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ARTICLE INFO ABSTRACT

Keywords: Bats are one of the groups of mammals with the highest number of associated Trypanosoma taxa. There are 50
Hemoparasites Trypanosoma species and genotypes infecting more than 75 species of bats across five continents. However, in
Diversity

Mexico, the inventory of species of the genus Trypanosoma associated with bats is limited to only two species
(Trypanosoma vespertilionis and Trypanosoma cruzi) even though 140 species of bats inhabit this country. Spe-
cifically, 91 bat species have been recorded in the state of Veracruz, but records of trypanosomatids associated
with this mammalian group are absent. Due to the complex Trypanosoma-bat relationship, the high diversity of
bat species in Veracruz, as well as the lack of records of trypanosomatids associated with bats for this state, the
aim of this work was to analyze the diversity of species of the genus Trypanosoma and their presence from a bat
community in the central area of the state of Veracruz, Mexico. During the period of January to August 2022 in
the Tequecholapa Environmental Management Unit where bats were collected using mist nets and blood samples
were obtained from their thumbs. We extracted genetic material and amplified a fragment of 800 bp of the 18S
ribosomal gene of the genus Trypanosoma by conventional PCR. The positive amplicons were sequenced, and
phylogenetic reconstruction was performed to identify the parasite species. A total of 285 bats (1499, 1363)
belonging to 13 species from 10 genera and a single family (Phyllostomidae) were collected. Twenty-three
specimens from six species tested positive for the presence of Trypanosoma dionisii, Trypanosoma sp. Neobat 4,
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and a potential novelty species provisionally named as Trypanosoma sp. Neobat 6. The results of the present work
increase the number of species of the genus Trypanosoma infecting bats in Mexico and in the Neotropical region.

1. Introduction

The genus Trypanosoma encompasses more than 500 species of
protozoan with a flagellum attached to an undulating membrane
(responsible for locomotion and the union of the protozoan to the sur-
face of the host cells), a nucleus located in the central part of the para-
site, and a specialized region of the mitochondria that contains a
modified genome known as the kinetoplast. They are heteroxenous
parasites of a wide range of vertebrates, including mammals, that are
transmitted by a wide range of blood-sucking invertebrates, mainly ar-
thropods (Hoare 1972; Thompson et al., 2014; Kaufer et al., 2017).

Various species of Trypanosoma cause important diseases in animals,
such as Trypanosoma evansi and Trypanosoma vivax, the etiological
agents of surra and nagana, respectively, affecting cattle and wildlife,
causing substantial economic losses in cattle and wildlife population
across Africa, Asia, and South America (Monzon et al., 2010; Austen and
Barbosa 2021; Auty et al., 2015). In addition, some species affect public
health, such as Trypanosoma cruzi, the causative agent of Chagas Dis-
ease, a neglected tropical disease in Latin American countries, including
Mexico (World Health Organization, 2015).

One of the groups of mammals with the highest number of associated
trypanosomatid species are the members of the order Chiroptera.
Approximately, 50 species and several genotypes of Trypanosoma have
been reported to infect more than 75 bat species across the five conti-
nents (Turmelle and Olival, 2009; Austen and Barbosa, 2021). In
Mexico, the inventory of species of the genus Trypanosoma associated
with bats is scarce and limited to two species: Trypanosoma vespertilionis,
associated with one species of the family Mormoopidae (Pteronotus ful-
vus) and another specie of the family Phyllostomidae (Macrotus water-
housii) in Chiapas and Colima (Mazzotti, 1946). In contrast, T. cruzi has
been recorded in eight phyllostomid species (Artibeus jamaicensis, Arti-
beus lituratus, Carollia perspicillata, Chiroderma villosum, Dermanura
phaeotis, Glossophaga mutica, Sturnira hondurensis, and Sturnira parvi-
dens), one mormoopid species (Pteronotus mesoamericanus), and two
vespertilionid species (Myotis keaysi and Rhogeessa aeneus) in Campeche,
Morelos and Yucatan (Villegas-Garcia and Santillan-Alarcon, 2001;
Lopez-Cancino et al., 2015; Torres-Castro et al., 2021; Simmons and
Cirranello, 2023). Despite the recording of 140 bat species in Mexico,
which represents 10 % of the world’s diversity of bats (Ceballos, 2014),
only 15 species (10.86 % of the recorded species) have been screened for
the identification of members of the genus Trypanosoma (Mazzotii,
1946; Villegas-Garcia and Santillan-Alarcén, 2001; Lopez-Cancino et al.,
2015; Torres-Castro et al., 2021; Becker et al., 2023; Izeta-Alberdi et al.,
2023; Simmons and Cirranello, 2023). Specifically, in the state of
Veracruz, 91 species of bats have been recorded, representing 65 % of
the diversity of this mammalian order in the entire country (Coates
et al., 2017). However, records of trypanosomatids associated with this
mammalian group are non-existent in this state.

Due to the complex Trypanosoma-bat relationship, reflected in the
high diversity of infected bat species, the high diversity of bat species in
Veracruz, and the lack of records of trypanosomatids associated with
bats in this state, this work aimed to analyze the diversity of species of
the genus Trypanosoma, the prevalence of infection and the ecological
factors driving such interaction in a highly diverse bat community in the
central zone of the state of Veracruz, Mexico.

2. Material and methods
2.1. Study area

The study was performed at the Tequecholapa Management Unit for

Wildlife Conservation (MUWC) in the municipality of Naranjal, located
at the coordinates 18°48'0.5"N and 96°56'58” W, and an altitude of 704
m above sea level (Fig. 1). The pedological characterization consists
mainly of luvisol (59 %), followed by vertisol (18 %) and acrisol (16 %).
This type of soil allows the accumulation of clays, making them very
fertile.

It features humid evergreen and humid forest vegetation, and is
surrounded by farms producing coffee, orchids and zapotes (Pouteria
sapota). Only a small part is used for planting bananas and coffee. Most
of the land within the MUWC has remained untouched, with minimal
human intervention, limited to activities by its owners.

2.2. Bat collection

Specimens were collected by convenience sample during two nights
per month between January and August 2022 (avoiding full moon
nights), using three twelve-meter mist nets in a horizontal position that
remained in place between 19:00 to 23:00 h, which corresponds to a
total capture effort of 2304 net-meters/hours. The mist nets were
constantly monitored every 30 min for the presence of bats. The speci-
mens were handled in accordance with recommended strategies to
minimize the risk of SARS-CoV-2 transmission from humans to bats of
the International Union for Conservation of Nature Species Survival
Commission (IUCN SSC) and Bat Specialist Group (BSG), as outlined by
Frick et al. (2021). Bats were collected under permit
SGPA/DGVS/03821/22 from the Secretaria del Medio Ambiente y
Recursos Naturales. All bats were unrestricted from the nets with
caution and care and transported in rag sacks to facilitate species-level
identification using specialized keys (Medellin et al., 2008; Simmons
and Cirranello, 2023). We collected blood samples from the thumb of
the captured bats and placed on Whatman FTA cards (Whatman Inc.,
Brentford, UK) under the guidelines described by Eshar and Wienberg
(2010) and Parasuraman et al. (2017). After these procedures were
completed, all captured specimens were released in situ. The samples
were dried and deposited in small individual sterile hermetic plastic
bags (INTERSCIENCE, Mourjou, France) for later transport to the labo-
ratory (Gulas-Wroblewski et al., 2021).

To analyze the diversity of bat species, rank-abundance curves of the
captured bats were made, with the purpose of observing changes in the
presence and abundance of species at the collection site following the
procedures of Loayza and Larrea-Alcazar (2006) and Novoa et al.
(2011).

2.3. Molecular and bioinformatic detection of Trypanosoma

DNA extraction was performed using the chelating resin CHELEX
100 (Bio-Rad, Hercules, CA, US). The blood sample from the Whatman
FTA card of each specimen was introduced into a 1.5 ml conical tube, to
which 500 pl of a 10 % CHELEX solution and 20 pl of proteinase K were
added. The samples were incubated at 56 °C for 12 h. Subsequently, the
samples were subjected to a temperature shock at 100 °C for 15 min to
intensify the denaturation of the proteins (Garcia-Gonzalez et al., 2004).
The samples were then centrifuged at 14,000 rpm for 15 min, and
finally, the supernatant was recovered and stored at —20°C until its use.
The DNA quantification was performed using a ThermoFisher Nano-
Drop™ 2000 spectrophotometer.

To confirm the quality and integrity of the extracted DNA, we
amplified a fragment of 450 bp of the endogenous mammalian gene
Cytochrome Oxidase Subunit I (COI) gene with oligonucleotides L6625
(5-CCGGATCCTTYTGRTTYTTYGGNCAYCC-3) and H7005 (5-
CCGGATCCACNACRTARTANGTRTCRTG-3") and thermal conditions
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previously reported (Hafner et al., 1994). For the Trypanosoma detec-
tion, DNA from the blood samples was analyzed by conventional PCR by
pooling three to five specimens of the same species from the same
collection period. A fragment of 800 bp of the 18S small subunit of the
ribosomal gene (SSU rDNA) was amplified using oligonucleotides 609F
(5-CACCCGCGGTAATTCCAGC-3) and 706R (5-CTGAGACTGTAACC
TCAA-3") (Sgroi et al., 2021). PCR was performed under the following
conditions: an initial cycle of 3 min at 94 °C, followed by 30 cycles of 1
min at 94 °C, 2 min at 48 °C followed by 2 min at 72 °C, and a final cycle
of 10 min at 72 °C (Borghesan et al., 2013). The positive pools were
screened individually to identify the positive specimens and to establish
the prevalence of the infection. In both cases, the PCR reaction mix was
performed in a final volume of 25 pl per sample, containing 12.5 pl of
GoTaq® Green Master Mix, 2X (Promega Corporation, Madison, WI,
USA), 1 pl of each primer (at a concentration of 2 pM), 5 pl of DNA
(approximately 100-500 ng), and 5.5 pl of nuclease-free water.

Positive and negative controls were included in each reaction. For
COI amplification, the positive control consisted of rodent BALB/c DNA,
whereas for amplification of the SSU rDNA of trypanosomatids, a DNA
from the Trypanosoma cruzi strain NINOA was used. For the negative
control, the DNA was replaced by reaction mix with nuclease-free water.

PCR products were analyzed by electrophoresis on 2 % agarose gels
stained with 4pl of 6X SmartGlow™ Pre-Stain (Accuris™ Instruments,
Edison, NJ, USA) using a 100 bp molecular marker (Cleaver Scientific™
DNA-100BPH). Gels were visualized under an omniDOC Gel Documen-
tation System (Cleaver Scientific™). Positive amplicons were sent for
sequencing at ©Macrogen, Inc. Seoul, Republic of Korea.

The recovered sequences were compared with reference sequences
using the BLAST-n tool in GenBank ® (www.ncbi.nlm.nih.gov/genban
/). Subsequently, a global alignment was carried out in the MEGA 11
program, using the Muscle algorithm (Edgar, 2004). For this alignment,
the sequences recovered from this study were used together with
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sequences available from GenBank. The best substitution model was
determined using the ModelFinder Algorithm program (Kalyaana-
moorthy et al., 2017). Subsequently, a Maximum Likelihood (ML)
analysis was performed in the IQ-TREE program (Nguyen et al., 2015),
evaluating clades support with 10,000 bootstraps (Hoang et al., 2018).

Finally, pairwise distances were calculated using the K80 model and
all sites with the ape package in the R environment. The results were
then plotted on a heatmap using ggplot2 to evaluate the distribution of
genetic distances for each species (Grostieta et al., 2023). These analyses
were carried out using R v. 4.2.2 (R Core Team, 2022).

2.4. Bat species traits

To evaluate the host’s traits relevant to Trypanosoma infection, in-
formation about bat species were obtained from published studies
(Supplementary 1). Three feeding guilds were defined: nectarivory (n =
3 species), insectivory (n = 1), and frugivory (n = 9) according to
Gonzalez-Salazar et al. (2014). Roost type was defined as closed (e.g.,
tunnels, hollows; n = 8) or open (e.g., above canopy; n = 3), while roost
flexibility was defined as single (n = 3) or multiple (n = 8), as previously
defined by Becker et al. (2020). Finally, maximum colony sizes were
defined as small (<1000 individuals; n = 10) and large (>1000; n = 2)
following Becker et al. (2020).

2.5. Prevalence analysis and analysis of species infection status of bats

The global prevalence of Trypanosoma species, the prevalence per bat
species, and the prevalence per Trypanosoma species with their 95 %
confidence intervals were calculated using the Prevalence package in the
R environment and following the operational definition of Bush et al.
(1997). The calculations utilized the Agresti-Coull interval, considering
the sample size (Brown et al., 2001).

18.817

18.810

18.802

18.795

-96.953 -96.945 -96.938

Fig. 1. Map of sampling sites at Tequecholapa Management Unit for Wildlife Conservation, Veracruz, Mexico.
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To explore the patterns in Trypanosoma species prevalence according
to the host’s traits, a table of presence/absence of T. dionisii, Trypano-
soma sp. Neobat 4, and Trypanosoma sp. was generated including all host
traits and prevalence. With this information, a Principal Coordinates
Analysis (PCoA) was performed to explore the variation in Trypanosoma
species prevalence among 12 bat species. Micronycteris microtis was
excluded from the analysis because the scatter plot showed this species
as an outlier, since the single individual was positive. The analysis was
based on a Euclidean distance resemblance matrix. To visualize the re-
sults, a two-dimensional scatter plot of the first two principal co-
ordinates was generated.

Furthermore, a one-factor permutational multivariate analysis of
variance (PERMANOVA) was conducted to test for significant differ-
ences in the prevalence patterns of Trypanosoma species among bat
species (excluding Micronycteris microtis). This analysis used Type III
(partial) sum of squares, unrestricted permutation of raw data, and 999
permutations, and used the Euclidean distances resemblance matrix as
the response variable. All statistical analyses were run using Primer
version 7 software (Primer-E, 2020).

3. Results
3.1. Diversity of bats

A total of 285 bats (1499, 1363) belonging to 13 species from 10
genera of a single family (Phyllostomidae) were captured (Table 1). The
bat species with the highest number of specimens collected were Carollia
sowellii at 42.1 % (n = 120), followed by A. jamaicensis at 14.7 % (n =
42), and S. hondurensis at 10.8 % (n = 31). The species with the lowest
richness was Anoura geoffroyi, with five specimens (1.7 %). The species
with singletons collected were Centurio senex, M. microtis, and Platyr-
rhinus helleri.

The rank-abundance analysis showed four dominant frugivorous
species (C. sowelli, A. jamaicensis, S. hondurensis, and A. lituratus). Nec-
tarivorous species were concentrated in the middle part of the curve
(G. mutica, C. godmani, and A. geoffroyi). The rarest species were insec-
tivorous and fruit-eating bats (Platyrrhinus helleri, M. microtis, and
C. senex) and were concentrated in the decreasing part of the logarithmic
values (Fig. 2).

3.2. Trypanosoma diversity in bats from Veracruz

DNA was successfully extracted from all samples, with concentra-
tions ranging from 20 ng/ul to 95 ng/ul. DNA quality was evaluated by
the amplification of the endogenous COI gene in all samples. Trypano-
soma DNA was only detected in the blood of 23 bats from six species
(Table 1). The alignment consisted of 23 sequences (this study) and 15
sequences from several Trypanosoma species retrieved from GenBank.
The alignment consisted of a total of 840 positions, 622 with invariant
sites (74.04 %), 115 parsimony informative sites (13.69 %), and 76
distinct sites (9.04 %). The best substitution model for the ML was
TIM3e-+R2.

The molecular identification from the recovered sequences
confirmed the presence of three well-defined groups. One group
comprised all sequences of T. dionisii, four positive C. sowelli bats, with a
single positive individual of A. jamaicensis and G. mutica (branch sup-
port = 100). Another group comprised two positive C. sowelli in-
dividuals, with a single individual of C. godmani and C. perspicillata,
highly related to Trypanosoma sp. Neobat 4 (branch support = 93). The
third group is comprised by a putative novel Trypanosoma species,
detected in 11 C. sowelli individuals, and one individual of each of the
following species: C. perspicillata, and M. microtis (branch support = 100)
(Fig. 3). This division into three groups was also observed with the
pairwise genetic distances (Fig. 4).
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3.3. Prevalence of Trypanosoma species

Twenty-three bats, constituting 8.07 % of the total 285 individuals
(95 % CI: 5.38 %-11.86 %) tested positive for Trypanosoma DNA. All
these bats were infected with a single species of Trypanosoma so none of
them exhibited the presence of coinfection. The species with the highest
prevalence of Trypanosoma was M. microtis (single sampled individual
being positive), followed by C. sowelli with 18 positives out of 120, and
C. perspicillata with one positive out of eight. Artibeus jamaicensis had the
lowest Trypanosoma prevalence, with one positive in 42 sampled in-
dividuals (Table 1).

Among the 285 sampled bats, Trypanosoma sp. Neobat 6 exhibited
the highest prevalence at 4.56 % (95 % CI: 2.61 % - 7.71 %), followed by
T. dionisii at 2.1 % (95 % CI: 0.85 % — 4.63 %), and Trypanosoma sp.
Neobat 4 at 1.05 % (95 % CI: 0.21 % — 3.19 %).

3.4. Ecological factors and Trypanosoma infection

The Principal Coordinates Analysis (PCoA) analysis was used to
compare the community similarities regarding the prevalence of
T. dionisii, Trypanosoma sp. Neobat 4, and Trypanosoma sp. Neobat 6
between bat species. The scatter plot shows that the first and second
principal coordinate axes represented 79.8 % (54 % and 25.8 %,
respectively) of the total variation accounted for by the PCoA (Fig. 5).
PERMANOVA analyses revealed significant differences related to the
host trait of colony size (PERMANOVA test, p = 0.002). Therefore,
among all the tested host traits, large colony size was associated with an
increased probability of infection by any of T. dionisii, Trypanosoma sp.
Neobat 4 or Trypanosoma sp. Neobat 6 (Fig. 5). Specifically, species with
colonies up to 1000 individuals had statistically lower probabilities of
being infected by any Trypanosoma reported in this study than species
with colonies larger than 1000 individuals.

4. Discussion

In the Neotropical region, there is an inventory of at least six vali-
dated Trypanosoma species (Trypanosoma cruzi, T. dionisii, Trypanosoma
madeirae, Trypanosoma rangeli, Trypanosoma theileri, and Trypanosoma
wauwau) associated with bats of the families Mormoopidae and Phyl-
lostomidae (Ramirez et al., 2014; Barros et al., 2019; Jaimes-Duenes
et al., 2020; Alves et al., 2021). However, in recent years the use of
bioinformatic tools and molecular techniques focused on the amplifi-
cation and sequencing of genes such as 18S-rDNA and GAPDH has made
it possible to unravel the complexity of the trypanosomatid community
in this vast group of mammals. This work contributes to our under-
standing of Trypanosoma species in wildlife, particularly in bats, by
reporting the first occurrences of T. dionisii and Trypanosoma sp. Neobat
4 in Mexico.

In this study, we detected the presence of three species of phyllos-
tomid bats (A. jamaicensis, C. sowelli, and G. mutica) infected with
T. dionisii. This parasite exhibits a global distribution (Austen et al.,
2020) and has been reported with high frequency in bats from Brazil and
Australia, and less frequently in the United Kingdom, Czech Republic,
Bulgaria, Poland, China, and the United States of America (Cavazzana
et al., 2010; Garcia et al., 2012; Ramirez et al., 2014; Hodo et al., 2016;
Dario et al., 2017; Dos Santos et al., 2018; Bento et al., 2018; Mafie et al.,
2018; Wang et al., 2019; Austen et al., 2020; Barros et al., 2020; Linhart
et al., 2020).

Although T. dionisii has previously been detected in C. perspecillata
and A. lituratus in Brazil (Cavazzana et al., 2010), it has not been
detected in C. sowelli or A. jamaicensis, so this study represents the first
report of T. dionisii infection in these bat species. The prevalence of
T. dionisii reported in this work (2.1 %), is similar to that in previous
studies carried out in the USA, in which nine out of 593 (1.5 %) in-
dividuals belonging to three bat species (Tadarida brasiliensis, Para-
strellus hesperus, and Antrozous pallidus) tested positive for this parasite



Table 1

Sample size and prevalence (95 % CI) per bat species collected at Tequecholapa Management Unit for Wildlife Conservation, Veracruz, Mexico between January to August 2022. Analyses were stratified by Trypanosoma

species and sex. Td: prevalence for T. dionisii, T4: prevalence for Trypanosoma sp. NeoBat 4, and T6: prevalence for Trypanosoma sp. NeoBat 6.

Species n Q 3 Trypanosoma dionisii Trypanosoma sp. NeoBat 4 Trypanosoma sp. NeoBat 6
Td (95 % CI) TdQ (95 % CI) Td3 (95 % CI) T4 (95 % CI) T4Q (95 % CI) T43 (95 % CI)  T6 (95 % CI) T6Q (95 % CI) T63 (95 % CI)
Anoura geoffroyi 5 5 0 0 0 0 0 0 0 0 0 0
Artibeus 42 22 20 2.38 (0-13.44) 4.54 (0-23.51) 0 0 0 0 0 0 0
Jjamaicensis [1/42] [1/22]
Artibeus lituratus 20 15 5 0 0 0 0 0 0 0 0 0
Carollia 8 5 3 0 0 0 0 0 0 12.5 (0.11-49.22) 20 (2.03-64.03) 0
perspicilata [1/8] [1/5]
Carollia sowelli 120 54 66 3.33 (1.02-8.54) 3.70 (0.3-13.25) 3.03 (0.21-1.1) 1.66 (0.08-6.25) 1.85(0-10.69) [1/  1.51 (0-8.88) 10 (5.68-16.8) 11 (4.83-22.55) 9.09 (3.9-18.77)
[4/120] [2/54] [2/66] [2/120] 54] [1/66] [12/120] [6/54] [6/66]
Centurio senex 1 1 0 0 0 0 0 0 0 0 0 0
Choeroniscus 9 7 2 0 0 0 11.11 (0-45.67) 14.28 0 0 0 0
godmani [1/9] (0.53-53.34) [1/
7]
Dermanura 19 12 7 0 0 0 0 0 0 0 0 0
tolteca
Glossophaga 15 10 5 6.66 (0-31.84) 0 20 (2.03-64.03) 0 0 0 0 0 0
mutica [1/15] [1/5]
Micronycteris 1 0 1 0 0 0 0 0 0 100 (22.35-100) 0 100 (22.35-100)
microtis [1/1] [1/1]
Platyrrhinus 1 0 1 0 0 0 0 0 0 0 0 0
helleri
Sturnira 31 10 21 0 0 0 0 0 0 0 0 0
hondurensis
Sturnira 13 8 5 0 0 0 0 0 0 0 0 0
parvidens
285 149 136  2.10(0.85-4.63) 2.01 (0.42-6.01) 2.20 (0.46-6.57) 1.05 (0.21-3.19) 1.34 (0.05-5.07) 0.73 (0-4.45) 4.56 (2.61-7.71) 4.02 (1.66-8.69) 5.14 (2.32-10.42)
[6/285] [3/149] [3/136] [3/285] [2/149] [1/136] [13/285] [6/149] [7/136]
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Fig. 2. Rank-abundance curve from bat species captured in this study. Colors represent the trophic guild of each species. Ag, Anoura geoffroyi; Aj, Artibeus jamaicensis;
Al, Artibeus lituratus; Cp, Carollia perspicilata; Cs, Carollia sowelli; Cse, Centurio senex; Cg, Choeroniscus godmani; Dt, Dermanura tolteca; Gm, Glossophaga mutica; Mm,
Micronycteris microtis; Ph, Platyrrhinus helleri; Sh, Sturnira hondurensis; Sp, Sturnira parvidens.

(Hodo et al., 2016). Another study carried out in Japan reported a
prevalence of T. dionisii infection of 2.1 % (2/94) in Miniopterus fuligi-
nosus (Mafie et al., 2018). Higher prevalence, ranging from 9.6 to 20 %,
have also been reported in bats from the United Kingdom, Czech Re-
public, China, Brazil, and Australia (Cavazzana et al., 2010; Hamilton
et al., 2012; Dos Santos et al., 2018; Bento et al., 2018; Wang et al.,
2019; Austen et al., 2020).

Until today, the only potential group of biological vectors for
T. dionisii are bat bugs of the family Cimicidae, a group of blood-sucking
insects (vectorial transmission) with a worldwide distribution and
approximately 110 known species, most of which are biologically and
ecologically associated with bats (Ossa et al., 2019; Najera-Cortazar
et al., 2023). However, knowledge of the transmission of T. dionisii by
cimicids is limited (Bolanos-Garcia et al., 2018). Regarding the study
area, there are no reports of Cimicidae, which highlights our limited
knowledge about these ectoparasites as well as the urgency of carrying
out studies to determine if these insects are involved in the transmission
cycle of T. dionisii in the region.

In the last 10 years, the concept of molecular operational taxonomic
unit (MOTU) has been established for the delimitation of new lineages of
the genus Trypanosoma, which has a genetic divergence >0.01 with
previously recorded sequences of the 18S-rDNA gene (Cottontail et al.,
2014; Rodrigues et al., 2019; Alves et al., 2021; 2023). This alternative
classification arises because conventional methods for the study of this
group of parasites such as blood culture have been unsuccessful and it
may be challenging to study and isolate in the laboratory (Alves et al.,
2023). Additionally, the increasing use of molecular tools in the sur-
veillance and systematic study of trypanosomes in vertebrates in Brazil,
Colombia, and Panama (mainly bats and marsupials) has allowed us to
increase the bank of available sequences for this ribosomal gene
(Cottontail et al., 2014; Lima et al., 2015; Rodrigues et al., 2019; Alves
etal., 2021; 2023). Until today the mention of at least five potential new
species, Trypanosoma sp. NeoBat 1-5, being discovered in various bat
species within the family Phyllostomidae, with prevalence rates ranging
between 10 — 20 % in the populations studied, underscores the diversity
and complexity of Trypanosoma parasites in bat populations, particularly

those of the genus Carollia (Rodrigues et al., 2019; Alves et al., 2021;
2023).

In the present study we detected the presence of Trypanosoma sp.
Neobat 4, a member of the Trypanosoma wauwau complex which was
initially considered a specialized parasite with high host-parasite spec-
ificity within the genus Carollia (particularly with Carollia perspicillata,
in which it was originally described) (Rodrigues et al., 2019). Trypa-
nosoma sp. Neobat 4 is expanding its host range within the bat species in
Brazil. This expansion of host species from C. perspicillata to other bat
species, including Anoura caudifer, Glossophaga soricina, Platyrrhinus
recifinus, C. sowelli, and C. godmani, suggests that this Trypanosoma
species is more versatile and adaptable in terms of host species than
previously believed (Alves et al., 2021; 2023). In the present work, the
geographical distribution of Trypanosoma sp. Neobat 4 is expanded
outside of Brazil and represents the most northern record of this taxon
for the Neotropical region.

Because the members of the T. wauwau complex represent recently
described species or taxa, a possible transmitting arthropod species has
not been incriminated yet (da Costa et al., 2016). However, the high
prevalence of infected bats suggests that this parasite could be trans-
mitted by hematophagous ectoparasites that are commonly found in
chiropterans, such as streblids, hypoboscids, and/or soft ticks (Lima
et al., 2013; Orta-Pineda et al., 2020). It is important to note that the
possibility of transmission by kissing bugs has been ruled out, as labo-
ratory experiments have shown that T. wauwau parasites are destroyed
in the haemolymph of these arthropods (Lima et al., 2013). Further
research and studies will be necessary to explore the biology, behavior,
ecological role, and any potential impact of Neobat 4 on bat commu-
nities in the neotropical region.

Finally, based on the 18S-rDNA criteria delimitation of Rodrigues
et al. (2019) and Alves et al. (2021; 2023), the MOTU detected in
C. sowelli and M. microtis has a divergence of more than 0.02 with other
sequences of the genus Trypanosoma deposited in GenBank, which is
why we propose that it be temporarily named Trypanosoma sp. NeoBat 6
following the continuity of the MOTUS described in bats from the
neotropical region. Thus, discovery of a putative species, is significant,
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Fig. 3. Maximum likelihood phylogenetic tree of Trypanosoma sequences using the 18S SSU rDNA gene detected in bats captured in Tequecholapa Environmental
Management Unit, Veracruz state, Mexico. Tree nodes represent bootstrap values. Accession numbers of sequences retrieved from Genbank are shown on tip labels.
The scale bar indicates nucleotide substitution per site. Green group corresponds to Trypanosoma sp. NeoBat 4, red group to putative Trypanosoma sp. NeoBat 6, and
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and adds to the growing body of knowledge regarding Trypanosoma
species in bat populations, particularly in the family Phyllostomidae
(Alves et al., 2021; 2023). However, the use of other molecular markers
such as GAPDH is a priority, as well as the isolation attempt to identify
the morphology of the parasite, will allow clarifying the identity and
validity of this MOTU at the species level.

Across bats in this area, we observed that the trypanosomatid com-
munity is primarily influenced by prevalence of C. perspicillata and
C. sowelli. These species are known for their resilience, characterized by
behaviors such as living in large colonies, utilizing various roost types
including caves, tree holes, and tunnels, and having a diverse diet that
includes fruits and insects (Bernard et al., 2001). Specifically, in the case
of C. sowelli, its behavior traits and abundance observed in this study
could account for the diversity of Trypanosoma species associated with
this bat species. All three Trypanosoma species were found in C. sowelli

individuals. Consequently, this species may play a key role in the
transmission cycle of Trypanosoma, as has been reported for other
mammalian hosts of Trypanosoma (Oda et al., 2014).

In contrast to previous findings by Cote and Poulinb (1995), who
reported a negative correlation between intensity of infection in
vector-borne parasites and host density, our study revealed that larger
colony sizes increased the probability of Trypanosoma infection. This
relation could be translated into more contacts between the vector and
the host, and thus, higher probabilities of becoming infected (Oda et al.,
2014).

Although, some ecological insights seem to favor the presence of
Trypanosoma in bats, future studies should investigate how species
density and Trypanosoma infection patterns may vary across larger
geographical regions and within more diverse bat communities. On the
other hand, the substantial diversity of Trypanosoma species associated
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with neotropical bats from central Veracruz, as reported in this study,
underscores the necessity for further research aimed at creating in-
ventories of parasites within this highly diverse group of hosts. Addi-
tionally, such research could help elucidate the potential effect of these
parasites on bat populations, shed light on their life cycles, and confirm
the role of host density as a crucial ecological factor influencing Try-
panosoma infection among bats species. These endeavors will serve as
valuable starting points for future parasitological and ecological in-
vestigations into trypanosomatid infections.

In conclusion, we highlight the importance of the community of
phyllostomid bats associated with a humid evergreen forest in the
Mexican neotropics, specifically in central Veracruz, as hosts of three
Trypanosoma species. We emphasize the first record of T. dionisii, Try-
panosoma sp. NeoBat 4, and the putative Trypanosoma sp. NeoBat 6
species in Mexican bats, which expands the distribution of these trypa-
nosomatid species to central Mexico. Although there are still studies to
be carried out, it seems that the ecological characteristics of the colony
size can positively impact the presence of Trypanosoma in bat colonies.
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