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Abstract

In hydroelectric projects, few investigations have been carried out to determine the taxonomic 
composition of diptera of the family Psychodidae, subfamily Phlebotominae. In this work, a 
taxonomic inventory of phlebotomine sandflies was conducted in the area of influence of the Ituango 
hydroelectric power plant, in the department of Antioquia, Colombia. We highlight their medical 
importance as vectors of the protozoan of the genus Leishmania and update their distribution. 
Entomological monitoring was carried out in ten municipalities from the western subregion 
(Santa Fe de Antioquia, Peque, Olaya, Liborina and Sabanalarga) and the northern subregion (the 
municipalities of Ituango, Briceño, Valdivia, Toledo and San Andrés de Cuerquia). CDC traps and 
Shannon traps were used for monitoring. For taxonomic identification, the keys of Young and 
Duncan and Galati were used. A total of 7993 phlebotomine sandflies were collected, distributed 
in 39 species according to Galati, highlighting six species considered vectors of Leishmania spp. 
that causes cutaneous leishmaniasis, which are: Lutzomyia (Trl.) gomezi, Lu. (Hel.) hartmanni, 
Psychodopygus panamensis, Pintomyia (Pif.) columbiana, Nyssomyia trapidoi and Ny. yuilli yuilli. 
We conclude that the sampling area is endemic for leishmaniasis due to the presence of vectors 
transmitting this parasite. The inventory on the distribution of phlebotomine sandflies will serve 
as a basis for further studies that allow the implementation of surveillance and control strategies.
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Resumen

En proyectos hidroeléctricos se han realizado pocas investigaciones para determinar la 
composición taxonómica de dípteros de la familia Psychodidae, subfamilia Phlebotominae. En este 
trabajo se realizó un inventario taxonómico de flebótomos en el área de influencia de la central 
hidroeléctrica de Ituango, departamento de Antioquia con el fin de actualizar su distribución y 
resaltar su importancia médica como vectores del protozoo del género Leishmania. Para esto, se 
realizaron monitoreos entomológicos con trampas CDC y trampas Shannon, en diez municipios 
de la subregión occidente (Santa Fe de Antioquia, Peque, Olaya, Liborina y Sabanalarga) y de 
la subregión norte (municipios de Ituango, Briceño, Valdivia, Toledo y San Andrés de Cuerquia). 
Para la identificación taxonómica se utilizaron las claves de Young y Duncan y Galati. En total 
se recolectaron 7993 flebótomos, distribuidos en 39 especies según Galati, destacándose seis 
especies consideradas vectores de especies de Leishmania, que causan la leishmaniasis cutánea. 
Estas especies fueron Lutzomyia (Trl.) gomezi, Lu. (Hel.) hartmanni, Psychodopygus panamensis, 
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Pintomyia (Pif.) columbiana, Nyssomyia trapidoi y Ny. yuilli yuilli. Los datos indican que la zona de 
muestreo es endémica para la leishmaniasis debido a la presencia de vectores transmisores de este 
parásito. El inventario sobre la distribución de flebótomos servirá de base para estudios posteriores 
que permitan la implementación de estrategias de vigilancia y control.

Palabras clave: hidroeléctrico, Leishmania spp., Phlebotominae, protozoo, vectores

INTRODUCTION

Psychodidae are insects of the order Diptera 
(suborder Nematocera: Psychodidae: 
Phlebotominae), belonging to the family 
Psychodidae and the subfamily Phlebotominae 
(Young and Duncan, 1994). Phlebotomine 
sandflies are the main vectors of parasites of the 
genus Leishmania spp. that cause a zoonotic 
disease known as leishmaniasis that presents 
diverse clinical manifestations and its transmission 
occurs in tropical and subtropical areas, being 
endemic in 98 countries (Alvar et al., 2012; Ferro 
et al., 2015). There are 350 million people at risk 
of leishmaniasis and it is estimated that about 
900,000 – 1.3 million new cases of leishmaniasis 
are reported each year (Pan American Health 
Organization [PAHO], 2023). 

It is important to mention that, in Antioquia, 
Porter conducted the first inventory study of 
phlebotomine sandflies in the area of influence of 
the Providencia hydroelectric plant located in the 
municipality of Anorí in 1970. In that study, four 
species of the genus Lutzomyia (Lu. hartmanni, 
Lu. gomezi, Lu. trapidoi and Lu. yuilli) and one 
of the genus Warileya (Wa. rotundipennis) were 
recorded (Porter and DeFoliart, 1981). 

Another study was conducted between 1997 and 
2000 by the Epidemiological Surveillance System 
Group (SVE) of the University of Antioquia at 
the Porce II hydroelectric plant, where eight 
Lutzomyia species (Lu. barretoi, Lu. lichyi, Lu. 
gomezi, Lu. shannoni, Lu. panamensis, Lu. 
triramula, Lu. carrerai and Lu. walkeri) were 
reported (Zuluaga et al., 2012). This group also 
conducted studies from 2007 to 2009 in the Porce 
III Hydroelectric Project, reporting 13 species of 
Lutzomyia (Zuluaga et al., 2012). 

In 2003, at the ISAGEN dams in the municipality of 
San Carlos in Antioquia, the Colombian Institute 
of Tropical Medicine (ICMT) conducted a focus 

study, recording the species Lu. panamensis, Lu. 
gomezi, Lu. bifoliata and Wa. Rotundipennis. 
Based on the abundance found in the sampling 
sites, anthropophilic behavior and vectorial 
antecedents, it was suggested that Lu. panamensis 
and Lu. gomezi are responsible for the transmission 
of the parasite that causes cutaneous leishmaniasis 
in this area (Parra-Henao and Echavarría, 2005). 

In 2008 in the department of Caldas, a study 
of leishmaniasis outbreaks was reported in the 
hydroelectric plant La Miel I in the sectors of 
Guarinó and Manso. Five species of Lutzomyia 
were found (Lu. longipalpis, Lu. gomezi, Lu. 
trapidoi, Lu. trinidadensis and Lu. cayennensis) 
(Vergara et al., 2008). Another study conducted 
in this same plant in 2013 reported for the first 
time the maximum altitude of distribution of Lu. 
longipalpis at 1350 m.a.s.l. (Acosta et al., 2013).

In 2012 in the municipality of Chaparral (Tolima) 
in the area of influence of the Amoyá hydroelectric 
project (2008-2009), 13 species of phlebotomine 
sandflies were identified, of which the species Lu. 
longiflocosa, Lu. columbiana, Lu. nuneztovari, 
Lu. suapiensis and Wa. rotundipennis are 
epidemiologically important and Lu. longiflocosa 
has been recorded as a carrier of Leishmania 
braziliensis (Contreras et al., 2012). 

In the department of Santander, during studies 
conducted in 2016 and 2017 in the Sogamoso 
hydroelectric power plant, 21 species of Lutzomyia 
were recorded, highlighting the presence of Lu. 
gomezi, Lu. panamensis and Lu. ovallesi as 
important transmitter species of parasites that 
cause cutaneous leishmaniasis. The species Lu. 
longipalpis, which transmits Leishmania species 
that cause visceral leishmaniasis, was predominant 
(Gómez-Vargas and Zapata-Úsuga, 2022).

Finally, in 2016 in the Urra hydroelectric plant, the 
presence of 12 species of Lutzomyia were reported, 
where it was also found that seven were naturally 
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infected with Leishmania spp. (Lu. panamensis, 
Lu. gomezi, Lu. cayennensis, Lu. micropyga, Lu. 
shannoni, Lu. trinidadensis and Lu. yuilli yuilli). 
Records for five new species in the department 
of Córdoba (Lu. carpenteri, Lu. dysponeta, Lu. 
atroclavata and Lu. yuilli yuilli) were also reported 
(Vivero et al., 2016).

In the New World, phlebotomine sandflies are 
involved in the propagation of protozoa of the 
genus Leishmania Ross, 1903, (Kinetoplastida: 
Trypanosomatidae) (Akhoundi et al., 2016; 
Lainson and Shaw, 1973; Vivero et al., 2015). 
Phlebotomine sandflies can also propagate 
arboviruses of the Bunyuviridae family where the 
Flebovirus genus stands out, represented mainly by 
the phlebotomine fever (known as Panama fever 
in the New World and "pappataci fever" in the 
Old World) and arboviruses of the Rhabdoviridae 
family represented by the Vesiculovirus genus 
(which produces Chandipura virus encephalitis), 
summer meningitis (Toscana virus), vesicular 
stomatitis (called New Jersey stomatitis or Indian 
stomatitis), which affect cattle, horses, swine and 
humans. Additionally, phlebotomine sandflies 
transmit other pathogens such as the bacterium 
Bartonella bacilliformis that produces Carrion's 
disease (Acevedo and Arrivillaga, 2008; Maroli, 
et al., 2013; Vivero et al., 2015; Young, 1977). 
Disease transmission is due to the hematophagous 
behavior of females which need the blood of 
their endothermic vertebrate hosts (cattle, dogs, 
rodents and man) (Sales et al., 2015; Sant'Anna 
et al., 2008; Tanure et al., 2015) and exothermic 
vertebrates, such as reptiles and amphibians 
(Abbate et al., 2020; Young and Duncan, 1994), 
to carry out their gonotrophic cycle. Males feed 
preferentially on sugars produced by plants or by 
aphids and/or coccidia and females supplement 
their diet with these sugars (Bastidas et al., 2004; 
Cameron et al., 1994). Phlebotomine sandflies are 
considered telmophages, because they lacerate the 
skin of the animal using their mandibles, causing a 
small accumulation of blood from which they feed 
(Gonzalez, 2019). 

There are 1000 species of phlebotomine sandflies, 
535 which have been recorded in the Americas 
(Galati, 2018) and approximately 45 being vectors 
of different species of Leishmania (Cecílio et al., 
2022; Gradoni, 2018). In Colombia, 167 species 
have been described (Ferro et al., 2015), 153 
which are part of the genus Lutzomyia (Bejarano 

and Estrada, 2016), 14 of which are confirmed 
as vectors, and an additional eight as potential 
vectors (Gómez-Vargas and Zapata-Úsuga, 2022; 
Méndez- Cardona, 2021).
 
The species confirmed as vectors in Colombia are 
the following: Lu. columbiana (Bejarano et al., 
2003; Grimaldi et al., 1989; Montoya-Lerma et al., 
1999; Pan American Health Organization [PAHO], 
2012), Lu. evansi (Bejarano et al., 2002; Bejarano 
et al., 2003; PAHO, 2012; Travi et al., 2001; Urango 
and Hoyos-López, 2022), Lu. gomezi (Alexander et 
al., 2001; Bejarano et al., 2002; Montoya-Lerma et 
al., 1999), Lu. hartmanni (Alexander et al., 2001; 
Grimaldi et al., 1989), Lu. lichyi (Alexander et 
al., 1995; Warburg et al., 1991), Lu. longiflocosa 
(Bejarano et al., 2003; Cárdenas et al., 1999; 
Méndez-Cardona, 2021; Pardo et al., 1999), Lu. 
longipalpis (Corredor et al., 1989, 1990; Goenaga-
Mafud et al., 2020), Lu. ovallesi (Alexander et 
al., 2001; Bejarano et al., 2003), Lu. panamensis 
(Alexander et al., 1995; Bejarano et al., 2003), Lu. 
scorzai (Alexander et al., 1995), Lu. spinicrassa 
(Morales et al., 2005), Lu. trapidoi (Alexander et 
al., 2001; Corredor et al., 1990; Martínez et al., 
2018; Santamaría et al., 2006, Travi et al., 1988), 
Lu. umbratilis (Grimaldi et al., 1989), and Lu. 
yuilli yuilli (Martínez et al., 2018; Santamaría et 
al., 2006). 

The potential vectors are the following: Lu. 
antunesi (Niño and Pérez-Español, 2021; Vásquez-
Trujillo et al., 2008), Lu. davisi (Bejarano et al., 
2006), Lu. flaviscutellata (Cabrera et al., 2009; 
PAHO, 2012), Lu. hirsuta hirsuta (Cabrera et al., 
2009; Ministerio de Protección Social [Minsalud], 
2010), Lu. torvida, Lu. townsendi (Bejarano et al., 
2003), Lu. trinidadensis (Vivero et al., 2017) and 
Lu. quasitownsendi (Bejarano et al., 2003; Garcia-
Leal et al., 2020).

For the municipalities in the area of influence of the 
Ituango hydroelectric power plant, the first records 
of leishmaniasis began in 1995 in municipalities 
in the northern subregion such as Briceño (eight 
cases), Ituango (10 cases), and Valdivia (38 cases). 
In the western subregion, only one case has been 
recorded in Sabanalarga. For the department, 895 
cases were recorded that same year (Dirección 
Seccional de Salud de Antioquia [DSSA], 1998). 
In 1997, the department registered 951 cases of 
leishmaniasis, including municipalities in the area 
of influence of the Ituango hydroelectric power 
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dominated by tropical rainforest, predominantly 
gallery forest, coffee, cocoa and illicit crops.

Entomological sampling 

Sampling was carried out during two nights at 
each site, with a CDC type light trap between 
18:00 and 06:00 hours located in the intra, peri 
and extradomicile, and with a Shannon trap 
between 18:00 and 21:00 using a mouth aspirator. 
Monitoring was conducted every three months for 
eight consecutive years (years 2012-2020), including 
dry and rainy seasons. All specimens collected 
were stored in 1.5 ml tubes, with 70% alcohol, 
subsequently rinsed with 10% KOH. Hoyer's 
liquid was used for semi-permanent mounts. For 
taxonomic identification, the dichotomous keys of 
Young (1977, 1979), Young and Duncan (1994) 
and Galati (Galati, 2018; Galati et al., 2017) were 
used.

An Excel database was used for the calculations of 
entomological indicators for the species of medical 
importance. Past 3 software was used for the 
statistical analysis of diversity and Arcgis 10.1 and 
Maxent 3.4.4 software was used for the projection 
of species and maps. 

RESULTS 

A total of 7993 phlebotomine sandfly specimens 
were identified (5469 specimens for the 
municipalities of the northern subregion and 2524 
for the municipalities of the western subregion), 
distributed in 39 species belonging to 13 genera 
according to Galati's classification (Galati, 2018; 
Galati et al., 2017). The abundance and total 
number of specimens collected per municipality 
according to the subregion to which that 
municipality belongs is shown in Table 1.

Of the species collected in the sampling area 
(Table 1), six are implicated in the transmission 
of parasites of the genus Leishmania in Colombia: 
Lu. (Trl.) gomezi, Lu. (Hel.). hartmanni, Ps. 
panamensis, Pi. (Pif.) columbiana, Ny. trapidoi and 
Ny. yuilli yuilli. Figure 2 shows the spermathecae 
of these species as a morphological character of 
importance.

Given the epidemiological importance of these 
vector species, potential distribution maps were 
constructed in MaxEnt (Figure 3). For the 

plant such as Briceño (2 cases), Ituango (44 cases), 
Valdivia (70 cases), and Santa Fe de Antioquia 
(one case) (DSSA and Laboratorio Departamental 
de Salud [LDS], 1998). Between 1998 and 2001, 
there are no records for these areas.

In 2002, some municipalities in the study area were 
considered endemic for leishmaniasis, such as the 
municipality of Valdivia in the northern subregion, 
which registered 1825 cases of leishmaniasis 
between 2002 and 2011, and 1198 cases between 
2012-2020. This is followed by Ituango (785 
cases between 2002-2011 and 464 cases from 
2012 to 2020), Briceño (204 cases from 2002 to 
2011 and 121 cases from 2012 to 2020). For the 
municipalities of the western sub-region, Santa Fe 
de Antioquia recorded the most cases with a total 
of 458 distributed as follows: 52 cases from 2002 
to 2011 and 406 cases from 2012 to 2020. Other 
municipalities in this subregion that reported 
cases were Sabanalarga (8 cases 2002 to 2011 and 
284 cases from 2012 to 2020) and Buriticá (4 cases 
from 2002 to 2011 and 131 cases from 2012 to 
2020) (DSSA, 2011, 2020). Because of this, the 
northern subregion of the department of Antioquia 
is considered to be high incidence and endemic 
for leishmaniasis, especially the municipalities of 
Briceño, Ituango and Valdivia, the latter, where 
focus studies have been conducted (Posada-López 
et al., 2014).

MATERIALS AND METHODS

Study area 

The study was conducted in the rural area of the 
western subregion of the municipalities of Buriticá 
(6°43'12''N, 75°54'27''O), Liborina (6°40'41''N 
75°48'44''O), Olaya (6°37'40''N 75°48'43''O), 
Sabanalarga (6°50'54''N 75°49'01''O), Peque and 
Santafé de Antioquia (6°33'23''N 75°49'39''O) and 
in the northern subregion in the municipalities 
of Briceño (7°6'38''N, 75°33'4''O), Valdivia 
(7°09'49''N 75°26'21''O), Ituango (7°10'16''N 
75°45'49''O), San Andrés de Cuerquia (6°54'52''N 
75°40'33''O) and Toledo (7°00'37''N 75°42'06''O), 
municipalities where the Hidroituango project is 
being executed (Figure 1). These municipalities 
are located in the Cauca River canyon between 
the central and western mountain ranges, and 
have two ecotopes, a dry forest type fragmented 
mainly with coffee and cocoa crops in the western 
subregion, while the northern subregion is 
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Figure 1. Map of phlebotomine species of public health concern recorded in the Cauca river canyon 
area, an area of influence of the Ituango Hydroelectric Project, Antioquia.
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Table 1. Abundance of phlebotomine sandfly species collected in the ten municipalities located in the area of influence of the Ituango 
Hydroelectric Project, Antioquia between 2012-2020.
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analysis of the spatial distribution of the six 
species, 90 georeferenced points were used. For 
the construction of the predictive models with 
MaxEnt, 21 bioclimatic variables which correspond 
to environmental layers in raster format for the 
area were used with a resolution of 30 seconds (1 
km). Monthly mean precipitation and temperature 
data were taken from the Worldclim database 
(worldclim, 2020). The variables used were the 
following: BIO1, annual average temperature 
(°C); BIO2, diurnal range of temperature (°C); 
BIO3, isothermality (°C); BIO4, seasonality of 
temperature (°C); BIO5, maximum temperature 
of the hottest period (°C); BIO6, minimum 
temperature of the coldest period (°C); BIO7, 
annual range of temperature (°C); BIO8, average 
temperature in the rainiest quarter (°C); BIO9, 
average temperature in the driest quarter (°C); 
BIO10, average temperature in the hottest quarter 
(°C); BIO11, average temperature in the coldest 

quarter (°C); BIO12, annual precipitation (mm); 
BIO13, precipitation in the rainiest period (mm); 
BIO14, precipitation in the driest period (mm); 
BIO15, seasonality of precipitation (%); BIO16, 
precipitation in the rainiest quarter (mm); BIO17, 
precipitation in the driest quarter (mm); BIO18, 
precipitation in the hottest quarter (mm); and 
BIO19, precipitation in the coldest quarter (mm). 
Topographic and ecological variables could not be 
included in this study.

The collected species Lu. (Hel.) sanguinaria 
(Fairchild and Hertig, 1957), Mg. (Mig.) migonei 
(França, 1920), Pi .(Pif.) spinicrassa (Morales et 
al., 1969) and Pi. (Pif.) moralesi (Young, 1979) 
correspond to new records for the department 
of Antioquia, thus expanding the geographical 
expansion of these species in the country. 

In addition, five species were collected using human 

Figure 2. Spermathecae of phlebotomine sandfly species of epidemiological importance collected in 
the area of influence of the Ituango Hydroelectric Project, Antioquia.
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bait, suggesting that they have anthropophilic 
habits. These were: Lu. (Lut) lichyi; for which this 
behavior has already been recorded in the Cauca 
valley (Alexander et al., 2001) and in Venezuela 
(Cazorla-Perfetti, 2015). Lu. (Hel.) strictivilla; a 
species that according to Young, feeds on humans 
(Young, 1979). Mi. (Sau.) trinidadensis; reported 
to have a feeding preference for geckos and lizards 
(Young, 1979), although it has been reported to 
bite humans in the Colombian Orinoquia (Vivero 
et al., 2010). Ev. (Ald.) dubitans is considered 
saurophilous (Young and Duncan, 1994), but in 
Colombia there are reports of it biting humans in 
the Montes de María (Cortés et al., 2009). Finally, 
Lu. (Hel.) cirrita, recorded in southwestern 
Colombia in Alto Anchicayá (Valle del Cauca) and 
reported in human baiting (Barreto et al., 1997). 

DISCUSSION

This research determined the diversity and 
abundance of phlebotomine sandfly species present 
in the rural areas of the Cauca River canyon, which 
are part of the Ituango hydroelectric project. 
It was also possible to update the inventory of 
epidemiologically important species as vectors of 

leishmaniasis in these municipalities. 
In addition, the presence and wide dispersion 
of species reported in the literature as vectors 
of Leishmania species that cause cutaneous 
leishmaniasis was verified: Lu. (Trl.) gomezi, Lu. 
(Hel.) hartmanni, Ps. panamensis, Ny. trapidoi, 
Ny. yuilli yuilli and Pi. (Pif.) columbiana. It is 
important to note that this research presents 
new records of Lu. (Hel.) sanguinaria, Mg. (Mig.) 
migonei, Pi. (Pif.) spinicrassa and Pi. (Pif.) 
moralesi for the department of Antioquia. However, 
theses species have not been incriminated in the 
transmission of the parasite to date. 

The results show that in both subregions the 
dominant species present in all sampling points 
was Lu. (Trl.) gomezi, which presented a Pi = 
50.04 for the western subregion and a Pi = 50.35 
for the northern subregion. This species was 
collected in extra, peri and intradomiciliary, in 
protected human bait and in Shannon traps. 

The behavior of Lu. (Trl.) gomezi is consistent 
with that reported by other authors, which shows 
that this species could easily adapt to different 
environments due to a high degree of adaptability 

Figure 3. Potential distribution of phlebotomine sandflies of epidemiological importance in the area of 
influence of the Ituango Hydroelectric Project, Antioquia.
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(Niño and Pérez-Español, 2021). At the same time it 
is the most widely distributed species in Colombia, 
being registered in 24 departments (Bejarano, 
2006; Bejarano and Estrada, 2016; Ferro et al., 
2015). In addition, this species has been recorded in 
different hydroelectric power plants in the country, 
since the work carried out by Porter, in 1970 in 
the Providencia hydroelectric power plant (Porter 
and DeFoliart, 1981) to later works such as in the 
Porce II-III hydroelectric power plant (Zuluaga et 
al., 2012) at Isagen-San Carlos (Parra-Henao and 
Echavarría, 2005) at the Sogamoso hydroelectric 
power plant (Gómez-Vargas and Zapata-Úsuga, 
2022) and in the La Miel I hydroelectric power 
plant (Veléz-Bernal et al., 1999). In relation to 
works carried out in other countries, where there 
are records of important species, Brazil reports the 
presence of Lu. (Trl.) gomezi in the Usina Luís 
Eduardo Magalhães hydroelectric power plants 
(Vilela et al., 2011) and in the Santo Antônio do 
Jari hydroelectric system (Furtado et al., 2016). It 
is also important to highlight that in Colombia, Lu. 
(Trl.) gomezi is the most important vector in the 
transmission of L. panamensis and L. brazilensis 
(World Health Organization, 2012) which cause 
cutaneous leishmaniasis (INS, 2019). Regarding 
the other species of importance, there are reports 
of Lu. (Hel.) hartmanni and Ny. trapidoi in the 
Toaschi- Piltaón hydroelectric plant in Ecuador, 
where their abundance implies that Ny. trapidoi 
is responsible for the transmission of leishmaniasis 
cases in the area (León et al., 2014). 

Since 1997, the Cauca river canyon, especially 
the northern sub-region, has been an area where, 
before the construction of the Hidroituango project 
began, some of its municipalities have registered 
cases of leishmaniasis and is considered endemic 
by the VTE control and prevention program of 
the Health Department of Antioquia, which is 
why it is justified to conduct other studies on this 
entomofauna in the area.

Some species were collected only in a specific 
subregion, such as Pi. (Pif.) columbiana, which 
was collected only in the western subregion where 
tropical dry forests predominate. This species has 
been associated with L. mexicana transmission 
in an outbreak of cutaneous leishmaniasis in the 
southwestern part of the country (Cárdenas et al., 
1999; Montoya et al., 1999)  and is distributed from 
the Western and Central Cordilleras to the steppe 
zones of La Guajira, in a wide altitudinal range 

from 100 to 2700 m.a.s.l. (Bejarano et al., 2003). 
Ny. yuilli yuilli was only collected in the northern 
subregion where tropical rainforest predominates. 
As for its bionomics, it has been recorded in eight 
departments, namely: Amazonas, Antioquia, 
Caquetá, Chocó, Guaviare, Meta, Putumayo and 
Santander (Bejarano, 2006).

When analyzing the bioclimatic variables with 
the species of epidemiological importance, it can 
be observed that they are associated with the 
biological corridor of the Cauca River, where there 
are points of higher concentration, indicating 
a greater probability of collecting them. This is 
related to the areas of the Cauca River canyon 
that are critical for leishmaniasis, as can be seen 
in Figure 3, where the area in red represents 
the places with the greatest presence of these 
phlebotomine sandflies and which are important 
in the transmission casuistry. 
 
CONCLUSIONS

In general, we can conclude that the area of 
the Cauca River canyon where the Ituango 
hydroelectric project is being executed is an 
area where phlebotomine sandflies are present, 
where there are species that are involved in the 
transmission of Leishmania species that cause 
cutaneous and mucocutaneous leishmaniasis, 
which is confirmed by the presence of patients who 
have registered this disease.

Of the 55 species reported for the department 
(Bejarano and Estrada, 2016), 39 species of 
phlebotomine sandflies were found in the study 
area and at least six species are confirmed vectors 
of parasite transmission: Lu. (Trl.) gomezi, Lu. 
(Hel.). hartmanni, Ps. panamensis, Ny. trapidoi 
and Ny. yuilli yuilli and Pi. (Pif.) columbiana. 

Based on the abundance of phlebotomine sandflies 
of public health interest found in the sampling 
sites, and the endemic nature of the disease in some 
of the municipalities, it remains an area of great 
epidemiological importance for the transmission 
of Leishmania species that cause cutaneous 
leishmaniasis, with Lu. (Trl.) gomezi standing 
out as a possible main vector, due to its great 
abundance in the northern and western subregion. 
However, the vectorial role of this species as well 
as that of other important species is not clear, 
nor are the transmission dynamics of each one; 
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future systematic studies are needed to resolve 
these concerns and to design appropriate control 
strategies. 

FINANCING

This study was carried out thanks to Contract 
CT- I 2012-000030 established between EPM S.A. 
E.S.P. with the National School of Public Health 
of the University of Antioquia, between 2012-2020.

ACKNOWLEDGMENTS

The authors express their sincere thanks to EPM 
S.A.E.S.P. for funding the study, the National 
School of Public Health of the University of 
Antioquia, the Department of Biosciences of the 
Faculty of Sciences of the National University of 
Colombia, Medellin, and Dr. Sandra Inés Uribe 
Soto. Special thanks to the people of the study 
areas that provided us with accompaniment, 
security and access to their homes to carry out the 
entomological samplings. The English version was 
translated by Actualidades Biológicas Journal.

AUTHORS CONTRIBUTION

Giovani Zapata-Úsuga participated as principal 
investigator of the project, in the preparation 
of the manuscript and in the analysis of results. 
Wilber Gómez-Vargas participated in the 
collection of field material and in the preparation 
of the manuscript. Paula Mejía-Salazar Vargas 
participated in the collection of field material. Boris 
Zuleta-Ruiz Vargas participated in the collection 
of field material. Walter Zuluaga-Ramírez Vargas 
participated in the coordination of the project. All 
authors approved and reviewed the final version of 
the manuscript.

CONFLICT OF INTEREST

The authors declare that there is no conflict of 
interest.

REFERENCES

Abbate, J. M., Maia, C., Pereira, A., Arfuso, F., Gaglio, 
G., Rizzo, M., Caracappa, G., Marino, G., Pollmeier, 
M., Giannetto, S., & Brianti, E. (2020). Identification 
of trypanosomatids and blood feeding preferences 
of phlebotomine sand fly species common in Sicily, 
Southern Italy. PLoS ONE, 15(3), Article e0229536. 

https://doi.org/10.1371/journal.pone.0229536
Acevedo, M. Á. & Arrivillaga, J. (2008). Eco-Epidemiología 

de flebovirus (Bunyaviridae, Phlebovirus) transmitidos 
por flebótomos (Psychodidae, Phlebotominae). 
Boletín de Malariología y Salud Ambiental, 48(1), 
3-16. http://ve.scielo.org/scielo.php?script=sci_
arttext&pid=S1690-46482008000100001&lng=en&tlng
=es.

Acosta, L. A., Mondragón-Shem, K., Vergara, D., Vélez-
Mira, A., Cadena, H, & Carrillo-Bonilla, L. (2013). 
Ampliación de la distribución de Lutzomyia longipalpis 
(Lutz & Neiva, 1912) (Diptera: Psychodidae) en el 
departamento de Caldas: potencial aumento del riesgo 
de leishmaniasis visceral. Biomédica, 33(2), 319-325. 
https://doi.org/10.7705/biomedica.v33i2.762

Akhoundi, M., Kuhls, K., Cannet, A., Votýpka, J., Marty, 
P., Delaunay, P., & Sereno, D. (2016). A historical 
overview of the classification, evolution, and dispersion 
of Leishmania parasites and sandflies. PLOS Neglected 
Tropical Diseases 10(3), Article e0004770 https://doi.
org/10.1371/journal.pntd.0004349

Alexander, B., Usma, M. C., Cadena, H., Quesada, B.L., 
Solarte, Y., Roa, W., Montoya, J., Jaramillo, C., & Travi, 
B. L. (1995). Phlebotomine sandflies associated with a 
focus of cutaneous leishmaniasis in Valle del Cauca, 
Colombia. Medical and Veterinary Entomology, 9(3), 
273–278. https://doi.org/10.1111/j.1365-2915.1995.
tb00133.x

Alexander, B., Agudelo, L., Navarro, F., Ruiz, F., Molina, 
J., Aguilera, G., & Quiñónez, M. (2001). Phlebotomine 
sandflies and leishmaniasis risks in Colombian coffee 
plantations under two systems of cultivation. Medical 
and Veterinary Entomology, 15(4), 364-373. https:// 
doi: 10.1046/j.0269-283x.2001.00322.x.se

Alvar, J., Vélez, I. D., Bern, C., Herrero, M., Desjeux, P., Cano, 
J., Jannin, J., & den Boer, M. (2012). Leishmaniasis 
worldwide and global estimates of its incidence. PLoS 
ONE, 7(5), Article e35671. https://doi.org/10.1371/
journal.pone.0035671

Barreto, M., Burbano, M. E., & Barreto, P. (1997). Nuevos 
registros de flebotominos (Diptera: Psychodidae) y 
triatominos (Hemiptera: Reduviidae) para Risaralda, 
Cauca y Valle del Cauca, Colombia. Colombia Médi-
ca, 28(3), 116–122. https://bibliotecadigital.univalle.
edu.co/bitstream/handle/10893/6998/Nuevos registros 
de.pdf?sequence=1 

Bastidas, R. G., Oviedo, M., Vivenes, J. A., & González, A. 
(2004). Determinacion del azucar preferencialen la die-
ta de Lu. evansi (Nuñeztovar) (Diptera: Psychodidae). 
Revista Colombiana de Entomología, 30(2), 193–196. 
http://www.scielo.org.co/scielo.php?script=sci_arttex-
t&pid=S0120-04882004000200011&lng=en&tlng=es.

Bejarano, E. E., Patricia, D., & Vélez, I. D. (2006). 



Zapata-Úsuga et al.  Actual. Biol. 46(120): e4601, 2024 | Jan-Jun | Medellin |  DOI:10.17533/udea.acbi/v46n120a01

Estudio de los flebotomíneos (Diptera: Psychodidae) 
antropofílicos de la Serranía de La Macarena, Colombia. 
Revista colombiana de entomologia,32(2), 176–178. 
http://www.scielo.org.co/scielo.php?script=sci_
arttext&pid=S0120-04882006000200012&lng=en&tlng
=es.

Bejarano, E. E., Uribe, S., Rojas, W., & Vélez, I. D. (2002). 
Phlebotomine sand flies (Diptera: Psychodidae) 
associated with the appearance of urban leishmaniasis 
in the City of Sincelejo, Colombia. Memorias do 
Instituto Oswaldo Cruz, 97(5), 645–647. https://doi.
org/10.1590/S0074-02762002000500010

Bejarano, E. E., Sierra, D., & Vélez, I. D. (2003). Novedades 
en la distribución geográfica del grupo verrucarum 
(Diptera: Psychodidae) en Colombia. Biomédica, 23(3), 
341-350. https://doi.org/10.7705/biomedica.v23i3.1228

Bejarano, E. E. (2006). Lista actualizada de los psicódidos 
(Diptera: Psychodidae) de Colombia. Folia Entomoló-
gica Mexicana, 45(1), 47-56. https://www.redalyc.org/
pdf/424/42445106.pdf

Bejarano, E. E., & Estrada, L. G. (2016). Family psychodidae. 
Zootaxa, 4122(1), 187–238. https://doi.org/10.11646/
zootaxa.4122.1.20

Cabrera, O. L., Mosquera, L., Santamaría, E., & Ferro, C. 
(2009). Flebótomos (Diptera: psychodidae) del departa-
mento de Guaviare, Colombia, con nuevos registros para 
el país. Biomedica, 29(1), 73. https://doi.org/10.7705/
biomedica.v29i1.43

Cameron, M. M., Davies, C. R., Monje, J., Villaseca, P., 
Ogusuku, E., & Llanos-Cuentas, A. (1994). Comparative 
activity of phlebotomine sandflies (Diptera: 
Psychodidae) in different crops in the Peruvian Andes. 
Bulletin of Entomological Research, 84(4), 461–467. 
https://doi.org/10.1017/S0007485300032685

Cárdenas, R., Romo, G. M., Santamaría, E., Bello, F., & 
Ferro, C. (1999). Lutzomyia longiflocosa (Diptera: 
Psychodidae) posible vector en el foco de leishmaniasis 
cutánea del municipio de Planadas, zona cafetera 
del Tolima. Biomedica, 19(3), 239–244. https://doi.
org/10.7705/biomedica.v19i3.1028

Cazorla-Perfetti, D. (2015). Lista comentada de los flebotominos 
(Diptera: Psychodidae, Phlebotominae) citados para 
Venezuela. Saber, 27(2), 178-231. http://ve.scielo.
org/scielo.php?script=sci_arttext&pid=S1315-
01622015000200003&lng=en&tlng=es.

Cecílio, P., Cordeiro-da-Silva, A., & Oliveira, F. (2022). Sand 
flies: Basic information on the vectors of leishmaniasis 
and their interactions with Leishmania parasites. 
Communications Biology, 5(1), 305-316 . https://doi.
org/10.1038/s42003-022-03240-z

Contreras, M. A., Vivero, R. J., Bejarano, E. E. Carrilo, L. M., 
& Vélez, I. D. (2012). Nuevos registros de flebotomíneos 
( Diptera : Psychodidae ) en el área de influencia del río 

Amoyá en Chaparral, Tolima. Biomédica, 32(2), 263–
268. http://www.scielo.org.co/scielo.php?script=sci_
arttext&pid=S0120-41572012000200014

Corredor, A., Gallego, J. F., Tesh, R. B., Morales, A., De 
Carrasquilla, C. F., Young, D. G., Kreutzer, R. D., 
Boshell, J., Palau, M. T., Caceres, E., & Pelaez, D. 
(1989). Epidermiology of visceral leishmaniasis in 
Colombia. American Journal of Tropical Medicine 
and Hygiene, 40(5), 480-486. https://doi.org/10.4269/
ajtmh.1989.40.480

Corredor, A., Kreutzer, R., Tesh, R., Boshell, J., Palau, 
M., Cáceres, E., Duque, S., Pelaéz, D., Rodríguez, 
G., Nichols, S., Hernández, C., Morales, A., Young, 
D., & Ferro, C. (1990). Distribution and etiology of 
leishmaniasis in Colombia. The American journal of 
tropical medicine and hygiene, 42(3), 206–214. http://
dx.doi.org/ 10.4269/ajtmh.1990.42.206

Cortés, A. L., Pérez, D. A., & Bejarano, E. E. (2009). 
Flebotomíneos (Diptera: Psychodidae) antropofílicos de 
importancia en salud pública en Los Montes de María, 
Colombia. Revista Cubana de Medicina Tropical, 61(3), 
220-225. http://scielo.sld.cu/scielo.php?script=sci_
arttext&pid=S0375-07602009000300003&lng=es&tlng
=es

Dirección Seccional de Salud de Antioquia. (1998). 
Leishmaniosis incidencias por grupos de edad 1995-
1997: Servicio Seccional de Salud de Antioquia, Boletín 
Informativo de Antioquia.

Dirección Seccional de Salud de Antioquia & Laboratorio 
Departamental de Salud Pública. (1998). Distribución 
de Leishmaniosis para el departamento de Antioquia 
[Data set]. SIVIGILA.

Dirección Seccional de Salud de Antioquia. (2011).  2002-2010. 
Información de interés- enfermedades transmitidas por 
vectores [Data set]. SIVIGILA.

Dirección Seccional de Salud de Antioquia. (2022). Eventos de 
Salud Pública por municipios. 2007-2022. Recuperado 
de: https://dssa.gov.co/index.php/vigilancia-en-salud-
publica

Fairchild, G. B., & Hertig, M. (1957). Notes on the Phlebotomus 
of Panama XIII. The Vexator Group, with Descriptions 
of New Species from Panama and California. Annals of 
the Entomological Society of America, 50(4), 325–334. 
https://doi.org/10.1093/aesa/50.4.325

Ferro, C., López, M., Fuya, P., Lugo, L., Cordovez, J. M., 
& González, C. (2015). Spatial distribution of sand fly 
vectors and eco-epidemiology of cutaneous leishma-
niasis transmission in Colombia. PLoS ONE, 10(10), 
Article e0139391. https://doi.org/10.1371/journal.
pone.0139391

França, C. (1920) Observations sur le genre Phlebotomus. 
II. -Phlebotomus du Nouveau Monde (Phlébotomes du 
Brasil et du Paraguay). Bulletin de la Société Portugaise 



Zapata-Úsuga et al.  Zapata úsuga et al. Actual. Biol. 46(120): e4601, 2024 | Jan-Jun | Medellin |  DOI:10.17533/udea.acbi/v46n120a01

des Sciences Naturelles, 8, 215–236. https://biostor.
org/reference/275790

Furtado, N. V. R., Galardo, A. K. R., Galardo, C. D., Firmino, 
V. C., & Dos Santos, T. V. (2016). Phlebotomines 
(Diptera: Psychodidae) in a Hydroelectric System 
Affected Area from Northern Amazonian Brazil: further 
insights into the effects of environmental changes on 
vector ecology. Journal of Tropical Medicine,  1–12. 
https://doi.org/10.1155/2016/9819723

Galati, E. A. B., Galvis-Ovallos, F., Lawyer, P., Léger, N., & 
Depaquit, J. (2017). An illustrated guide for characters 
and terminology used in descriptions of Phlebotominae 
(Diptera, Psychodidae). Guide illustré des caractères 
et de la terminologie utilisés dans les descriptions 
de Phlebotominae (Diptera, Psychodidae). Parasite 
(Paris, France), 24, 26. https://doi.org/10.1051/
parasite/2017027

Galati, E. A. B. (2018). Morfologia e terminologia de 
Phlebotominae (Diptera: Psychodidae). Classificação e 
identificação de táxons das Américas (Vol. 1) [archivo 
PDF]. Recuperado de: http://www.fsp.usp.br/~egalati/ 

García-Leal, J., Carrero-Sarmiento, D., & Hoyos- López, 
R. (2022). Diversidad del género Lutzomyia (Diptera: 
Psychodidae) en municipios del departamento de 
Córdoba – Colombia. Acta Biológica Colombiana, 27(3), 
394 – 402. https://doi.org/10.15446/abc.v27n3.90684

Goenaga-Mafud, L. C., Eyes-Escalante, M., & Florez-
Arrieta, F. (2020). Primera evaluación sobre la fauna 
de flebótomos (Psychodidae: Phlebotominae) del 
departamento del Atlántico de Colombia. Acta Biologica 
Colombiana, 25(3), 284–292. https://doi.org/10.15446/
abc.v25n3.78771

Gómez-Vargas, W., & Zapata-Úsuga, G. (2022). Especies 
de Lutzomyia (Diptera: Psychodidae, Phlebotominae) 
en el área de influencia de la Central Hidroeléctrica 
Sogamoso (Santander, Colombia). Boletín Científico 
Centro de Museos Museo de Historia Natural, 26(1), 
121–133. https://doi.org/10.17151/bccm.2022.26.1.9

González, E. (2019, Junio 14). Estudios entomológicos en el foco 
de leishmaniosis del suroeste de la Comunidad de Madrid  
[Tesis Doctoral]. Universidad Complutense de Madrid, 
Madrid. https://hdl.handle.net/20.500.14352/17155

Gradoni, L. (2018). A brief introduction to leishmaniasis 
epidemiology. The Leishmaniases: Old Neglected 
Tropical Diseases (pp. 245). Springer International 
Publishing AG 2018. https://doi.org/10.1007/978-3-
319-72386-0_1

Grimaldi, G., Tesh, R. B., & Mcmahon-Pratt, D. (1989). A 
review of the geographic distribution and epidemiology 
of leishmaniasis in the New world. American Journal 
of Tropical Medicine and Hygiene, 41(6), 687–725. 
https://doi.org/10.4269/ajtmh.1989.41.687

Instituto Nacional de Salud. (2019). Informe de vigilancia 

entomológica de Leishmaniasis. Colombia 2018. 
[archivo PDF]. Recuperado de https://www.ins.gov.
co/buscador-eventos/Informacin%20de%20laboratorio/
Informe-vigilancia-entomologica-Leishmaniasis-
Colombia-2018.pdf

Lainson, R., & Shaw, J. J. (1973). Las Leishmanias y la 
leshmaniasis del Nuevo Mundo con particular referencia 
al Brasil. Boletín de la Oficina Sanitaria Panmericana, 
VII N° 4, 1–19. https://iris.paho.org/bitstream/
handle/10665.2/10793/v76n2p93.pdf?sequence=1

León, R., Ortega, L., Gualapuro, M., Morales, F., Rojas, 
M. I., & Espinel, M. (2014). Identificación de Dípteros 
Nematóceros de interés médico en zonas aledañas a 
la construcción de la Represa Hidroeléctrica Toachi-
Pilatón. ACI Avances en Ciencias e Ingenierías, 6(2), 
25–31. https://doi.org/10.18272/aci.v6i2.176 

Maroli, M., Feliciangeli, M. D., Bichaud, L., Charrel, R. N., 
& Gradoni, L. (2013). Phlebotomine sandflies and the 
spreading of leishmaniases and other diseases of public 
health concern. Medical and Veterinary Entomology, 
27(2), 123–147. https://doi.org/10.1111/j.1365-
2915.2012.01034.x

Martínez, D. C., Ávila, J. L., & Molano, F. (2018). Actividad 
nocturna de Nyssomyia yuilli (Young & Porter, 
1972) y Nyssomyia trapidoi (Farchild & Hertig, 1952) 
(Diptera: Psychodidae: Phlebotominae) en el municipio 
de Otanche (Boyacá, Colombia), zona endémica de 
leishmaniasis cutánea. Salud UIS, 50(2), 106–114. 
https://doi.org/10.18273/revsal.v50n2-2018002

Méndez-Cardona, S. A. (2021, Agosto). Descripción del cuarto 
estadio larval de Pintomyia longiflocosa e implicaciones 
taxonómicas en el subgénero Pifanomyia [Tesis Doctoral]. 
Universidad de los Andes, Bogotá.https://repositorio.
uniandes.edu.co/bitstream/handle/1992/53899/24942.
pdf?sequence=1

Ministerio de Protección Social [Minsalud]. (2010). Gestión 
para la vigilancia entomológica y control de la transmisión 
de Leishmaniasis: Guía de Vigilancia Entomológica y 
control de Leishmaniasis. [archivo PDF]. Recuperado de 
http://simudatsalud-risaralda.co/normatividad_inv7/
Entomologica%20Leishmaniasis.pdf

Montoya-Lerma, J., Cadena, H., Segura, I., & Travi, B. L. 
(1999). Association of Lutzomyia columbiana (Diptera: 
Psychodidae) with a leishmaniasis focus in Colombia 
due to species of the Leishmania mexicana complex. 
Memórias do Instituto Oswaldo Cruz, 94(3), 277–283. 
https://doi.org/10.1590/S0074-02761999000300001

Morales, A., E. Osorno-Mesa, F. Osorno, and P. Muñoz 
Hoyos. (1969). Phlebotominae de Colombia (Diptera, 
Psychodidae). V. Descripción de una nueva especie 
de Lutzomyia. Revista de la Academia Colombiana de 
Ciencias Exactas, Físicas y Naturales, 13(51), 383–
390. https://raccefyn.co/index.php/raccefyn/issue/



Zapata-Úsuga et al.  Actual. Biol. 46(120): e4601, 2024 | Jan-Jun | Medellin |  DOI:10.17533/udea.acbi/v46n120a01

view/93/237
Morales, A., Bello, F., & Cárdenas, E. (2005). Establecimiento, 

mantenimiento y productividad de una colonia de 
laboratorio de Lutzomyia spinicrassa Morales, Osorno-
Mesa, Osorno y Hoyos, 1969 (Diptera: Psychodidae) en 
Colombia. Revista Ciencias de la Salud, 3(2), 129–135. 
http://www.scielo.org.co/pdf/recis/v3n2/v3n2a3.pdf

Niño, L., & Pérez-Español, S. (2021). Distribución geográfica 
y factores ambientales asociados a flebotomíneos del 
género Lutzomyia França, 1924 (Diptera: Psychodidae) 
en Cundinamarca, Colombia. Revista Chilena De 
Entomología, 47(2), 275–303. https://doi.org/10.35249/
rche.47.2.21.15

Organización Mundial de la Salud. (2012). Control de las 
Leishmaniasis: informe de una reunión del Comité 
de Expertos de la OMS sobre el Control de las 
Leishmaniasis, Ginebra, 22 a 26 de marzo de 2010. 
Recuperado de https://apps.who.int/iris/bitstream/
hand l e /10665/82766/WHO_TRS_949_spa .
pdf;sequence=1

Organización Panamericana de la Salud.  (2023). 
Leishmaniasis. Paho.org. Recuperado de; https://www.
paho.org/es/temas/leishmaniasis

Organización Panamericana de la Salud. (2019). Manual 
de procedimientos para vigilancia y control de 
las leishmaniasis en las Américas. Washington, 
D.C. Recuperado de https://doi.org/https://doi.
org/10.37774/9789275320631

Pardo, R., Ferro, C., Lozano, G., Lozano, C., Cabrera, O., & 
Davies, C. (1999). Flebótomos vectores de leishmaniasis 
cutánea y sus determinantes ecológicos en la zona cafetera 
del Departamento del Huila. [Memorias XXVI Congreso 
de la Sociedad Colombiana de Entomología]. Socolen, 
147–163. http://hdl.handle.net/20.500.12324/34421 

Parra-Henao, G. J., & Echavarría, J. C. (2005). Experiencias 
en el control de un foco de leishmaniasis cutánea en 
San Carlos, Antioquia. CES Medicina, 19(1), 31-
36. https://revistas.ces.edu.co/index.php/medicina/
article/view/193

Porter, C. H., & DeFoliart, G. R. (1981). The man biting 
activity of phlebotomine sand flies in a tropical wet 
forest environment in Anori central providencia 
Colombia. Arquivos De Zoologia, 30(2), 81-158. https://
doi.org/10.11606/issn.2176-7793.v30i2p81-158

Posada-López, L., Vélez-Mira, A., Acosta, L., Cadena, H., 
Agudelo, D., & Vélez, I. D. (2014). Descripción de 
un foco endémico de leishmaniasis cutánea en Puerto 
Valdivia, Antioquia, Colombia. Revista CES Salud 
Pública, 5(1), 3–10. https://revistas.ces.edu.co/index.
php/ces_salud_publica/article/view/3029

Sales, K. G. D. S., Costa, P. L., De Morais, R. C. S., Otranto, 
D., Brandão-Filho, S. P., Cavalcanti, M. D. P., & 
Dantas-Torres, F. (2015). Identification of phlebotomine 

sand fly blood meals by real-time PCR. Parasites and 
Vectors, 8(1), 1–6. https://doi.org/10.1186/s13071-015-
0840-3

Sant’Anna, M. R. V., Jones, N. G., Hindley, J. A., Mendes-
Sousa, A. F., Dillon, R. J., Cavalcante, R. R., Alexander, 
B., & Bates, P. A. (2008). Blood meal identification and 
parasite detection in laboratory-fed and field-captured 
Lutzomyia longipalpis by PCR using FTA databasing 
paper. Acta Tropica, 107(3), 230–237. https://doi.
org/10.1016/j.actatropica.2008.06.003

Santamaría, E., Ponce, N., Zipa, Y., & Ferro, C. (2006). 
Presencia en el peridomicilio de vectores infectados 
con Leishmania (Viannia) panamensis en dos focos 
endémicos en el occidente de Boyacá, piedemonte del valle 
del Magdalena medio, Colombia. Biomédica 26 (sup1), 
82-94. http://www.scielo.org.co/scielo.php?script=sci_
arttext&pid=S0120-41572006000500011

Tanure, A., Peixoto, J. C., Afonso, M. M. D. S., Duarte, R., 
Pinheiro, A. D. C., Coelho, S. V. B., & Barata, R. A. 
(2015). Identification of Sand flies (Diptera: Psychodidae: 
Phlebotominae) blood meals in an endemic leishmaniasis 
area in Brazil. Revista do Instituto de Medicina Tropical 
de São Paulo, 57(4), 321–324. https://doi.org/10.1590/
s0036-46652015000400008

Travi, B. L., Montoya, J., Solarte, Y., Lozano, L., & Jaramillo, 
C. (1988). Leishmaniasis in Colombia. I. Studies on the 
phlebotomine fauna associated with endemic foci in 
the Pacific Coast region. American Journal of Tropical 
Medicine and Hygiene, 39(3), 261–266. https://doi.
org/10.4269/ajtmh.1988.39.261

Travi, B. L., Tabares, C. J., Cadena, H., Ferro, C., & Osorio, 
Y. (2001). Canine visceral leishmaniasis in Colombia: 
Relationship between clinical and parasitologic status 
and infectivity for sand flies. American Journal of 
Tropical Medicine and Hygiene, 64(3), 119–124. https://
doi.org/10.4269/ajtmh.2001.64.119

Urango, H. J., & Hoyos-López, R. (2022). Flebotomíneos 
(Psychodidae: Phlebotominae) en la zona periurbana 
de Montería (Córdoba-Colombia). Acta Biológica 
Colombiana, 27(3), 377–385- https://doi.org/10.15446/
abc.v27n3.92751

Vásquez-Trujillo, Adolfo, Santamaría-Herreño, Erika, 
González-Reina, Angélica E, Buitrago-Álvarez, Luz 
S, Góngora-Orjuela, Agustín, & Cabrera-Quintero, 
Olga L. (2008). Lutzomyia antunesi, Probable Vector 
de Leishmaniasis Cutánea en el Área Rural de 
Villavicencio. Revista de Salud Pública, 10(4), 625-
632., http://www.scielo.org.co/scielo.php?script=sci_
arttext&pid=S0124-00642008000400012&lng=en&tlng
=es

Veléz-Bernal, I. D., Agudelo-Uribe, L. A., Cuartas-Hernández, 
S. E., Arango, M., & Díaz, M. R. (1999). Programa 
de estudio y control de enfermedades tropicales-pecet 



Zapata-Úsuga et al.  Zapata úsuga et al. Actual. Biol. 46(120): e4601, 2024 | Jan-Jun | Medellin |  DOI:10.17533/udea.acbi/v46n120a01

determinación del riesgo de infección por Leishmania 
spp. en la zona de influencia del proyecto hidroeléctrico 
miel I en el departamento de Caldas. Rev. ECM, 4, 
45–59. https://pesquisa.bvsalud.org/portal/resource/
pt/lil-385731

Vergara, D., Carrillo, L., Bejarano, E., & Vélez, I. (2008). 
Primer informe de Lutzomyia yuilli (Young & Por-
ter, 1972) y Lutzomyia triramula (Fairchild & Hertig 
952) (Diptera: Psychodidae) en el departamento de 
Caldas, Colombia. Biota Neotropica, 8(3), 251-253 ht-
tps://www.scielo.br/j/bn/a/MDLrNkcZBwZN3c8T-
BfGZkXM/?lang=es&format=pdf

Vilela, M. L., Azevedo, C. G., Carvalho, B. M., & Rangel, E. 
F. (2011). Phlebotomine fauna (diptera: Psychodidae) 
and putative vectors of leishmaniases in impacted area 
by Hydroelectric Plant, State of Tocantins, Brazil. PLoS 
ONE, 6(12), Article e27721. https://doi.org/10.1371/
journal.pone.0027721

Vivero, R. J., Bejarano, E. E., Castro, M., Vélez, A., Pérez, 
J. E., Pérez-Doria, A., Vélez, I. D., & Carrillo, L. M. 
(2010). Trece registros nuevos de Lutzomyia (Diptera: 
Psychodidae) para el departamento de Vichada, 
Orinoquia Colombiana. Biota Neotropica, 10(2), 401–
404. https://doi.org/10.1590/s1676-06032010000200037

Vivero, R. J., Torres-Gutiérrez, C., Bejarano, E. E., Cadena-
Peña, H., Estrada, L. G., Flórez, F., Ortega, E., Aparicio, 
Y., & Muskuz, C. E. (2015). Study on natural breeding 
sites of sand flies (Diptera: Phlebotominae) in areas of 
Leishmania  transmission in Colombia. Parasites and 
Vectors, 8(1), 1-14- https://doi.org/10.1186/s13071-
015-0711-y

Vivero, R. J., Quintero, L. S., Peña, H. C., Alvar, J., Mira, 
A. V., Atencia, M., Tovar, C., Vélez, I. D (2016, Abril 
). Listado taxonómico y distribución espacial de especies
de importancia médica del género Lutzomyia presentes 
en los municipios de Tiera Alta., [Postér  presentado 
en la Primera Reunión Colombiana de Leishmaniasis y 
enfermedad de Chagas]. XV Simposio PECET: Avances 

en la investigación de enfermedades tropicales, Medellín, 
Colombia. https://issuu.com/comunicaciones.pecet/
docs/memoriasreuni__nsimposiopecet

Vivero, R. J., Contreras, M. A., & Suaza, J. D. (2017). Especies 
de flebotomíneos (Diptera : Psychodidae ) recolectados 
en reservas naturales de las regiones del Darién y del 
Pacífico en Colombia. Biomédica, 37(Supl.2), 215–223. 
https://doi.org/10.7705/biomedica.v37i0.3382

Warburg, A., Montoya-Lerma, J., Jaramillo, C., Cruz-Ruiz, 
A., & Ostrovska, K. (1991). Leishmaniasis vector 
potential of Lutzomyia spp. in Colombian coffee 
plantations. Medical and Veterinary Entomology, 
5(1), 9-16. https://doi.org/10.1111/j.1365-2915.1991.
tb00514.x

WorldClim.org. (2020). https://www.worldclim.org/
Young, D. G. (1977). A biosystematic review of the bloodsucking 

psychodid flies of Colombia (diptera: Phlebotominae 
and Sycoracinae) [Tesis Doctoral].University of Florida, 
Florida. https://doi.org/10.5962/bhl.title.42420.

Young, D. G.  (1979). A review of the bloodsucking psychodid 
flies of Colombia (diptera: Phlebotominae and 
Sycoracinae. Bulletin 806 (Technical) of the Agricultural 
Experiment Stations, University of Florida, pp. 1–266. 
https://apps.dtic.mil/sti/trecms/pdf/ADA080842.pdf

Young, D. G., & Duncan, M. A. (1994). Guide to the 
identification and geographic distribution of Lutzomyia  
sand flies in Mexico, the West Indies, Central and 
South America (Diptera: Psychodidae). Memoirs of the 
American Entomologic Institute (pp. 881). Gainesville, 
Florida, USA: Associated Publishers. https://apps.dtic.
mil/sti/tr/pdf/ADA285737.pdf

Zuluaga, W. A., López, Y., Ríos-Osorio, L. A., Salazar, L., 
González, M. C., Ríos, C. M., Wolff, M., & Escobar, 
J. P. (2012). Vigilancia entomológica de insectos de 
importancia en salud pública durante la construcción 
de los proyectos hidroeléctricos Porce II y Porce III, 
Antioquia, Colombia, 1990-2009. Biomédica, 32, 321-
332. https://doi.org/10.7705/biomedica.v32i3.668


