
Contents lists available at ScienceDirect

Acta Tropica

journal homepage: www.elsevier.com/locate/actatropica

Eco-epidemiological study reveals the importance of Triatoma dimidiata in
the Trypanosoma cruzi transmission, in a municipality certified without
transmission by Rhodnius prolixus in Colombia

Omar Cantillo-Barrazaa,⁎, Manuel Medinab, Sara Zuluagaa, César Valverdea, Camilo Mottab,
Alfonso Ladinob, Maria Isabel Osorioa, Jeiczon Jaimes-Dueñezc, Omar Triana-Cháveza

aGrupo Biología y Control de Enfermedades Infecciosas (BCEI), Universidad de Antioquia, Calle 70 No. 52-21, Medellín, Colombia
b Programa de Control de Enfermedades Transmitidas por Vectores, Secretaría de Salud Departamental, Tunja, Colombia. Secretaría de Salud de Boyacá, Avenida Colón
No22A-16. Tunja Boyacá, Colombia
cGrupo de Investigación en Ciencias Animales (GRICA), Universidad Cooperativa de Colombia UCC, Calle 30 No. 33-51, Bucaramanga, Colombia.

A R T I C L E I N F O

Keywords:
Blood meal
Chagas disease
Colombia
Rhodnius prolixus
Triatoma dimidiata
Trypanosoma cruzi

A B S T R A C T

Boyaca department is an endemic area for Chagas disease in Colombia, where 24 of its municipalities have been
certified by the PAHO with interruption of Trypanosoma cruzi transmission by R. prolixus. However, the presence
of secondary vectors, represent a risk of parasite transmission for citizens and a challenge for the health care
institutions. The aim of this work was to investigate eco-epidemiological features of Chagas disease in the
municipality of Socota (Boyaca), in order to improve control and surveillance strategies. To understand the
transmission dynamics of T. cruzi in this area, we designed a comprehensive, multi-faceted study including: (i)
entomological survey in five villages (La Vega, Comaita, Chusvita, Guaquira and Pueblo Nuevo), (ii) blood meal
source determination, (iii) T. cruzi infection rate in collected triatomines, (iv) identification of circulating T. cruzi
genotypes, (v) serological determination of T. cruzi infection in domestic dogs; and (vi) evaluation of infection in
synanthropic mammals. A total of 90 T. dimidiata were collected, of which 73.3% (66/90) and 24.4% (22/90)
were collected inside dwellings and peridomestic areas, respectively, while the rest (2/90) in Chusvita
Elementary School. T. cruzi infection was evidenced in 40% (36/90) of triatomine bugs using PCR analyses, in
which only DTU I was found, and TcI Dom was the most distributed. Blood-meal analysis showed that T. dimidiata
only fed of humans. Seroprevalence in domestic dogs was 4.6% (3/66), while that two Didelphis marsupialis
captured showed no infection. In conclusion, the high dispersion and colonization of T. dimidiata shown in this
municipality, along the high rate of T. cruzi (TcI) infection and its anthropophilic behavior constitute a risk
situation for Chagas disease transmission in this municipality certified without R. prolixus. The epidemiological
implications of these findings are herein discussed.

1. Introduction

Chagas disease caused by the protozoan Trypanosoma cruzi is the
most important anthropozoonotic infection in Latin America, where
around eight million people are infected with this parasite
(WHO, 2020). T. cruzi exhibits broad intraspecific genetic diversity and
is classified into of six Discrete Typing Units (DTUs), identified as TcI -
TcVI (Zingales et al., 2009), and other genotype related with bats de-
signed as TcBat (Ramirez et al., 2014). The contact with feces/urine of
blood-sucking insects of the subfamily Triatominae are the first way of
contamination with T. cruzi, although blood transfusion, oral ingestion,
laboratory accidents, organ transplantation, and vertical transmission

are also involved in the transmission (WHO, 2007). In Colombia, 26
triatomines species have been recorded (Guhl et al., 2007;
Sandoval et al., 2007), of which Rhodnius prolixus is considerate the
most important vector, due to their infestation indexes and vector ca-
pacity (Guhl, 2007). Given its wide distribution and the presence of
strictly domiciled populations in most areas where it is distributed, R.
prolixus have been prioritized in the main purpose of vector control
programs in Colombia (Castillo-Riquelme et al., 2008). A contrary si-
tuation occurs with the control of sylvatic and secondary triatomines
that maintain T. cruzi transmission in different areas of Colombia. Thus,
studies on the eco-epidemiological traits from these triatomines species
constitute the first step for design of sustainable control strategies
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(Guhl et al., 2009).
Triatoma dimidiata is considered, after R. prolixus, a secondary

vector in Colombia due to its high frequency in homes, high T. cruzi-
rate infection, and wide dispersion, covering 13 departments and 79
municipalities (Guhl et al., 2007; Parra-Henao et al., 2015). Molecular
studies of this species in Colombia have suggested T. dimidiata is formed
by two populations with different epidemiological relevance. The
former associated to low transmission rates of T. cruzi, which is dis-
tributed from the Caribbean region to the lowlands of Central Andean
Cordillera, occupying sylvatic habitats; and the latter, associated to
high transmission rates of the parasite, located in northeast and central
Colombian regions (Inter-Andean Valley) (Gómez-Palacio et al., 2013;
Quirós-Gómez et al., 2017). Some authors, have suggested for popula-
tion with high epidemiological relevance, prioritize house for chemical-
spraying control through the identification of factors associated with
infestation (Parra-Henao et al., 2015). However, these transmission
scenarios demand the application of alternative strategies that not only
consider the elimination through of spraying house, but also, directed
toward reducing triatomines entry into house, and an active surveil-
lance with community participation (Dorn et al., 2017; Quirós-
Gómez et al., 2017). Thus, optimization of these strategies demands
significant knowledge of eco-epidemiological features related to infec-
tion rates, identification of feeding sources, determination of T. cruzi
genotypes present in these areas, and the role of domestic and synan-
thropic mammals in the local epidemiology (Cantillo-Barraza et al.,
2015; Hernandez et al., 2016).

Boyaca is one of the most endemic departments to Chagas disease in
Colombia, where historically government institutions have im-
plemented control and prevention programs to reduce this issue. Gives
its central location into the country, the population of T. dimidiata is
found with more frequency in domicile and peridomicile, so it has been
associated to high rates of T. cruzi transmission (Quirós-Gómez et al.,
2017). In addition, in some municipalities such as Socota has been re-
ported the simultaneous presence of R. prolixus and T. dimidiata
(Paez et al., 2015), and this municipality during last year(2019) was
certified by the PAHO without R. prolixus, but T. dimidiata remain a risk
for transmission of T. cruzi. The aim of this work was to conduct a multi-
faceted eco-epidemiological study involving the vector identification,
blood-meal source determination, natural infection rate estimation, T.
cruzi genotyping, infection in dogs and synanthropic mammals, as
previous steps for the construction of alternative strategies for sur-
veillance of T. dimidiata in this municipality.

2. Materials and Methods

2.1. Study area

A transversal study was carried out between September and
December of 2017, in five villages from the municipality of Socota (La
Vega, Comaita, Chusvita, Guaquira and Pueblo Nuevo), in Boyaca de-
partment (Figure 1, Table 1). These five areas were selected according
to the previous reports of T. dimidiata in this municipality, where all
houses were selected. Socota is located in subtropical humid-forest in
Holdridge life zone. These localities included forested areas for raising
crops of sugar cane and livestock. The peridomestic area was char-
acterized by chicken coops, cow sheds, caneys and accumulations of
rocks. Since 2015, rural areas from Socota have been under en-
tomological surveillance by Boyaca Department Health Service; how-
ever, despite vector control based on insecticide spraying every six
months, these locations suffer constant reinfestation by T. dimidiata.

2.2. Triatomine collection and processing

Three entomological surveys of around eight days each one were
performed during study period in the five villages. All procedures were
carried out by technicians of Boyaca health secretary (BHS), and

Universidad de Antioquia, following the National Protocols of
Entomological Surveillance (Parra-Henao et al., 2016). In brief, triato-
mines were searched indoor and outdoor niches during 30 min; flash-
light was used to help see into cracks and crevices throughout the fabric
of buildings, behind pictures on the walls, behind furniture, in closets,
and specially, under bedding material. Bugs were transported to the
laboratory, registered, and identified using taxonomic keys (Lent and
Wigodzinsky, 1979).

All triatomines collected were evaluated for T. cruzi infection using
parasitological and molecular methods. Feces were obtained by ab-
dominal compression, and diluted in 300 μL of sterile PBS pH 7.2, and
used for DNA extraction. Genomic DNA was extracted from 200 μL of
feces using the Genomic DNA purification kit (DNeasy Blood & Tissue
kit Qiagen, Germantown, USA) following manufacture's instructions.

2.3. Dog and wild reservoir sampling

During each entomological survey, dogs were selected through to
house-to-house strategy. Inclusion criteria for these mammals were as
follows: (I) to have born and raised in the study area, (II) having a
recognizable owner and (III) received an informed consent of their
owners. By each animal, a blood sample of 5 mL was collected from
cephalic vein, using EDTA-K3 vacutainers, and stored at 4°C until
processed. For plasma extraction, 0.3 mL of blood sample was cen-
trifuged at 5000 x g by 10 min and plasma was stored at -20°C until
serological assays were performed. The remaining samples were stored
for DNA extraction.

Synanthropic mammals were captured using Tomahawk® live traps
in peridomestic areas as reported elsewhere (Xavier et al., 2012). The
capture points were baited with a mixture of peanut, banana, oat and
fish. At each village ten traps were located for three nights in perido-
micile including permanent or temporal structures built and used by
humans or their domestic animals. Wild mammals were anesthetized
intramuscularly (9:1 ketamine hydrochloride 10% and xylazine 2%)
according to (Roque et al., 2013). Fresh blood samples were collected in
EDTA vacutainer tube and stored at -20°C until DNA extraction. All of
tested mammals were returned to its habitats at the capture site after
the experimental procedure was finished.

For all mammals, genomic DNA was extracted from 200 μL of blood
using the Genomic DNA purification kit (DNeasy Blood & Tissue kit
Qiagen, Germantown, USA) as detailed above. For the case of dogs,
only seropositive animals were submitted to DNA extraction.

2.4. Molecular detection of T. cruzi infection

All DNA preparations were screened to test for the presence of T.
cruzi using a conventional PCR targeting satellite DNA (Moser et al.,
1989). The PCR was performed in a final volume of 25μL containing 40-
50 ng of genomic DNA, 1X of buffer, 0.04 mM of dNTP, 1.5 mM MgCl2,
0,4 μM of each primer (TCZ1 and TCZ2), and 0.05 U of Taq polymerase
(Invitrogen, California, USA). The thermal cycling conditions were as
follows: pre- heating at 95°C for 15 min, 40 cycles at 95°C for 10 s, 55°C
for 15 s, and 72°C for 10 s in a thermal cycler. Positive T. cruzi samples
were analysed for molecular discrimination of T. cruzi DTUs based on
the amplification spliced leader intergenic region (SL-IR) gene using the
primers TCC, TC1 and TC2, as previously reported (Burgos et al., 2007).
The PCR was performed in a final volume of 25 μL containing 40-50 ng
of genomic DNA, 1X of buffer, 0.25 mM of dNTP, 2 mM MgCl2, 0,4μM
of each primer, and 0.05 U of Taq polymerase (Invitrogen, California,
USA). The thermal cycling conditions were as follows: pre- heating at
94°C for 5 min, 35 cycles at 94°C for 30 s, 55°C for 30 s, and 72°C for 45
s in a thermal cycler, and a final extension at 72°C for 5 min. Ampli-
fication products were run on a 1.5% agarose gel stained by ethidium
bromide and visualized under UV light. For direct sequencing of SL-IR
region, PCR products were purified and sequenced using Sanger
methodology at Macrogen sequencing service, Seoul, South Korea.
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For TcI genotype identification, the microsatellite motif of the
spliced leader gene (positions ranking between ~14 to ~40) was
omitted as suggested (Tomasini et al., 2011). All nucleotide sequences
were aligned using CLUSTALW as implemented in BioEdit v.7.1.9
(Hall, 1999). Then, the highest nucleotide identity value of the se-
quences based on optimal global pairwise alignments of each SL-RI
sequence against reference strains reported for Colombia (Cura et al.,
2010) was calculated in BioEdit v.7.1.9 (Hall, 1999).

2.5. Blood-meal source determination

To identify blood-meal sources in triatomines, genomic DNA ex-
tracted from the feces of triatomines was subjected to a conventional
PCR targeting cytochrome b (cytb) gene of vertebrates (Boakye et al.,
1999). The PCR was performed in a final volume of 25 μL containing
40-50 ng of genomic DNA, buffer 1X, 0.2mM of dNTP, 3mM MgCl2, 0.4
μM of each primer (cytbF and cytbR), and 0.025 U Taq polymerase
(Invitrogen, California, USA). The amplifications were performed using
a thermal cycler of initial denaturation at 95°C for 4 min, followed of 36
cycles at 95°C for 30 s, 60°C for 50 s, and 72°C for 40 s; and a final
extension at 72°C for 5 min. Positive PCR products were purified and
completely sequenced in both strands using the Sanger method at
Macrogen. To identify the host species associated with triatomines, the

sequences obtained were compared with sequences deposited in Gen-
Bank using the BLASTN search.

2.6. Serological diagnostic test

Detection of anti-T. cruzi antibodies (IgG) in dog was conducted
using an Enzyme-Linked Immunosorbent Assay (ELISA) and an Indirect
Immunofluorescence Antibody Test (IFAT). For both techniques, the
antigen was prepared from harvested epimastigotes of the T. cruzi
Colombian strains Cas-15 and Gal 61, previously characterized as TcI
(Rojas et al., 2008). For ELISA, a whole lysate extracted from epimas-
tigotes was used as antigen, while for IFAT, complete epimastigotes
fixed in formaldehyde 1% were used (Beltrán et al., 2001). The cut off
was determined as optical absorbance ≥ 0.200 (mean± SD of negative
control) for ELISA and sera dilution of 1/40 for IFAT, as reported
elsewhere (Cantillo-Barraza et al., 2015). Animals were defined as po-
sitive when samples were reactive to both tests, which had sensitivity
100% and specificity 98.7 respect to ELISA and IFAT from Bio-Man-
guinhos, FIOCRUZ, Rio de Janeiro, RJ Brazil (Xavier et al., 2012).
Measure of agreement between both serological test was evaluated
through a Cohen´s Kappa coefficient (K) using GraphPad Prism V.7.0.
Cross-reactions and/or mixed infection by T. cruzi and Leishmania spp.
in serum were also assayed with one Rapid Test for Diagnosis of Canine

Fig. 1. Socota municipality is shown on a Google Earth image. Sampling village are indicated in the map.

Table 1
Geographical description of sampling areas in the Socota municipality, department of Boyaca, Colombia.

Geographical areas Location Number total of houses Number of evaluated houses Average altitude (meters)

La Vega 06°02′05,4"N, 72°83′30,8"W 21 16 2224
Comaita 06°02′41,9"N, 72°38′17,5"W 47 47 2264
Chusvita 06°05′50,9"N, 72°38′36,3"W 45 45 2005
Guaquira 06°06′02,4"N, 72°38′21,7"W 18 8 2053
Pueblo Nuevo 06°04′25,9"N, 72°39′03,2"W 8 4 2008
Total 139 120

O. Cantillo-Barraza, et al. Acta Tropica 209 (2020) 105550

3



Visceral Leishmaniasis (TR DPP®, Bio-Manguinhos, FIOCRUZ, Rio de
Janeiro, RJ, Brazil - DPP) and IFAT with a mix of L. infantum and L.
panamensis as antigens (Xavier et al., 2012).

2.7. Data analysis

To estimate vector abundance in the study area, we used en-
tomological indices according to definition proposed by WHO (2007).
Infestation index defined as the number of houses with triatomines /
total number of houses surveyed * 100; Colonization index defined as
the number of houses with nymphs / number of houses with triato-
mines, and the crowding index as the number of captured triatomines /
number of houses with triatomine, were calculated. Additionally, T.
cruzi infection rate comparisons were performed using the Chi-square
test with a P< 0.05 considered as significant. Data analyses were
performed using SPSS v.18.0 statistical software.

2.8. Ethics statement for animal evaluations

All animals were handled in strict accordance with good animals
practice as defined by the Colombian code of practice for the care and
use of animals for scientific purpose, established by law 84 of 1989.
Ethical approval (Act No 113 of 2017) for analyzing animal species was
obtained from the animal ethics Committee of the Antioquia University.
All infested houses were sprayed with insecticide by SHB in January of
2018 for elimination triatomines bugs.

3. Results

3.1. Entomological survey reveals the importance of T. dimidiata in the
transmission of T. cruzi in Socota (Boyaca)

The five studied villages were made up by 139 houses of which 120
inhabited were visited: 3.3% in Pueblo Nuevo, 6.7% in Guaquira,
13.3% in la Vega, 37.5% in Chusvita, and 39.2% in Comaita. Ninety T.
dimidiata individuals were collected, of which 56.6% (51/90) were
nymphs and 43.4% (39/90) adults. The most common capture site was
intradomicile 73.3% (66/90), followed by peridomestic area 24.4%
(22/90), and Elementary Schools 2.2% (2/90) (Figure 2). Infestation
index was 14.2%, while the colonization and crowding indexes were
72% and 5.2, respectively. Similar transformation of the landscape was
observed in the five studied village, as a consequence of the cultivation
of sugar cane and exploitation of mineral coal. The peridomestic area
was characterized by the presence of backyard animals as chickens,
rabbits, and small ruminants. Finally, the presence of insects was ob-
served in houses with adobe and earth walls as well in houses with full
plastering walls.

Of the total of T. dimidiata analyzed, 40% (36/90) were positive for

T. cruzi infection. Pueblo Nuevo, Guaquiara, Chusvita, and Comaita,
were the villages with the highest T. cruzi infected triatomines
(Table 2). T. cruzi infection rate was higher in triatomines collected in
peridomestic area when compared to those collected in the in-
tradomicile (χ² = 2.722, P<0.05). No significant differences were
observed between villages.

Only DTU I was found in positives samples. Eleven samples were
sequenced (three from Chusvita, three from La Vega, two from
Guaquira, two from Pueblo Nuevo, and one from Comaita). TcI Dom was
present in all sites, while TcI sylvatic was only present in Chusvita,
Guaquira and la Vega (Figure 4).

Additionally, eleven T. dimidiata were analyzed for blood meal
identification by PCR and sequencing of cytb gene. Nine of these DNA
samples were also positive for T. cruzi. All sequences showed an identity
>99.9% with sequences derived of humans (Homo sapiens sapiens). The
results are shown in Table 3. The BLAST scores are given as E value, %
identity and GenBank accession number.

3.2. Epidemiological survey reveals a poor role of wild and domestic
mammals in the transmission of T. cruzi in villages from Socota (Boyaca)

A total 66 canines were evaluated, of which 72.8% were males and
63.6% adults, with an average age of 3.8 years (SD = 2.7). Of the total
of dogs analyzed, 4.6% (3/66) were positive for T. cruzi by both ser-
ological tests, all of them from the Chusvita village. Kappa coefficient
showed a moderate agreement between both serological test (K= 0.42,
CI 95% =0.06-0.75). None of them were reactive for Leishmania spp.
Molecular diagnosis of these samples did not show the presence of T.
cruzi in seropositive dogs. Finally, two D. marsupialis were the only
mammals captured in Chusvita, both of them negative for molecular
test.

4. Discussion

In the present study, we analyzed colonization, food sources, T. cruzi
infection, circulation of TcI genotypes, and role of domestic dogs in the
municipality of Socota, a Colombian region recently certified without
R. prolixus after the intervention with residual insecticides at 2015, but
with traditional infestation by T. dimidiata. This study showed that
humans are the only food source detected in T. dimidiata collected in-
side houses as well as those in the peridomicile (Table 2). These results
are consistent with the entomological findings, given that 73.3% of
insects were collected inside the dwellings, of which 59% were nymphs.
The presence of peridomestic triatomine fed with human blood may beFig. 2. Distribution of capture sites of T. dimidiata collected in study area

Table 2
Abundance of triatomines in five villages of Socota (Boyaca) and infection
percentage.

Rural Location Capture site Adults (%
infected)

Nymphs (%
infected)

Total (%
infected)

La Vega Intradomicile 7 (42.8) 7 (14.2) 14 (28.6)
Peridomicile 0 (0) 1 (0) 1 (0)

Comaita Intradomicile 3 (33.3) 6 (50) 9 (44.4)
Peridomicile 0 (0) 0 (0) 0 (0)
Elementary
School

1(0) 1(100) 2 (50)

Chusvita Intradomicile 10 (40) 10 (20) 20 (30)
Peridomicile 5 (60) 6 (66) 11 (63.3)

Guaquira Intradomicile 6 (16.7) 8 (25) 14 (21.4)
Peridomicile 5 (60) 4 (75) 9 (66.7)

Pueblo Nuevo Intradomicile 1 (0) 8 (50) 9 (44.4)
Peridomicile 1 (100) 0 (0) 1 (100)

Total Socota Intradomicile 27 (33.3 ) 39 (30.7) 66 (31.8)
Peridomicile 11 (63.6 ) 11 (58.3) 22 (63.6)
Elementary
School

1 (0) 1 (100) 2 (50)

Total 39 (41.0) 51 (40) 90 (40)
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related to the high mobility of this species among the different ecotopes
as observed in other regions of Colombia and others countries
(Dorn et al., 2017; Hashimoto et al., 2006). However, these results
differ those reported for T. dimidiata in Santander (Colombia) and
Guayas (Ecuador), where it was shown that this species is generalist
with food sources more associated with peridomicile (Farfán-
García and Angulo-Silva, 2011; Wong et al., 2016). It is possible that
the unique identification of humans as a source of food found in this
study, is related with the limits of detection of the technique in which
only DNA in more proportion or recently ingested and of better quality
was sequenced (Dumonteil et al., 2018; Peña et al., 2012). Never-
theless, it cannot be ruled out that this finding is a consequence of the
high state of colonization that triatomine local populations present in
this region. Future studies to evaluate the spatiotemporal dynamics of
T. dimidiata populations and identifying source feeding hosts are ne-
cessary to confirm these hypotheses.

T. dimidiata natural infection observed here, is the highest that re-
ported for the Department of Boyaca (Parra-Henao et al., 2016), but
similar that observed in indigenous settlements in the Sierra Nevada de
Santa Marta (Mejia-Jaramillo et al., 2014). In Colombia, different au-
thors have shown that the epidemiological importance of this species in
different regions is related to infection frequencies, its invasive beha-
vior to households, and its genetic differentiation (Gómez-Palacio et al.,
2013; Rodríguez-Monguí et al., 2019). Interestingly, we observed a
high infection rate in the peridomestic area that suggests a continuous
migration of specimens from extradomestic area and, consequently, an
invasive behavior to households. On a continental level, a similar si-
tuation has been shown in Guatemala, Belize, Mexico and Ecuador
where the natural infection of T. dimidiata ranked from 14% to 54%,
and the control of this species has been considered a priority for the
control of Chagas disease (Dorn et al., 2017; Guhl, 2007;
Nouvellet et al., 2011; Ramirez-Sierra et al., 2010).

TcI was the only DTU found in the T. dimidiata population of Socota.
These results are consistent with those reported by other authors from
Colombia (Guhl and Ramírez, 2013; Hernandez et al., 2016; Leon et al.,
2015); as well as, for other countries such as Ecuador, Costa Rica,
Salvador, Guatemala and Honduras (Dorn et al., 2017; Wong et al.,
2016). On the same way, the high frequency of TcI Dom observed here, is
consistent with that reported for Boyaca department (Leon et al., 2015).
In addition, we reported TcI sylvatic in T. dimidiata of this Department.
The presence of both genotypes of TcI in this vector in the study area
added to the high frequency inside the houses, and the food source
identified, not only suggests, the ability of T. dimidiata to connect both
transmission cycles, but also to transport wild populations of the
parasite into the houses in their colonization process (Hernandez et al.,
2016; Ramirez et al., 2012). With these features in mind, we propose
that T. dimidiata is a difficult species to control for traditional inter-
vention programs due to the unsustainable fumigation for this scenario
(Dorn et al., 2017; Guhl et al., 2007; Quirós-Gómez et al., 2017).

One of the main findings of the present study was the presence of T.
dimidiata in Chusvita school while the teacher advanced academic ac-
tivities, confirming that the transmission risk of T. cruzi is not only

represented by the colonization that made this species, but also by the
high mobility that it has in the area, possibly looking for food sources as
evidenced by the presence of human blood in feces. Moreover, this
behavior facilitates the oral transmission outbreaks occurrence, because
the children receive their food in the school with all the appropriate
conditions to transmission. School feeding consumption has been re-
ported as an inoculation vehicle in an oral transmission outbreak in
schoolchildren residing in Caracas (Alarcón de Noya et al., 2010).
Therefore, it is necessary that T. dimidiata control programs for this
municipality consider the use of screens and other methods of protec-
tion in schools and places where the community prepares food (Quirós-
Gómez et al., 2017).

On the other hand, serological and molecular evaluation of T. cruzi
infection in canines showed a low infection rate, which suggests a low
exposure to parasite contact and an insignificant role of this domestic
mammal in local ecoepidemiology (Xavier et al., 2012). Even though,
the frequency of infection shown here, resulting lower than that re-
ported in other municipalities of Boyaca department (Turriago et al.,
2008) as well as for Momposina depression, Tolima and Meta (Cantillo-
Barraza et al., 2015; Jaimes-Duenez et al., 2017; Romero-Peñuela and
Sánchez-Valencia, 2008). It is possible that this corresponds to the role
that domestic dogs have in the local context, which are mostly used for
housing protection which was corroborated in the observations made in
field, where it was evidenced that the majority of the individuals
evaluated were found tied. This hypothesis could also explain the lack
of reactive dogs for Leishmania spp. We consider that the serological and
molecular results are not related to the techniques used because these
same tests have been used in other studies carried out in other parts of
the country, where a greater exposure of the canines to T. cruzi circu-
lation was demonstrated (Cantillo-Barraza et al., 2015; Jaimes-
Duenez et al., 2017).

Regarding the wild mammals, only D. marsupialis was captured in
the study area without natural infection by T. cruzi. The opossum is
considered the main sylvatic reservoir of T. cruzi due to its widespread
presence in endemic areas located at altitudes below 1600 meters above
sea level together with a high frequency of reported infections
(Rodríguez-Monguí et al., 2019). However, in Colombia there is a lack
of knowledge about the ecology of transmission in areas located above
this altitude. Especially the situation in municipalities located at
heights above 2000 meters above sea level has been neglected in the
context of Chagas disease, since for years they have been considered as
non-endemic areas (Guhl and Ramirez, 2013; Guhl et al., 2005). It is
possible that the low intensity of the sampling for wild mammals per-
formed in the present work, as well as, sampling only in the perido-
mestic area can be considered a limitation of this study. However, the
presence of wild animals in peridomestic areas was very low. To have a
complete overview of these sceneries it is necessary to develop new
approaches towards expanding the knowledge about the wildlife pre-
sent in these altitudinal ranges. This could be done either through
mammalian sampling or through the use of last generation sequencing
techniques to identify food sources of wild populations of T. dimidiata
(Dumonteil et al., 2018).

Table 3
Stadium, capture site, blood meals, GenBank accession number, infection state and identity (%) with reference genotype.

Rural Location Developmental stage Capture site Blood source BLAST score T. cruzi infection T. cruzi genotype

Guaquira Adult Peridomicile Human 1 e-149, 100% MG571125,1 + TcI Dom

Comaita Nymph Intradomicile Human 8 e-147, 100% MG571125,1 + TcI Dom

Comaita Adult Intradomicile Human 1 e-144, 99,65% KP126143,1 + TcI Dom

La Vega Adult Intradomicile Human 1 e-139, 100% KX697544,1 + TcI sylvatic

Guaquira Adult Peridomicile Human 2 e-143, 99,65% MK936800,1 + TcI sylvatic

Chusvita Nymph Elementary school Human 1 e-144, 99,65% KP126143,1 + –
Chusvita Nymph Intradomicile Human 2 e-140, 100% MG571125,1 + –
Guaquira Adult Peridomicile Human 1 e-139, 100% KX697544,1 + –
Guaquira Adult* Intradomicile Human 2 e-143, 99,65% MK936800,1 + –
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The certification processes of the interruption of intradomiciliary
vectorial T. cruzi transmission are based on the vector elimination and
the absence of infection in the infant population born after the elim-
ination of introduced domiciled vectors (Hashimoto et al., 2006).
However, the colonization of species with lesser epidemiological im-
portance infected with T. cruzi represent an important risk factor for T.
cruzi transmission to humans (Cantillo-Barraza et al., 2015; Guhl et al.,
2009). The present study reports a high rate of colonization, contacts
with humans, high natural infection and participation in several cycles
of transmission of T. dimidiata, in a recently certified municipality
without R. prolixus. The eco-epidemiological conditions described here,
demonstrate the need to adopt new strategies for these areas with dif-
ferent principles than those used for the elimination of R. prolixus. For
this scenario, the construction of active community participation in an
entomological surveillance program and the use of products with
higher residual insecticides could be an alternative that could be im-
plemented for avoiding insect-humans contact, as well as, design al-
ternatives for suitably managing the environment and ordering the
peridomiciliary area to prevent triatomines from colonizing home.

Fig. 3
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