuela CL Bi. olmeca bicolor

Table 1: Vectors of Leishmania spp. responsible for human leishmaniases in the Americas. CL: Cutaneous Leishmaniasis; MUC: Mucous-cutanoeus Leishmaniasis; DCL: 
Diffuse Leishmaniasis.
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in humans and domestic animals in Venezuela, and the possible vector 
is still unknown. There are strong indications that the Bichromomyia 
olmeca bicolor is the vector in Venezuela. This species has a fairly wide 
distribution in northern South America, including Brazil, Panama and 
Costa Rica showing a marked attraction to rodents but occasionally 
bites humans [1,9].

Leishmania (L.) amazonensis: This parasite has a wide distribution 
in several countries in South and Central America and their life 
cycle is typically a zoonotic disease among wild rodents. Until 1975 
human cases of cutaneous leishmaniasis associated with this species 
was restricted to the Amazon Basin, where the vector Bichromomyia 
flaviscutellata a fly with zoophilic habits, was considered the vector and 
the disease were restricted to the forest environment. Eventually, new 
cases of cutaneous leishamaniasis outside the Amazon confirmed that 
this parasite was not restricting to this region.  Although uncommon in 
catches with light traps, its role as a vector of Leishmania amazonensis 
is undisputed in Brazil [1,22,29] and other countries of South America.  
Pintomyia (Pifanomyia) nuneztovari has been found naturally infected 
by L. amazonensis and is suspect of transmitting in the Sub Andean 
region of Bolivia [1,30]. 

Leishmania (Viannia) guyanensis: This is quite common 
Leishmania infecting man in northern Brazil, mainly north of the 
Amazon River. It is also common in French Guiana and Suriname. The 
main vector of this species is Nyssomyia umbratilis  that bites man with 
certain aggressiveness. In human cases of CL caused by this parasite is 
common a large number of skin lesions due to the large quantities of 
sand flies which bite man when disturbed by incursion into the forest. 
The attack of the females of Ny. umbratilis may occur during the day 
in the “shadow” of the forest hence giving the name of the species. Ny 
umbratilis is also vector of parasites of sloths Endotrypanum which 
often complicates the diagnosis of Leishmania [12].

Leishmania (Viannia) peruviana: This parasite is responsible for 
“uta” a form of cutaneous leishmaniasis with single lesion that usually 
heals spontaneously. The parasite has been isolated from human 
cases and dogs mainly on the western slopes of the Peruvian Andes at 
1300 meters above sea level. In this area Lutzomyia (Helcocyrtomyia) 
peruensis and Lutzomyia verrucarum are the suspect vectors.  Both 
species can be found in intra or peridomicile but primarily in animal 
shelters and Lu. verrucarum is reasonably more anthropophilic than 
Lu. peruensis.

Leishmania (Viannia) lainsoni: Until recently this species had 
only been isolated in the state of Pará where the rodent (Agouti paca) 
is the wild reservoir with occasional infection of man. The parasite 
has already been registered in Peru and Bolivia. In Pará and probably 
other area of the Amazon region Trichophoromyia ubiquitalis is the 
main vector, but his poor anthropophily certainly determines the 
existence of few human cases. Two other species may be responsible 
for transmission of L. lainsoni in the sub-Andean region of Bolivia: 
Pintomyia (Pifanomyia) nuneztovari and Trichophoromyia velascoi 
[30,31]. Recently, Trichophoromyia auraensis (Mangabeira,1942)  has 
also found infected by L. lainsoni in Madre de Dios region of Peru [32] 
however, further studies are needed to determine actually the main 
vector in both regions of Bolivia and Peru.

Leishmania (Viannia) naiffi: Rare cases of cutaneous leishmaniasis 
by this parasite have been recorded in the Brazilian Amazon region 
(Amazonas and Pará) and also in Guyana, but its distribution is likely 
to be broader. This species infects the armadillo (Dasypus novemcintus) 
with a few known human cases and a possible vector Psychodopygus 

ayrozai and two other species, Psy. squamiventris and Pys. paraensis 
that are quite anthropophilic, may be involved in the transmission of 
the parasite in the Amazon region [28].

Leishmania (Viannia) shawi: This parasite occurs in the Amazon 
region which is responsible for skin infection in man and a variety 
of wild animals. The only sand fly so far incriminated as vector is 
Nyssomyia whitmani than in primary forests of the region is zoophilic 
and rarely bites humans.

Leishmania (Viannia) colombiensis: This Leishmania, although 
uncommon, have been isolated from human cases in Colombia and 
Panama. The vectors are Lutzomyia (Helcocyrtomyia) hartmanni in 
Colombia, Lutzomyia (Tricholateralis) gomezi and Psychodopygus 
panamensis in Panama.

Leishmania (Viannia) lindenbergi: This was isolated and described 
after an outbreak of cutaneous leishmaniasis among training soldiers in 
a secondary forest on the outskirts of Belem, Pará, Brazil. Although 
not know with certainty the vector, Nyssomyia antunesi is the primary 
suspect of transmitting parasite among the soldiers. This species is quite 
anthropophagic and with a wide distribution in the Amazon region.

Concluding Remarks
Despite the large number of researchers dedicated to the study of 

the complex problem of leishmaniases in the Americas a great deal is 
still to be studied with respect to this protozoan, particularly regarding 
the vector species. There are necessary studies on the biology of most 
of Neotropical sand flies, and laboratory studies that may prove 
their status as natural and primary vectors. Additionally satisfactory 
prophylactic measures in a disease transmitted by vectors implicated 
in vector control, or other strategies that will minimize contact of 
the parasite with humans and their livestock, thereby preventing 
transmission. The lack of resources for immunization of the population 
and their livestock in the prevention of leishmaniases give more 
importance to the study of species incriminated as vectors. Thus apart 
from ecological studies of the sand fly species, the observation on the 
biology of laboratory colonies could bring information that may clarify 
the role of different vector species. This can also, provide the studies of 
experimental infection and transmission, which may define, without 
doubt, when a suspect sand fly is a real vector. 

With regard to research for natural infection, dissection of sand 
flies, although laborious, is still the only way to detect an active infection 
and allowing the observation of parasite development in the insect, and 
the isolation of the strain for comparisons and studies.
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