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Abstract
Several bat species can be infected by trypanosomes, but there is not much information about which of these parasites infect bats
from Triângulo Mineiro and Alto Paranaíba, Minas Gerais state, Brazil, a formerly endemic region for Trypanosoma cruzi, the
causative agent of Chagas disease. The aim of this study was to describe, characterize, and identify the presence of trypanosomes
in bats. The captured bats (448) belong to four families and to 19 different species. Of those, 37 bats were found to be positive for
trypanosomes by microhematocrit, (infection rate 8.3%) and 27 were positive after hemoculture analysis. Initially, the isolates
were identified by PCR (18S rDNA, 24Sα rDNA, spliced leader, COII RFLP-PCR) using primers originally designed for
T. cruzi. PCRs (18S rDNA, 24Sα rDNA) showed compatible bands for TcI, whereas COII RFLP-PCR showed a similar pattern
associated to TcII. However, there was no DNA amplification using spliced leader as a target, revealing a discrepancy between
the results. Phylogenetic analysis of Cathepsin L-like and 18S rDNA sequences proved that 15 of the isolates corresponded to
Trypanosoma cruzi marinkellei and one to Trypanosoma dionisii. These results revealed that the diversity of trypanosome species
in a region considered endemic for Chagas disease is greater than previous descriptions. All this can confirm the necessity of
using DNA sequencing approaches in order to determinate trypanosomes species isolated from bats.
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Introduction

Bats influence the ecosystem dynamics where they are found,
acting as pollinators, seed dispersers, animal population regu-
lators, or even as hosts of different virus, fungi, nematodes,

and trypanosomatid species (Brener and Andrade 1979;
Jansen et al. 2015). Trypanosoma cruzi, the causative agent
of Chagas disease, is divided into two subspecies: T. c. cruzi
and T. c. marinkellei (Baker et al. 1978). Phylogenetic studies
have demonstrated that T. cruzi clade presents a group of
approximately 18 species, of these, only T. c. cruzi species is
not restricted to bats (Molyneux 1991; Cottontail et al. 2014;
Lima et al. 2013). It has been suggested that this parasite’s
adaptation to a wide variety of vertebrate hosts was a charac-
teristic acquired from an ancestral trypanosome restricted to
bats (Barnabé et al. 2003; Hamilton et al. 2012; Lima et al.
2015). T. cruzi is a genotypically heterogeneous species that
has been divided into six discrete typing units (DTUs) (TcI-
TcVI), besides Tcbat, a T. cruzi genotype associated to bats in
South and Central America (Zingales et al. 2012; Marcili et al.
2009; Lima et al. 2015).

T. c. marinkellei which is restricted to bats does not infect
mice and is transmitted by triatomines of the genus
Cavernicola (Marinkelle 1976; Marinkelle 1982).
Meanwhile, Tcbat that was initially detected in the Brazilian
Amazon region (Marcili et al. 2009) infects mice and was
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found in a Colombian child and in pre-Columbian mummies
in Chile (Guhl et al. 2014; Ramírez et al. 2014). Moreover,
other trypanosomes as T. dionisii, T. rangeli, T. conorhini,
T. evansi, and T. theileri have been described in bats
(Cottontail et al. 2009; García et al. 2012; Marcili et al.
2009; Maia da Silva et al. 2009; Pinto et al. 2012; Ramírez
et al. 2014; Lima et al. 2015; Dario et al. 2017).

Recent studies regarding the genetic diversity of T. cruzi
isolated from bats based on molecular techniques (miniexon,
18S rDNA, 24Sα rDNA, histone genes, cytochrome b, and
glycosomal GAPDH) have demonstrated the presence of the
genetic groups TcI, TcII, and TcIII (Lisboa et al. 2008; Añez
et al. 2009; Maia da Silva et al. 2009; Cavazzana et al. 2010;
Lima et al. 2015; Argibay et al. 2016; Dario et al., 2017) and
Tcbat (Marcili et al. 2009; Pinto et al. 2012; Lima et al. 2015).
Besides T. cruzi, there are around nine species described in
Europe, America, and Australia that were found infecting bats
(Ewers 1974; Gardner and Molyneux 1988; Marinkelle 1976;
Cavazzana et al. 2010; Lima et al. 2015; Dario et al. 2017).
These species are especially important due to their high prev-
alence and their morphological, biochemical, and
phylogenetical similarities with T. cruzi (Marinkelle 1976;
Baker et al. 1978; Steindel et al. 1998; Barnabé et al. 2003,
Lima et al. 2012a). In Latin America, trypanosomes species
described in bats are T. cruzi, Tcbat, T. cruzi marinkellei,
T. rangeli, T. dionisii, T. desterrensis, and T. hastatus in
Brazil (Teixeira et al. 1993; Steindel et al. 1998; Grisard
et al. 2003; Lisboa et al. 2008; Maia da Silva et al. 2009;
Cavazzana et al. 2010; Marcili et al. 2013; Costa et al. 2016,
Lima et al. 2015; Dario et al. 2017); T. cruzi in Argentina
(Argibay et al. 2016); T. cruzi marinkellei and T. dionisii in
Bolivia (Garcia et al. 2012); T. cruzi, Tcbat, T. cruzi
marinkellei, and T. rangeli in Panama (Cottontail et al. 2009;
Pinto et al. 2012); and T. cruzi, Tcbat, T. c. marinkellei,
T. dionisii, T. rangeli, T. evansi, and T. theileri in Colombia
(Ramírez et al. 2014).

Several targets are used to discriminate trypanosomes spe-
cies detected in bats, such as SSU rRNA (18S or small subunit),
ITS rDNA, gGAPDH (glycosomal glyceraldehyde 3-
phosphate dehydrogenase), spliced leader, mitochondrial genes
(kDNA, cythocrome oxidase, cytochrome b), and Cathepsin L-
like genes (Barnabé et al. 2003; Maia da Silva et al. 2009;
Marcili et al. 2009, Cortez et al. 2009; Cavazzana et al. 2010;
Lima et al. 2012b; García et al. 2012; Pinto et al. 2012; Ramírez
et al. 2014). However, most of them require isolation of para-
sites and direct sequencing for species discrimination.

The Triângulo Mineiro and Alto Paranaíba regions located
at the Minas Gerais state in Brazil were considered endemic
areas for Chagas disease. In these regions, there are no reports
of bats naturally infected by trypanosomes. Based on this in-
formation, the aim of this study was to describe, characterize,
and identify the presence of trypanosomes in bats captured in
those areas.

Materials and methods

Study area and capture of bats

The bats were captured around different rural regions from
Triangulo Mineiro (Água Comprida; Conceição das
Alagoas, Conquista; Uberaba; Uberlândia) and Alto
Paranaíba (Araxá; Nova Ponte and Perdizes). These regions
belong to the Brazilian savanna known as cerrado areas
(Rizzini 1997). Its climate is described as tropical savannah,
with two defined seasons, dry (from April to September) and
rainy (from October to March). The region’s annual precipi-
tation varies between 1400 and 17,000 mm, and it is higher
between December and February (Motta 1993). The bat cap-
ture sessions took place at night. Four mist nets of 7 m in
length by 2 m in height were used and armed for 6 h/night
(6 pm to 0 am) close to bat feeding sources and day shelters.
Surveys were made at short time intervals. Taxonomic keys
were used for bat classification (Vizotto and Taddei 1973;
Reis et al. 2007). The animals were sacrificed by intramuscu-
lar administration of xylazine (Rompun®Bayer, Brazil) 3 mg/
kg associated with ketamine (Ketalar® Pfizer, Brazil) 30 mg/
kg. In cases of uncertainty regarding identification, some
specimens were collected, prepared by wet route and sent
for identification, and deposited, as specimen-testimony, in
the Collection of the Department of Zoology of the
Department of Biology at the Universidade Federal de
Lavras (UFLA). The determination of the preferential food
habit will be carried out in the future.

Blood collection and Trypanosoma spp. isolation

Depending on the weight of each captured bat, 0.5 to 3 mL of
blood was collected in aseptic conditions by cardiac puncture.
Blood samples were evaluated by microhematocrit and
hemoculture in LIT medium (liver infusion tryptose—NaCl
0.4%; KCl 0.04%; Na2HPO4 0.8%; glucose 0.2%; tryptose
0.5%; liver infusion 0.5%; hemoglobin 2.0%; gentamicin
0.024 mg/mL; penicillin G 500 UI/mL) (Camargo 1964;
Woo 1970).

DNA extraction and PCR

DNA extraction from parasite pellets was performed by tra-
ditional phenol-chloroform method (Gomes et al. 1998).
Initially, T. c. cruzi DTUs and T. rangeli were assessed by
five different PCR protocols (Table 1).We analyzed the 24α
rDNA locus in order to accomplish two goals, first, deter-
mine T. c. cruzi and T. rangeli by a multiplex PCR (Souto
et al. 1999) and second, by the amplification of the D7 di-
vergent domain (Souto and Zingales 1993) in order to char-
acterize the different T. c. cruzi DTUs. Also, the amplifica-
tion of the variable site domain of rDNA 18s gene (Yeo et al.
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2005), the spliced leader sequence (Burgos et al. 2007), and
the mitochondrial cytochrome oxidase subunit II gene
(COII RFLP-PCR) (Freitas et al. 2006) were used for T. c
cruzi incrimination. All sequence and primer names are de-
tailed in Table 1.

For Cathepsin L-like enzyme catalytic domain (Cat-L),
amplifications of a 500-bp fragment by DTO154 and
DTO155 primers were used (Table 1) (Cortez et al. 2009).
For 18S rDNA gene, a 568-bp fragment was amplified by
specifically designed primers for this work (EB18SF and
EB18SR), based on a T. cruzi marinkellei sequence avail-
able at GenBank (accession number FJ001665) (Table 1).
PCR was performed in a final volume of 30 μL containing
3.5 mM MgCl2, 1 U Taq DNA polymerase (Recombinant,
Fermentas Life Sciences), 0.4 mM of each dNTP, 1.5 ρmol/
μL of each primer, and 30 ηg de DNA. The amplification
program had an initial denaturation of 4 min at 95 °C, 30
cycles (95, 50, e 72 °C/1 min), followed by a final extension
of 10 min at 72 °C. The thermocycler used was the MJ
Research PTC-100 (Inc. Watertown, MA, USA). PCR prod-
ucts were visualized in 0.8% agarose gel in TBE 1× (89 mM
Tris-borate, 2 mM EDTA pH 8.0) and stained with
GelRed™ 1× (Biotium, Inc. CA). The bands were

visualized in UV transilluminator, and the DNA purification
was conducted by extracting the specific bands from aga-
rose gels, using the Corning® Costar® Spin-X® (Sigma-
Aldrich, USA) method.

Trypanosoma species identification

PCR products of Cathepsin L-like (500 bp) and 18S rDNA
(568 bp) genes were sequenced using the BigDye Terminator
Cycle Sequencing kit, version 3.1 (ABI PRISM™) and proc-
essed with the 3130 XL Genetic Analyzer (Applied
Biosystems), according to manufacturer instructions. The
chromatograms were analyzed using ChromasPro 2.1.4
(Technelysium, Pty, Ltd.) and a consensus sequence was gen-
erated. The Phred value considered was > 20. Sequences were
aligned using muscle algorithm included in SeaView 4.5.2
software (Gouy et al., 2010). Neighbor-joining and
maximum-likelihood phylogenetic methods were performed
on MEGA 7 with 1000 bootstrap iterations (Kumar et al.
2016). The sequences are available under KX833232 to
KX833246, KX826485 to KX826500 and KY287667 acces-
sion numbers.

Table 2 Preferential feeding habits and positivity for Trypanosoma spp. (cultures and blood samples) of bats captured in different cities of Triângulo
Mineiro and Alto Paranaíba regions, Minas Gerais state, Brazil

Family Species N (%) Preferential feeding habits Local of capture Positivity for Trypanosoma spp.

Blood samples (%) Cultures (%)

Phyllostomidae Anoura caudifera 16 (3.57%) Nectarivorous AC; CO; PE 4/16 (25%) 0

Glossophaga soricina 212 (47.31%) Nectarivorous AC; AR; CO; NP;
UB; PE

5/212 (2.4%) 1/212 (0.5%)

Carollia perspicillata 36 (8.04%) Frugivorous AC; CO; PE 9/36 (25%) 3/36 (8.3%)

Artibeus cinereus 2 (0.45%) Frugivorous UR 0 0

Artibeus obscurus 3 (0.67%) Frugivorous PE 0 1/3 (33.3%)

Artibeus planirostris 6 (1.34%) Frugivorous AC; PE 1/6 (16.7%) 4/6 (66.7%)

Platyrrhinus lineatus 11 (2.46%) Frugivorous AC; CO; PE; UR 0 0

Sturnira lilium 8 (1.79%) Frugivorous AC; PE 0 0

Desmodus rotundus 31 (6.92%) Hematophagous AC; PE; UB;UR 0 0

Phyllostomus hastatus 34 (7.59%) Omnivorous PE; UB 16/34 (47.1%) 16/34 (47.1%)

Phyllostomus discolor 2 (0.45%) Omnivorous UR 2/2 (100%) 2/2 (100%)

Molossidae Eumops perotis 18 (4.02%) Insectivorous AC 0 0

Molossops neglectus 2 (0.45%) Insectivorous CO 0 0

Molossops temminckii 1 (0.22%) Insectivorous UR 0 0

Molossus molossus 61 (13.61%) Insectivorous UB 0 0

Nyctinomops laticaudatus 2 (0.45%) Insectivorous AR; UB 0 0

Tadarida brasiliensis 1 (0.22%) Insectivorous UB 0 0

Noctilionidae Noctilio albiventris 1 (0.22%) Insectivorous CA 0 0

Vespertilionidae Eptesicus furinalis 1 (0.22%) Insectivorous AC 0 0

Total – 448 (100) – – 37 27

AC Água Comprida, Ar Araxá, CA Conceição das Alagoas, Co Conquista, NP Nova Ponte, Pe Perdizes, Ub Uberaba, Ur Uberlândia

740 Parasitol Res (2018) 117:737–746



Ethical considerations

All procedures were taken in accord with the Ethics
Committee for Animals Use (CEUA), Universidade Federal
do Triângulo Mineiro (approved protocols no 51), following
the recommendations of the Brazilian Institute of the
Environment and Renewable Natural Resources (IBAMA:
license number: 076/2003, 121/2004, 143/06 and 13206-1).

Results

Diversity of capture bats and positivity
for Trypanosoma spp. infection

A total of 448 bats were captured representing four families:
Phyllostomidae (n = 361, 80.6%), Molossidae (n = 85, 19%),
Noctilionidae (n = 1, 0.2%), and Vespertilionidae (n = 1,
0.2%) of 15 different species (Table 2). Trypanosomes were
detected in 8.3% (37/448) of blood samples analyzed by
microhematocrit and 6% (27/448) of hemoculture in LIT me-
dium (Table 2). However, from these 27 strains, only 16 sur-
vived in LIT culture during the time required for DNA extrac-
tion. Bats found parasitized by Trypanosoma spp. belong to
the following species: Anoura caudifera (4/16), Glossophaga
soricina (5/212), Carollia perspicillata (9/36), Artibeus
planirostris (1/6), Phyllostomus hastatus (16/34), and
Phyllostomus discolor (2/2) (Table 3).

Identification of Trypanosoma species

The DNA samples were analyzed by PCRs with two targets of
24Sα rDNA (Souto and Zingales, 1993; Souto et al. 1999)
and one target of 18S rDNA (Yeo et al. 2005). The multiplex
PCR directed to the D7 divergent domain of the 24Sα rDNA
gene amplified a 250-bp fragment in all samples (Table 3,
Fig. 1a). This size is compatible with the 250-bp fragment
found in the TcI control sample. We did not detect amplifica-
tion products with sizes compatible with T. rangeli control.
The PCR directed to the D7 divergent domain of the 24Sα
rDNA amplified a fragment of 110 bp in all samples (Table 3,
Fig. 1b). The size of the detected fragment is compatible with
the 110 bp fragment of TcI. On COII RFLP-PCR, 14 isolates
(EM001, EM051, EM239, EM242, EM243, EM245, EM362,
EM364, EM367, EM369, EM370, EM441, EM465, EM466)
showed a similar pattern with TcII (212 bp) and only one
(EM437) exhibited a band of > 300 bp (Table 3, Fig. 1c).
PCR analysis of the 18S rDNA locus revealed the amplifica-
tion of a 160-bp fragment in all samples (Table 3, Fig. 1d).
Again, the fragment detected is compatible with the one de-
tected in the TcI control. There was not T. cruzi spliced leader
fragment amplification in any of the samples. Ta
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In order to confirm parasite species, we have deter-
mined the sequences of the products of 18S rDNA (V1
and V2 primers) and cathepsin L-like (DTO154 and
DTO155) genes. However, products of primers V1 and
V2 were too small (155–165 bp) to generate high quality
sequences. Therefore, there were used new primers that
amplify a fragment of 568 bp of the 18S rDNA locus of
T. cruzi marinkellei. Accordingly, sequencing of these
PCR products generated high quality sequences that were
adequate for phylogenetic analysis.

Phylogenetic analyses

Primers directed to the cathepsin L-like genes allowed the
amplification of a 500-bp fragment in all samples. All frag-
ments were sequenced and used for parasite identification by
comparison with trypanosomatid sequences available in
GenBank. Phylogenetic analysis of these sequences proved
that 15 of the bat isolates corresponded to T. cruzi marinkellei
(EM001, EM051, EM239, EM242, EM243, EM245, EM362,
EM364, EM367, EM369, EM370, EM437, EM441, EM465,
and EM466) and one to Trypanosoma dionisii (EM030)
(Figs 2 and 3).

Furthermore, we used T. cruzi-specific primers to am-
plify and in sequencing a 568-bp fragment of the 18S
rDNA locus. Phylogenetic analysis using 18S rDNA se-
quences also showed that they correspond to T. cruzi
marinkellei, confirming the results of cathepsin L-like se-
quences (Fig. 3). As expected, there was no amplification
of T. dionisii (EM030) since the primers EB18SF and
EB18SR were specifically designed to amplify T. cruzi
marinkellei fragments.

Discussion

The sequencing analysis of 18S rDNA and cathepsin L-like
genes allows an identification related to the trypanosomatid spe-
cies (Cortez et al. 2009; Lima et al. 2012b; Dario et al., 2017). In
this study, phylogenetic analysis classified 15 samples as T. cruzi
marinkellei and one as T. dionisii. The T. cruzi marinkellei was
identified in Phyllostomus hastatus (EM001, EM232, EM243,
EM245, EM362, EM364, EM367, EM367, EM370, EM441),
Phyllostomus discolor (EM465, EM466), Artibeus planirostris
(EM437), and Glossophaga soricina (EM051) and meanwhile,
T. dionisiiwas identified inCarollia perspicillata (EM030). The
fact that we found greater genetic variability with the cathepsin-
L like target than with 18S rDNA target is expected, considering
that the regions of 18S rDNA locus are highly conserved in
eukaryotes (Torres-Machorro et al. 2010). All bats that were
found naturally infected by trypanosomes belong to the
Phyllostomidae family. Some authors suggest that T. cruzi
marinkellei has a strong association with Phyllostomidae bats
(Marinkelle 1976; Cavazzana et al. 2010); however, they also
were found infected with other trypanosomatids, such as
T. cruzi, T. rangeli, and T. dionisii (Maia da Silva et al. 2009;
Marcili et al. 2009; Cavazzana et al. 2010).

Despite the knowledge about the occurrence of trypano-
somes in bats, little is known about their natural vectors. The
participation of triatomines in the transmission of trypano-
somes between bats is not clear, and Cavernicola pilosa is
the only vector species reported (Marinkelle, 1982).
Experimentally, it has been demonstrated that bats can be
infected with T. rangeli and T. cruzi after blood feeding with
triatomines of the species Rhodnius prolixus and that the in-
gestion of triatomines infected with these trypanosomes can

Fig. 1 Six percent polyacrylamide gels representing PCR conducted for
trypanosome samples from bats. a Multiplex PCR for divergent domain
D7 of 24Sα rDNA gene (Souto et al.1999). b PCR for divergent domain
D7 of 24Sα rDNA gene (Souto and Zingales, 1993). c RFLP-PCR of
subunit II from oxidase cytochrome mitochondrial gene (Freitas et al.

2006). d Variable size domain of 18S rDNA PCR (Yeo et al. 2005).
(MM=molecular marker of 100 pb; TcI = positive control T. cruzi I,
Alv strain; TcII = positive control T. cruzi II, JG strain; TR = positive
control T. rangeli, P19 strain)
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lead to the infection of mice and bats (Thomas et al. 2007). In
the present study, T. c marinkellei and T. dionisii strains were
isolated from bats that may also consume insects at some stage
of life, but which have preferentially frugivorous (Artibeus
planirostris and Carollia perspicillata), omnivorous
(Phyllostomus discolor and Phyllostomus hastatus), and
nectarivorous eating habits (Glossophaga soricina) (Reis et al.
2007). These data may suggest that other vectors besides that of
the Cavernicola genus (Marinkelle, 1982) may act in the trans-
mission cycle of these bat trypanosomes in the studied area. In
addition, the possibility of direct transmission of trypanosomes
among bats should be considered because of their social behav-
ior, which tend to live in colonies (Molyneux, 1991).

In this study, the prevalence of T. cruzi marinkellei was
much higher than that of T. dionisii. Besides these, it is possi-
ble that other species also occur in the studied region, such as
T. cruzi, Tcbat, and T. rangeli; however, they appear to be less
frequent.

The results provided by multiplex PCR of D7 divergent
domain of the 24Sα rDNA gene have discarded any

T. rangeli presence in the analyzed bats. As previously de-
scribed, the frequency of this parasite in bats is low (Maia da
Silva et al. 2009; Dario et al. 2017). However, in a previous
work conducted in the same region, we have found T. rangeli
in Didelphis albiventris and Rhodnius neglectus (Ramirez
et al. 2002). PCR for both targets of 24Sα rDNA gene and
18S rDNA gene resulted in a product of 110 and 160 bp,
respectively, very similar to the fragment expected for TcI.
These results suggest that T. cruzi marinkellei and T. cruzi
share a conserved primer region for ribosomal genes. Thus,
PCR with ribosomal targets as the ones used in this study and
kDNA (primers 121–122) (Garcia et al. 2012) are not ideal to
be used for trypanosome identification of bats, because they
could wrongly suggest that T. cruzi was found instead of
T. cruzi marinkellei, underestimating the real prevalence of
this last one.

Primers with spliced leader as target are specific for T. cruzi
(Souto et al. 1996; Burgos et al. 2007) and not amplify T. cruzi
marinkellei samples, as observed in other studies conducted in
Brazil, Colombia, Panama, and Venezuela (Barnabé et al.

Fig. 2 Maximum composite likelihood phylogenetic reconstruction of
cathepsin L-like fragment based on neighbor-joining method. The
replicate percentage of trees where taxons were grouped by bootstrap

test (1000 replicates) is presented by black dots with values over 80%.
Isolate EM030 is highlighted in green
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2003; Maia da Silva et al. 2009; Cottontail et al. 2009;
Cavazzana et al. 2010).

COII RFLP-PCR can differentiate T. cruzi DTUs and
T. rangeli KP1+ of KP1− and co-infection between these par-
asites (de Sá et al. 2013). In this study 14 samples amplified
fragments with sizes compatible with the fragment obtained
from TcII and EM437 strain amplified non-specific band.
Considering this result, COII RFLP-PCR is not a good target
for trypanosome identification from bat samples.

Considering that our previous attempts to identify by PCR
the Trypanosoma species isolated from bats has failed since
some primers amplified sequences with identical sizes from
different species of trypanosomes, we decided to sequence the
fragment generated by PCR with primers V1 and V2 (Yeo
et al. 2005). However, the small sizes of the fragments ampli-
fied vary (155 to 165 bp) in impaired sequence determination.
Accordingly, we designed new primer pairs (EB18SF and
EB18SR) that amplify a region spanning the sequences of
the product of primers V1 and V2. With this approach, we
were able to determine sequences of the 18S rDNA locus in
the phylogenetic analyses. Primers EB18SF and EB18SR
were designed from a T. c. marinkellei sequence (Cavazzana
et al. 2010) and their use for characterization of field isolates
may be limited, since they did not allow detection of
T. dionisii.

In conclusion, these results show how other trypanosome
species such as T. cruzi marinkellei and T. dionisii are present
in this region that was considered an endemic area for Chagas
disease. It was also demonstrated that the T. cruzi marinkellei
has presented cross-reactivity in four molecular techniques
used as specific of T. cruzi (targets 18S rDNA, COII and
two target by 24Sα rDNA) and reinforced the necessity of
using DNA sequencing to accurately determine the trypano-
some species isolated from bats.
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