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ABSTRACT—INn Guatemala, three million people are at risk of contracting cutaneous leishmaniosis,
primarily in the northern regions. Despite this alarming epidemiological situation, few faunistic studies
of phlebotomine sand flies have been conducted in this country, which is the most populous in Central
America. An entomological survey of phlebotomine sand flies was carried out from March to September,
2018 in rural, mountainous, and forested areas of six northern Guatemalan departments with active
transmission of human leishmaniosis: Petén, Huehuetenango, Quiché, Alta Verapaz, Izabal, and El
Progreso. CDC miniature light traps were deployed in and around homes with recent cases of leishmaniosis
in children under 10 years of age. A total of 2,605 specimens of sand flies were captured and identified,
belonging to three subtribes, nine genera, and 14 species (13 of which were able to be determined), with a
balanced sex ratio of 0.95 males per each female. Lutzomyia longipalpis was the most abundant species in
the survey, accounting for 62.61% of the total catches; however, this species was restricted to El Progreso
and Huehuetenango, with Huehuetenango having the highest capture percentage (55.54%). This vector
was predominantly found outdoors, mostly in extra-domicile areas (62.29%). The male/female ratio for this
species was 1.94. This study, and the entomological data we present, can aid in enhancing vector control
interventions in these northern departments, thereby decreasing the incidence of leishmaniosis in humans.

ResumEN—En Guatemala, tres millones de personas se encuentran en riesgo de contraer leishmaniosis
cutanea, principalmente en las regiones del norte. A pesar de esta alarmante situacion epidemioldgica,
se han realizado pocos estudios faunisticos sobre los flebotomos en este pais, el mas poblado de América
Central. Se llevé a cabo un estudio entomoldgico de los flebotomos desde marzo hasta septiembre de 2018
en areas rurales, montafiosas y forestales de seis departamentos del norte de Guatemala con transmision
activa de leishmaniosis en seres humanos: Petén, Huehuetenango, Quiché, Alta Verapaz, Izabal y El
Progreso. Se colocaron trampas de luz tipo mini-CDC dentro y alrededor de viviendas con casos recientes
de leishmaniosis en nifios menores de 10 afios de edad. Se capturaron e identificaron un total de 2,605
ejemplares de flebotomos, que pertenecieron a tres subtribus, nueve géneros y 14 especies (13 de las cuales

287



288

CARIBBEAN JOURNAL OF SCIENCE

[Volume 53

pudieron determinarse), con una proporcion de sexos equilibrada de 0.95 machos por cada hembra. La
especie mas abundante en el estudio fue Lutzomyia longipalpis, que represento el 62.61% del total de
capturas; sin embargo, esta especie se limité a El Progreso y Huehuetenango, siendo Huehuetenango el
lugar con el porcentaje de capturas mas elevado (55.54%). Este vector se encontré predominantemente
en exteriores, sobre todo en el extradomicilio (62.29%). La proporcion de machos/hembras para esta
especie fue de 1.94. Este estudio y los datos entomolégicos que presentamos pueden contribuir a mejorar
las intervenciones de control de vectores en estos departamentos del norte, reduciendo asi la incidencia de

leishmaniosis en seres humanos.

Subfamily Phlebotominae (Diptera: Psychodidae)
includes about 532 extant, described species in the New
World (Galati 2021). It is a group in which females are
hematophagous, with certain species involved in the
transmission of pathogens to vertebrates (Maroli et al.
2013). The most significant is their role as vectors of
Leishmania spp. among mammals. However, sand flies
are also natural vectors of arboviruses (Phlebovirus,
Vesiculovirus, and Orbivirus) worldwide (Ayhan and
Charrel 2017), and Bartonella bacilliformis in South
America (Sanchez Clemente et al. 2012).

Protozoan species of Leishmania (Kinetoplastida:
Trypanosomatidae) are the causal agents of leishma-
niases in wild vertebrates and constitute a group of
zooanthroponotic diseases with a diverse spectrum of
clinical manifestations. The characteristics of these dis-
eases vary greatly, but they are often divided into three
distinct clinical syndromes, namely visceral leishmani-
osis (VL), a potentially life-threatening condition if left
untreated, cutaneous leishmaniosis (CL), and mucosal
leishmaniosis (ML) (Murray et al. 2005). Globally,
leishmaniases are among the top 10 neglected tropical
diseases, with more than 12 million infected people,
0.9 to 1.6 million new cases each year, between 20,000
and 30,000 deaths, and 350 million people at risk of
infection. In the Americas, an average of 56,000 cases
of CL and ML, and 3,800 cases of VL, are recorded an-
nually, with an average case fatality rate of 7% (PAHO
2023a). In Guatemala, the most populous country in
Central America, three million people are estimated to
be at risk of contracting CL, primarily in the northern
regions (Fundacion Probitas 2023).

Few taxonomic or faunistic studies of phlebotomine
sand flies have been conducted in Guatemala. Fairchild
and Hertig (1948, 1950, 1952, 1956) and Young (1977)
reported some species, and more recently, De Leon
(1971) and Porter and Young (1986, 1999) described
three additional species; however, one species of genus
Dampfomyia remains to be formally described (Young

and Duncan 1994). Rowton et al. (1991) conducted the
most comprehensive study involving systematic collec-
tions. These contributions identify 35 species of phle-
botomine sand flies in Guatemala (Shimabukuro et al.
2017; Galati 2018, 2021). Among these, five species
have been linked to the transmission of human leish-
maniosis in the country: Lutzomyia longipalpis (Lutz
and Neiva 1912); Nyssomyia ylephiletor (Fairchild and
Hertig 1952); Ny. trapidoi (Fairchild and Hertig 1952);
Psychodopygus panamensis (Shannon 1926); and Pin-
tomyia ovallesi (Ortiz 1952) (Rowton et al. 1991).

Over the last decades, ecological and climatic chang-
es caused by anthropogenic activities such as irrigation,
dam construction, deforestation, and urbanization have
resulted in drastic changes in vector distribution and
population densities (Maroli et al. 2013; Alarcon-Elbal
2018). Despite this alarming situation, relatively little
is known about these vectors in the country, and there
is a scarcity of recent entomological studies focusing
on them. In addition, these diseases involve domestic
dogs and wild canines (foxes, jackals, and wolves), as
well as other undetermined vertebrate hosts that serve
as reservoir hosts and increase the likelihood of disease
transmission to humans (WHO 2023).

This study aimed to determine the species compo-
sition and relative abundance of sand flies in six Guate-
malan departments with active transmission of human
leishmaniases. The identification of such entomologi-
cal information facilitates the development of specific
vector control interventions in the region and, as a re-
sult, the reduction of disease burden.

MATERIALS AND METHODS
Study area

In 2017, the Health Management Information Sys-
tem reported 775 cases of CL and two cases of VL in
Guatemala, with the majority occurring in the north-
ern departments of Petén, Huehuetenango, Quiché,
Alta Verapaz, and Izabal (PAHO 2019, 2023b). For this
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Department: Petén
Health district: Petén Sur Occidente
Municipality: Las Cruces
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Department: Petén
Health district: Petén Norte
Municipality: Flores

Locality: Caserio Bella Guatemala
Coordinates: 16°37'28.8"N, 50°39'31.8"W

Locality: Aldea Uaxactiin
Coordinates: 17°23'41.3"N, 89°38'01.2"'wW

Altitude: 120 masl
Sample period: 10-13 March 2018

Altitude: 164 masl
Sample period: 30 July - 01 August 2018
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Department: Petén
Health district: Petén Sur Oriente

Department: El Quiche

Health district: Ixcan

Municipality: Ixcan

Locality: Aldea Nueva Jerusalén
Coordinates: 15°59'44.1"N, 50°45'14.8"W
Altitude: 204 masl

Sample period: 19-21 March 2018 J
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Coordinates: 16°02'7.24"N, 89°20'4.67"W
Altitude: 314 masl|
L Sample period: 16-18 July 2018

Department: Izabal

Health district: Izabal

Municipality: Livingston

Locality: Aldea San Fernando
Coordinates: 15°46'18.9"N, 83°01'17.8"W
Altitude: 39 masl

\ Sample period: 04-06 July 2018

/‘:\
Municipality: San Luis
Locality: Las Cafias
)
~

r Department: Izabal h
Health district: Izabal

Municipality: Puerto Barrios

Locality: Aldea Las Escobas

Coordinates: 15°41'0.52"N, 88°38'28.3"W
Altitude: 144 masl

Sample period: 03-06 July 2018

~
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Department: Alta Verapaz

Health district: Alta Verapaz

Municipality: Coban

Locality: Aldea Ocula - Canguinic
Coordinates: 15%43'38.12"N, 90°32'36.33"W
Altitude: 382 masl

\ Sample peried: 16-18 July 2018

I

Department: Alta Verapaz

Health district: Alta Verapaz

Municipality: Cobdn

Locality: Caserio Cacahuila

Coordinates: 15°42'23.63"N, 90°36'48.76"W
Altitude: 306 masl

Sample period: 13-14 Juny 2018

[ —— —— ]

Department: Huehuetenango
Health district: Huehuetenango
Municipality: lacaltenango
1 Locality: Caserio Hunta
50 km Coordinates: 15°42'55.5"N, 91°48'45.6"W
Altitude: 832 masl
Sample period: 11-12 April 2018

Department: El Progreso

Health district: El Progreso

Municipality: San Agustin Acasaguastlan
Locality: Aldea Las Sidras

Coordinates: 14°58'1.76" N, 90°00'34.2"W
Altitude: 670 masl

Sample period: 23-25 July 2018

30 mi

FiG. 1. Spatial representation of the sampling points of phlebotomine sand flies in Guatemala in 2018, includ-
ing department, health district, municipality, locality, coordinates, altitude, and sample period information.

reason, an entomological survey of phlebotomine sand
flies was conducted from March to September, 2018 in
rural, mountainous, and forested areas of these depart-
ments; however, El Progreso was also included for re-
porting cases of VL. A single location was sampled in
each department, with the exception of Izabal and Alta
Verapaz, which had two sampling locations each. Last-
ly, catches in Petén, which is the largest department,
were detailed for this study according to its three health
areas: Petén Sur Occidental, Petén Sur Oriental, and
Petén Norte (Fig. 1).

These departments are situated in coastal plains
and lowlands with a tropical climate according to the

Koppen-Geiger classification, with an average annual
temperature of approximately 27° C. This region of the
country is extremely rainy, with the heaviest rainfall
occurring between June and October, and an average
annual rainfall between 1,559.1 and 1,718.2 mm (INS-
VMH 2023).

Sand fly collections and identification

Three houses were selected at each sampling loca-
tion. The criteria for selecting the houses were recent
cases of leishmaniosis in children under 10 years of
age. Three Centers for Disease Control and Prevention
(CDC) miniature light traps (John W. Hock Company,
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Florida, U.S.A.) were used to capture sand flies at each
house. During three consecutive nights, traps were set
1.5 m above the ground in intra-domicile (the living
room), peri-domicile (the yard), and extra-domicile
areas (25 m from the house). Traps were deployed at
18:00, and collected at 06:00 the following morning.
Sand flies were collected and stored in labelled tubes
with 70% alcohol before being mounted on glass slides
using Canada balsam for the males, and Berlese’s fluid
for the females. Afterwards, the males were identified
by examining the external genitalia, while the females
were identified by examining the pharynx and sperma-
thecae using the appropriate taxonomic keys (Young
and Duncan 1994; Galati 2018). The phlebotomine
specimens are deposited in Laboratorio de Referencia
Taxonomica e Identificacion de Entomologia Médica,
Guatemala City, Guatemala.

REesuLTs

In this study, a total of 2,605 specimens of sand
flies were captured and identified, belonging to three
subtribes, nine genera, 13 defined species, and one un-
determined species of the group Delpozoi, with a bal-
anced sex ratio (number of males/number of females =
0.95).

Below is a list of the taxa collected for this study,
along with brief comments on the taxonomic history,
material examined, distribution, bionomics, and med-
ical relevance.

SERGENTOMYIINA Artemiev 1991
Genus Micropygomyia Barretto 1962
Subgenus Micropygomyia (Micropygomyia) s. str. Bar-
retto 1962
Series Cayennensis

*  Micropygomyia (Micropygomyia) cayennensis
maciasi (Fairchild and Hertig 1948)
cayennensis maciasi Fairchild and Hertig 1948: 466
(as subspecies of Phlebotomus cayennensis).

Type locality: Mexico, Guerrero, Zumpango; Gua-
temala, Escuintla.

Taxonomic history: See Ibanez-Bernal and Duran-
Luz (2022).

Material examined: Guatemala: Department of El
Progreso, Municipality of San Agustin Acasaguastlan,
Aldea Las Sidras, 23-25 July 2018, 1 §; Department
of Petén (Sur Occidental), Municipality of Las Cruces,
Caserio Bella Guatemala, 10—-13 March 2018, 1 &; De-
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partment of Petén (Sur Oriental), Municipality of San
Luis, Las Cafias, 16-18 July 2018, 7 & &'; Department
of Quiché, Municipality of Ixcan, Aldea Nueva Je-
rusalén, 19-21 March 2018, 6 9 9.

The males could not be assigned to a subspecies but
were considered Mi. cayennensis maciasi due to their
association with the females.

Distribution: Belize, Guatemala, and Mexico
(Martins et al. 1978; Young and Duncan 1994; Shima-
bukuro et al. 2017; Galati 2018, 2021; Ibafiez-Bernal
and Duran-Luz 2022). In Guatemala, this species was
previously documented in the Municipality of San José,
Escuintla Department (Martins et al. 1978).

Bionomics and medical relevance: Females of
Micropygomyia species are not anthropophilic, but it is
known that some species feed on lizards (Young and
Duncan 1994); therefore, it is likely that Mi. (Mic.) cay-
ennensis maciasi feeds on reptiles (Ibanez-Bernal and
Rebollar-Téllez 2023). There is no information about
its vector competence.

Lutzomyiina Abonnenc and Léger 1976
Genus Lutzomyia Franga 1924
Subgenus Lutzomyia (Lutzomyia) s. str.

*  Lutzomyia (Lutzomyia) longipalpis (Lutz and
Neiva 1912)
longipalpis Lutz and Neiva 1912: 89 (as
Phlebotomus).

Type locality: Brazil, locality not specified.

Taxonomic history: See Ibafez-Bernal and Duran-
Luz (2022).

Material examined: Department of El Progre-
s0, Municipality of San Agustin Acasaguastlan, Aldea
Las Sidras, 23-25 July 2018, 97 99, 133 4J'; Depart-
ment of Huehuetenango, Municipality of Jacaltenango,
Caserio Hunta, 11-12 April 2018, 458 99, 943 4.

Distribution: Argentina, Bolivia, Brazil, Colombia,
Costa Rica, El Salvador, Guatemala, Honduras, Mexi-
co, Nicaragua, Panama, Paraguay, Uruguay, and Vene-
zuela (Williams 1991; Shimabukuro et al. 2017; Galati
2018, 2021; Ibanez-Bernal and Duran-Luz 2022). In
Guatemala, this species was previously recorded in El
Progreso and Zacapa (?) departments (Martins et al.
1978).

Bionomics and medical relevance: Lutzomyia
(Lut.) longipalpis feeds on chickens and other birds,
cows, dogs, goats, hamsters, horses, donkeys, oxen,
pigs, and humans (De Buen et al. 1966; Morrison et al.



2023]

1993a; Ogusuku et al. 1994; Alfonso et al. 2012; Me-
jia et al. 2018). It is considered the primary vector of
Leishmania infantum (Killick-Kendrick 1990; Maroli
et al. 2013) and L. amazonensis in Brazil (Young and
Duncan 1994). Bates (2007) mentioned this species as
a vector of L. infantum in humans, and considered do-
mestic dogs and foxes as important reservoirs in Cen-
tral and South America.

Subgenus Lutzomyia (Tricholateralis) Galati 1995

*  Lutzomyia (Tricholateralis) cruciata (Coquillett
1907)

cruciata Coquillett 1907: 102 (as Phlebotomus

cruciatus).

Type locality: Guatemala, Alta Verapaz, Trece
Aguas, Cacao.

Taxonomic history: See Ibafez-Bernal and Duran-
Luz (2022).

Material examined: Guatemala: Department of
Huehuetenango, Municipality of Jacaltenango, Caserio
Hunta, 11-12 April 2018, 4 99, 4 3J; Department of
Petén (Norte), Municipality Flores, Aldea Uaxactin, 30
July—1 August 2018, 6 9 Q; Department of Petén (Sur
Oriental), Municipality of San Luis, Las Canas, 16—18
July 2018, 4 9 9; Department of Quiché, Municipality
of Ixcan, Aldea Nueva Jerusalén, 19-21 March 2018,
11 99; Department of Alta Verapaz, Municipality of
Coban, Caserio Cacahuila, 13—14 June 2018, 1 9; De-
partment of Alta Verapaz, Municipality of Coban, Al-
dea Ocula—Canguinic, 1618 July 2018, 2 9 9; Depart-
ment of Izabal, Municipality of Livingston, Aldea San
Fernando, 4-6 July 2018, 2 9 @; Department of Izabal,
Municipality of Puerto Barrios, Aldea Las Escobas,
3-6 July 2018, 5 92.

Distribution: Belize, Brazil, Costa Rica, El Salva-
dor, Guatemala, Honduras, Mexico, Nicaragua, Pana-
ma, and U.S.A. (Shimabukuro et al. 2017; Galati 2018,
2021; Ibafiez-Bernal and Duran-Luz 2022). In Gua-
temala, this species was documented in Trece Aguas,
Alta Verapaz (the type locality), Tikal, Petén (Rowton
et al. 1991), and the departments of Escuintla, Solola,
San Miguel, San Vicente, and Sonsonate (Young and
Perkins 1984).

Bionomics and medical relevance: This species
is anthropophilic (Young and Perkins 1984; Young and
Duncan 1994). In Honduras, Mejia et al. (2018) found
that Lu. cruciata feeds on human and dog blood, and
in Mexico, De Buen et al. (1966) found that it feeds

BARRIOS-BARRIOS ET AL.: PHLEBOTOMINE SAND FLIES OF GUATEMALA

291

on hamster blood. It has been considered an important
vector of L. braziliensis, L. panamensis, and L. mexi-
cana (Pech-May et al. 2010; Maroli et al. 2013).

Genus Pintomyia Costa Lima 1932
Subgenus Pintomyia (Pifanomyia) Ortiz and Scorza
1963
Series Evansi

»  Pintomyia (Pifanomyia) evansi (Nuiez-Tovar
1924)

evansi Nufiez-Tovar 1924: 44 (as Phlebotomus).

Type locality: Venezuela, Carabobo, Mariara.

Taxonomic history: See Ibafez-Bernal and Duran-
Luz (2022).

Material examined: Guatemala: Department of El
Progreso, Municipality of San Agustin Acasaguastlan,
Aldea Las Sidras, 23-25 July 2018, 395 99, 87 4J.

Distribution: Colombia, Costa Rica, El Salva-
dor, Guatemala, Honduras, Mexico, Nicaragua, Peru,
and Venezuela (Shimabukuro et al. 2017; Galati 2018,
2021; Ibafez-Bernal and Duran-Luz 2022). In Guate-
mala, this species was recorded in the Escuintla Depart-
ment (Fairchild and Hertig 1959).

Bionomics and medical relevance: Females of
this species feed on human blood and are considered
vectors of L. infantum (Osorno-Mesa et al. 1972; Young
1979; Young and Duncan 1994; Maroli et al. 2013).
Pintomyia evansi has been found to feed on the blood
of cows, horses, pigs, chickens, mice, and humans in
Colombia (Paternina et al. 2016), and dogs, pigs, and
chickens in Honduras (Mejia et al. 2018). It was dis-
covered alongside Lu. longipalpis (considered to be the
primary vector) and Lu. cruciata in an endemic focus
of VL in Chiapas, Mexico (Ibafiez-Bernal e al. 2004;
Ibafniez-Bernal and Rebollar-Téllez 2023).

*  Pintomyia (Pifanomyia) ovallesi (Ortiz 1952)
ovallesi Ortiz 1952: 155 (as Phlebotomus).

Type locality: Venezuela, Lara, Duaca.

Taxonomic history: See Ibafiez-Bernal and Duran-
Luz (2022).

Material examined: Guatemala: Department of
Petén (Norte), Municipality of Flores, Aldea Uaxactun,
30 July—1 August 2018, 95 9 Q; Department of El Pro-
greso, Municipality of San Agustin Acasaguastlan,
Aldea Las Sidras, 23-25 July 2018, 1 §; Department
of Petén (Sur Oriental), Municipality of San Luis, Las
Cafias, 16-18 July 2018,2 99,3 &J.
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Distribution: Belize, Colombia, Costa Rica, Guate-
mala, Honduras, Mexico, Nicaragua, Panama, Trinidad
and Tobago, and Venezuela (Rowton et al. 1991; Young
and Duncan 1994; Shimabukuru et al. 2017; Galati
2018, 2021; Ibafez-Bernal and Duran-Luz 2022). In
Guatemala, this species was recorded in the Depart-
ment of Petén, Municipality of Flores, Tikal (Rowton
etal. 1991).

Bionomics and medical relevance: This species
feeds on a wide range of vertebrates, including hu-
mans. The transmission of L. braziliensis and L. mexi-
cana to humans is attributed to this species (De Buen et
al. 1966; Osorno-Mesa et al. 1972; Young 1979; Feli-
ciangeli et al. 1988; Maroli et al. 2013). Pech-May et al.
(2010) collected female specimens using a human-bait-
ed Shannon trap, whereas none were collected using a
mouse-baited Disney trap (Ibanez-Bernal and Rebol-
lar-T¢llez 2023).

Genus Dampfomyia Addis 1945
Subgenus Dampfomyia (Coromyia) Barretto 1962

*  Dampfomyia (Coromyia) deleoni (Fairchild and
Hertig 1947)
deleoni Fairchild and Hertig 1947: 622 (as Phlebotomus).

Type locality: Guatemala, Petén.

Taxonomic history: See Ibanez-Bernal and Duran-
Luz (2022).

Material examined: Guatemala: Department of
Huehuetenango, Municipality of Jacaltenango, Caserio
Hunta, 11-12 April 2018, 1 2, 2 &J&'; Department of
Petén (Sur Oriental), Municipality of San Luis, Las
Cafias, 16-18 July 2018, 19 99,7 34.

Distribution: Belize, Costa Rica, El Salvador,
Guatemala, Honduras, and Mexico (Shimabukuro et al.
2017; Galati 2018, 2021; Ibafiez-Bernal and Duran-Luz
2022). In Guatemala, this species was recorded in the
Department of Petén (the type locality), and Rowton et
al. (1991) reported it in the Department of Petén, Mu-
nicipality of Flores, Tikal.

Bionomics and medical relevance: Williams
(1976) captured specimens of this species in caves in
Belize. Porter et al. (1987) and Rowton et al. (1991)
used human bait to capture female specimens. Rebol-
lar-T¢llez et al. (1996) collected specimens using funnel
traps set over mammal burrows in Mexico, and Pech-
May et al. (2010) collected them using a human-baited
Shannon trap and a mouse-baited Disney trap. Its im-
portance as a vector is unknown.

CARIBBEAN JOURNAL OF SCIENCE

[Volume 53

*  Dampfomyia (Coromyia) disneyi (Williams 1987)
disneyi Williams 1987: 525 (as Lutzomyia (Coromyia)).

Type locality: Belize, Cayo District, San Antonio.

Taxonomic history: See Ibafiez-Bernal and Duran-
Luz (2022).

Material examined: Guatemala: Department of
Huehuetenango, Municipality of Jacaltenango, Caserio
Hunta, 11-12 April 2018, 2 9 9; Department of Petén
(Sur Oriental), Municipality of San Luis, Las Cafias,
16-18 July 2018; 1 &.

Distribution: Belize, Guatemala, and Mexico (Wil-
liams 1987; Ibaniez-Bernal et al. 2015; Shimabukuro et
al. 2017; Galati 2018, 2021). According to Young and
Duncan (1994), C.H. Porter recorded it in Guatemala,
Petén Department, Municipality of Poptin, Coop. Tan-
hoc.

Bionomics and medical relevance: This species
inhabits caves and is considered a potential vector of
chiropteran trypanosomes (Young and Duncan 1994).

*  Dampfomyia group Delpozoi, sp. indet.

Material examined: Guatemala: Department of
Petén (Sur Oriental), Municipality of San Luis, Las
Carias, 16-18 July 2018, 5 9 9; Department of Alta Ve-
rapaz, Municipality of Cobéan, Aldea Ocula—Canguinic,
16-18 July 2018, 1 9.

Distribution: Three species of this group are known
in southern Mexico, Belize, and Guatemala: Dampfo-
myia inusitata (Fairchild and Hertig 1961) from Mex-
ico; Da. delpozoi from Belize, Guatemala, and Mex-
ico; and an undescribed species, “de Suchitepequez”
(Young and Duncan 1994). This species could not be
determined with only females available.

Bionomics and medical relevance: There is no in-
formation regarding feeding habits or their importance
as a vector.

Subgenus Dampfomyia (Dampfomyia) Addis 1945

*  Dampfomyia (Dampfomyia) atulapai (De Ledn
1971)

atulapai De Leon 1971: 187 (as Phlebotomus).

Type locality: Guatemala, Chiquimula, Atulapa
River.

Taxonomic history: See Ibafez-Bernal and Duran-
Luz (2022).

Material examined: Guatemala: Department of
Huehuetenango, Municipality of Jacaltenango, Caserio
Hunta, 11-12 April 2018, 1 9,1 &.
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Distribution: El Salvador, Guatemala, and Mexi-
co (Young and Duncan 1994, Shimabukuro et al. 2017,
Galati 2018, Galati 2021, Ibafiez-Bernal and Duran-
Luz 2022).

Bionomics and medical relevance: The feeding
habits are unknown.

Genus Trichopygomyia Barretto 1962

» Trichopygomyia triramula (Fairchild and Hertig
1952)
triramula Fairchild & Hertig, 1952: 517, 525 (as
Phlebotomus triramulus).

Type locality: Panama, Colén, Medio.

Taxonomic history: See Ibafiez-Bernal and Duran-
Luz (2022).

Material examined: Guatemala: Department of
Quiché, Municipality of Ixcan, Aldea Nueva Jerusalén,
19-21 March 2018, 108 9%, 73 4 4.

Distribution: Belize, Colombia, Costa Rica, Ecua-
dor, Guatemala, Mexico, and Panama (Shimabukuro et
al. 2017; Galati 2018, 2021; Ibafiez-Bernal and Duran-
Luz 2022).

Bionomics and medical relevance: The feeding
habits are unknown.

PsycHopopryGiNna Galati 1995
Genus Psathyromyia Barretto 1962
Subgenus Psathyromyia Barretto, sensu stricto

*  Psathyromyia (Psathyromyia) undulata (Fairchild
and Hertig 1950)
undulata Fairchild and Hertig 1950: 524 (as
Phlebotomus undulatus).

Type locality: Guatemala, between Escuintla and
San José.

Taxonomic history: See Ibafez-Bernal and Duran-
Luz (2022).

Material examined: Guatemala: Department of 1z-
abal, Municipality of Puerto Barrios, Aldea Las Esco-
bas, 3-6 July 2018, 1 <.

Distribution: Belize, Bolivia, Colombia, Costa
Rica, Ecuador, El Salvador, French Guiana, Guatema-
la, Honduras, Mexico, and Panama (Shimabukuro et al.
2017; Galati 2018, 2021; Ibafiez-Bernal and Duran-Luz
2022).

Bionomics and medical relevance: It is not an-
thropophagous. Tesh et al. (1971, 1972) observed that
this species feeds on rodents, marsupials, and carnivo-
rous mammals in Panama.
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Genus Bichromomyia Artemiev 1991

*  Bichromomyia olmeca olmeca (Vargas and Diaz-
Néjera 1959)
olmeca Vargas and Diaz-Najera 1959: 147 (as
Phlebotomus olmecus &, the @ corresponds to Bi.
vlephiletor).

Type locality: Mexico, Tabasco, Teapa.

Taxonomic history: See Ibafiez-Bernal and Duran-
Luz (2022).

Material examined: Guatemala: Department of
Petén (Sur Oriental), Municipality of San Luis, Las
Carfias, 16-18 July 2018,1 @; Department of Izabal,
Municipality of Puerto Barrios, Aldea Las Escobas,
3-6 July 2018, 1 &.

Distribution: Belize, Costa Rica, Guatemala, Hon-
duras, Mexico, and Nicaragua (Shimabukuro et al.
2017; Galati 2018, 2021; Ibanez-Bernal and Duran-Luz
2022).

Bionomics and medical relevance: Females of this
species are known to feed on the blood of rodents and
humans (Biagi et al. 1965; De Buen et al. 1966; Dis-
ney 1968) and are capable of transmitting L. mexicana
to humans (Killick-Kendrick 1990; Young and Duncan
1994; Maroli et al. 2013). In Mexico, Pech-May et al.
(2010) collected specimens of this species using a hu-
man-baited Shannon trap and a rodent-baited Disney
trap. Sanchez-Garcia et al. (2010) collected Bi. olmeca
olmeca specimens using the same traps and discovered
a natural infection with L. mexicana in specimens col-
lected using both traps.

Genus Psychodopygus Mangabeira 1941
Series Panamensis

*  Psychodopygus panamensis (Shannon 1926)

panamensis Shannon 1926: 192 (as Phlebotomus).

Type locality: Panama, Canal Zone, Cano Saddle.

Taxonomic history: See Ibafiez-Bernal and Duran-
Luz (2022).

Material examined: Guatemala: Department of El
Progreso, Municipality of San Agustin Acasaguastlan,
Aldea Las Sidras, 23-25 July 2018, 1 9; Department of
Petén (Norte), Municipality of Flores, Aldea Uaxactun,
30 July—1 August 2018, 43 22, 2 4J; Department of
Izabal, Municipality of Puerto Barrios, Aldea Las Esco-
bas, 3-6 July 2018, 2 99, 2 &J; Department of Petén
(Sur Oriental), Municipality of San Luis, Las Cafias,
16-18 July 2018, 1 9.
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Distribution: Belize, Brazil, Colombia, Costa
Rica, Ecuador, French Guiana, Guatemala, Honduras,
Mexico, Nicaragua, Panama, Peru, Suriname, and Ven-
ezuela (Shimabukuro et al. 2017; Galati 2018, 2021;
Ibafiez-Bernal and Duran-Luz 2022).

Bionomics and medical relevance: This is a well-
known anthropophagous species (Porter and De Foliart
1981; Young and Duncan 1994; Pech-May et al. 2010;
Anaguano et al. 2015) that also feeds on domestic an-
imals (De Buen et al. 1966). Pech-May et al. (2010)
collected a few specimens using a rodent-baited Disney
trap. Strangways-Dixon et al. (1966) succeeded in the
experimental transmission of L. mexicana to hamsters.
It is considered a primary vector of L. colombiensis, L.
braziliensis, L. mexicana, and L. panamensis that affect
humans (Christensen et al. 1983; Young and Duncan
1994; Maroli et al. 2013). Paternina et al. (2016) dis-
covered horse, cow, rodent, and human blood in the di-
gestive tracts of female specimens.

Genus Nyssomyia Barretto 1962

*  Nyssomyia ylephiletor (Fairchild and Hertig 1952)
vlephiletor Fairchild and Hertig 1952: 520 (as
Phlebotomus).

Type locality: Panama, Bocas del Toro, Almirante.

Taxonomic history: See Ibafiez-Bernal and Duran-
Luz (2022).

Material examined: Guatemala: Department of
Huehuetenango, Municipality of Jacaltenango, Caserio
Hunta, 11-12 April 2018, 31 @%; Department of
Quiché, Municipality of Ixcan, Aldea Nueva Jerusalén,
19-21 March 2018, 2 99; Department of Petén (Sur
Oriental), Municipality of San Luis, Las Canas, 16—18
July 2018, 19 99, 2 &J'; Department of Izabal, Munic-
ipality of Puerto Barrios, Aldea Las Escobas, 3—6 July
2018, 7 99; Department of Alta Verapaz, Municipality
of Coban, Aldea Ocula—Canguinic, 16—18 July 2018,
19.

Distribution: Belize, Colombia, Costa Rica, Ec-
uador, Guatemala, Honduras, Mexico, Nicaragua, and
Panama (Shimabukuro et al. 2017; Galati 2018, 2021;
Ibafiez-Bernal and Duran-Luz 2022).

Bionomics and medical relevance: Tesh et al.
(1971) reported that this species is anthropophilic but
feeds on the blood of various mammals. Pech-May et
al. (2010) collected specimens using a human-baited
Shannon trap, whereas none were collected using a ro-
dent-baited Disney trap. It is considered a vector of L.
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braziliensis, L. mexicana, and L. panamensis (Porter et
al. 1987; Young and Duncan 1994; Maroli et al. 2013).

Discussion

In addition to their bites, which can cause allergic
reactions, phlebotomine sand flies are of great medi-
cal and veterinary interest due to their central role in
the epidemiological cycle of certain diseases. Sand-fly-
borne diseases, especially the various forms of leishma-
niases and arboviruses, continue to be important public
health issues in many countries of the world, even in
temperate regions (Alarcon-Elbal and Gonzélez 2022).

In Guatemala, leishmaniosis is currently endemic
in five departments: Petén and Alta Verapaz (located
in northern Guatemala) have the highest number of re-
ported cases, followed by Izabal (northeast), Quiché,
and Huehuetenango (northwest). Cutaneous leishmani-
osis, the most prevalent clinical form in the country and
commonly known as ‘la chiclera,” is caused by L. pan-
amensis, L. mexicana, and L. braziliensis. It is reported
in the northern departments, especially in the forested
areas of Petén and Alta Verapaz. Visceral leishmaniosis
is caused by L. infantum and has only been reported in
the semi-arid valleys and foothills of Guatemala in the
Department of El Progreso (east-central), as well as in
Huehuetenango (CES 2022). Although no cases of ML
have been recorded, the emergence of cases cannot be
discarded.

Taking into account the sampling effort (number of
sampling sites) by department, Huehuetenango had the
highest percentage of catches (59.13%), followed by
El Progreso (29.22%), Quiché (8.17%), and with an-
ecdotal percentages for Petén (2.97%), 1zabal (0.41%),
and Alta Verapaz (0.10%) (Fig. 2A). Huehuetenango
was also the department where the highest number of
taxa were found (6/14), followed by Petén Sur Orien-
tal, Petén Sur Occidental, Izabal, and El Progreso (5/14
each). Due to the fact that each location was sampled
for three consecutive nights (which is one of the limita-
tions of the study), no phenology could be determined.
In fact, the absence of certain species at a given location
may be the result of multiple factors, such as unsuitable
environmental conditions at the time of sampling (the
sampling period between March and September could
also result in seasonal biases), and even the site selec-
tion of the trap at the micro-scale level.

To date, Guatemala has a total of 35 known spe-
cies of sand flies (Shimabukuro et al. 2017), but nearly
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.I Lutzomyia longipalpis (n = 1,631)

B Petén Izabal Huehuetenango
A Alta Verapaz M El Progreso B Quiché
Lutzomyia cruciata (n = 39) Nyssomyia ylephiletor (n = 62) Pintomyia ovallesi (n = 100)

CO

Psychodopygus panamensis (n =51) Bichromomyia olmeca (n = 2)
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Fic. 2. A. Graphical representation of mean abundance of total sand fly catches by department; B. Graphical
representation of the mean abundance of phlebotomine sand fly specimens by trap location indoors (intra-domi-
cile) and outdoors (peri- and extra-domicile) for each of the species of vector interest captured in the northern
departments of Guatemala, 2018.
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all records are sporadic and obtained from a single or
a few collections, making it difficult to determine the
distribution of the species in the country. Consequently,
the distribution and species richness of these dipterans
in the country may be underestimated. Faunal studies,
like the present one, are essential for identifying the
distribution of species, particularly those involved in
the transmission of Leishmania spp. to humans, which
enables the identification of areas or zones with a great-
er risk of transmission.

Of the 14 taxa identified in our study, four species
have been reported as vectors of leishmaniosis in Gua-
temala (Lu. longipalpis, Ny. ylephiletor, Pi. ovallesi,
and Ps. panamensis) (Rowton et al. 1991), and three
other species have been reported as vectors of the dis-
ease in other countries of the Americas (Bi. olmeca ol-
meca, Lu. cruciata, and Pi. evansi) (Maroli et al. 2013).
The main vector in the New World, Lu. longipalpis,
was only captured in the departments of El Progreso
and Huehuetenango, but accounted for 62.61% of the
total (n = 1,631). Both Lu. cruciata and Ny. ylephile-
tor were found in five departments, making them the
most widely distributed species. The high prevalence
of Lu. longipalpis in leishmaniosis foci has been re-
ported in other countries such as Bolivia, Costa Rica,
and Brazil (Zeledon et al. 1984; Le Pont and Desjeux
1985; Ximenes et al. 1999). More recently, Florez et al.
(2006) reported that this sand fly was the predominant
species in a Colombian suburb where VL was preva-
lent, accounting for 99.5% of their captures. The sec-
ond most abundant species caught was Pi. evansi (n =
482, 18.5%), a sand fly that plays an important role in
the transmission of this disease in some areas of South
America (Travi et al. 1996). This vector is followed by
six species with a relative abundance of less than 7%:
Tr. triramula (n = 181, 6.94%); Pi. ovallesi (n = 101,
3.87%); Ny. ylephiletor (n = 62, 2.32%); Ps. panamen-
sis (n =59, 1.95%); Lu. cruciata (n = 39, 1.49%); and
Da. deleoni (n =29, 1.11%). Among these species, Pi.
ovallesi, Ny. ylephiletor, and Ps. panamensis are con-
firmed as vectors of human leishmaniosis in Guatemala
(Rowton et al. 1991). Finally, six species had a relative
abundance of less than 1%, and their presence in this
study area was, therefore, sporadic: Mi. cayannensi ma-
ciasi (n = 15, 0.57%); Dampfomyia group Delpozoi (n
=6, 0.23%); Da. disneyi (n = 3, 0.11%); Da. atulapai
(n=2,0.07%); Bi. olmeca olmeca (n =2, 0.07%); and
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Pa. undulata (n =1, 0.04%) (Table 1).

Considering the leishmaniosis vectors in the coun-
try and according to our results, the most ubiquitous
species was Lu. cruciata, which appeared in five de-
partments, although the most abundantly captured was
Lu. longipalpis (Table 1). Sand flies of this species are
primarily found outdoors in large numbers in animal
pens, particularly chicken sheds, and in much small-
er numbers inside houses (Quinnell and Dye 1994).
Although the role of chickens in the epidemiology of
leishmaniosis is unclear, the presence of these birds and
other domestic animals has been reported as a risk fac-
tor for human infection (Belo et al. 2013). Other risk
factors include poor housing conditions and household
sanitation deficits, malnutrition and immunological
status, and an increase in deforestation (Barata et al.
2011). In our study, Lu. longipalpis was predominant-
ly found outdoors, primarily in extra-domicile areas
(11.65% females, 50.64% males), followed by peri-do-
micile areas (19.93% females, 11.28% males); indoor
captures did not exceed 7% of the total (2.45% females,
4.05% males). These percentages were calculated
based on the total number of individuals of this spe-
cies captured in the two previously mentioned depart-
ments. The literature indicates that this species is most
frequently captured outdoors, possibly due to the pres-
ence of domestic animals such as dogs (Quinnell and
Dye 1994; Barata et al. 2011). In a study similar to ours
conducted in Minas Gerais, Brazil, Lu. longipalpis was
the predominant species, accounting for 85.8% of the
total specimens collected outdoors (Lana et al. 2021).
However, it can occasionally be found in large numbers
inside the dwellings, such as in Santander, Colombia,
where the species was found in greater abundance in-
doors (69.28%) than outdoors (30.18%) (Florez et al.
2006). This may be attributed to a lack of available an-
imal hosts, but also to the fact that Lu. longipalpis s.l.
is a complex of sibling species with genetically differ-
entiated populations, with habits ranging from jungle
to urban, and from anthropophilic to zoophilic (Souza
et al. 2017). Detailed percentages for species of vector
interest by household location are shown in Fig. 2B.

The specific sex ratio for Lu. longipalpis was 1.94,
with the males outnumbering the females. Other authors
also report this male-biased sex ratio; for example, in
the Amazonian region of Brazil, the ratio of males-to-
females captured with CDC light traps was 1.37 (Dye et
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TaBLE 1. Species composition, abundance, and density of phlebotomine sand flies shown by department in
Guatemala, 2018. The density of phlebotomines (in parentheses) was expressed as the number of specimens of
each species collected per trap/night. In addition, it was considered for the analysis that two locations were sam-

pled in Izabal and Alta Verapaz.

Petén Petén Sur  Petén Sur Lo Alta
Norte Oriental  Occidental Huehuetenango ~ Quiché Verapaz Izabal  El Progreso  Total
Bichromomyia olmeca 0 1(0.11) 0 0 0 0 1 (0.05) 0 )
olmeca

Dampfomyia deleoni 0 26 (2.89) 0 3(0.33) 0 0 0 0 29

Dampjomyia group Delpozoi 0 5(0.55) 0 0 0 1 (0.05) 0 0 6
sp. indet.

Dampfomyia disneyi 0 0 1(0.11) 2(0.22) 0 0 0 0 3
Dampfomyia atulapai 0 0 0 2(0.22) 0 0 0 0 2
Lutzomyia longipalpis 0 0 0 1,401 (155.67) 0 0 0 230 (25.55) 1,631

Lutzomyia cruciata 6(0.67) 4(0.44) 0 8(0.89) 11(1.22) 3(0.17) 7(0.38) 0 39
Micropygomyia cayannensi 0 7(0.68)  1(0.11) 0 6 (0.67) 0 0 1(0.11) 15
maciasi
Nyssomyia ylephiletor 0 21(2.33) 31(3.44) 2(0.22) 1(0.05) 7(0.38) 0 62
Pintomyia evansi 0 0 0 0 0 0 0 482 (53.55) 482
. . . 95
Pintomyia ovallesi (10.55) 0 5(0.55) 0 0 0 0 1(0.11) 101
Psathyromyia undulata 0 0 0 0 0 1 (0.05) 0 1
Psychodopygus panamensis 45 (5.00) 1(0.11) 0 0 4(0.22) 1(0.11) 51
. L 181
Trichopygomyia triramula 0 0 0 0 20.11) 0 0 0 181
Total 146 43 29 1,447 200 5 20 715 2,605

al. 1991), while male Lu. longipalpis comprised 70.1%
of CDC light trap collections in Colombia (Morrison
et al. 1993b). This phenomenon can be explained by
the fact that this sand fly species uses a sex-aggrega-
tion pheromone, which is released by males, to form
aggregations of males and blood-meal-seeking females
on or near different hosts (Kelly et al. 1997). In this
sense, considering that the different areas studied are
frequented by wild mammals such as sylvatic rodents,
grey foxes, and fruit-eating bats that may serve as reser-
voirs of Leishmania spp. in Guatemala (Enriquez San-
doval 2019), active surveillance of the phlebotomine
sand fly fauna is necessary to control the risk of trans-
mission of this zoonosis, both to the local population
and to those who visit or work in the localities studied.

There is a large number of specimens of vector spe-
cies captured in the northern Guatemalan departments (7
= 2,368, 90.90%), which represents a risk factor for the
transmission of Leishmania spp. In addition, the emer-
gence and re-emergence of leishmaniosis is strongly as-
sociated with environmental and anthropogenic chang-
es. The reduction of forest cover as well as the proximity

of human settlements to forested areas increase the risk
of being bitten by infected females. In Guatemala, the
loss of forest cover is particularly dramatic in Petén and
other northern departments; on the other hand, pover-
ty and lack of opportunities facilitate illegal settlement
invasions in protected areas. In fact, deforestation in
Petén has been shown to have changed the local mi-
cro-climate with reductions in humidity and increases
in temperature of between 4 and 8° C in deforested ar-
eas compared to forested areas, increasing the risk of
drought (Manoharan et al. 2009), and contributing to
the emergence of vector-borne diseases such as leish-
maniosis (Patz et al. 2000). Unfortunately, the control
of these telmophagous dipterans is constrained by the
inherent difficulties associated with their non-aquatic
breeding sites, which are not susceptible to large-scale
insecticidal treatment programmes (Alarcon-Elbal and
Gonzélez 2023). In the case of Guatemala, the lack of
funds dedicated to the Vector-Borne Diseases Program
and local socio-economic development explains the ab-
sence of progress in CL control (Mendizabal-Cabrera et
al. 2021), as the country has experienced a significant
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increase in CL cases over the past few years (PAHO,
2019). Furthermore, in many countries in the Americas,
research on medical and veterinary entomology is more
focused on the study of mosquitoes (Culicidae), giv-
en the significant vectorial importance of these dipter-
ans (Alarcon-Elbal et al. 2023). However, conducting
studies on other groups such as sand flies, black flies
(Simuliidae), or biting midges (Ceratopogonidae) also
deserves attention and financial investment.

Finally, it is crucial for entomological and eco-ep-
idemiological research to accurately identify the sand
fly species that serve as vectors in a particular area and
assess their ecology and behaviour (Pareyn et al. 2020).
The morphological identification is time-consuming
and labour-intensive, and requires a high level of exper-
tise; however, this taxonomic approach remains funda-
mental, and it will be essential to find the right balance
to integrate it with newer molecular methods and ap-
proaches, such as DNA barcoding (Alarcon-Elbal and
Sandiford 2020; Alarcon-Elbal et al. 2021).

Acknowledgments—We are grateful for assistance
received from Laboratério de Referéncia Nacional em
Vigilancia Entomoldgica: Taxonomia e Ecologia de
Vetores das Leishmanioses, Instituto Oswaldo Cruz,
FIOCURZ, Rio de Janeiro, Brazil, for help in identify-
ing some specimens.

LiTERATURE CITED

Alarcon-Elbal, P. M. 2018. Deforestation and mosqui-
to-borne diseases: another ‘wake-up call’ to Latin
America. InterAmerican Journal of Medicine and
Health 1: €201801003.

Alarcon-Elbal, P. M. and S. L. Sandiford. 2020. One
Health Entomology in the insular Caribbean: time
to bet on prevention. InterAmerican Journal of
Medicine and Health 3: €202101002

Alarcon-Elbal, P. M., M. A. Gonzalez, S. Delacour-Es-
trella, D. Bravo-Barriga, R. Estrada Peia, F. Goiri,
A. L. Garcia- Pérez, and J. Lucientes. 2021. First
Findings and Molecular Data of Phlebotomus mas-
cittii (Diptera: Psychodidae) in the Cantabrian Cor-
nice (Northern Spain). Journal of Medical Ento-
mology 58: 2499-2503.

Alarcon-Elbal, P. M. and M. A. Gonzélez. 2023. An ap-
proach to telmophagous Nematocera (Ceratopogo-
nidae, Psychodidae, and Simuliidae) of Spain, with
emphasis on its medical and veterinary importance.
InterAmerican Journal of Medicine and Health 6:

CARIBBEAN JOURNAL OF SCIENCE

[Volume 53

20230249.

Alarcon-Elbal, P. M., C. Suarez-Balseiro, J. Holgui-
no-Borda, and G. Riggio-Olivares. 2023. Research
on medical and veterinary entomology in the insu-
lar Caribbean: a bibliometric analysis. Internation-
al Journal of Tropical Insect Science 43: 149—162.

Alfonso, M. M., R. Duarte, J. C. Miranda, L. Caranha,
and E. F. Rangel. 2012. Studies on the feeding hab-
its of Lutzomyia (Lutzomyia) longipalpis (Lutz &
Neiva, 1912) (Diptera: Psychodidae: Phlebotomi-
nae) populations from endemic areas of American
visceral leishmaniosis in Northeastern Brazil. Jour-
nal of Tropical Medicine 2012: 1-5.

Anaguano, D. F., P. Ponce, M. E. Balde6n, S. Santand-
er, and V. Cevallos. 2015. Blood-meal identification
in phlebotomine sand flies (Diptera: Psychodidae)
from Valle Hermoso, a high prevalence zone for
cutaneous leishmaniosis in Ecuador. Acta Tropica
152: 116-120.

Ayhan, N. and R. N. Charrel. 2017. Of phlebotomines
(sand flies) and viruses: a comprehensive perspec-
tive on a complex situation. Current Opinion in In-
sect Science 22: 117-124.

Barata, R. A., E. M. Michalsky, R. T. Fujiwara, J. C.
Franca-Silva, M. F. Rocha, and E. S. Dias. 2011. As-
sessment of sandfly (Diptera, Psychodidae) control
using cypermethrin in an endemic area for visceral
leishmaniosis, Montes Claros, Minas Gerais state,
Brazil. Cadernos de Saude Publica 27: 2117-2123.

Bates, P. A. 2007. Transmission of Leishmania metacy-
clic promastigotes by phlebotomine sand flies. /n-
ternational Journal of Parasitology 37: 1097—-1106.

Belo, V. S., G. L. Werneck, D. S. Barbosa, T. C. Simdes,
B. W. L. Nascimento, E. S. da Silva, and C. F.
Struchiner. 2013. Factors associated with visceral
leishmaniosis in the Americas: a systematic review
and meta-analysis. PLoS Neglected Tropical Dis-
eases 7: 10.

Biagi, F. F., A. M. de Buen de Biagi, and F. Beltran.
1965. Phlebotomus flaviscutellatus transmisor nat-
ural de Leishmania mexicana. Prensa Medica Mex-
icana 30: 267-72.

Centro de Estudios en Salud (CES). 2022. Leishma-
niosis. Available online: https://www.ces.uvg.edu.
gt/page/leishmaniosis/ (accessed on 15 December
2022).

Christensen, H. A., G. B. Fairchild, A. Herrer, C. M.



2023]

Johnson, D. G. Young, and A. M. Viasquez. 1983.
The ecology of cutaneous leishmaniosis in the Re-
public of Panama. Journal of Medical Entomology
20: 463-484.

De Buen, A. M., H. F. Beltran, and F. F. Biagi. 1966.
Nuevos conocimientos sobre flebotomos del area
endémica de leishmaniosis cutdnea en Yucatan. Re-
vista de Investigacion en Salud Publica 26: 139—
153.

De Leon, J. R. 1971. Contribucién al estudio de los
Phlebotomus (Diptera: Psychodidae). Phlebotomus
del grupo anthophorus en Guatemala. Revista del
Colegio Médico de Guatemala 22: 187-193.

Disney, R. H. L. 1968. Observations on a zoonosis:
leishmaniosis in British Honduras. Journal of Ap-
plied Ecology 5: 1-59.

Dye, C., C. R. Davies, and R. Lainson. 1991. Com-
munication among phlebotomine sandflies: a field
study of domesticated Lutzomyia longipalpis popu-
lations in Amazonian Brazil. Animal Behaviour 42:
183-192.

Enriquez Sandoval, C. A. 2019. Analisis eco-epidemi-
olégico de leishmaniosis cutanea en Guatemala.
Bachelor’s Thesis. Universidad del Valle de Guate-
mala, ciudad de Guatemala, Guatemala.

Fairchild, G. B. and M. Hertig. 1948. Notes on the
Phlebotomus of Panama (Diptera. Psychodidae).
IV. P. atroclavatus Knab, P. cayennensis Floch and
Abonnenc, P. chiapanensis Dampf and some related
forms from the West Indies and Mexico. Annals of
the Entomological Society of America 41: 455-467.

Fairchild, G. B. and M. Hertig. 1950. Notes on the
Phlebotomus of Panama (Diptera, Psychodidae).
V1. Phlebotomus shannoni Dyar and related spe-
cies. Annals of the Entomological Society of Amer-
ica 43: 523-533.

Fairchild, G. B. and M. Hertig. 1952. Notes on the
Phlebotomus of Panama (Diptera, Psychodidae).
IX. Descriptions of seven new species. Annals of
the Entomological Society of America 45: 505-528.

Fairchild, G. B. and M. Hertig. 1956. Notes on the Phle-
botomus of Panama (Diptera, Psychodidae). XII.
The group Anthophorus with descriptions of four
new species from Panama and Mexico. Annals of
the Entomological Society of America 49: 307-312.

Fairchild, G. B. and M. Hertig, 1959. Geographic dis-
tribution of the Phlebotomus sandflies of Central

BARRIOS-BARRIOS ET AL.: PHLEBOTOMINE SAND FLIES OF GUATEMALA

299

America (Diptera, Psychodidae). Annals of the En-
tomological Society of America 52: 121-124.

Feliciangeli, M. D., R. M. Reyes, and J. E. Limon-
gi. 1988. Natural infections of Lutzomyia ovallesi
(Diptera: Psychodidae) with parasites of the Leish-
mania braziliensjs Complex in a restricted focus
of cutaneous leishmaniosis in northern Venezuela.
Memorias do Instituto Oswaldo Cruz 83: 393-394.

Florez, M., J. P. Martinez, R. Gutiérrez, K. P. Luna, V.
H. Serrano, C. Ferro, V. M. Angulo, and C. M. San-
doval. 2006. Lutzomyia longipalpis (Diptera: Psy-
chodidae) en un foco suburbano de leishmaniosis
visceral en el Canon del Chicamocha en Santander,
Colombia. Biomedica 26: 109-120.

Fundacién Probitas. 2023. Strengthening cutane-
ous leishmaniosis control in Guatemala. Avail-
able online: https://www.fundacionprobitas.org/
en/-/strengthening-cutaneous-leishmaniosis-con-
trol-in-guatemala (accessed on 15 February 2023).

Galati, E. A. B. 2018. Phlebotominae (Diptera, Psycho-
didae): Classification, Morphology and Terminolo-
gy of Adults and Identification of American Taxa.
Pp. 9-21 in Brazilian Sand Flies. Biology, Taxono-
my, Medical Importance and Control. E. F. Rangel
and J. J. Shaw (eds.). Springer International Pub-
lishing AG.

Galati, E. A. B. 2021. Morfologia e terminologia de
Phlebotominae (Diptera: Psychodidae). Classifi-
cagdo e identificagdo de taxons das Américas. Vol.
I. Faculdade de Saude Publica da Universidade de
Sao Paulo, Sao Paulo, Brazil.

Ibanez-Bernal, S. and J Duran-Luz. 2022. An actual-
ized catalogue of the Psychodidae (Diptera) of
Mexico and their known distribution by state. Zoo-
taxa 5104: 347-408.

Ibafiez-Bernal, S., G. Rodriguez-Dominguez, C.H.
Gomez-Hernandez, and J. R. Ricardez-Esquinca.
2004. First Record of Lutzomyia evansi (Nufiez-To-
var 1924) in Mexico (Diptera: Psychodidae, Phle-
botominae). Memorias do Instituto Oswaldo Cruz
99: 127-129.

Ibafiez-Bernal, S., J. Munoz, E. A. Rebollar-Téllez, A.
Pech-May, and C. F. Marina. 2015. Phlebotomine
sand flies (Diptera: Psychodidae) of Chiapas col-
lected near the Guatemala border, with additions
to the fauna of Mexico and a new subgenus name.
Zootaxa 3994: 151-186.



300

Ibafiez-Bernal, S. and E. A. Rebollar-Téllez. 2023.
Estado actual del conocimiento de los habitos he-
matofagos de los Phlebotominae (Diptera: Psycho-
didae) de México y sus implicaciones zoonoticas.
Revista Biomedica 34: 43-54.

Instituto Nacional de Sismologia, Vulcanologia, Me-
teorologia e Hidrologia (INSVMH). 2023. Variab-
ilidad y Cambio Climatico en Guatemala. Depar-
tamento de Investigacion y Servicios Climaticos
Instituto Nacional de Sismologia, Vulcanologia,
Meteorologia e Hidrologia Ministerio de Comuni-
caciones, Infraestructura y Vivienda. Available on-
line: https://www.fondosdeagua.org/content/dam/
tnc/nature/en/documents/latin-america/Variabili-
dad.pdf (accessed 30 January 2023).

Kelly, D. W., Z. Mustafa, and C. Dye. 1997. Differen-
tial application of lambda-cyhalothrin to control the
sandfly Lutzomyia longipalpis. Medical and Veteri-
nary Entomology 11: 13-24.

Killick-Kendrick, R. 1990. Phlebotomine vectors of the
Leishmaniases: a review. Medical and Veterinary
Entomology 4: 1-24.

Lana, J. T., A. Mallipudi, E. J. Ortiz, J. H. Arévalo, A.
Llanos-Cuentas, and W. K. Pan. 2021. Risk factors
for cutaneous leishmaniasis in a high-altitude forest
region of Peru. Tropical Medicine and Health 49:
40.

Le Pont, F. and P. Desjeux. 1985. Leishmaniosis in
Bolivia. 1. Lutzomyia longipalpis (Lutz & Neiva,
1912) as the vector of visceral leishmaniosis in Los
Yungas. Transactions of the Royal Society of Tropi-
cal Medicine and Hygiene 79: 227-231.

Manoharan, V. S., R. M. Welch, and R. O. Lawton.
2009. Impact of deforestation on regional surface
temperatures and moisture in the Maya lowlands of
Guatemala. Geophysical Research Letters 36: 9—13.

Maroli, M., M. D. Feliciangeli, L. Bichaud, R. N. Char-
rel, and L. Gradoni. 2013. Phlebotomine sandflies
and the spreading of leishmaniases and other dis-
eases of public health concern. Medical and Veteri-
nary Entomology 27: 123—-147.

Martins, A. M., P. Williams, and A.L. Fal¢do. 1978.
American sand flies (Diptera: Psychodidae, Phle-
botominae). Academia Brasileira de Ciéncias, Rio
de Janeiro, Brazil.

Mejia, A., G. Matamoros, G. Fontecha, and W. So-
sa-Ochoa. 2018. Bionomic aspects of Lutzomyia

CARIBBEAN JOURNAL OF SCIENCE

[Volume 53

evansi and Lutzomyia longipalpis, proven vectors
of Leishmania infantum in an endemic area of
non-ulcerative cutaneous leishmaniosis in Hondu-
ras. Parasites and Vectors 11: 1-15.

Mendizabal-Cabrera, R., I. Pérez, V. Becerril Montekio,
F. Pérez, E. Duran, and M. L. Trueba. 2021. Cuta-
neous leishmaniasis control in Alta Verapaz (north-
ern Guatemala): evaluating current efforts through
stakeholders’ experiences. Infectious Diseases of
Poverty 10: 61.

Morrison, A. C., C. Ferro, and R. B. Tesh. 1993a. Host
preferences of the sand fly Lutzomyia longipalpis
at an endemic focus of American visceral leishma-
niosis in Colombia. American Journal of Tropical
Medicine and Hygiene 49: 68-75.

Morrison, A. C., C. Ferro, A. Morales, R. B. Tesh, and
M. L. Wilson. 1993b. Dispersal of the sand fly Lut-
zomyia longipalpis (Diptera: Psychodidae) at an en-
demic focus of visceral leishmaniosis in Colombia.
Journal of Medical Entomology 30: 427-435.

Murray, H. W., J. D. Berman, C. R. Davies, and N. G.
Saravia. 2005. Advances in leishmaniosis. Lancet
366: 1561-1577.

Ogusuku, E., J. E. Perez, L. Paz, E. Nieto, J. Monje, and
H. Guerra.1994. Identification of bloodmeal sourc-
es of Lutzomyia spp. in Peru. Annals of Tropical
Medicine & Parasitology 88: 329-335.

Osorno-Mesa, E., A. Morales-Alarcon, F. Osorno, and
F. Ferro-Vela. 1972. Phlebotominae de Colombia
(Diptera, Psychodidae). IX. Distribucion geografica
de especies de Brumptomyia Franga & Parrot, 1921
y Lutzomyia Franga, 1924, encontradas en Colom-
bia, S. A. Revista de la Academia Colombiana de
Ciencias Exactas 14: 5-81.

Pan American Health Organization (PAHO). 2019.
Leishmaniases: Epidemiological Report of the
Americas. Available online: https://iris.paho.org/
bitstream/handle/10665.2/51734/leishreport8 _eng.
pdf?sequence=1&isAllowed=y (accessed on 15
February 2023).

Pan American Health Organization (PAHO). 2023a.
Leishmaniosis. Available online: https://www.paho.
org/es/temas/leishmaniosis (accessed on 15 Febru-
ary 2023).

Pan American Health Organization (PAHO). 2023b.
Mision resalta avances de Proyecto de Leishma-
niosis en Guatemala. Available online: https://



2023]

www.paho.org/gut/index.php?option=com_con-
tent&view=article&id=1074:mision-resalta-avanc-
es-de-proyecto-de-leishmaniosis-en-guatema-
la&lItemid=441 (accessed on 15 February 2023).

Pareyn, M., A. Kochora, L. Van Rooy, N. Eligo, B.
Vanden Broecke, N. Girma, D. Merdekios, T. We-
gayehu, L. Maes, G. Caljon, B. Lindtjern, H. Leirs,
and F. Massebo. 2020. Feeding behavior and activ-
ity of Phlebotomus pedifer and potential reservoir
hosts of Leishmania aethiopica in southwestern
Ethiopia. PLoS Neglected Tropical Diseases 14:
e0007947.

Paternina, L. E., D. Verbel-Vergara, L. Romero-Ri-
cardo, A. Pérez-Doria, M. Paternina-Gomez, L.
Martinez, and E. E. Bejarano. 2016. Evidence for
anthropophily in five species of phlebotomine sand
flies (Diptera: Psychodidae) from northern Colom-
bia, revealed by molecular identification of blood-
meals. Acta Tropica 153: 86-92.

Patz, J. A., T. K. Graczyk, N. Geller, and A. Y. Vittor.
2000. Effects of environmental change on emerging
parasitic diseases. International Journal of Parasi-
tology 30: 1395-1405.

Pech-May, A., F. J. Escobedo-Ortegon, M. Berzun-
za-Cruz, and E. A. Rebollar-T¢llez. 2010. Incrim-
ination of four sandfly species previously unrecog-
nized as vectors of Leishmania parasites in Mexico.
Medical and Veterinary Entomology 24: 150-161.

Porter, C. H. and D. G. Young. 1986. A new species
of phlebotomine sand fly (Diptera: Psychodidae)
from Guatemala. Journal of Medical Entomology
23:236-243.

Porter, C. H. and D. G. Young. 1999. An unusual new
species of phlebotomine sand fly (Diptera, Psycho-
didae) within the subgenus Helcocyrtomyia from
Guatemala. Memoirs on Entomology, International
14: 443-451.

Porter, C. H. and G. R. De Foliart. 1981. The man-bit-
ing activity of phlebotomine sand flies (Diptera:
Psychodidae) in a tropical wet forest environment
in Colombia. Arquivos de Zoologia 30: 81—-158.

Porter, C. H., F. J. Steurer, and R. D. Kreutzer. 1987.
Isolation of Leishmania mexicana mexicana from
Lutzomyia ylephiletor in Guatemala. Transactions
of the Royal Society of Tropical Medicine & Hy-
giene 81: 929-30.

Quinnell, R. and C. Dye. 1994. An experimental study

BARRIOS-BARRIOS ET AL.: PHLEBOTOMINE SAND FLIES OF GUATEMALA

301

of the peridomestic distribution of Lutzomyia longi-
palpis (Diptera: Psychodidae). Bulletin of Entomo-
logical Research 84: 379-382.

Rebollar-Téllez, E. A., F. J. Andrade-Narvaez, I.
Fernandez- Salas, and F. Reyes-Villanueva. 1996.
Collections of sand flies (Diptera: Psychodidae)
from mammal burrows in an area of cutaneous
leishmaniosis in Campeche, Mexico. Entomologi-
cal News 107: 317-321.

Rowton, E., M. Mata, N. Rizzo, T. Navin, and C. Por-
ter. 1991. Vectors of Leishmania braziliensis in the
Petén, Guatemala. Parassitologia 33: 501-504.

Sanchez Clemente, N., C. A. Ugarte-Gil, N. Solorza-
no, C. Maguifia, P. Pachas, D. Blazes, R. Bailey,
D. Mabey, and D. Moore. 2012. Bartonella bacil-
liformis: A systematic review of the literature to
guide the research agenda for elimination. PLoS
Neglected Tropical Diseases 6: €1819.

Sanchez-Garcia, L., M. Berzunza-Cruz, 1. Becker-Faus-
er, and E. A. Rebollar-T¢éllez. 2010. Sandflies natu-
rally infected by Leishmania (L.) mexicana in the
peri-urban area of Chetumal city, Quintana Roo,
Mexico. Transactions of the Royal Society of Tropi-
cal Medicine & Hygiene 104: 406—411.

Shimabukuro, P. H. F., A. J. de Andrade, and E. A. B.
Galati. 2017. Checklist of American sand flies (Dip-
tera, Psychodidae, Phlebotominae): genera, species,
and their Distribution: ZooKeys 660: 67—-106.

Souza, N. A., R. P. Brazil, and A. S. Araki. 2017. The
current status of the Lutzomyia longipalpis (Dip-
tera: Psychodidae: Phlebotominae) species com-
plex. Memorias do Instituto Oswaldo Cruz 112:
161-174.

Strangways-Dixon, J. and R. Lainson. 1966. The ep-
idemiology of dermal leishmansiasis in British
Honduras Part I11. The transmission of Leishmania
mexicana to man by Phlebotomus pessoanus, with
observations on the development of the parasite in
different species of Phlebotomus. Transactions of
the Royal Society of Tropical Medicine & Hygiene
60: 192-207.

Tesh, R. B., B. N. Chaniotis, M. D. Aronson, and K.
M. Johnson. 1971. Natural host preferences of Pan-
amanian phlebotomine sandflies as determined by
precipitin test. American Journal of Tropical Medi-
cine and Hygiene 20: 150—-156.

Tesh, R. B., B. N. Chaniotis, B. R. Carrera, and K. M.



302

Johnson. 1972. Further studies on the natural host
preferences of Panamanian phlebotomine sandflies.
American Journal of Epidemiology 95: 88-93.

Travi, B. L., J. Montoya, J. Gallego, C. Jaramillo, R.
Llano, and I. D. Velez. 1996. Bionomics of Lutzo-
myia evansi (Diptera: Psychodidae) vector of vis-
ceral leishmaniosis in northern Colombia. Journal
of Medical Entomology 33: 278-285.

Williams, P. 1976. The phlebotomine sandflies (Dip-
tera, Psychodidae) of the caves in Belize, Central
America. Bulletin of Entomological Research 65:
601-614.

Williams, P. 1987. Description of Lutzomyia (Coromy-
ia) disneyi, n. sp. (Diptera: Psychodidae Phleboto-
minae) from Belize. Central America. Memorias do
Instituto Oswaldo Cruz 82: 525-529.

Williams, P. 1991. Geographical distribution of the sub-
genus Helcocyrtomyia, genus Lutzomyia (Diptera:
Psychodi-dae-Phlebotominae). Parassitologia 33:
535-540.

World Health Organization (WHO). 2023. Leishmani-
osis. Guatemala: Leishmaniosis Country Profiles.
Available online: https://www.who.int/leishma-
niosis/burden/Leishmaniosis_Guatemala/en/ (ac-
cessed on 15 February 2023).

Ximenes, M. F., M. De Souza, and E. Castellon. 1999.
Density of sand flies (Diptera: Psychodidae) in do-
mestic and wild animal shelters in an area of vis-

CARIBBEAN JOURNAL OF SCIENCE

[Volume 53

ceral leishmaniosis in the state of Rio Grande do
Norte, Brazil. Memorias do Instituto Oswaldo Cruz
94: 427-432.

Young, D. G. 1977. A biosystematic review of the
bloodsucking psychodid flies of Colombia (Dip-
tera: Phlebotominae and Sycoracinae). PhD disser-
tation, University of Florida, U.S.A.

Young, D. G. 1979. 4 review of the bloodsucking Psy-
chodid flies of Colombia (Diptera: Phlebotomine
and Sycoracinae). Technical Bulletin 806. Institute
of Food and Agricultural Sciences, Agricultural Ex-
periment Statations, University of Florida.

Young, D. G. and M.A. Duncan. 1994. Guide to the
identification and geographic distribution of Lutzo-
myia sandflies in Mexico, the West Indies, Central
and South America (Diptera: Psychodidae). Mem-
oirs of the American Entomological Society 54:
1-881.

Young, D. G. and P. V. Perkins. 1984. Phlebotomine
sand flies of North America (Diptera: Psychodi-
dae). Journal of the American Mosquito Control
Association 44: 263-304.

Zeledon, R., J. Murillo, and H. Gutiérrez. 1984. Obser-
vaciones sobre la ecologia de Lutzomyia longipalpis
(Lutz & Neiva, 1912) y posibilidades de existencia
de leishmaniosis visceral en Costa Rica. Memdrias
do Instituto Oswaldo Cruz 79: 455-459.



