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Introduction: Bats have been reported as hosts of the Trypanosoma cruzi protozoan, the 
etiologic agent of American trypanosomiasis, an endemic zoonotic disease in México.
Objective: To describe T. cruzi infection in bats from the states of Campeche and Yucatán, 
México.
Materials and methods: Captures were made from March to November, 2017, at three sites 
in Yucatán and one in Campeche. Up to four mist nets on two consecutive nights were used 
for the capture. The bats’ species were identified and euthanasia was performed to collect 
kidney and heart samples for total DNA extraction. Trypanosoma cruzi infection was detected 
by conventional PCR with the amplification of a fragment belonging to the T. cruzi DNA nuclear.
Results: Eighty-six bats belonging to five families (Vespertilionidae, Noctilionidae, 
Mormoopidae, Phyllostomidae, and Molossidae) and 13 species (Rhogeessa aeneus, 
Noctilio leporinus, Pteronotus davyi, P. parnellii, Artibeus jamaicensis, A. lituratus, 
A. phaeotis, Glossophaga soricina, Carollia sowelli, Chiroderma villosum, Uroderma 
bilobatum, Sturnira parvidens, and Molossus rufus) were captured. Infection frequency 
by PCR was 30,2% (26/86) detected only in the renal tissue. The infected species were P. 
parnellii, G. soricina, A. lituratus, A. jamaicensis, S. parvidens, C. villosum, and R. aeneus. 
Conclusions: Our results confirmed the participation of several bat species as hosts in 
the T. cruzi transmission cycle in the region. Further studies are necessary to establish the 
importance of these animals in the zoonotic transmission of T. cruzi. 

Keywords: Trypanosoma cruzi; Chiroptera; infections; polymerase chain reaction; México.

Infección natural con Trypanosoma cruzi en murciélagos capturados en Campeche y 
Yucatán, México

Introducción. Los murciélagos se han reportado como huéspedes del protozoario 
Trypanosoma cruzi, agente etiológico de la tripanosomiasis americana, enfermedad 
zoonótica endémica en México. 
Objetivo. Describir la infección con T. cruzi en murciélagos capturados en los estados de 
Campeche y Yucatán, México. 
Materiales y métodos. Se realizaron capturas de marzo a noviembre de 2017 en tres sitios 
de Yucatán y uno de Campeche. Para la captura se emplearon hasta cuatro redes de niebla 
por dos noches consecutivas. Se identificó la especie de los murciélagos capturados y se les 
practicó la eutanasia para recolectar muestras de riñón y corazón, utilizadas posteriormente 
en la extracción de ADN total. La infección con T. cruzi se detectó por la amplificación con 
PCR convencional de un fragmento perteneciente al ADN nuclear de T. cruzi. 
Resultados. Se capturaron 86 murciélagos pertenecientes a cinco familias (Vespertilionidae, 
Noctilionidae, Mormoopidae, Phyllostomidae, Molossidae) y 13 especies (Rhogeessa 
aeneus, Noctilio leporinus, Pteronotus davyi, P. parnellii, Artibeus jamaicensis, A. lituratus, A. 
phaeotis, Glossophaga soricina, Carollia sowelli, Chiroderma villosum, Uroderma bilobatum, 
Sturnira parvidens y Molossus rufus). La PCR mostró una frecuencia de infección de 30,2 % 
(26/86), detectada únicamente en tejido renal. Las especies infectadas fueron P. parnellii, G. 
soricina, A. lituratus, A. jamaicensis, S. parvidens, C. villosum y R. aeneus. 
Conclusiones. Los resultados confirmaron la participación de varias especies de 
murciélagos como huéspedes en el ciclo de transmisión de T. cruzi en la región. Es 
necesario realizar más estudios para determinar la importancia de estos animales en la 
transmisión zoonótica de T. cruzi. 
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Palabras clave: Trypanosoma cruzi; quirópteros; infecciones; reacción en cadena de la 
polimerasa; México.

Trypanosoma cruzi (of the order Kinetoplastida) is a protozoan parasite 
recognized as the causative agent of Chagas disease or American 
trypanosomiasis, zoonotic disease with relevance in areas with poverty 
conditions and social inequality mainly in Central American countries (1).

In México, approximately 1,100,000 people may be infected with T. cruzi 
and 29,500,000 are at risk of infection (2). The Yucatán Peninsula (in the 
southeast of México), which includes the states of Campeche, Yucatán, 
and Quintana Roo, is an area with numerous cases, mostly due to the 
high abundance of Triatoma dimidiata in the peridomestic environment and 
eventually inside houses (3). According to the Mexican Dirección General de 
Epidemiología of the Secretaría de Salud, in 2017 seven cases of chronic 
American trypanosomiasis were registered in Campeche while 86 cases of 
chronic American trypanosomiasis and one of the acute form were registered 
in Yucatán (4).

Trypanosoma cruzi infects more than 400 species of mammals (5). The 
most important natural reservoirs are armadillos, wild rodents, and opossums 
that help to support the wild transmission cycle (1,6). Other animals such as 
dogs (7), pigs, sheep, horses (8), and synanthropic rodents (9,10) have also 
been described as T. cruzi accidental hosts.

Bats are the second most diverse group (after rodents) of mammals 
worldwide and they are distributed in all natural areas in México (11). 
These animals have ecological and commercial relevance because they 
are consumers of insects known as pests and they pollinate plants used in 
products for human consumption (12). However, bats are also recognized as 
natural reservoirs of different viruses (13) and accidental hosts of bacteria (14) 
and parasites (15) of relevance for public and animal health. 

Several studies have reported the involvement of bats in the T. cruzi 
transmission cycle, which has led to the formulation of the hypothesis that 
they are parasite ancestral hosts. Later, the parasite was genetically diversified 
and adapted to other vertebrate hosts (16). On the American continent, 
investigations with bats from Ecuador (17), Colombia (18), Argentina (19), 
México (20), and the United States of America (21) have been conducted 
where the importance of these mammals in the transmission risk of T. cruzi to 
other animals and human populations has been documented (17-21). In this 
context, our study aimed to describe T. cruzi infection in bats from Campeche 
and Yucatán, México, to contribute to the understanding of the intervention of 
bats in the T. cruzi transmission cycle. 

Materials and methods

Study sites

Captures were carried out in three sites in Yucatán state and one in 
Campeche, México. The sites were selected for their easy access on roads 
close to highways and the necessary infrastructure (electricity, clean running 
water, and ventilated rooms) to set up a field station.

Site I (Hobonil Ranch) was located in Tzucacab municipality, Yucatán 
(20° 01’ 00.9 “ N and 89° 01’ 11.8” W) and has a warm sub-humid climate 
with rainfall during summer and little thermal oscillation. Its average annual 
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temperature is 26,1° C, average annual rainfall, 1,097 mm, and average 
elevation, 40 m above mean sea level (mamsl) (22). The ranch’s vegetation 
is composed of medium sub-deciduous forest areas with different uses and 
areas with introduced species for pasture and forage (23).

Site II (Ich Ha Lol Xaan Recreational and Ecotourism Center) was located 
in the town of Hampolol, Campeche (19° 56’ 16” N and 90° 22’ 21” W). Its 
climate is tropical with rains in summer, an average annual temperature of 
26,6° C, and an average annual rainfall of 1,088 mm. The average elevation 
is 10 mamsl and the vegetation is composed of several types of tropical 
forests (medium sub-deciduous, medium sub-evergreen, and low flood sub-
evergreen), aquatic, and secondary vegetation (24).

Site III (San Francisco Ranch) was located in Panabá municipality, Yucatán 
(21° 21’ 48.2” N and 88° 19’ 23.6” W). It has a warm sub-humid climate with 
rains in summer, an average annual temperature of 25,6° C, and an average 
annual rainfall of 1,049 mm. The average elevation is 17 mamsl (25) and the 
vegetation is predominantly deciduous rainforest; however, due to agricultural 
and livestock activities, it has been profoundly transformed (26).

Site IV (Campus of Biological and Agricultural Sciences) was located in the 
Cuxtal Ecological Reserve, Mérida, Yucatán (20° 52' 02" N and 89° 37' 29" 
W). The climate is warm sub-humid with rains in summer, an average annual 
temperature of 26° C, and an average annual rainfall of 984,4 mm. The average 
elevation is 10 mamsl (27). The surface is mainly covered with secondary 
vegetation in different stages of regeneration (85 % of the total area) while the 
rest (15 %) is land with agricultural (cornfields, grasslands, henequenals, or 
other crops) or livestock uses, family gardens, streets, and houses (28).

Bat captures

The captures were carried out in March (site I), May (site II), August (site III), 
and November (site IV) 2017. Up to four mist nets (12 m wide x 2,5 m high) were 
installed on each study site in two consecutive nights, situated around bodies 
of water, fruit trees, cave entrances, or abandoned buildings. The nets were 
open from 6:00 p.m. to 11:00 p.m. and checked every 20-30 min (depending on 
the bats activity). All the captured bats were removed from the nets and were 
placed in a cloth bag. Subsequently, they were transported to the field station.

Individual variables register and biological samples conservation 

At the field station, euthanasia was performed in all the studied bats 
following the guidelines described by the American Veterinary Medical 
Association (29). Subsequently, we identified the species of each captured 
individual as described by Medellín, et al. (30), and Reid (31) and we 
registered their sex (male or female), reproductive status (mature or immature; 
in males, mature bats were individuals with descended testicles; in females, 
mature bats were pregnant or with alopecia areas around the nipples), and 
age (juvenile or adult, according to Torres-Castro, et al. (15)).

Heart (atria and ventricles) and kidney (cortex and pelvis) fragments 
from each bat were collected and deposited in a 1.5 ml microcentrifuge vial 
(Eppendorf™, Germany) with 99% ethanol. All the samples were stored 
at 4° C and transferred to the Laboratorio de Enfermedades Emergentes 
y Reemergentes at the Centro de Investigaciones Regionales “Dr. Hideyo 
Noguchi” of Universidad Autónoma de Yucatán where they were stored at 
-80° C until their use for total genomic DNA extraction.
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Total DNA extraction and quantification

Before the total DNA extraction, all tissues were washed to remove 
excess alcohol. Then, 25 mg of heart or kidney cut into small fragments were 
embedded in 25 µl of proteinase K (Omega Bio-tek Inc., USA) and lysis buffer; 
the mixture was incubated at 56° C overnight. Using a commercial kit (DNeasy 
Blood & Tissue Kit™, QIAGEN, Germany) and following the manufacturer’s 
specifications. DNA extraction was performed on 86 hearts and 70 kidneys 
(it was not possible to collect the kidney samples from the bats from site I, 
Hobonil Ranch). The extracted DNA was evaluated on a spectrophotometer 
(NanoDrop2000™, Thermo Scientific, USA) and then stored at -79° C.

Detection of Trypanosoma cruzi infection 

The T. cruzi detection was performed on all collected tissues by 
conventional PCR using the oligonucleotides TCZ1 and TCZ2, which amplify 
a tandem repeated fragment of 188 base pairs (bp) belonging to a region of 
the nuclear DNA of T. cruzi (32). 

The molecular reaction included the following reagents (final concentrations): 
1X PCR buffer, 2,5 mM of MgCl2, 0,2 µM of each oligonucleotide, 1 U Taq 
polymerase (Thermo Scientific, USA), 0,2 mM of dNTP’s, 3 μl of template DNA 
(heart or kidney), and molecular biology grade water sufficient for 25 μl (final 
volume). The conditions in the thermal cycler were a five-minute stage at 94° C 
followed by 35 cycles of ten seconds at 94° C, 30 seconds at 55° C, and 30 
seconds at 72° C. The final extension was for five minutes at 72° C.

All reactions included positive (genomic DNA extracted from rodent organs 
experimentally infected with a T. cruzi lineage I) and negative controls (all 
reaction reagents but with no template DNA). Electrophoresis was performed 
on 1% agarose gels stained with ethidium bromide. The gels were then 
visualized in a photo-documentation system (Bio-Rad, USA) to record the 
results. 

Statistical analysis

We used descriptive statistics to determine the T. cruzi infection frequency 
and the frequency of each variable (age, sex, and reproductive condition) 
collected in the studied bats. Additionally, we explored the association strength 
of each variable with the infection frequency using a chi-square test (c2). Data 
were analyzed on the Epiinfo™ program (version 7.2.3.0) (CDC, USA); p<0,05 
was considered the value of statistical significance. 

Bioethical guidelines

The Mexican Secretaría de Medio Ambiente y Recursos Naturales 
approved the extraction of the captured animals (minutes SGPA/DGVS/ 
03705/17 and SGPA/DGVS/01186/17). The Bioethics Committee of the 
Facultad de Medicina Veterinaria y Zootecnia (minutes CB-CCBA-I-2018-001) 
approved the capture, sacrifice, and biological sampling of the studied bats. 

Results

Eighty-six bats of 13 different species belonging to five families were 
captured. Table 1 shows the family with the greatest richness: Phyllostomidae 
with eight distinct species and the species with the highest number of 
individuals captured: A. jamaicensis, present in all study sites. 
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Table 1. Family, species, total number of captured and infected bats per study site in Yucatán and 
Campeche, Mexico

Table 2. Values and frequencies of the bats captured and infected 
with Trypanosoma cruzi in sites of Yucatán and Campeche, México

* n=86
** n=26

Family Species Site I 
n

Site II 
n

Site III
n

Site IV
n N Infected by species

(n) (%)

Vespertilionidae
Noctilionidae
Mormoopidae

Phyllostomidae

Molossidae

Rhogeessa aeneus
Noctilio leporinus
Pteronotus davyi
Pteronotus parnellii
Artibeus jamaicensis
Artibeus lituratus
Artibeus phaeotis
Glossophaga soricina
Carollia sowelli
Chiroderma villosum
Uroderma bilobatum
Sturnira parvidens
Molossus rufus

0
0
2
0
6
0
3
0
0
0
0
0
5

0
6
0
6
7
1
0
1
2
1
1
1
0

1
0
0
0

12
1
0
3
0
6
0
0
0

0
0
0
0

20
0
0
1
0
0
0
0
0

1
6
2
6

45
2
3
5
2
7
1
1
5

  1 (100)
  0     (0)
  0     (0)
  4   (66.7)
10   (22.2)
  2 (100)
  0     (0)
  4   (80)
  0     (0)
  4   (57.1)
  0     (0)
  1 (100)
  0     (0)

Total 16 26 23 21 86 26

Captured bats*
n   %

Bats infected with 
Trypanosoma cruzi**

n   %

Study sites
I
II
III
IV

16 (18.6)
26 (30.2)
23 (26.8)
21 (24.4)

  0   (0)
10 (38.5)
16 (61.5)
  0   (0)

Sex
Male
Female 

48 (55.8)
38 (44.2)

10 (38.5)
16 (61.5)

Age
Juvenile
Adults

28 (32.6)
58 (67.4)

  8 (30.8)
18 (69.2)

Reproductive condition
Active
Inactive

50
36

12 (46.2)
14 (53.8)

PCR results showed an overall infection rate of 30.2% (26/86). All positive 
reactions corresponded to renal tissue extractions. The species with infected 
individuals were: A. jamaicensis, G. soricina, C. villosum, P. parnellii, A. lituratus, 
R. aeneus, and S. parvidens, each one with different infection frequencies 
according to the number of captured individuals for each species (table 1). Of the 
infected bats, 16 were captured at site III (61.5%) and 10 at site II (38.5%). 

Table 2 shows the values and frequencies of the individual variables 
considered in the bat population under study, as well as those from bats 
infected with T. cruzi. The c2 test showed no significance for any of the 
evaluated cases (p>0.05).

Discussion

We captured individuals from five families and 13 species of bats, i.e., 
20.3% of the total number of species found in the Yucatán Peninsula (33). 
The most abundant species by capture was A. jamaicensis, which is widely 
distributed in the Yucatán Peninsula as it is tolerant to ecosystem fragmentation 
and can colonize a wide variety of natural or artificial shelters (34).
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In México, there are reports of T. cruzi natural infection in several bat 
species (20,35,36). In our study, five species were found to be infected in 
each state (Campeche and Yucatán) amounting to a total of seven distinct 
infected species in all the study sites. This diversity of infected species 
captured at specific sites underlines the need to evaluate T. cruzi distribution 
in the different epidemiological environments that could be influencing the 
transmission dynamics in bat populations, such as the abundance of other 
vertebrate hosts and the circulating species of insect vectors, as well as bat 
behavior and ecology (20,37,38).

In a first study conducted with bats from Molas, Yucatán, infection with T. 
cruzi was described in A. jamaicensis, A. lituratus, and S. parvidens (35). In 
this sense, our reports for C. villosum, G. soricina, and R. aeneus are the first 
in Yucatán. Additionally, in another study in bats from Calakmul, Campeche, A. 
jamaicensis, A. lituratus, S. parvidens, S. ludovici, C. brevicauda, and Myotis 
keaysi were found to be infected (20) while here we present unprecedented 
reports of T. cruzi infection in P. parnellii and G. soricina individuals captured 
in Campeche.

In a study on bats from Morelos (central México), T. cruzi infection was 
described in A. jamaicensis, G. soricina, S. parvidens, and Choeronycteris 
Mexicana (36). In the context of these findings and the results from studies on 
bats in Yucatán (35) and Campeche (20), we present here the first evidence 
of T. cruzi infection in C. villosum individuals captured in Mexico. Previously, 
Pteronotus parnellii had been reported as parasitized by T. cruzi in the state 
of Morelos (36).

At the international level, there are also reports of T. cruzi infection in bats 
of different genera. For example, in Colombia, infected individuals of Carollia, 
Desmodus, Glossophaga, Noctilio, Peropteryx, Phyllostomus, and Artibeus 
genera have been reported and A. lituratus and C. villosum species were 
suggested as T. cruzi accidental hosts (18), which coincides with our results. 
Likewise, in Ecuador, infections in individuals of Artibeus and Myotis genera 
and G. soricina species have been reported (17); this last species was also 
detected as infected in our study. In Brazil, A. lituratus and G. soricina were 
registered as accidental hosts for T. cruzi (39). In South America as well, 
specifically in Perú, infections in Phyllostomus, Diaemus, Trachops, and 
Desmodus specimens have been reported (37). However, none of these 
infected species coincide with those found in the bat population studied in 
Campeche and Yucatán, although it is important to note that not all species 
circulate in both study regions (Perú and México). 

There are several hypotheses about T. cruzi transmission routes to bat 
populations. These mammals are usually established in caves, trees, or 
artificial constructions (buildings and houses), places where T. dimidiata and 
other triatomines, as those reported in Ecuador, such as Cavernicola pilosa 
(associated with Myotis sp.) and Triatoma dispar (associated with Molossus 
molossus) have been detected (17). Cavernicola pilosa has also been found 
in roost sites of at least nine bat species within five families (40,41). 

These findings are relevant for human health because triatomines 
associated with bats species might opportunistically feed on and transmit 
trypanosomes to humans (17,38) and they also demonstrate that bats and 
triatomines share the same area and shelters considered to be restricted to 
sylvatic environments (17); therefore, there is a probability of T. cruzi vectorial 
transmission to bat populations (42,43). 
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In this context, in a study in which massive sequencing (12S RNA gene) 
was used to analyze the abdominal contents of 14 triatomines (T. dimidiata) 
collected in Yucatán, at least 14 species of vertebrate animals were described 
as food sources for these insects, among them, Artibeus bats; consequently, 
the authors concluded there is the probability that this bat genus participates 
in the stability of the T. cruzi transmission cycle contributing to the parasite 
enzootic expansion in the wild environments of the study region (5,16,44) 
since some Artibeus species (including A. jamaicensis) have been captured 
around and inside rural houses in the Yucatán Peninsula (35). 

Infections in bat species belonging to the insectivorous trophic level may 
have been caused by the intake of triatomines hosting the parasite. Thomas, 
et al. (45), confirmed this in Artibeus, Carollia, Glossophaga, and Molossus 
individuals when triatomines experimentally infected with T. cruzi were given 
to them for consumption. Finally, T. cruzi transmission during the gestation 
period (vertical or congenital), or the lactation stage, has also been described 
in bats (46).

The presence of T. cruzi DNA was only detected in the renal tissue of the 
studied bats. Although unexpected, as T. cruzi usually invades the cardiac 
cells (1), this may be explained by many factors, among them, the virulence 
of infectious strain (19). In this context, in experimental conditions is has been 
shown that a limited distribution in the affected vertebrate hosts’ organism can 
be generated depending on this characteristic (19,47,48). Likewise, T. cruzi 
did not persist in the cardiac tissue of experimentally infected mice (49,50).

Further studies are necessary to determine the infective strains in the 
bat populations of the region, as well as the distribution and the damage 
that the parasite may cause in organs and tissues (16). Infected bats with T. 
cruzi may have implications for public health (5,16,21,37) considering that 
T. dimidiata lodges in cracks or dark spaces in rural homes to feed on its 
inhabitants (42,43). In this respect, Ramírez, et al. (38) have shown through 
cloning and blood culture the infection with T. cruzi strains transmitted from 
bats to humans. Additionally, Villena, et al. (37), suggest that bats with chronic 
infections in their salivary glands can contaminate fruits and vegetables with 
viable parasites deposited in their saliva, which allows T. cruzi transmission 
to human populations and other susceptible animals through the intake of 
contaminated food.

References

1.	 Carrada-Bravo T. Trypanosoma cruzi: historia natural y diagnóstico de la enfermedad de 
Chagas. Rev Mex Patol Clin. 2004;51:205-19.

2.	 Salazar-Schettino PM, Cabrera-Bravo M, Vázquez-Antona C, Zenteno E, De Alba-Alvarado 
M, Torres-Gutiérrez E, et al. Chagas disease in Mexico: Report of 14 cases of chagasic 
cardiomyopathy in children. Tohoku J Exp Med. 2016;240:243-9. https://doi.org/10.1620/
tjem.240.243

3.	 Waleckx E, Camara-Mejia J, Ramírez-Sierra MJ, Cruz-Chan V, Rosado-Vallado M, Vázquez-
Narváez S, et al. An innovative ecohealth intervention for Chagas disease vector control in 
Yucatán, México. Trans R Soc Trop Med Hyg. 2015;109:143-9. 
https://doi.org/10.1093/trstmh/tru200

4.	 Dirección General de Epidemiología (DGE). Secretaría de Salud (SSA). Anuarios de 
morbilidad. Fecha de consulta: 12 de mayo del 2020. Disponible en: https://www.gob.mx/
salud/documentos/datos-abiertos-152127?idiom=es 

5.	 Nichols MD, Lord WD, Haynie ML, Brennan RE, Jackson VL, Monterroso WS. Trypanosoma 
cruzi in a Mexican free-tailed bat (Tadarida brasiliensis) in Oklahoma, USA. J Wildl Dis. 
2019;55:444-8. https://doi.org/10.7589/2018-04-095

https://doi.org/10.1620/tjem.240.243
https://doi.org/10.1620/tjem.240.243
https://doi.org/10.1093/trstmh/tru200
https://www.gob.mx/salud/documentos/datos-abiertos-152127?idiom=es
https://www.gob.mx/salud/documentos/datos-abiertos-152127?idiom=es
https://doi.org/10.7589/2018-04-095


138

Torres-Castro M, Cuevas-Koh N, Hernández-Betancourt S, et al. Biomédica 2021;41(Supl.1):131-40

6.	 Bern C, Kjos S, Yabsley MJ, Montgomery SP. Trypanosoma cruzi and Chagas’ disease in the 
United States. Clin Microbiol Rev. 2011;24:655-81. https://doi.org/10.1128/CMR.00005-11

7.	 Mejía A, Portugal-García C, Chávez-López V, García-Vázquez Z, Ramos C. Evidencia 
serológica de infección por Trypanosoma cruzi en perros atendidos en clínicas veterinarias 
del área conurbada de Cuernavaca, Morelos. Salud Pública Mex. 2017;59:205-6. 
https://doi.org/10.21149/7945

8.	 Ruiz-Piña H, Gutiérrez-Ruiz E, Escobedo-Ortegón F, Rodríguez-Vivas R, Bolio-González M, 
Ucan-Leal D. Prevalence of Trypanosoma cruzi in backyard mammals from a rural comunity 
of Yucatán, México. Trop Subtrop Agroecosystems. 2018;21:367-71.

9.	 Panti-May JA, DE Andrade RRC, Gurubel-González Y, Palomo-Arjona E, Sodá-Tamayo L, 
Meza-Sulú J, et al. A survey of zoonotic pathogens carried by house mouse and black rat 
populations in Yucatán, México. Epidemiol Infect. 2017;145:2287-95. 
https://doi.org/10.1017/S0950268817001352

10.	 Ucan-Euan F, Hernández-Betancourt S, Arjona-Torres M, Panti-May A, Torres-Castro M. 
Estudio histopatológico de tejido cardiaco de roedores infectados con Trypanosoma cruzi 
capturados en barrios suburbanos de Mérida, México. Biomédica. 2019;39(Supl.2):32-43. 
https://doi.org/10.7705/biomedica.v39i3.4192

11.	 Sánchez O. Murciélagos de México. CONABIO. Biodiversitas. 1998;20:1-11.

12.	 Jones G, Jacobs DS, Kunz TH, Willig MR, Racey PA. Carpe noctem: The importance of bats 
as bioindicators. Endanger Species Res. 2009;8:93-115. https://doi.org/10.3354/esr00182

13.	 Hui-Ju H, Hong-Ling W, Chuan-Min Z, Fang-Fang C, Li-Mei L, Jian-Wei L, et al. Bats as 
reservoirs of severe emerging infectious diseases. Virus Res. 2015;205:1-6. 
https://doi.org/10.1016/j.virusres.2015.05.006

14.	 Torres-Castro M, Febles-Solís V, Hernández-Betancourt S, Noh-Pech H, Estrella E, Peláez-
Sánchez R, et al. Leptospira patógenas en murciélagos de Campeche y Yucatán, México. 
Rev MVZ Cordoba. 2020;25:e1815. https://doi.org/10.21897/rmvz.1815

15.	 Torres-Castro M, Muñoz-Dueñas D, Hernández-Betancourt S, Bolio-González M, Noh-
Pech H, Peláez-Sánchez R, et al. Infección con Toxoplasma gondii (Eucoccidiorida: 
Sarcocystidae) en murciélagos de Campeche y Yucatán, México. Rev Biol Trop. 2019;67:633-
42. https://doi.org/10.15517/rbt.v67i2.35147 

16.	 Pinto CM, Kalko EKV, Cottontail I, Wellinghausen N, Cottontail VM. TcBat a bat-exclusive 
lineage of Trypanosoma cruzi in the Panama Canal Zone, with comments on its 
classification and the use of the 18S rRNA gene for lineage identification. Infect Genet Evol. 
2012;12:1328-32. https://doi.org/10.1016/j.meegid.2012.04.013

17.	 Pinto CM, Ocaña-Mayorga S, Tapia EE, Lobos SE, Zurita AP, Aguirre-Villacís F, et al. Bats, 
Trypanosomes, and Triatomines in Ecuador: New insights into the diversity, transmission, 
and origins of Trypanosoma cruzi and Chagas disease. PloS ONE. 2015;10:e0139999. 
https://doi.org/10.1371/journal.pone.0139999

18.	 Marinkelle CJ. Prevalence of Trypanosoma cruzi-like infection of Colombian bats. Ann Trop 
Med Parasitol. 1982;76:125-34. https://doi.org/10.1080/00034983.1982.11687517 

19.	 Argibay HD, Orozco MM, Cardinal MV, Rinas MA, Arnaiz M, Mena-Segura C, et al. First 
finding of Trypanosoma cruzi II in vampire bats from a district free of domestic vector-borne 
transmission in northeastern Argentina. Parasitology. 2016;143:1358-68. 
https://doi.org/10.1017/S0031182016000925

20.	 López-Cancino SA, Tun-Ku E, De la Cruz-Felix HK, Ibarra-Cerdeña CN, Izeta-Alberdi 
A, Pech-May A, et al. Landscape ecology of Trypanosoma cruzi in the southern Yucatan 
Peninsula. Acta Trop. 2015;151:58-72. https://doi.org/10.1016/j.actatropica.2015.07.021

21.	 Hodo CL, Goodwin CC, Mayes BC, Mariscal JA, Waldrup KA, Hamer SA. Trypanosome 
species, including Trypanosoma cruzi, in sylvatic and peridomestic bats of Texas, USA. Acta 
Trop. 2016;164:259-66. https://doi.org/10.1016/j.actatropica.2016.09.013

22.	 Secretaría de Fomento Económico (SEFOE). Tzucacab. Fecha de consulta: 10 de agosto 
del 2019. Disponible en: http://www.sefoe.yucatan.gob.mx/secciones/ver/tzucacab 

23.	 Martínez-Noble JI, Meléndez-Ramírez V, Delfín-González H, Pozo C. Mariposas de la selva 
mediana subcaducifolia de Tzucacab, con nuevos registros para Yucatán, México. Rev Mex 
Biodivers. 2015;86:348-57. https://doi.org/10.1016/j.rmb.2015.04.010

24.	 Gutiérrez-Báez C, Zamora-Crescencio P, Puc-Garrido E. Estructura y composición florística 
de la selva mediana subperennifolia de Hampolol, Campeche, México. For Ver. 2013;15:1-8.

https://doi.org/10.1128/CMR.00005-11
https://doi.org/10.21149/7945
https://doi.org/10.1017/S0950268817001352
https://doi.org/10.7705/biomedica.v39i3.4192
https://doi.org/10.3354/esr00182
https://doi.org/10.1016/j.virusres.2015.05.006
https://doi.org/10.21897/rmvz.1815
https://doi.org/10.15517/rbt.v67i2.35147
https://doi.org/10.1016/j.meegid.2012.04.013
https://doi.org/10.1371/journal.pone.0139999
https://doi.org/10.1080/00034983.1982.11687517
https://doi.org/10.1017/S0031182016000925
https://doi.org/10.1016/j.actatropica.2015.07.021
https://doi.org/10.1016/j.actatropica.2016.09.013
http://www.sefoe.yucatan.gob.mx/secciones/ver/tzucacab
https://doi.org/10.1016/j.rmb.2015.04.010


139

Trypanosoma cruzi in bats from Yucatán and CampecheBiomédica 2021;41(Supl.1):131-40

25.	 Secretaría de Fomento Económico (SEFOE). Panabá. Fecha de consulta: 10 de agosto del 
2019. Disponible en: http://www.sefoe.yucatan.gob.mx/secciones/ver/panaba

26.	 Magaña-Rueda S, Santos-Flores J, Castillo-Caamal J. Identificación y uso de la vegetación 
nativa en ranchos de doble propósito en el Oriente de Yucatán. Bioagrociencias. 2015;8:17-22.

27.	 Simei M, Campos B, Jiménez-Osornio J, Barrientos MR. Fenología y producción de frutos de 
plantaciones de siricote (Cordia dodecandra A. DC.) bajo tres tipos de manejo en X’matkuil, 
Yucatán, México. Polibotánica. 2016;41:115-31. https://doi.org/10.18387/polibotanica.41.8 

28.	 Panti-May JA, Hernández-Betancourt S, Ruiz-Piña H, Medina-Peralta S. Abundance and 
population parameters of commensal rodents present in rural households in Yucatan, 
Mexico. Int Biodeter Biodegr. 2012;66:77-81. https://doi.org/10.1016/j.ibiod.2011.10.006 

29.	 Leary S, Underwood W, Cartner S, Corey D, Grandin T, Greenacre C, et al. AVMA Guidelines 
for the euthanasia of animals: 2013 edition. Illinois (USA): American Veterinary Medical 
Association; 2013. p. 102.

30.	 Medellín RA, Arita WHT, Sánchez O. Identificación de los murciélagos de México: clave de 
campo. México: Asociación Mexicana de Mastozoología, A.C.; 1997. p. 83.

31.	 Reid F. A field guide to the mammals of America Central and Southeast México. Second 
edition. New York: Oxford University Press; 2009. p. 384.

32.	 Moser DR, Kirchhoff LV, Donelson JE. Detection of Trypanosoma cruzi by DNA amplification 
using the polymerase chain reaction. J Clin Microbiol. 1989;27:1477-82.

33.	 Sosa-Escalante JE, Hernández-Betancourt S, Pech-Canché JM, MacSwiney GCM, Díaz-
Gamboa R. Los mamíferos del estado de Yucatán. Rev Mexicana Mastozoo (Nueva Época). 
2014;4:40-59. https://doi.org/10.22201/ie.20074484e.2014.4.1.190

34.	 Ortega J, Castro-Arellano I. Artibeus jamaicensis. Mamm species. 2001;662:1-9. 

35.	 Córdova-Aldana D, Escobedo-Ortegón JE, Hernández-Betancourt S, Ruiz-Piña HA. Los 
murciélagos en el ciclo de transmisión de Trypanosoma cruzi en el peridomicilio rural. 
En: Pacheco-Castro J, Lugo-Pérez JA, Tzuc-Canché L, Ruíz-Piña HA editores. Estudios 
multidisciplinarios de las enfermedades zoonóticas y ETVs en Yucatán. Mérida (México): 
Ediciones de la Universidad Autónoma de Yucatán; 2013. p. 233-46.

36.	 Villegas-García JC, Santillán-Alarcón S. Sylvatic focus of American Trypanosomiasis in the 
State of Morelos, México. Rev Biol Trop. 2001;49:685-8.

37.	 Villena FE, Gómez-Puerta LA, Jhonston EJ, Del Alcázar OM, Maguiña JL, Albujar C, et 
al. First report of Trypanosoma cruzi infection in salivary gland of bats from the Peruvian 
Amazon. Am J Trop Med Hyg. 2018;99:723-8. https://doi.org/10.4269/ajtmh.17-0816

38.	 Ramírez JD, Hernández C, Montilla M, Zambrano P, Flórez AC, Parra E, et al. First report of 
human Trypanosoma cruzi infection attributed to TcBat genotype. Zoonoses Public Health. 
2014;61:477-9. https://doi.org/10.1111/zph.12094

39.	 Dos Santos FCB, Lisboa CV, Xavier SCC, Dario MA, Verde RS, Calouro AM, et al. 
Trypanosoma sp. diversity in Amazonian bats (Chiroptera; Mammalia) from Acre State, Brazil. 
Parasitology. 2018;145:828-37. https://doi.org/10.1017/S0031182017001834

40.	 Lent H, Wygodzinsky P. Revision of the Triatominae (Hemiptera, Reduviidae), and their 
significance as vectors of Chagas’ disease. Bull Am Mus Nat Hist. 1979;163:123-520.

41.	 Oliveira MA, Lopes-Ferreira R, Carneiro MA, Diotaiuti L. Ecology of Cavernicola pilosa 
Barber, 1937 (Hemiptera: Reduviidae: Triatominae) in the Boa Esperança cave, Tocantins, 
Brazil. Ecotropica. 2008;14:63-8.

42.	 Reyes-Novelo E, Ruiz-Piña H, Escobedo-Ortegón J, Barrera-Pérez M, Manrique-Saide 
P, Rodríguez-Vivas RI. Triatoma dimidiata (Latreille) abundance and infection with 
Trypanosoma cruzi in a rural community of Yucatan, Mexico. Neotrop Entomol. 2013;42:317-
24. https://doi.org/10.1007/s13744-013-0120-x

43.	 Dumonteil E, Gourbière S, Barrera-Pérez M, Rodríguez-Félix E, Ruiz-Piña H, Baños-
López O, et al. Geographic distribution of Triatoma dimidiata and transmission dynamics of 
Trypanosoma cruzi in the Yucatán, peninsula of México. Am J Trop Med Hyg. 2002;67:176-
83. https://doi.org/10.4269/ajtmh.2002.67.176

44.	 Dumonteil E, Ramírez-Sierra MJ, Pérez-Carrillo S, Teh-Poot C, Herrera C, Gourbière 
S, et al. Detailed ecological associations of triatomines revealed by metabarcoding and 
next-generation sequencing: Implications for triatomine behavior and Trypanosoma cruzi 
transmission cycles. Sci Rep. 2018;8:4140. https://doi.org/10.1038/s41598-018-22455-x

http://www.sefoe.yucatan.gob.mx/secciones/ver/panaba
https://doi.org/10.18387/polibotanica.41.8
https://doi.org/10.1016/j.ibiod.2011.10.006
https://doi.org/10.22201/ie.20074484e.2014.4.1.190
https://doi.org/10.4269/ajtmh.17-0816
https://doi.org/10.1111/zph.12094
https://doi.org/10.1017/S0031182017001834
https://doi.org/10.1007/s13744-013-0120-x
https://doi.org/10.4269/ajtmh.2002.67.176
https://doi.org/10.1038/s41598-018-22455-x


140

Torres-Castro M, Cuevas-Koh N, Hernández-Betancourt S, et al. Biomédica 2021;41(Supl.1):131-40

45.	 Thomas ME, Rasweiler IV JJ, D’Alessandro A. Experimental transmission of the parasitic 
flagellates Trypanosoma cruzi and Trypanosoma rangeli between triatomine bugs or mice 
and captive neotropical bats. Mem Inst Oswaldo Cruz. 2007;102:559-65. 
https://doi.org/10.1590/s0074-02762007005000068

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

47.	 Martínez-Díaz RA, Escario JA, Nogal-Ruiz JJ, Gómez-Barrio A. Biological characterization 
of Trypanosoma cruzi strains. Mem Inst Oswaldo Cruz. 2001;96:53-9. 
https://doi.org/10.1590/s0074-02762001000100006

48.	 Roellig DM, Yabsley MJ. Infectivity, pathogenicity, and virulence of Trypanosoma cruzi 
isolates from sylvatic animals and vectors, and domestic dogs from the United States in ICR 
strain mice and SD strain rats. Am J Trop Med Hyg. 2010; 83:519-22. 
https://doi.org/10.4269/ajtmh.2010.09-0663

49.	 Andrade LO, Machado CRS, Chiari E, Pena SDJ, Macedo AM. Differential tissue 
distribution of diverse clones of Trypanosoma cruzi in infected mice. Mol Biochem Parasitol. 
1999;100:163-72. https://doi.org/10.1016/s0166-6851(99)90035-x

50.	 Zúñiga C, Vargas R, Vergara U. Evolución de la infección con Trypanosoma cruzi en cepas 
susceptibles y resistentes de ratones. Arch Med Vet. 2002;34:183-8. 
http://dx.doi.org/10.4067/S0301-732X2002000200004

https://doi.org/10.1590/s0074-02762007005000068
https://doi.org/10.1016/j.actatropica.2008.08.009
https://doi.org/10.1590/s0074-02762001000100006
https://doi.org/10.4269/ajtmh.2010.09-0663
https://doi.org/10.1016/s0166-6851(99)90035-x
http://dx.doi.org/10.4067/S0301-732X2002000200004

