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The protozoan Trypanosoma cruzi, the causative agent of Chagas disease, is transmitted by infected feces or
consumption of blood-sucking triatomine insects to several mammalian orders including Chiroptera. In Chile, the
distribution of several insectivorous and one hematophagous bat species overlaps with those of triatomine
vectors, but the T. cruzi infection status of local chiropterans is unknown. In 2018, we live-captured bats from
two protected areas in Chile to collect plagiopatagium tissue, feces and perianal swab samples, in search for
T. cruzi-DNA by real time PCR assays using species-specific primers. In Pan de Azicar island (~26°S), we
examined a roost of Desmodus rotundus (common vampire bat) and sampled tissue from 17 individuals, detecting
T. cruzi-DNA in five of them. In Las Chinchillas National Reserve (~31°S), we examined two roosts of Histiotus
montanus (small big-eared brown bat), collecting feces or perianal swab samples from eight individuals, detecting
T. cruzi-DNA in four of them. This is the first report of T. cruzi-DNA evidence in bat species from Chile. Both
vector-borne and oral transmission are potential infection routes that can explain our results. Further investi-
gation is needed for a better understanding of the role of bats in the T. cruzi transmission cycle.

Vector-borne transmission

Trypanosoma cruzi, the causal agent of Chagas disease, is a protozoan
parasite transmitted by blood-sucking insects of the subfamily Tri-
atominae (Hemiptera: Reduviidae) (Jansen et al., 2018). Triatomine
vectors become infected by feeding on T. cruzi-infected mammalian
hosts; the parasite multiplies inside their guts and later on, it is trans-
mitted from vectors to hosts by their infected feces (Kollien and Schaub,
2000). An alternative transmission route to mammals is by consumption
of infected triatomines or their feces, known as oral transmission (Jan-
sen et al., 2018). In Chile, several mammal species have been found
infected with T. cruzi, including rodents, carnivores, marsupials, among
others (Correa et al., 2020). Even though several species of chiropterans
from America have been described as infected by T. cruzi (e.g., Marcili
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et al., 2009; Pinto et al., 2015; Argibay et al., 2016; Nichols et al., 2019;
Bergner et al., 2021; Torres-Castro et al., 2021), the infection status of
bat species present in Chile has not been evaluated.

In Chile, 14 species of bats have been described, including 12 in-
sectivores, one nectarivore, and one hematophagous species (Rodri-
guez-San Pedro et al., 2016; Ossa et al., 2018), all classified as protected
species (MMA, 2020). Two bat species that inhabit in the same
geographical range of triatomine vectors in many countries of America
are Desmodus rotundus (Phyllostomidae; common vampire bat) and
Histiotus montanus (Vespertilionidae; small big-eared brown bat). Des-
modus rotundus is a gregarious hematophagous bat distributed in Chile
from 18-33°S, present in coastal and insular areas, where it feeds on sea
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lions (Rodriguez-San Pedro and Allendes, 2017; Iturra-Herrera et al.,
2019). Histiotus montanus is a gregarious insectivore bat distributed in
Chile from 18-54°S, inhabiting caves and roosts associated with native
forest. This species feeds on moths, mosquitos and beetles, which are
pests of agricultural crops in Chile (Rodriguez-San Pedro et al., 2016).

There are four species of triatomine vectors inhabiting coastal and
interior valleys of Chile between 18-33°S, all naturally infected by
T. cruzi (Botto-Mahan et al., 2008; Bacigalupo et al., 2010; Rives--
Blanchard et al., 2017; Botto-Mahan et al., 2020). Mepraia is a tri-
atomine genus endemic to Chile, with three diurnal species inhabiting
rocky outcrops, rock walls, and bromeliads (Ihle-Soto et al., 2019; San
Juan et al., 2020). The aim of this study was to examine the presence of
T. cruzi DNA in samples of bats collected from two protected wild areas
of Northern Chile, Pan de Aztcar National Park (26°09’S, 70°39°'W;
PANP hereafter) and Las Chinchillas National Reserve (31°30’S,
71°06’W; LCNR hereafter) (Fig. 1).

In PANP, the vector Mepraia parapatrica can be found associated to
rocky coastal areas and its T. cruzi prevalence reaches 61.5% (Rives--
Blanchard et al., 2017). In the summer of 2018, we sampled a roost of
D. rotundus located in the Pan de Azdcar island at PANP. This island is
approximately 2 km from mainland, and the vector M. parapatrica and
rodents that inhabit in there have been reported infected by T. cruzi
(Rives-Blanchard et al., 2017; Campos-Soto et al., 2020). In a roost of
D. rotundus with 26 individuals inhabiting a fissure in a rock wall by the
sea, we captured them using hand-nets (1 m x 1 m diameter) and
mist-nets (7 m x 2.5 m) (Fig. 2A-B). The mist-nets were placed at the
cave entrance for three hours after sunset, and at the same time the
researchers entered into the cave and captured bats with hand nets. We
collected tissue samples from the plagiopatagium of each captured in-
dividual using a sterile 4-mm biopsy punch (n = 17 sampled bats) as
previously reported (Greville et al., 2018; Nichols et al., 2019). In LCNR,
the vector Mepraia spinolai can be found mainly associated to rocky
outcrops and bromeliads. Trypanosoma cruzi prevalence in this wild
vector species reaches 55.1% (Estay-Olea et al., 2020) and several
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rodent species coexisting with M. spinolai have been found infected by
T. cruzi (Oda et al., 2014; Botto-Mahan et al., 2020). In the summer of
2018, we sampled two bat roosts close from M. spinolai colonies using
the same capture method previously described (Fig. 2C-D). We obtained
three perianal swab samples and five feces’ samples from H. montanus (n
= 8 sampled bats). All bat specimens were released in their roosts after
sampling. Bats were captured under the permit number 7612/2017
granted by The Chilean Bureau for Agriculture and Environment (SAG)
to JL Allendes. We were unable to obtain other types of biological
samples due to logistical and sampling difficulties (blood sample), or
due to lack of permission (sample of visceral organs or blood in some
species). All procedures were supervised by a veterinarian and con-
formed to the guidelines for the care and use of wild animals in research
reported by the American Society of Mammalogists (Sikes et al., 2016).
The investigation in protected areas was authorized by The National
Forest Corporation (CONAF) under permit 14/2016 and 18/2018 to JL
Allendes. The bat species were identified following Diaz et al. (2016). All
samples were stored in absolute ethanol at -20 °C until processing.

For the plagiopatagium samples, ethanol was evaporated and then
the tissue cut using a sterile scalpel blade. All the tissue sample was used
for DNA isolation. Up to 20 mg of feces and the whole perianal swab
were used for DNA isolation. Prior to DNA extraction, the swab sample
was submerged and gently shaken in the ATL buffer (Tissue Lysis Buffer,
QIAGEN, CA, USA), to allow the elution of the biological material pre-
sent in the sampled bat. The DNA of all samples was isolated using the
DNeasy® Blood & Tissue Kit (QIAGEN, CA, USA), following the manu-
facturer instruction with an elution volume of 100 ul. We performed real
time PCR directed to a nuclear segment of a genomic repetitive DNA
sequence of T. cruzi-DNA using the primers Cruzil and Cruzi2 (Piron
et al., 2007). The reaction was performed with Hot FIREPol ® Eva-
Green® qPCR Mix (ROX) (Solis Biodyne, Estonia), primers at 0.4 uM,
including 5 pl of template in a final volume of 20 pl. Cycling conditions
were 15 min at 95°C followed by 50 cycles at 95°C for 15 s, 65°C for 20s,
and 72°C for 20 s, finishing with a default melting curve. We used water
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Fig. 1. Map of Chile depicting the location of the two protected areas prospected: Pan de Azicar island in Pan de Azticar National Park (PANP), and Las Chinchillas
National Reserve (LCNR). Drawings: Desmodus rotundus (top), Histiotus montanus (bottom). Bat drawings by Daniela Estay-Olea.
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Fig. 2. (A) Desmodus rotundus (common vampire bat) and (B) fissure in a rock wall where the roost was located (Pan de Aztcar island; PANP). (C) Histiotus montanus
(small big-eared brown bat) and (D) abandoned mining cave where roosts are located (Las Chinchillas National Reserve; LCNR). Photographs by R. Campos-Soto (2A-

B), A. Rodriguez San-Pedro (2C), and C. Botto-Mahan (2D).

as non-template control and DNA from a culture of T. cruzi, obtained
from the Institute of Biomedical Sciences, Faculty of Medicine, Univer-
sity of Chile, as positive control. Each sample was analyzed in duplicate,
and it was considered positive for T. cruzi when at least one of the
replicates had a specific amplification. One amplicon per sampled ani-
mal (Ct <36.6) was submitted to standard sequencing of both strands
(Macrogen, Korea). The quality of the sequences was checked by in-
spection of each chromatogram and the consensus sequence was ob-
tained using Bioedit 7.0.4.1 (Hall, 1999) and compared to available
sequences through BLAST in GenBank.

We detected T. cruzi-DNA in 5 out of 17 tissue samples (29.4%) of
D. rotundus (mean Ct + SD: 35.7 + 1.1), and 3 out of 3 samples of
perianal swabs (100%) (mean Ct 4+ SD: 38.3 + 1.3) and 1 out of 5 fecal
samples (20.0%) from H. montanus (Ct: 36.5). The results of each bat
sampled are available in Table S1- Supplementary material. Results from
standard sequencing showed over 96.9% of identity with T. cruzi se-
quences in all samples. Complete BLAST analysis results (i.e., score,
query cover, and percentage of identity) can be found in Table S2 —
Supplementary material.

These results are the first record of detection of T. cruzi DNA in
chiropterans from Chile; however, at present there is not enough in-
formation on how natural infection in these bats could be occurring, and
comparison of possible transmission routes between the two bat species
studied in this work is limited given the different type of samples
analyzed from each of them. Most bat species present in Chile are in-
sectivores, such as H. montanus, and they could become infected by
consuming infected vectors (i.e., oral transmission) or by vectorial
transmission, when triatomines feed on them. A recent work detected
T. cruzi DNA in saliva samples of different bat species in Peru, proposing
oral transmission by inadvertently consuming vectors while grooming as
another hypothesis to be considered, besides directly feeding on

triatomines in the case of insectivore bats (Bergner et al., 2021), like
H. montanus. In the case of the hematophagous D. rotundus, we cannot
discard the oral transmission by consuming blood of infected vertebrate
hosts as the route of transmission (Jansen et al., 2018). However,
vector-borne transmission was also possible in these cases due to the
proximity of H. montanus and D. rotundus’ roosts to M. spinolai and
M. parapatrica colonies, respectively. Congenital transmission of T. cruzi
could be also occurring, as reported in a study on Molossus molossus
(Chiroptera: Molossidae) (Anez et al., 2009); therefore, further studies
are needed to determine the transmission routes in the bat species under
study, including other types of samples (e.g., blood, saliva, organs). The
T. cruzi DNA detected in feces and perianal swab samples from the
insectivore H. montanus could correspond to remains of infected insects,
so it may not necessarily indicate an infection of the sampled bat.
Nonetheless, considering the habits and habitats of the bat species
examined in this study, and previous reports of T. cruzi infection in
several bat species present in other American countries, including some
species that are also found in Chile, it is likely that bats have a role as
hosts in the transmission cycle of T. cruzi in Chile. Further studies are
needed to evaluate the functional role of bats in the maintenance and
transmission of T. cruzi in sylvatic and peridomestic habitats.

Funding

This work was supported by: the Chilean National Agency for
Research and Development (ANID) - National Fund for Scientific and
Technological Development (FONDECYT) grant numbers 1170367
(CBM and JPC), 11170643 (RCS) and 11181182 (JPC); Vicerrectoria de
Investigacion y Desarrollo (VID) from Universidad de Chile, grant code:
ENLO01/21 (CBM); and Agencia Nacional de Investigacién y Desarrollo
(ANID) - Programa Becas — Doctorado Becas Chile 2019 - 72200391



N. Quiroga et al.
(AB).
Declaration of Competing Interest

On behalf of all authors, the corresponding author states that there is
no conflict of interest.

Acknowledgments

We thank Ignacio Fernandez-Latapiat, Clemente Beltran and Gabriel
Diaz-Campusano for their invaluable help in the field. We also thank the
park rangers Alfonso Septilveda of Pan de Azicar National Park and
Jaime Rodriguez of Las Chinchillas National Reserve for their help in the
field, Daniela Estay-Olea (@ilustra.nativa at Instagram) for bat draw-
ings, Esteban San Juan for compiling the map, Gonzalo Cabrera and
Lucia Valenzuela of Instituto de Ciencias Biomédicas, Universidad de
Chile for facilitating us T. cruzi DNA samples.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.actatropica.2021.106206.

References

Anez, N., Crisante, G., Soriano, P.J., 2009. Trypanosoma cruzi congenital transmission in
wild bats. Acta Trop. 109, 78-80. https://doi.org/10.1016/j.
actatropica.2008.08.009.

Argibay, H.D., Orozco, M.M., Cardinal, M.V., Rinas, M.A., Arnaiz, M., Segura, C.M.,
Giirtler, R.E., 2016. First finding of Trypanosoma cruzi Il in vampire bats from a
district free of domestic vector-borne transmission in Northeastern Argentina.
Parasitol 143, 1358-1368. https://doi.org/10.1017/50031182016000925.

Bacigalupo, A., Torres-Pérez, F., Segovia, V., Garcia, A., Correa, J.P., Moreno, L.,
Arroyo, P., Cattan, P.E., 2010. Sylvatic foci of the Chagas disease vector Triatoma
infestans in Chile: description of a new focus and challenges for control programs.
Mem. Inst. Oswaldo Cruz 105, 633-641. https://doi.org/10.1590/50074-
02762010000500006.

Bergner, L.M., Becker, D.J., Tello, C., Carrera, J.E., Streicker, D.G., 2021. Detection of
Trypanosoma cruzi in the saliva of diverse neotropical bats. Zoonoses Public Health
68, 271-276. https://doi.org/10.1111/zph.12808.

Botto-Mahan, C., Bacigalupo, A., Correa, J.P., Fonttrbel, F.E., Cattan, P.E., Solari, A.,
2020. Prevalence, infected density or individual probability of infection? Assessing
vector infection risk in the wild transmission of Chagas disease. Proc. R. Soc. B 287,
20193018. https://doi.org/10.1098/1spb.2019.3018.

Botto-Mahan, C., Septilveda, M., Vidal, M., Acuna-Retamar, M., Ortiz, S., Solari, A., 2008.
Trypanosoma cruzi infection in the sylvatic kissing bug Mepraia gajardoi from the
Chilean Southern Pacific Ocean coast. Acta Trop. 105, 166-169. https://doi.org/
10.1016/j.actatropica.2007.11.003.

Campos-Soto, R., Diaz-Campusano, G., Quiroga, N., Munoz-San Martin, C., Rives-
Blanchard, N., Torres-Pérez, F., 2020. Trypanosoma cruzi-infected triatomines and
rodents co-occur in a coastal island of northern Chile. Peer J. 8, €9967. https://doi.
org/10.7717 /peerj.9967.

Correa, J.P., Bacigalupo, A., Yefi-Quinteros, E., Rojo, G., Solari, A., Cattan, P.E., Botto-
Mahan, C., 2020. Trypanosomatid infections among vertebrates of Chile: a
systematic review. Pathogens 9, 661. https://doi.org/10.3390/pathogens9080661.

Diaz, M.M., Solari, S., Aguirre, L.F., Aguiar, L.M.S., Barquez, R.M., 2016. Clave de
identificacion de los murciélagos del Cono Sur de Sudamérica. Publicacion especial
N°2, PCMA (Programa de Conservacion de los Murciélagos de Argentina). Editorial
Magna Publicaciones, Tucumdn, Argentina, p. 160.

Estay-Olea, D., Correa, J.P., De Bona, S., Bacigalupo, A., Quiroga, N., San Juan, E.,
Solari, A., Botto-Mahan, C., 2020. Trypanosoma cruzi could affect wild triatomine
approaching behaviour to humans by altering vector nutritional status: a field test.
Acta Trop. 210, 105574 https://doi.org/10.1016/j.actatropica.2020.105574.

Acta Tropica 225 (2022) 106206

Greville, L.J., Ceballos-Vasquez, A., Valdizén-Rodriguez, R., Caldwell, J.R., Faure, P.A,,
2018. Wound healing in wing membranes of the Egyptian fruit bat (Rousettus
aegyptiacus) and big brown bat (Eptesicus fuscus). J. Mammal. 99, 974-982. https://
doi.org/10.1093/jmammal/gyy050.

Hall, T.A., 1999. BioEdit: a user-friendly biological sequence alignment editor and
analysis program for Windows 95/98/NT. Nucleic Acids Symp. 41, 95-98 https://
doi.org/citeulike-article-id:691774.

Thle-Soto, C., Costoya, E., Correa, J.P., Bacigalupo, A., Cornejo-Villar, B., Estadella, V.,
Solari, A., Ortiz, S., Hernandez, H.J., Botto-Mahan, C., Gorla, D.E., Cattan, P.E.,
2019. Spatio-temporal characterization of Trypanosoma cruzi infection and discrete
typing units infecting hosts and vectors from non-domestic foci of Chile. PLoS Negl.
Trop. Dis. 13, e0007170 https://doi.org/10.1371/journal.pntd.0007170.

Iturra-Herrera, L., Brito-Carrasco, B., Daigre, M., Arce, P., Arriagada-Gajewski, M., 2019.
Ampliacién del rango de distribucién sur de Desmodus rotundus (E. Geoffroy Saint
Hilaire, 1810), Islote de Pupuya, Region del Libertador Bernardo O’Higgins, Chile
central. Bol. Mus. Hist. Nat. 68, 5-12.

Jansen, A.M., Xavier, S.C.D.C., Roque, A.L.R., 2018. Trypanosoma cruzi transmission in
the wild and its most important reservoir hosts in Brazil. Parasit. Vectors. 6, 502.
https://doi.org/10.1186/513071-018-3067-2.

Kollien, A.H., Schaub, G.A., 2000. The development of Trypanosoma cruzi in Triatominae.
Parasitol. Today 16, 381-387. https://doi.org/10.1016/s0169-4758(00)01724-5.

Marcili, A., Lima, L., Cavazzana, M., Junqueira, A.C.V., Veludo, H.H., Maia Da Silva, F.,
Campaner, M., Paiva, F., Nunes, V.L.B., Teixeira, M.M.G., 2009. A new genotype of
Trypanosoma cruzi associated with bats evidenced by phylogenetic analyses using
SSU rDNA, cytochrome b and Histone H2B genes and genotyping based on ITS1
rDNA. Parasitol 136, 641-655. https://doi.org/10.1017/50031182009005861.

Ministerio del Medio Ambiente (MMA), 2020. Listado de Especies Clasificadas desde el
1° al 14° Proceso de Clasificaciéon RCE. https://clasificacionespecies.mma.gob.cl/.

Nichols, M.D., Lord, W.D., Haynie, M.L., Brennan, R.E., Jackson, V.L., Monterroso, W.S.,
2019. Trypanosoma cruzi in a Mexican free-tailed bat (Tadarida brasiliensis) in
Oklahoma. USA. J. Wild. Dis. 55, 444-448. https://doi.org/10.7589/2018-04-095.

Oda, E., Solari, A., Botto-Mahan, C., 2014. Effects of mammal host diversity and density
on the infection level of Trypanosoma cruzi in sylvatic kissing bugs. Med. Vet.
Entomol. 28, 384-390. https://doi.org/10.1111/mve.12064.

Ossa, G., Lilley, T.M., Ugarte-Ntnez, J., Ruokolainen, L., Vilches, K., Valladares-
Fatndez, P., Yung, V., 2018. First record of Promops davisoni (Thomas, 1921)
(Chiroptera, Molossidae) from Chile and a description of its echolocation calls.
Mastozool. Neotrop. 25, 129-137.

Pinto, C.M., Ocana-Mayorga, S., Tapia, E.E., Lobos, S.E., Zurita, A.P., Aguirre-Villacis, F.,
MacDonald, A., Villacis, A.G., Lima, L., Texeira, M.M.G., Grijalva, M.J., Perkins, S.L.,
2015. Bats, trypanosomes, and triatomines in Ecuador: new insights into the
diversity, transmission, and origins of Trypanosoma cruzi and Chagas disease. PLoS
ONE 10, €0139999. https://doi.org/10.1371/journal.pone.0139999.

Piron, M., Fisa, R., Casamitjana, N., Lopez-Chejade, P., Puig, L., Vergés, M., Gascon, J.,
Gomez i Prat, J., Porttis, M., Sauleda, S., 2007. Development of a real-time PCR assay
for Trypanosoma cruzi detection in blood samples. Acta Trop 103, 195-200. https://
doi.org/10.1016/j.actatropica.2007.05.019.

Rives-Blanchard, N., Torres-Pérez, F., Ortiz, S., Solari, A., Campos-Soto, R., 2017.
Trypanosoma cruzi over the ocean: insular zones of Chile with presence of infected
vector Mepraia species. Acta Trop. 172, 229-231. https://doi.org/10.1016/j.
actatropica.2017.05.

Rodriguez-San Pedro, A., Allendes, J.L., 2017. Echolocation calls of free-flying common
vampire bats Desmodus rotundus (Chiroptera: Phyllostomidae) in Chile. Bioacoustics
26, 153-160. https://doi.org/10.1080/09524622.2016.1231079.

Rodriguez-San Pedro, A., Allendes, J.L., Ossa, G., 2016. Updated list of bats of Chile with
comments on taxonomy, ecology, and distribution. Biodivers. Nat. Hist. 2, 16-39.

San Juan, E., Araya-Donoso, R., Sandoval-Rodriguez, A., Yanez-Meza, A., Quiroga, N.,
Botto-Mahan, C., 2020. Lizards and rabbits may increase Chagas infection risk in the
Mediterranean-type ecosystem of. South America. Sci. Rep. 10, 1853. https://doi.
org/10.1038/s41598-020-59054-8.

Sikes, R.S., the Animal Care and Use Committee of the American Society of
Mammalogists, 2016. 2016 Guidelines of the American Society of Mammalogists for
the use of wild mammals in research and education. J. Mammal. 97, 663-688.
https://doi.org/10.1093/jmammal/gyw078.

Torres-Castro, M., Cuevas-Koh, N., Hernandez-Betancourt, S., Noh-Pech, H., Estrella, E.,
Herrera-Flores, B., Panti-May, J.A., Walecks, E., Sosa-Escalante, J., Peldez-
Sanchez, R., 2021. Natural infection with Trypanosoma cruzi bats captured in
Campeche and Yucatan. México. Biomédica 41 (Supll), 131-140. https://doi.org/
10.7705/biomedica.5450.


https://doi.org/10.1016/j.actatropica.2021.106206
https://doi.org/10.1016/j.actatropica.2008.08.009
https://doi.org/10.1016/j.actatropica.2008.08.009
https://doi.org/10.1017/S0031182016000925
https://doi.org/10.1590/s0074-02762010000500006
https://doi.org/10.1590/s0074-02762010000500006
https://doi.org/10.1111/zph.12808
https://doi.org/10.1098/rspb.2019.3018
https://doi.org/10.1016/j.actatropica.2007.11.003
https://doi.org/10.1016/j.actatropica.2007.11.003
https://doi.org/10.7717/peerj.9967
https://doi.org/10.7717/peerj.9967
https://doi.org/10.3390/pathogens9080661
http://refhub.elsevier.com/S0001-706X(21)00384-3/sbref0009
http://refhub.elsevier.com/S0001-706X(21)00384-3/sbref0009
http://refhub.elsevier.com/S0001-706X(21)00384-3/sbref0009
http://refhub.elsevier.com/S0001-706X(21)00384-3/sbref0009
https://doi.org/10.1016/j.actatropica.2020.105574
https://doi.org/10.1093/jmammal/gyy050
https://doi.org/10.1093/jmammal/gyy050
http://refhub.elsevier.com/S0001-706X(21)00384-3/sbref0012
http://refhub.elsevier.com/S0001-706X(21)00384-3/sbref0012
http://refhub.elsevier.com/S0001-706X(21)00384-3/sbref0012
https://doi.org/10.1371/journal.pntd.0007170
http://refhub.elsevier.com/S0001-706X(21)00384-3/sbref0014
http://refhub.elsevier.com/S0001-706X(21)00384-3/sbref0014
http://refhub.elsevier.com/S0001-706X(21)00384-3/sbref0014
http://refhub.elsevier.com/S0001-706X(21)00384-3/sbref0014
https://doi.org/10.1186/s13071-018-3067-2
https://doi.org/10.1016/s0169-4758(00)01724-5
https://doi.org/10.1017/S0031182009005861
https://clasificacionespecies.mma.gob.cl/
https://doi.org/10.7589/2018-04-095
https://doi.org/10.1111/mve.12064
http://refhub.elsevier.com/S0001-706X(21)00384-3/sbref0021
http://refhub.elsevier.com/S0001-706X(21)00384-3/sbref0021
http://refhub.elsevier.com/S0001-706X(21)00384-3/sbref0021
http://refhub.elsevier.com/S0001-706X(21)00384-3/sbref0021
https://doi.org/10.1371/journal.pone.0139999
https://doi.org/10.1016/j.actatropica.2007.05.019
https://doi.org/10.1016/j.actatropica.2007.05.019
https://doi.org/10.1016/j.actatropica.2017.05
https://doi.org/10.1016/j.actatropica.2017.05
https://doi.org/10.1080/09524622.2016.1231079
http://refhub.elsevier.com/S0001-706X(21)00384-3/sbref0026
http://refhub.elsevier.com/S0001-706X(21)00384-3/sbref0026
https://doi.org/10.1038/s41598-020-59054-8
https://doi.org/10.1038/s41598-020-59054-8
https://doi.org/10.1093/jmammal/gyw078
https://doi.org/10.7705/biomedica.5450
https://doi.org/10.7705/biomedica.5450

	Trypanosoma cruzi DNA in Desmodus rotundus (common vampire bat) and Histiotus montanus (small big-eared brown bat) from Chile
	Funding
	Declaration of Competing Interest
	Acknowledgments
	Supplementary materials
	References


