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Introduction: The study of the interaction between the parasite, the vector and the
mammalian hosts, including man, allows to understand the behavior of the leishmaniases.
Obijective: To determine the presence of Lutzomyia species and to detect the Leishmania
infection in Didelphis marsupialis in an endemic area for visceral leishmaniasis.

Materials and methods: Phlebotomine fauna and individuals of D. marsupialis were
collected with CDC and Tomahawk™ traps, respectively. The species of Lutzomyia were
identified using the Young and Duncan key (1994). Ear and tail biopsies and blood samples
from D. marsupialis were taken to identify the Leishmania species by amplifying a fragment
of the gene associated with the 70 kD heat shock protein.

Results: Seven Lutzomyia species were identified: Lu. evansi, Lu. gomezi, Lu.
panamensis, Lu. dubitans, Lu. cayennensis cayennensis, Lu. rangeliana and Lu.
trinidadensis. The first three species have epidemiological importance in Colombia because
of their implications in the transmission of the Leishmania parasite. Sixty-five tissue
samples from 19 D. marsupialis individuals were negative for Leishmania spp.
Conclusions: The presence of the Lutzomyia species that have been identified as vectors
for Leishmania inside and around houses in the village of El Bledo, in El Carmen de Bolivar
represents a risk of infection. Furthermore, the presence of Lu. panamensis is reported for
first time in El Carmen de Bolivar in Colombia. Although the lack of detection of Leishmania
spp. in D. marsupialis samples may suggest that D. marsupialis does not play an important
role in the transmission cycle of Leishmania in this region, it is necessary to carry out
further longitudinal studies to confirm this hypothesis.

Keywords: Psychodidae; Lutzomyia; Didelphis; Leishmania spp.; leishmaniasis, visceral,
polimerase chain reaction.

Vigilancia de la fauna flebotominea e infeccidn de Didelphis marsupialis
(Didelphimorphia: Didelphidae) en un area de alta endemia de leishmaniasis visceral
en Colombia

Introduccion. El estudio de la interaccién entre el parasito, el vector y los huéspedes
mamiferos, incluido el hombre, permite entender el comportamiento de la leishmaniasis.
Objetivo. Determinar la presencia de especies del género Lutzomyiay detectar la infeccion
por Leishmania spp. en Didelphis marsupialis en un drea endémica de leishmaniasis visceral.
Materiales y métodos. Se recolectaron flebotomineos y D. marsupialis con trampas CDC
y Tomahawk™, respectivamente. Las especies de Lutzomyia se identificaron usando la
clave de Young y Duncan, 1994. Se tomaron biopsias de oreja, cola y muestras de sangre
de D. marsupialis para diagnosticar Leishmania spp. mediante la amplificacién de un
fragmento del gen de la proteina de choque térmico de 70 kD.

Resultados. Se identificaron siete especies de Lutzomyia: Lu. evansi, Lu. gomezi, Lu.
panamensis, Lu. dubitans, Lu. cayennensis cayennensis, Lu. rangelianay Lu. trinidadensis.
Las tres primeras especies son reconocidas como vectores en el pais por estar implicadas
en la transmisién de Leishmania spp. En total, 65 muestras de tejidos de oreja, cola 'y de
sangre provenientes de 19 D. marsupialis fueron negativas para Leishmania spp. en la
PCR-HSP70.

Conclusiones. La presencia de flebotomineos con importancia epidemioldgica en la zona
evaluada representa un riesgo de transmisién. Asimismo, Lu. panamensis es reportada

por primera vez en El Bledo (Carmen de Bolivar). La ausencia de Leishmania spp. en D.
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marsupialis podria sugerir que esta especie no tiene un papel importante en el ciclo de
transmision de Leishmania en la vereda El Bledo, por lo que es necesario profundizar en
estudios longitudinales para corroborar esta hipotesis.

Palabras clave: Psychodidae; Lutzomyia; Didelphis; Leishmania spp.; leishmaniasis
visceral; reaccion en cadena de la polimerasa.

Leishmaniasis is an infectious disease caused by metaxenic
trypanosomatid parasites belonging to the Leishmania genus Ross, 1903
(Euglenozoa, Kinetoplastea: Trypanosomatidae). These parasites require two
hosts in nature: A mammalian host which acts as a reservoir of the infectious
agent and an insect host which acts as a biological vector responsible for the
transmission (1-3). The domestic dog is the proven reservoir of Leishmania
infantum (syn. L. chagasi), the etiologic agent of visceral leishmaniasis (2,4),
while Didelphis marsupialis Linnaeus, 1758, (commonly named opossum) has
been implicated as the most likely wild reservoir of this Leishmania species
(5-9). In turn, the biological vectors are insects belonging to the phlebotomine
group (Diptera: Psychodidae, Phlebotominae), Lutzomyia species (Franga,
1924) in the New World (America) and Phlebotomus species (Rondani &
Berté, 1840) in the Old World (Africa, Asia and Europe) vector (1,3).

Leishmaniasis is present in tropical and subtropical areas of the world
and still endemic in 98 countries on five continents (10) but only notifiable in
33 countries (11). It is estimated to affect about 12 million people worldwide
(12) and approximately 1.3 million new cases are registered each year, of
which 300,000 correspond to visceral leishmaniasis and one million cases
correspond to cutaneous leishmaniasis (11).

In each region, leishmaniasis has different clinical manifestations as well
as ecological characteristics (parasites, vectors, reservoirs, and transmission
scenarios), making more complex the study of this parasitic disease (1,13). In
Colombia, 7,900 cases of leishmaniasis were recorded in 2015 of which 7,777
(98.4%) were cutaneous leishmaniasis, 108 (1.4%) mucosal leishmaniasis
and 15 (0.2 %) visceral leishmaniasis (14). Ten of the 15 cases of visceral
leishmaniasis diagnosed in the country occurred in the department of Bolivar,
and eight of these were reported in the municipality of EI Carmen de Bolivar.
Thus, this region has the highest incidence of visceral leishmaniasis in the
country. Despite the efforts of health agencies, the number of cases continues
to increase largely due to the lack of knowledge of key factors in disease
transmission, such as the presence of wild reservoirs.

Given that El Carmen de Bolivar is an endemic area for visceral
leishmaniasis, the objectives of this study were to determine the presence of
Lutzomyia species and to detect Leishmania spp. infection in D. marsupialis
in and around houses in El Carmen de Bolivar, Colombia. Importantly, this will
contribute to the knowledge about the presence, composition, and distribution
of phlebotomine fauna and wildlife reservoirs involved in the transmission
cycle in this region.

Materials and methods
Study area

The study was conducted in the village of El Bledo (N 09°45°38.0""- W
075°10719.17"), El Carmen de Bolivar municipality (Bolivar, Colombia), 251
m.a.s.l. El Bledo has 48 houses and 204 inhabitants: 46 children are under
5-years old, 152 persons are 5 to 61-years old and six people are more than
62 years-old (Secretaria de Salud del Departamento de Bolivar, unpublished
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data). Three houses built of adobe walls and palm roofs were selected for
sampling. A case of visceral leishmaniasis in a child under five years was
reported in one of these houses.

Sampling of phlebotomine specimens

Four samplings were conducted from October to December, 2014, with
three incandescent-light CDC (Centers for Disease Control and Prevention)
traps in each evaluated ecotope, during three consecutive nights from 6:00
p.m. to 6:00 a.m., in the domestic (defined as the whole area within the
dwelling), peridomestic (the surroundings of the house) and sylvatic ecotopes
(the entire forest area), with a sampling effort of 1,296 total hours. The
collected insects were killed with cold water and placed in labeled Eppendorf
vials with 70% alcohol and stored for subsequent separation and taxonomic
identification.

Sampling of wild mammals

Ten Tomahawk™ galvanized steel traps were placed (66.04 cm x
22.86 cm x 22.86 cm) (Model 205, medium) for three consecutive nights
in peridomestic and sylvatic ecotopes, with a sampling effort of 1,440 total
hours. Sardine, papaya, banana or boiled egg were used as bait.

The captured wild mammals were anesthetized with a 1:9 mixture of
ketamine-xylazine, administered intramuscularly. Tissue biopsies were
collected from the tail and from one ear of each individual. Additionally, a
blood sample from the tail of each individual was collected.

Biopsy areas were disinfected with 70% alcohol and sterile scissors (one
per sample and per animal) were used. When the procedure was finished,
Curagan™ (Novartis, Bogota, Colombia) was applied to avoid infections or
myiasis. The cut in the ear was triangular and always in the same ear with the
intention of recognizing the recaptured animals.

In turn, the blood samples were taken in MiniCollect™ tubes of 1 mL with
EDTA. One drop was deposited on a filter paper (1 cm diameter). The animals
were released after recovering from the effects of anesthesia. All samples
were stored immediately in a vial with ethanol and labeled for subsequent
DNA extraction and PCR amplification.

Identification of phlebotomines

The insects were examined under a stereoscope (Leica EZ4
Microsystem™, Mannheim, Germany) and phlebotomines were separated
from other insects, rinsed with 10% KOH, dried by evaporation and mounted
permanently using a mixture of xylene and Canada balm. Taxonomic
identification was achieved following the Young and Duncan key (15) using a
conventional microscope (Zeiss™, Buenos Aires, Argentina).

DNA extraction

The extraction of DNA from ear, tail and blood samples was performed
with the DNeasy Blood & Tissue Kit™ (Qiagen Genomic Inc., California,
USA), following the manufacturer’s instructions. For blood samples
impregnated on filter paper, Chelex protocol 100X and heating was employed
(16). The concentration of total DNA was quantified using a NanoDrop 1000™
(Thermo Scientific, Massachusetts, USA).
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Polymerase chain reaction (PCR) for the amplification of a Heat Shock
Protein 70 kD (hsp70) gene fragment

Primers that amplify a gene fragment coding for the 70 kDa heat shock
protein (Hsp70-P4) (240 pb): Forward 5GGA CGA GAT CGA GCG CAT
GGT3 and reverse 5TCC TTC GAC GCC TCC TGG TTGS3 were used (17).
We run 1% agarose gels to check the integrity of the DNA. When tissues are
used it is necessary to determine the integrity of one constitutive DNA, for
example, the B-actin protein, for the sturdiness of PCR. As a positive control,
a pool of L. donovani and L. infantum DNA was used.

PCR was performed in a C1000TM BioRad thermocycler™ (BioRad,
California, USA) under the following conditions: An initial heating at 95 °C for
3 min followed by 32 cycles (denaturation at 94 °C for 30 s, alignment at 63
C for 1 min and extension at 72 °C for 1 min) and a final incubation at 71 °C
for 9 min for extension of PCR products.

Each PCR mixture was performed in a final volume of 20 pL with 2 pL
of target DNA and 18 pL of reaction mixture containing 2 pL of PCR buffer
10X (10X Tagq buffer with KCI) (Fermentas™, Thermo Fisher Scientific,
Massachusetts, USA), 1 pL of deoxyribonucleotide triphosphates (dNTP), 1.2
pL MgCl,, 0.4 pL of each primer, 0.2 U/uL Taq DNA polymerase (Fermentas™,
Thermo Fisher Scientific, Massachusetts, USA), 0.1 pL dimethyl sulfoxide
(DMSOQ), and 12.7 pL miliQ sterile water. A positive control (18 pL reaction
mixture + 2 pL of control DNA template) was included. Dilutions of 1:5, 1:25
and 1:125 were made from the samples that exhibited PCR inhibition and 2
pL from the positive DNA control were added to each reaction.

Electrophoresis and visualization of the amplification products

The amplification products obtained by PCR were subjected to horizontal
electrophoresis (40 min/110 V) in 2% agarose gels in TBE 1X buffer and
ethidium bromide (0.5 pg/uL). For this, 8 yL PCR of product were mixed with
2 pL of loading buffer. The PCR products were visualized with an ultraviolet
transilluminator (Bio-Rad, California, USA). Samples were considered positive
when a 240 bp band was visualized using as reference the PCR positive
control and a 1000 pb DNA Ladder marker™ (Fermentas™, Thermo Fisher
Scientific, Massachusetts, USA) (18).

Statistical analysis

The number of phlebotomine individuals according to the species,
environment and sampling period was evaluated. The Shapiro-Wilk W
test was applied in order to determine if the data conformed to a normal
distribution. This was done using the PAST program, version 2.11 (19). To
detect statistical differences in the comparison of wealth and abundance
among different sampling points (environment-sampling period), the one-way
ANOSIM test was performed. Lastly, the frequency of the species of wild
mammals captured was determined.

Ethical considerations

The study was approved by the Ethics Committee of the Universidad del
Atlantico, Barranquilla, Colombia (June 11, 2014).
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Results

A total of 3,090 individuals were collected using CDC incandescent
light traps: 2,052 (66.3%) females and 1,038 (33.6%) males (not normally
distributed, Shapiro-Wilk test). All specimens corresponded to Lutzomyia
spp. (table 1). Lutzomyia evansi (verrucarum group Theodor 1965) was the
most representative species followed by Lu. gomezi, Lu. dubitans (migonei
group Theodor, 1965), Lu. panamensis (Psychodopygus genus Mangabeira,
1941), Lu. cayennensis cayennensis (Mycropygomyia genus, Barreto, 1962),
and two species corresponded to Lu. rangeliana (ungrouped species) and
Lu. trinidadensis (oswaldoi group, Theodor, 1965). One-hundred and one
phlebotomines corresponding to 85 female and 16 male individuals remained
without identification and therefore they were recorded as Lutzomyia spp.

Table 1. Diversity and abundance of phlebotomines collected in the village of El Bledo, EI Carmen de Bolivar (Bolivar)

D PD S

H 0,
Species 2 a Total 2 4 Total 2 a Total ® 7 Total (%)
Lu. evansi* 439 107 546 594 198 792 379 196 575 1,412 501 1,913 (61.91)
Lu. gomezi* 149 100 249 106 215 321 51 128 179 306 443 749 (24.24)
Lu. panamensis™ 16 7 23 53 20 73 42 6 48 111 33 144 (4.66)
Lu. dubitans 88 13 101 23 14 37 18 17 35 129 44 173 (5.60)
Lu. c. cayennensis 2 1 3 3 0 3 2 0 2 7 1 8 (0.26)
Lu. rangeliana 0 0 0 1 0 1 0 0 0 1 0 1 (0.03)
Lu. trinidadensis 0 0 0 1 0 1 0 0 0 1 0 1(0.03)
Lutzomyia sp. 46 3 49 23 9 32 16 4 20 85 16 101 (3.27)
Total 971 1,260 859 2,062 1,038 3,090

D: Domestic; PD: Peridomestic; S: Sylvatic; ¢ : Female; &': Male
* Species with epidemiological background

Lutzomyia evansi was also the most abundant species in the three
ecotopes sampled during the study. The peridomestic ecotope provided the
greatest wealth and abundance with 1,260 individuals grouped into seven
species. However, no statistically significant differences were observed in
terms of abundance and wealth between sampling periods and ecotopes
evaluated (p=0.4872, ANOSIM test).

Overall, 19 individuals of D. marsupialis (11 males and 8 females) were
captured that corresponded to 12 adults and 7 juvenile specimens. The
largest catches (n=15) were made in the peridomestic ecotopes. Sixty-four
samples were taken in total: Ears (n=19), tails (n=16), and blood (n=13)
collected in MiniCollect™ tubes with 1 mL of EDTA and 16 blood samples
collected on filter paper. All samples were negative for Leishmania spp.
PCR inhibition was confirmed in one sample (figure 1). The inhibition was
neutralized at a dilution of 1:125.

Discussion

El Bledo village provides the ecological conditions for maintaining
the transmission cycle of leishmaniasis because most of the houses are
constructed with adobe walls with roofs of palm branches that allow the vector
to settle. In this work, a total of 3,090 Lutzomyia spp. individuals, distributed
into seven species, were collected.

Lutzomyia evansi was the most representative species identified in the
present study. This is a species commonly found in several countries in
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Figure 1. Hsp70 gene amplification of DNA samples extracted from ear tissues of Didelphis
marsupialis mixed with a DNA positive control

MPM: Molecular weight marker (100-1000 pb); wells 1P-17P: Ear samples with DNA positive control; CN:
Negative control; CP: Positive control; 240bp: Band corresponding to control amplicon

Central and South America (15), from the tropical dry forest (0-500 m.a.s.l)

to the dry montane forest (500-1500 m.a.s.l) (20). In addition, Lu. evansi

is the main vector of Leishmania species causing visceral leishmaniasis
throughout the Colombian Caribbean region (21) and in some regions of
Venezuela (22). It is also associated with the transmission of L. braziliensis,
one of the etiologic agents of cutaneous leishmaniasis in South America

(23). Furthermore, Lu. evansi was recognized for the first time as the main
vector of L. chagasi (syn. L. infantum) in San Andrés de Sotavento (Colombia,
9°08'43"N - 75°30'31"0) (21).

Lutzomyia gomezi was the second most significant species in this study,
consistent with other work done in Sincelejo (Sucre) by Lambrafo, et al. (24).
It has been found infected with L. panamensis in Colombia by Santamaria, et
al. (25) and it is the proven vector of L. panamensis in Panama (26), although
it has also been found infected with L. braziliensis in Venezuela (27,28)
and recognized as a vector of Leishmania species that cause cutaneous
leishmaniasis in Colombia and in other regions in South America (3). It has
been reported in Venezuela, Bolivia, Ecuador, Peru, French Guiana, southern
Brazil, Nicaragua, Costa Rica, El Salvador, Guatemala, Honduras, México,
Panam4, Trinidad and Tobago, and Colombia (15,29).

Lutzomyia gomezi has been registered in the municipality of EI Carmen de
Bolivar (department of Bolivar, Colombia) (30). Interestingly, its wide distribution
lies in its ability to be an eclectic species, allowing greater ability to colonize
in completely degraded environments. This facilitates access to various food
resources, among these, a variety of mammals including humans (31).

Lutzomyia panamensis (n=144) corresponded to the fourth most abundant
species of all phlebotomines collected in the present study. However, it is the
third in epidemiological importance, being the most abundant reported by
Pérez, et al. (32). Lutzomyia panamensis has a wide distribution in Central and
South America countries, including Colombia (5). Furthermore, it is considered
anthropophilic and a vector of the etiologic agents of cutaneous leishmaniasis
in different regions of Colombia, Panam4, and Venezuela (25,26,33).

Lutzomyia c. cayennensis is a phlebotomine that has a wide distribution
in Central and northern South America (15). It has been reported in the
department of Bolivar (Colombia), mainly in El Carmen de Bolivar (30)
and is often found in foci of visceral leishmaniasis, where Lu. evansi and
Lu. longipalpis predominate (34). Although the abundance recorded in this
study was low (n=8, 0.26%), these individuals were collected in the three
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environments evaluated. The females of this species are characterized by
feeding on the blood of reptiles and perching on the walls of the houses,
which preferably give them greater contact with lizards, a behavior that is
observed only in the Caribbean region (35,36). However, at high densities,
they could also attack humans (3). Lutzomyia c. cayennensis has been found
naturally infected with trypanosomatids in Ovejas (Sucre, Colombia) (35) and
in Venezuela (28,37).

The medical significance of the Lu. dubitans species found in this study is
unknown because it has not been identified as a vector (38).

Lutzomyia rangeliana and Lu. trinidadensis were the phlebotomine species
with the lowest recorded abundance, each of them with a single individual
(0.03%). The first species is restricted to Venezuela, Trinidad and Tobago,
Panamd, and Colombia. Lutzomyia trinidadensis has a wide geographical
distribution in Central America and northern South America (15) and it is
associated with the distribution of different species of lizards (36). To date,
the role these species play in Leishmania spp. transmission remains in
discussion. However, in Venezuela, these species were found positive for
flagellates (37,39). It has also been related to visceral leishmaniasis foci
where Lu. evansi usually predominates (24,32,34,35,40).

There were no significant differences found when the diversity and
abundance among the different environments were evaluated (domestic,
peridomestic and sylvatic ecotopes) and then compared with the sampling
period. This could be due to the fact that the distance between each trap
was approximately 20 meters, which is perhaps very short. Therefore, we
recommend using a greater distance between the traps to see if the pattern
seen in the present study is maintained. Nevertheless, the captured species
cannot be suspected as vectors in the study area, because vectorial capacity
tests such as natural infection were not performed among the captured
species. On the other hand, one cause of the results could be the fact that in
urban or suburban areas there is not one a well-defined separation between
domestic, peridomestic and sylvatic ecotopes.

In Colombia, although limited, here are some studies related to the
identification of Leishmania spp. in domestic and wild mammals. Dogs are
animals of companionship and surveillance in the different human activities in
the forest (mainly hunting and logging), and therefore they have a high degree
of exposure to vectors. The dog has been identified as an important reservoir
because canines are in permanent contact with humans and have been
involved in the maintenance of the transmission cycle for L. infantum (syn. L.
chagasi) (2). However, among vertebrate host species related to cutaneous
leishmaniasis, the domestic dog has been the centre of controversy and
there is a lack of consensus regarding their role as reservoir (2,41). In
Colombia, few studies have been carried out on the role of dogs in the cycle
of L. panamensis and L. braziliensis, two of the major species of Leishmania
spp. in the country. Santaella, et al. (42) and Vélez, et al. (43) described a
natural infection with L. guyanensis, L. panamensis and L. braziliensis in
symptomatic dogs. The finding of dogs infected with Leishmania spp. shows
their susceptibility but it is not enough to implicate dogs as reservoirs and,
therefore, more and stronger evidence is needed.

Similarly, the role played by wild mammals in the different cycles of
Leishmania spp. transmission is still unknown. From the epidemiological point
of view, the first wild mammals described with natural infection in Colombia
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were D. marsupialis in El Callején (Cundinamarca) (5,6), D. marsupialis and
Proechimys canicollis in San Andrés de Sotavento (Cérdoba) (7,8), and D.
marsupialis and P. canicollis in Colosé (Sucre) (8). The presence of corrals and
wild or cultivated vegetation around houses favor the attraction of synanthropic
mammals that could be potential reservoirs to Leishmania species.

In the present study, only D. marsupialis (n=19) were captured around
houses, although none of them were positive for Leishmania. They have a
wide geographical distribution from northwestern México to Bolivia, coinciding
with cutaneous leishmaniasis and visceral leishmaniasis foci, making this
species a highly suspicious reservoir. In Colombia, this species is found
from 0 to 2,500 ma.s.l. It adapts easily to different environments such as
wet and dry forests. They can even inhabit urban and suburban areas (44),
although they may or may not have direct contact with humans. Didelphis
marsupialis is identified as a bioindicator species for highly intervened
environments, which makes them easily adaptable that can survive in human-
modified environments and occupy abandoned spaces (9,45). Thus, they
are considered highly specialized species when the environment is changed.
Because D. marsupialis is a species with nocturnal and nomadic behaviors,
it is in constant exposure to vectors and, therefore, may serve as a bridge
between vectors and humans in the sylvatic and peridomestic transmission
cycles. It can even function as a probable bridge between endemic and
non-endemic areas for leishmaniasis (9,44). This finding, in association with
the presence of recognized vectors such as Lu. evansi, Lu. gomezi and Lu.
panamensis around houses, may increase the risk factor for the residents of a
given community (2,21,23,25,33,38,46).

The absence of positive animals suggests that there are other factors that
affect the dynamics of this parasite infection, particularly in a highly endemic
area for visceral leishmaniasis such as El Carmen de Bolivar. Furthermore,
D. marsupialis is the suspected reservoir of both cutaneous leishmaniasis
and visceral leishmaniasis foci in Colombia, Brazil, Venezuela, and in French
Guiana, including Leishmania species not pathogenic to humans (5-9,47).

The captured animals did not show skin lesions suggestive of cutaneous
leishmaniasis and their skin and blood samples were negative for the
parasite. This negative result might be explained by i) the relatively short
timing of capture of mammals that led to a low number of individuals
evaluated, ii) not including other tissues in the sampling such as liver, spleen,
bone marrow, and/or lymph node that could favor the detection of visceralized
species such as L. infantum, and iii) the fact that Didelphis marsupialis has
not been previously identified as a reservoir of Leishmania spp. in the studied
area, which suggests that other wild mammals may be participating in the
natural cycle of transmission of Leishmania spp. in this area. Supportive
of our findings, De Lima, et al. (48) did not find D. marsupialis naturally
infected with Leishmania spp. However, new samples with a more complex
experimental design are needed to test the hypothesis that other wild animals
participate in the cycle of transmission.

The present study cannot rule out this species as a reservoir for not
revealing detectable infection in a determined moment by PCR. This is
because the dynamics between wild hosts and parasites are complex, leading
to a plethora of manifestations such as behavioral changes in the host (49).
The monitoring for this group of mammals must be continuous, especially in
highly endemic areas.
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At the present, PCR is a highly sensitive technique and is used in
epidemiological studies of leishmaniasis for the detection and identification
of Leishmania species DNA in samples from patients, vectors, and reservoirs
(25,50,51). Using PCR to detect the presence of the hsp70 gene as a
molecular marker increases sensitivity to nearly 100% compared with blood
cultures and xenodiagnosis (transmissibility), while the use of the gold
standard allows to determine whether a mammal may be considered as a
reservoir over other methods such as microscopy, Montenegro skin test (52),
and serological tests (53).

This occurs because PCR directly tests the presence of the parasitic DNA
in the host sample, regardless of the immune status of the mammalian host
(54). Moreover, amplifying the hsp70 gene with a series of gene-specific
primers increases the sensitivity of parasite detection because this gene has
the highest resolution over other molecular markers such as internal spacers of
the ribosomal RNA transcription (ITS- rRNA), the 7SL (spliced leader) RNA, and
DNA from the kinetoplast (51). It also allows the detection of genetic variability in
molecules associated with immunological processes and has a high probability
of being detected due to its very high number of copies (12,52,55-57).

This study represents an approximation to the phlebotomine fauna in El
Bledo village, where three epidemiologically important species were reported:
Lu. evansi, Lu. gomezi and Lu. panamensis. Additionally, although these
species were identified in the three ecotopes evaluated, they were mainly
found around the houses, which correlates with the places where the largest
number of individuals of D. marsupialis were also collected.

The phlebotomine species collected in this work were not evaluated for the
presence of Leishmania parasites. Thus, further studies of natural infection in
the phlebotomine species with known epidemiological backgrounds are needed
in order to understand the full manifestation of the disease at any given time and
to include all the members of the eco-pathogen complex (vector-parasite-host).

This study reports the presence of Lu. evansiinside the houses and its
surroundings, indicating that the village of El Bledo could be an area for
transmission of visceral leishmaniasis, which exacerbates the public health
problem in that region. Interestingly we found several synanthropic Lutzomyia
species in one small area. In addition, this study reports for the first time the
presence of Lu. panamensis in EI Carmen de Bolivar, thus expanding its
geographical distribution throughout the department of Bolivar (Colombia).

This is the first study conducted in the municipality of El Carmen de
Bolivar (Bolivar) assessing the natural infection of Leishmania spp. in
synanthropic mammals and opening the way to new investigations for the
discovery of potential reservoirs of Leishmania spp. Although the presence
of the parasite was not detected in the specimens sampled, it is important to
continue with this type of study to ensure that D. marsupialis is not part of the
transmission cycle of Leishmania (at least in El Bledo village) and to identify
other wild mammals that could act as potential reservoirs of Leishmania spp.

Implementation of continuous monitoring and conducting all appropriate
protective measures, mainly at the level of vector control in the intradomicile
environments, by public health institutions is very important. If in the
evaluated area the parasite is circulating amongst domestic or other
mammals, the domestic or peridomestic vector transmission may establish a
new focus of leishmaniasis transmission in Colombia.
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