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Abstract

Bats are ancient hosts of Trypanosoma species and their flying ability, longevity and adaptabil-
ity to distinct environments indicate that they are efficient dispersers of parasites. Bats from
Acre state (Amazon Biome) were collected in four expeditions conducted in an urban forest
(Parque Zoobotânico) and one relatively more preserved area (Seringal Cahoeira) in Rio
Branco and Xapuri municipalities. Trypanosoma sp. infection was detected by hemoculture
and fresh blood examination. Isolated parasite species were identified by the similarity of
the obtained DNA sequence from 18S rDNA polymerase chain reaction and reference strains.
Overall, 367 bats from 23 genera and 32 species were examined. Chiropterofauna composi-
tion was specific to each municipality, although Artibeus sp. and Carollia sp. prevailed
throughout. Trypanosoma sp. infection was detected in 85 bats (23·2%). The most widely dis-
tributed and prevalent genotypes were (in order) Trypanosoma cruzi TcI, T. cruzi marinkellei,
Trypanosoma dionisii, T. cruzi TcIV and Trypanosoma rangeli. At least one still-undescribed
Trypanosoma species was also detected in this study. The detection of T. cruzi TcI and TcIV
(the ones associated with Chagas disease in Amazon biome) demonstrates the putative
importance of these mammal hosts in the epidemiology of the disease in the Acre State.

Introduction

Chiropterans are nocturnal and widely dispersed mammals, representing approximately 20%
of the recognized mammalian species in the world (Fenton and Simmons, 2015). These flying
mammals display long life spans and can occupy diverse and numerous habitats in both nat-
ural and urban environments. These characteristics result in their high capacity as seed disper-
sers as well as parasite dispersion, making these animals important contributors to biodiversity
(Luis et al. 2013).

Bats are ancient hosts of Trypanosoma sp. (Trypanosomatida; Protozoa), a parasite genus
transmitted between several vertebrate species and blood-sucking invertebrate vector world-
wide. Bat trypanosomes included in the Trypanosoma cruzi clade were already described in
Asia, Africa, the Americas and Europe (Lima et al. 2013, 2015; Barbosa et al. 2016). Within
this clade, T. cruzi, a zoonotic parasite responsible for Chagas disease that is currently consid-
ered a worldwide problem (Coura et al. 2014). This taxon displays marked heterogeneity, and
six discrete typing units (DTUs) are currently recognized (TcI–TcVI) in addition to a putative
TcVII DTU, which was previously associated with bats (Tcbat) and has already been observed
infecting humans (Zingales et al. 2012; Ramírez et al. 2014). Other than T. cruzi, all species
from the subgenus T. (Schizotrypanum) are described to be restricted to bats, although
Trypanosoma dionisii was recently described in cardiac tissue in one human (Dario et al.
2016).

The most accepted theory to explain the origin of the trypanosomatids from cruzi clade
indicates bats are the ancestral hosts (the bat seeding hypothesis), and their flying capacity
is responsible for the dispersal of some species, such as T. dionisii, between the Old and
New Worlds (Hamilton et al. 2012). Recent molecular and phylogenetic studies have corrobo-
rated this theory, describing new species of bat trypanosomes within the T. cruzi clade, includ-
ing Trypanosoma erneyi and Trypanosoma livingstonei in African bats (Lima et al. 2012, 2013),
Trypanosoma wauwau in South and Central America bats (Lima et al. 2015) and Trypanosoma
teixeirae in an Australian little red flying fox (Barbosa et al. 2016). In Brazil, bats have been
found to be infected by T. cruzi (TcI, TcII and Tcbat), T. rangeli, T. c. marinkellei,
T. dionisii and T. wauwau (Lima et al. 2015; da Costa et al. 2016).

The Acre state is in the Amazon basin, the biome that contains the greatest biodiversity in the
world (Hoorn et al. 2010). The Amazonian region that previously was free from Chagas disease
and where only the enzootic transmission cycle of T. cruzi existed, started to be considered as
endemic for this disease (Coura and Junqueira, 2015). In the state of Acre, 13 autochthonous
cases were reported between 1988 and 2015, which contrasts the 25 cases reported in 2016
(data from the Secretary of Health from Acre State). Considering the recent higher effort for
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case identification and the dispersion of the municipalities that
reported cases in a huge area of the state, this historical report of
cases is underestimated. There are an estimated 59 species of bats
in Acre State in both forest fragments and urban areas. The most
abundant species are those from the genera Artibeus, Carollia
and Phyllostomus (Bernard et al. 2011). Despite their abundance
and dispersion within a biome characterized by its biodiversity,
the diversity of trypanosomes infecting bats from Acre state is com-
pletely unknown. The aim of this study was to describe the chirop-
terofauna and their associated trypanosomes in areas with different
ecological landscapes and degrees of human disturbance in one
urbanized and one rural municipality from Acre State in the
Brazilian Amazon.

Materials and methods

Study areas

Bats were captured in two municipalities from Acre State, north
Brazil: Rio Branco, the capital of the state (09°58′29′′S/67°
48′36′′W), and Xapuri, 175 km away from the former (10°
10′95′′S/68°30′16′′W). Characteristic of Amazonia, the climate is
tropical-humid, displaying high levels of regular rainfalls and ele-
vated temperatures. The rainy period is from October to March,
whereas April to September has the lowest rain volumes. In Rio
Branco, captures were conducted in Parque Zoobotânico (PZ),
which is the highest vegetation area of the municipality; it belongs
to the Acre Federal University and consists of 150 ha of secondary
vegetation that has been preserved since 1983. In Xapuri, captures
occurred in Seringal Cahoeira (SC), a well-preserved area of
almost 25 thousand ha of pristine vegetation that is 30 km from
the centre of the municipality alongside management areas of
Hevea brasiliensis. Expeditions were conducted four times to
each locality during the wet and dry seasons, in March and
August 2014 and June and November 2015.

In each area (PZ and SC), the following three localities were
selected according to a gradient of preservation and vegetation
characteristics (Fig. 1): Solid Ground (A1 and A4), areas consist-
ing of dense forest with native (A4) or secondary (A1) vegetation
with palm trees and bamboo as well as lower stratum with clean
aspect; Sandbank (A2 and A5), a less dense vegetation area
mainly consisting of palm trees near the floodplains of rivers
with high flow during the wet season and characterized by an
open canopy forest and spots of dense forest with emergent
trees; and Open areas (A3 and A6) near dwellings of human acti-
vity (A3) or consisting of rubber trees associated with banana and
various timber species (A6).

Sample collection

Bats were captured using 10 mist nets (12 m × 3 m, 35 mm mesh)
per night, which were arranged approximately 50 cm from the
ground. The nets were installed in the early evening, maintained
over 6 h from 6:00 to 12:00 pm (two nights in each area), and
checked every 30 min. The total effort was the same for the six
areas, which was 2,160 m2-h per night; 4320 m2-h per expedition
in each area; 12 960 m2-h per municipality in each expedition
and 51 840 m2-h in the four expeditions conducted to each
municipality.

Pregnant and/or lactating bat females were removed from the
net and immediately released. The others were individually placed
in cloth bags and transported to the field laboratory where they
stayed until the next morning when the collection procedures
were performed. For all collected specimens, the morphological
characteristics and body measurements were recorded for age

estimations and taxonomic identification, which was determined
using the available bibliography (Gardner, 2007; Díaz et al. 2011).

In the field laboratory that was established exclusively for this
purpose, bats were anesthetized (9:1, ketamine chloridrate 10%
and acepromazine 2%), and their blood was collected by cardiac
puncture. The collected blood was processed as follows: (i) for
fresh blood examination, one drop was set between a glass slide
and coverslip and observed in an optical microscope at 400× mag-
nification; and (ii) for hemoculture, approximately 0·6 mL of
blood was cultured in tubes containing Novy-Mc Neal-Nicole
medium with either a liver infusion tryptose medium or
Schneider’s Insect Medium overlay (0·3 mL in each one).

Parasitologic diagnostic procedures and DNA extraction

Fresh blood examination was performed in the field laboratory
and considered positive when at least one parasite or a flagellar
movement beyond blood cells was observed. Hemocultures were
transported to LABTRIP and analysed every other week for up
to 5 months (usually three because of bacterial contamination).
The positive hemocultures were amplified, cryopreserved and
deposited in the Coleção de Trypanosoma de Mamíferos
Silvestres, Domésticos e Vetores, COLTRYP/FIOCRUZ (www.col-
tryp.fiocruz.br). The amplification of the positive hemoculture
means that the observed parasites were allowed to multiply spon-
taneously at 27 °C until the stationary phase (when cells stopped
to multiply), and after what, the flagellates were harvested and
DNA was extracted as described below.

We sometimes observed in the culture tubes the presence of
flagellates morphologically identical to trypanosomatids, but
that did not grow, that is, we could not establish a culture of
these parasites. In these cases, the liquid phase of the cultures
were harvested, centrifuged and the pellet subjected to DNA
extraction for further molecular characterization. To this sedi-
ment we gave the name ‘culture mass’. Positive hemocultures
also point to infective potential to vectors since we were able to
obtain parasites starting from 300 µL.

Positive cultures and/or culture mass were washed with
phosphate-buffered saline solution and incubated with proteinase
K (100 µg mL−1) and 0·5% of sodium dodecyl sulphate at 56 °C
for 2 h. Then, DNA was extracted by the classical phenol–chloro-
form method (Vallejo et al. 1999) and then quantified in a
NanoDrop 1000 Spectrophotometer (Thermo Scientific®), and
the final concentration was adjusted to 50 ng µL−1.

Molecular characterization and phylogenetic analyses

A nested polymerase chain reaction (PCR) targeting the 18S
rRNA gene (∼600–800 bp) was performed as described by
Noyes et al. (1999) with external primers TRY927F (5′GAAAC
AAGAAACACGGGAG3′) and TRY927R (5′CTACTGGGCAGC
TTGGA 3′) for 30 cycles at 94 °C for 30 s, 55 °C for 60 s and
72 °C for 90 s. The products from the first amplification were
diluted 1:10 in sterile deionized water, and 2 µL was used as
template for the second-round PCR with the following internal pri-
mers: SSU561F (5′TGGGATAACAAAGGAGCA3′) and SSU561R
(5′CTGAGACTGTAACCTCAAAGC3′) using the same cycling
conditions. The products derived from the second-round reaction
were electrophoresed in a 2% agarose gel run at 90 V for 1·5 h in
Tris-acetate EDTA buffer, which was stained with ethidium brom-
ide and visualized by illumination with UV light. Six samples
obtained from the first expedition were characterized by other pri-
mer pairs from the same 18S rRNA gene (V7V8) using PCR con-
ditions described elsewhere (Borghesan et al. 2013).

Amplified PCR products were purified using Illustra GFX PCR
DNA and a gel band purification kit (GE Healthcare Life
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Fig. 1. Geographical location of study area: Mapping of the bat collected areas in Acre state (Amazon Biome). Bats were collected in an urban forest: Parque
Zoobotânico – PZ (A1–A3); and one more preserved area: Seringal Cachoeira – SC (A4–A5) in Rio Branco and Xapuri municipalities, respectively. On the left of
the figure is the study site in Brazil, highlighting the Acre state and the Brazilian and South America limits.
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Sciences, Little Chalfont, Buckinghamshire, UK). The purified
PCR products were sequenced using the corresponding internal
reverse primers diluted at 3·2 picomoles with ABI 3730 BigDye
Terminator (v3·1) Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA, USA) on an Applied Biosystem DNA Analyzer
on the PDTIS/FIOCRUZ sequencing platform.

Nucleotide sequences obtained from 18S rRNA were manually
edited using the DNASTAR’s Lasergene Sequence Analysis
Software (Burland, 2000) and aligned using CLUSTALW. The
obtained sequences were compared with nucleotide sequences
deposited in GenBank using the NCBI BLAST (Basic Local
Alignment Search Tool) algorithm to identify Trypanosoma spe-
cies and/or T. cruzi DTUs. Identification was confirmed when the
obtained sequence had a minimum length of 400 bp, an e-value
equal to zero, 98% coverage and a minimum of 97% of identity
with reference sequences from GenBank. The evolutionary his-
tories at 18S rRNA gene were inferred in Mega 7 (Kumar et al.
2016) by Maximum Likelihood (ML) using Kimura 2-parameter
model of nucleotide substitution with gamma-distributed plus
invariant sites (K2+G+I), with bootstrapping at 1000 replicates
for nodal support. We used in the analysis reference strains
from T. cruzi clade and Herpetomonas ztiplika as outgroup
(Table S1).

Statistical analysis

The richness and prevalence of Trypanosoma species (and T. cruzi
DTUs) were compared between species, sex and micro habitats,
using the Chi-square statistical analysis. The test was performed
using software R (Version 2.11.1, R Development Core Team,
2010) considering the level of significance (P < 0·05).

Ethical statements

Bat captures were licensed by the Chico Mendes Institute for
Biodiversity Conservation Brazilian (ICMBio – SISBIO), license
numbers 44089-1 and 47377-1. All procedures with the bats fol-
lowed protocols that had been approved by the Ethics Committee
of the Fiocruz Animal Use (LW81-12). The carcasses of eutha-
nized animals were deposited as voucher specimens in the collec-
tion of the Mammalian Ecology Laboratory of the Acre Federal
University (UFAC).

Results

Diversity and abundance of the Chiropteran fauna

The four field excursions resulted in the capture of 367 bat speci-
mens that were included in three families (Phyllostomidae,
Emballonuridae and Vespertilionidae), 23 genera and 32 species
(Fig. 2). The number of captured bats in the two study areas,
PZ and SC, did not differ significantly (P = 0·08). Moreover, the
species composition of the chiropteran fauna was specific to
each of the two areas (Fig. 2). Additionally, the bat species diver-
sity was significantly higher in SC (n = 29) compared with PZ
(n = 17) (P = 0·016). The Artibeus sp and Carollia sp predomi-
nated in both areas, and the first was slightly more abundant
(35·9% vs 34·3%). The relative abundance of the Artibeus sp was
significantly higher in PZ (49·2%) than in SC (18·1%) (P <
0·0001). In contrast, the relative abundance of Carollia sp bats
was comparable in the two localities, with 32·6% in PZ and
39·7% in SC (P = 0·10). Data concerning the abundance of bat spe-
cies in each area of both municipalities are listed in Table S2.

Distribution of Trypanosoma sp. infection in Chiroptera of Acre
State, Amazon Biome

Infection by Trypanosoma sp. was observed in 85 bats (23·2%);
four of them were only observed by fresh blood examination,
while 81 (22%) bats from 15 genera and 22 species displayed posi-
tive hemocultures (Table 1 and Table S2). Of these, 12 (14·8%)
also displayed positive fresh blood examination. Infection by
Trypanosoma sp. was three times higher in Chiroptera from SC
(n = 60; 34·5%) in comparison with Chiroptera from PZ (n = 21;
10·9%) (P < 0·0001).

In PZ, the infectivity potential for vectors, expressed by positive
hemocultures of the examined bats, was restricted to species from
the two most abundant genera, Artibeus and Carollia (85·7%). A
distinct enzootical picture was observed in SC, where a higher
number of infected bats and overall higher bat species diversity
were observed in all collected areas. Overall, the most common
Trypanosoma sp. infected bat species was the generalist short tailed
bat species Carollia perspicillata, wherein 16·3% were infected.

Of the 81 bats that were positive in the hemoculture, 68 isolates
were obtained from 67 bats (two isolates were obtained from one
C. perspicillata from PZ – LBT 7063). Three culture mass were

Fig. 2. Diversity and distribution of bats in two municipalities of Acre state, Rio Branco (Parque Zoobotânico –PZ) and Xapuri (Seringal Cachoeira – SC), in the
Amazonian region of Brazil. Except for the species from the two most abundant genera (Artibeus and Carollia), the bat species are presented in alphabetical order.
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also successfully characterized. Infection of the other 11 bats was
only diagnosed by the morphological characteristics of the para-
sites observed in positive cultures.

The diversity of bat species in PZ was higher in area A2, where
12 distinct species could be distinguished among the 86 collected
individuals. Additionally, the prevalence of Trypanosoma sp.
infection was higher in this area (16·3%) compared with A1
(7·6%) and A3 (4·9%), although there was only a significant dif-
ference between A2 and A3 (P = 0·035). In SC, no differences in
the Trypanosoma sp. infection were noted among the distinct
areas (P = 0·305).

Trypanosoma sp. diversity infecting bats from Acre state

At least five different and one unidentified species and/or T. cruzi
DTUs were observed in bats from Acre. Moreover, two mixed
infections were also detected; one was identified in the same

hemoculture (LBT 5060), and the other was identified in two dif-
ferent hemocultures from the same bat (LBT 7063). Trypanosoma
cruzi TcI followed by T. c. marinkellei were the most widely dis-
tributed and prevalent trypanosomatid species (Tables 2 and 3).
However, whereas T. cruzi TcI was found infecting bats in all
areas, 11 of the 12 T. c. marinkellei isolates were derived from
bats collected in the three SC areas. A similar feature was observed
for T. dionisii wherein five of the six infected bats were from the
same municipality. Trypanosoma cruzi TcIV was only detected in
the most preserved areas from PZ (A1 and A2) and in SC, and the
latter had co-infection with T. c. marinkellei. The two isolates that
were characterized as T. rangeli belong to the genotype A and
were derived from SC bats (C. perspicillata and Artibeus planiros-
tris). One still-undescribed Trypanosoma species was isolated in
co-infection with T. cruzi TcI in a bat from PZ (Tables 2 and 3).
One of those samples clustered in the same branch as trypanosomes
described in neotropical bats, between T. wauwau and Trypanosoma
sp RNMO56 and 63 (Fig. 3). Although parasites were observed in
another 11 positive hemocultures, those cultures were not estab-
lished, and the parasites were characterized as Trypanosoma sp.
based on their morphology in axenic cultures (Table 2).

The most abundant bat genera were Carollia sp. and Artibeus
sp., but Phyllostomus sp. also displayed infections with the greatest
diversity of Trypanosoma species (Table 4). Trypanosoma cruzi
DTU TcI was the most dispersed Trypanosoma species and
DTU. Only two of the 15 infected bat genera (Lophostoma and
Sturnira) were not infected by T. cruzi TcI. Trypanosoma dionisii
infected bats from four genera, including the most abundant bat
genera, Carollia sp. T. marinkellei was mainly observed in
Phyllostomus sp. (including one mixed infection with T. cruzi
TcIV) as well as in Lophstoma sp. and Artibeus sp. Artibeus sp.
was the taxon with the highest Trypanosoma sp species diversity,
followed by the most abundant bat genera Carollia sp. and
Phyllostomus sp (Table 4).

Discussion

Bats are mammals that live for a long time, and their lifespan may
easily reach more than two or even three decades (Wilkinson and
South, 2002). Additionally, bats have high displacement capacity
covering wide areas, which means that they are highly capable
of dispersing parasites for a long time. The majority of the cap-
tured bats were included in 21 genera of Phyllostomidae, the
‘leaf nosed’ bat family that represent the most common and
diverse bat taxon in Brazil and have a huge ecological importance.

Table 1. Distribution of Trypanosoma sp. infection in Chiroptera from Rio
Branco and Xapuri municipalities, Acre State

Genus
Rio Branco municipality
(PZ) Positive/Total (%)

Xapuri municipality
(SC) Positive/Total (%)

Artibeus 9/95 (9·5) 10/31 (32·3)

Carollia 9/63 (14·3) 24/68 (35·3)

Phyllostomus 0/9 12/16 (75)

Anoura 0/1 1/1 (100)

Dermanura 0/7 1/6 (16·7)

Glossophaga 1/4 (25) 1/6 (16·7)

Lasiurus – 1/2 (50)

Hsunycteris 0/3 1/2 (50)

Lophostoma – 2/3 (66·6)

Plathyrhinus 1/2 (50) 0/1

Sturnira – 2/6 (33·3)

Tonatia 0/2 1/1 (100)

Trachops 1/1 (100) 2/2 (100)

Uroderma 0/2 1/11 (9·1)

Vampyressa – 1/1 (100)

Total 21/193 (10·9) 60/174 (34·5)

Table 2. Distribution and diversity of Trypanosoma sp. in Chiroptera of Acre State, Amazon Biome according to distinct study areas and habitats

Rio Branco municipality Xapuri municipality
Total

Trypanosoma A1 A2 A3 A4 A5 A6

Trypanosoma cruzi TcI 1 10 2 9 16 7 45

Trypanosoma cruzi TcIV 2 1 – – – – 3

Trypanosoma cruzi marinkellei – 1 – 3 4 4 12

Trypanosoma dionisii – 1 – 3 – 2 6

Trypanosoma rangeli – – – 1 1 2

Trypanosoma cruzi TcIV + T. cruzi marinkellei – – – – 1 – 1

Trypanosoma sp. + T. cruzi TcI 1 1

Trypanosoma sp.a 2 – – 5 4 – 11

Total 5 14 2 21 25 14 81

Characterization was performed using 18S SSU primers that were described by Noyes et al. (1999).
aMorphologically identified.
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Table 3. Identification numbers, bat species, locality and molecular characterization of the trypanosomatids using SSUrDNA

Coltryp noa Isolate Host specie Area 18S SSU GenBank accession no

549 LBT 5060 Phyllostomus hastatus A5 T. cruzi TcIVb +
T. c. marinkelleib

KY748354
KY824655

550 LBT 5004 Glossophaga soricina A2 T. cruzi TcIVb KY748355

555 LBT 5009 Artibeus lituratus A1 T. cruzi TcIVb KY748356

558 LBT 5040 Carollia perspicillata A4 T. dionisiib KY689928

567 LBT 5043 Sturnira tildae A4 T. dionisiib KY689929

568 LBT 5042 Trachops cirrhosus A4 T. dionisiib KY689930

574 LBT 5469 Carollia perspicillata A6 T. dionisii KY649111

579 LBT 5340 Artibeus lituratus A1 T. cruzi TcIV KY649112

584 LBT 5473 Carollia perspicillata A6 T. dionisii KY649113

589 LBT 5408 Artibeus planirostris A4 T. cruzi TcI KY649114

587 LBT 5472 Carollia perspicillata A6 T. rangeli A KY649115

590 LBT 5439 Uroderma bilobatum A5 T. cruzi TcI KY649116

592 LBT 5427 Carollia perspicillata A4 T. cruzi TcI KY649117

634 LBT 6568 Artibeus planirostris A3 T. cruzi TcI KY649118

640 LBT 7060 Artibeus planirostris A2 T. dionisii KY649119

647S
647L

LBT 7063 Carollia perspicillata A2 Trypanosoma sp.+
T. cruzi TcI

KY649120
KY649121

648 LBT 7065 Trachops cirrhosus A2 T. cruzi TcI KY649122

650 LBT 7068 Carollia perspicillata A1 T. cruzi TcI KY649123

– LBT 7058 Carollia perspicillata A2 T. cruzi TcI N.D.

651 LBT 7074 Artibeus lituratus A3 T. cruzi TcI KY649124

652 LBT 7064 Carollia perspicillata A2 T. cruzi TcI KY649125

653 LBT 7056 Carollia brevicauda A2 T. cruzi TcI KY649126

654 LBT 7057 Carollia perspicillata A2 T. cruzi TcI N.D.

655B LBT 7066 Carollia perspicillata A2 T. cruzi TcIc KY649127

656 LBT 7059 Carollia brevicauda A2 T. cruzi TcI KY649128

657 LBT 7080 Carollia perspicillata A4 T. cruzi TcI KY649129

658 LBT 7081 Carollia perspicillata A4 T. cruzi TcI KY649130

659 LBT 7083 Carollia perspicillata A4 T. cruzi TcI N.D.

660 LBT 7084 Vampyressa thyone A4 T. cruzi TcI N.D.

661 LBT 7085 Carollia perspicillata A5 T. cruzi TcI KY649131

662 LBT 7088 Carollia perspicillata A5 T. cruzi TcI N.D.

663 LBT 7089 Carollia benkeithi A5 T. cruzi TcI KY649132

664 LBT 7090 Carollia perspicillata A5 T. cruzi TcI KY649133

665 LBT 7092 Artibeus lituratus A5 T. cruzi TcI KY649134

666 LBT 7094 Carollia perspicillata A5 T. cruzi TcI KY649135

667 LBT 7095 Carollia perspicillata A5 T. cruzi TcI KY649136

668 LBT 7100 Phyllostomus discolor A6 T. cruzi TcI KY649137

669 LBT 7102 Artibeus lituratus A6 T. cruzi TcI KY649138

670 LBT 7078 Carollia brevicauda A4 T. cruzi TcI KY649139

671 LBT 7097 Phyllostomus discolor A6 T. cruzi TcI KY649140

672 LBT 7098 Hsunycteris thomasi A6 T. cruzi TcI KY649141

674 LBT 7104 Carollia perspicillata A5 T. cruzi TcI KY649142

676 LBT 7087 Carollia perspicillata A5 T. cruzi TcI N.D.

677 LBT 7086 Trachops cirrhosus A5 T. cruzi TcI KY649143

(Continued )
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This family includes the three genera of hematophagous, as well
as small predators of vertebrates, and consumers of pollen, fruits,
nectar and insects. The latter correspond to an ancestral food item
that is kept in the diet of almost all species of bats to a greater or
lesser degree (Gardner, 1979; Rojas et al. 2011; Carrillo-Araujo
et al. 2015). Considering that bats are voracious insect predators,
it is very likely that bats may infect at least by T. cruzi, T. dionisii
and T. rangeli by ingesting infected Triatomine vectors.

Even in the highly preserved SC area, we collected 29 bat spe-
cies, which is far less than the 59 bat species Bernard et al. (2011)
described as extant in Acre State. One possible reason may be
that, although well preserved, SC has a history of logging, which
may reduce roost offerings and adequate shelters for some species
of bats. In addition, we collect in the sub-forest, which therefore
decreases the chances of capturing the bats that fly in higher forest
strata.

The PZ area, as expected, displayed a significantly lower number
of bat species (n = 17). In fact, although it is an area of urban forest
that is not frequented by tourists, it suffers anthropic action because
there is a research institute in this area where people and vehicles
circulate. Carollia sp seem to be well adapted to altered

environments, as shown by the similar number of specimens of
this taxon collected in both study areas. By contrast, Phyllostomus
sp. was mainly collected in SC. In PZ, the generalist bat genus
Artibeus predominated.

There are ecological traits of chiropterans that may enhance
their exposure to Trypanosoma sp infection. In fact, bats can
roost in several natural and artificial habitats and can even modify
vegetation to form suitable roosting places as tents that are built
by some bat genera. In all these distinct habitats bats may get
in contact with triatomines (Stoner, 2000). Palm trees whose
leaves are frequently used as refuges by bats, are classical habitat
of Rhodnius specimens, an efficient T. cruzi vector that is very
common in the Amazon region (Coura and Junqueira, 2015).
Considering that bats are voracious insect predators, it is very
likely that tent building bats may be infected at least by T. cruzi
and T. rangeli by ingesting infected vectors.

Bats may have a complex social structure that includes
cooperative behaviour even among distinct groups. Cooperation
includes roosting, taking care of offspring, grooming, foraging
and feeding (Gardner, 2007). Food sharing is especially evident
in the three hematophagous bat genera. Sharing food from

Table 3. (Continued.)

Coltryp noa Isolate Host specie Area 18S SSU GenBank accession no

678 LBT 7105 Dermanura cinerea A5 T. cruzi TcI KY649144

680 LBT 7110 Lasiurus blossevillii A5 T. cruzi TcI KY649145

682 LBT 7067 Plathyrrhinus infuscus A2 T. cruzi TcI KY649146

684 LBT 7061 Artibeus planirostris A2 T. cruzi TcI KY649147

686 LBT 7091 Tonatia saurophilla A5 T. cruzi TcI KY649148

687 LBT 7099 Anoura caudifer A6 T. cruzi TcI KY649149

689 LBT 7108 Artibeus planirostris A5 T. cruzi TcI KY649150

690 LBT 7101 Carollia perspicillata A6 T. cruzi TcI KY649151

691 LBT 7093 Artibeus obscurus A5 T. cruzi TcI KY753877

695B LBT 7062 Carollia perspicillata A2 T. cruzi TcIc KY649152

696 LBT 7079 Carollia perspicillata A4 T. cruzi TcI KY649153

697 LBT 7082 Carollia perspicillata A4 T. cruzi TcI KY649154

– LBT 5428 Artibeus planirostris A4 T. rangeli A KY649155

– LBT 7096 Glossophaga soricina A6 T. cruzi TcI KY649156

575 LBT 5416 Phyllostomus hastatus A4 T. c. marinkellei KY649157

576 LBT 5423 Phyllostomus hastatus A4 T. c. marinkellei KY649158

577 LBT 5467 Phyllostomus hastatus A6 T. c. marinkellei KY649159

578 LBT 5466 Phyllostomus hastatus A6 T. c. marinkellei KY649160

580 LBT 5434 Lophostoma silvicola A5 T. c. marinkellei KY689835

581 LBT 5471 Phyllostomus discolor A6 T. c. marinkellei KY689836

582 LBT 5441 Phyllostomus elongatus A5 T. c. marinkellei KY689837

585 LBT 5425 Artibeus planirostris A4 T. c. marinkellei KY689838

586 LBT 5389 Artibeus planirosrtis A2 T. c. marinkellei KY689839

591 LBT 5450 Lophostoma silvicola A5 T. c. marinkellei KY689840

673 LBT 7113 Phyllostomus discolor A6 T. c. marinkellei KY689841

679 LBT 7106 Phyllostomus hastatus A5 T. c. marinkellei KY689842

The last column includes the GenBank accession number of each deposited sequence.
N.D. not deposited in GenBank due to the presence of ambiguous sites.
aCOLTRYP number codes of cultures deposited and cryopreserved in the Coleção de Trypanosoma de Mamíferos Silvestres, Domésticos e Vetores – COLTRYP (www.coltryp.fiocruz.br) of the
Laboratório de Biologia de Tripanosomatídeos do Instituto Oswaldo Cruz – FIOCRUZ/RJ/Brazil.
bCharacterized by V7V8 primer pairs (Borghesan et al. 2013).
cParasites isolated from spleen culture.
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adult animals to their offspring is a common pattern of behaviour
in the animal world and may favour parasite transmission. This
may especially be the case for mammalian trypanosomatids if
the bat meal consists of blood. Of note, blood-feeding bats
share food between adults, i.e. adult individuals regurgitate the
blood they obtained for both their puppies and adult bats that
could not feed themselves (Wilkinson et al. 2016). The care of off-
spring includes feeding other female pups and creating mainten-
ance clusters of young as a crèche (Wilkinson et al. 2016). Bats are
excellent reservoirs of Trypanosoma sp. and probably the ancestral
host of T. cruzi (Molyneux, 1991; Hamilton et al. 2012).
Nevertheless, Trypanosoma sp. of bats is a little explored universe.
In fact, the increase in the analytical power of the molecular tools

has resulted in a growing number of new species of Trypanosoma
sp. described in Chiropterans over the last several years. Chagas
disease is currently a health threat in the Amazon region and in
Acre State, where cases and outbreaks are becoming frequent;
moreover, studies about Trypanosoma sp. infection of the mam-
malian fauna including bat species of Acre State are scarce.

Bats fidelity to their refuges is a factor that favours the
establishment and maintenance of triatomine colonies. The
association of Cavernicola pilosa with caves and T. cruzi and
T. c. marinkellei transmission with bats is a nice example.
Knowledge of how animal, especially bat, behaviour can alter
and modulate the transmission of their parasites is still in the
early stages.

Fig. 3. Phylogenetic inference of isolate LBT 7063 detected in Carollia perspicillata bat from Rio Branco municipality, Acre state, Brazil, in the T. cruzi clade. Tree
construction from SSU rRNA followed the maximum likelihood (ML) method under Kimura’s two-parameter model and gamma distributed with invariant sites (K2
+ G + I). Numbers at nodes indicate support from 1000 bootstrap replicates. The isolate clustered into the T. cruzi clade associated with trypanosomes described in
neotropical bats (Lima et al. 2015). Trypanosoma sp H25, G8 and probably T. sp 15 and 17 have now been named T. noyesi (Botero et al. 2016)

Table 4. Trypanosoma sp. diversity in bats from Acre State, Amazon Biome

Genus

T.
cruzi
TcI

T.
cruzi
TcIV T. c. marinkellei

T.
dionisii

Trypanosoma sp.
+ T. cruzi DTU I

T. cruzi TcIV +
T. c. marinkellei

T.
rangeli

Trypanosoma
sp.

Carollia 24 3 1 1 4

Artibeus 8 2 2 1 1 5

Phyllostomus 2 8 1 1

Anoura 1

Dermanura 1

Glossophaga 1 1

Lasiurus 1

Hsunycteris 1

Lophostoma 2

Plathyrhinus 1

Sturnira 1 1

Tonatia 1

Trachops 2 1

Uroderma 1

Vampyressa 1

Total 45 3 12 6 1 1 2 11
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Phyllostomidae constitutes a diverse group that includes gen-
eralist feeders such as Phyllostomus sp. as well as specialist feeders
such as the hematophagous bat species Desmodus rotundus,
essentially frugivores bat species Carollia perspicillata and
Artibeus jamaicensis, and nectarivorous Glossophaga soricina.
Moreover, insectivory is part of the diet to a greater or lesser
extent for most bats (Carrillo-Araujo et al. 2015). Phyllostomus
sp. displayed a high infection rate (75%) by both T. cruzi and
T. c. marinkellei, which were found in single and mixed infections,
but Trypanosoma infection in this bat genera was only noted in
SC. Although C. pilosa is considered the vector species of these
two Trypanosoma species, also Rhodnius species may act as a vec-
tor based on it was successfully used in bat xenodiagnosis
(Marinkelle, 1976; Garcia et al. 2012).

Carollia sp., which also displayed high Trypanosoma sp. infec-
tion rates, are considered resilient bats in terms of their diet
(they feed on fruits and insects) and roosting sites, although they
have also been described as understory specialists (Bernard,
2001). They live in colonies that may include hundreds of indivi-
duals that can be set in hollow trees, dense foliage, caves and tun-
nels, and they mainly forage at night. It is likely these bats acquire
the Trypanosoma sp. infection in their roosting sites by ingesting
triatomines or by the contaminative route because several of their
roosting places are classical habitats of triatomines. This food and
habit eclecticism in Carollia sp. probably explains the observation
that this taxon not only had the highest rates of T. cruzi infection,
but it also demonstrated a great diversity of Trypanosoma species
that included T. rangeli, T. dionisii and at least one still-undescribed
Trypanosoma species. Of note, we do not know if all trypanosoma-
tids that could not be diagnosed at the species level constitute only
a single species or include more than one species.

The diversity of Trypanosoma species that were found to infect
bats from Acre state was astonishing, and further studies may
reveal new aspects of Trypanosoma ecology and phylogeny.
Additionally, Carollia, Artibeus and Phyllostomus were bat genres
that also showed high rates of infection by a great diversity of
Trypanosoma species. Concerning T. cruzi DTUs, bats were
infected by TcI and TcIV, and both genotypes are associated
with Chagas disease in the Amazon biome (Tables 3–4). In the
infected bats, T. cruzi DTU TcI was found to infect all but two
bat genera. This was an expected result because DTU TcI is ubiqui-
tous in the transmission cycle of T. cruzi in the wild. Lophostoma
sp. and Sturnira sp., two bat genera that were not infected by
T. cruzi, harboured T. c. marinkellei and T. dionisii, respectively.
The number of individuals of these two genera was very low, at
only 3 and 2, respectively, and they were only collected in SC –
the pristine vegetation area. Both Phyllostomidae and Sturnira
are considered very abundant bat genera. Additionally, Lupinus sil-
vicola is considered an abundant bat species. This species has a
unique habitat because it is able to prepare and roost in cavities
of active termite nests (Dechmann et al. 2004).

In addition to Marinkelle’s seminal description of T. rangeli
infection in bats (Marinkelle, 1976), there are only a few reports
of infection by this taxon in chiropterans. Trypanosoma rangeli
infecting Artibeus planirostris and Platyrrhinus lineatus bats was
described by Maia da Silva et al. (2009) in central Brazil.
Moreover, the authors observed a new lineage of T. rangeli in P.
lineatus that was named lineage E. Here, we expand the occur-
rence area of lineage A of T. rangeli in bats to the northern region
of Brazil, i.e. the Amazon biome. This lineage is widely distributed
and infects many mammalian host species; therefore, it would be
expected to be found in bats from other biomes. It is interesting to
note that the two isolates of T. rangeli were obtained from two
bats (C. perspicillata and A. planirostris) of the best-preserved
area (SC), where the diversity of bats and trypanosomes was
higher. The sequence analysis grouped one isolate from a

C. perspicillata (LBT 7063) between T. wauwau and
Trypanosoma sp RMNO, described in Pteronotus and Tracops cir-
rhosus bats in northern Brazil (Lima et al. 2015; da Costa et al.
2016). This result demonstrates that another trypanosome species
is circulating in neotropical bats from Acre, reinforcing how little
is known about the trypanosome diversity that circulate among
bats. Even if it is an apparently well-preserved urban forest, the
PZ area already shows a loss of bat and Trypanosoma sp. diversity,
as demonstrated by the lower number of bat species captured and
lower diversity of Trypanosoma species (Table 2).

The Trypanosomes that did not grow in culture media or pre-
sented with non-sustainable growth give a clue about how much
remains to be known about the realm of bat trypanosomes with-
out considering the trypanosomes that are not cultivable. In fact,
there is still much to uncover about the assemblage of extant
Trypanosoma species, their biology and ecology.

One phenomenon that is ripe for a thorough re-evaluation is
host specificity in Trypanosomatids. It has been increasingly
observed that numerous genotypes and species of Trypanosoma
(Schizotrypanum) are far more eclectic with respect to their
hosts. This is the case for Tcbat, a T. cruzi genotype that was
exclusively associated with bats but has already been observed
to infect humans (Ramírez et al. 2014), and for T. dionisii, a spe-
cies of the subgenus T. (Schizotrypanum) that is usually associated
with bats and has been detected in the cardiac tissue of a human
individual who died from Chagas disease (Dario et al. 2016).
Beyond parasites of medical or veterinary interest, trypanosomes
are a fascinating model of the parasite–host interaction that con-
stantly challenges and surprises us.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0031182017001834
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