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Resumen

Los murciélagos son conocidos como reservorios de una amplia variedad de microorganismos
patdgenos, incluidos virus, bacterias, hongos, helmintos y protozoos, los cuales pueden transmitirse
e infectar a otros organismos zoonoticos. Diversos estudios han empleado técnicas de secuenciacion
de nueva generacion (NGS) para describir los patdogenos transmitidos por estos mamiferos. Aunque
la mayoria han caracterizado comunidades microbianas en fluidos corporales especificos, pocos han
analizado la composicion y diversidad de estas comunidades en varios fluidos corporales de un mismo
individuo. En este estudio, utilizamos dos plataformas de NGS: secuenciacion basada en amplicones
de la region hipervariable V4 de los genes 16S- y 18S-rRNA, y metagenomica viral, para describir
las comunidades procariotas, eucariotas y virales presentes en muestras de sangre, heces e hisopados
orales recolectados de dos géneros de murciélagos (Carollia y Phyllostomus) en el departamento de
Casanare, al oriente de Colombia. Se procesaron y analizaron un total de 60 muestras
correspondientes a los tres tipos de fluidos corporales. Los resultados mostraron que las comunidades
microbianas de estos fluidos estaban compuestas principalmente por bacterias, hongos, protozoos y
diversos virus de ADN y ARN, evidenciando una variabilidad en géneros y especies microbianas.
Las abundancias, métricas de diversidad y correlaciones de estos microorganismos presentaron
patrones asociados tanto al género de murci¢lago como a los fluidos corporales, lo que sugiere que
las caracteristicas ecologicas de estas comunidades microbianas pueden estar determinadas por los
rasgos ecoldgicos y fisiologicos de los murciélagos. Ademas, se identificaron comunidades
microbianas de bacterias, algunos géneros de hongos y virus compartidos en los tres fluidos, lo que
indica una posible circulacion de microorganismos dentro de un mismo murcié¢lago. Esto podria
deberse al movimiento de estas comunidades desde la microbiota intestinal a otros sistemas
fisiologicos o por la transmision mediante vectores hematofagos. Por otro lado, nuestros analisis
revelaron la presencia de varios microorganismos de interés para la salud publica, como Bartonella
spp., Mannheimia haemolytica, Rhodotorula spp., Piroplasmida spp., Toxoplasma gondii,
Alphacoronavirus spp. y Bat circovirus. La abundancia de estas especies patogenas en los tres fluidos
sugiere posibles vias de transmision de los murci¢lagos a otros organismos, lo que podria contribuir
a la aparicion de brotes de enfermedades zoonoticas. Este estudio resalta la variabilidad de
microorganismos presentes en un mismo murci¢lago y las diversas interacciones patégeno-hospedero
que pueden regular la presencia y transmision de estos microorganismos zoonoéticos. Asimismo,
destacamos la importancia de analizar las caracteristicas genoémicas, las interacciones ecologicas y
las actividades biologicas de estas comunidades microbianas en los murcié¢lagos.
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Abstract

Bats are known reservoirs for a wide range of pathogenic microorganisms, including viruses, bacteria,
fungi, helminths, and protozoa, which can be transmitted and infect other zoonotic organisms.
Various studies have utilised next-generation sequencing (NGS) to describe the pathogens associated
with bats. Although most have characterised microbial communities in specific body fluids, few have
analysed the composition and diversity of these microbial communities across different body fluids
at the individual level. In this study, we employed two next-generation sequencing techniques:
amplicon-based sequencing of the V4 hypervariable region of the 16S- and 18S-rRNA genes and
viral metagenomics, to describe the prokaryotic, eukaryotic, and viral communities present in blood,
faeces, and oral swab samples collected from two genera of bats (Carollia and Phyllostomus) in the
department of Casanare, eastern Colombia. A total of 60 samples corresponding to the three bodily
fluids were processed and analysed. The results indicated that the microbial communities across the
body fluids were mainly composed of bacteria, fungi, protozoa, and various DNA and RNA viruses,
showing a variability of microbial genera and species. The abundances, diversity metrics, and
correlations of these microorganisms displayed patterns associated with bat genus and body fluids,
suggesting that the ecological characteristics of these microbial communities may be influenced by
the ecological and physiological traits of the bats. Additionally, we found similar community
compositions of bacteria, some fungal genera, and viruses in the three body fluids, indicating a
possible circulation of these microbes within the same bat. This could be due to microbial movement
from the gut microbiota to other physiological systems or transmission via blood-feeding vectors.
Furthermore, our results revealed the presence of various microbes of public health concern, including



Bartonella spp., Mannheimia haemolytica, Rhodotorula spp., Piroplasmida spp., Toxoplasma gondii,
Alphacoronavirus spp., and Bat circovirus. The abundance of these pathogenic microbial species
across the three bodily fluids suggests potential transmission routes from bats to other organisms,
which may contribute to the emergence of zoonotic disease outbreaks. These findings highlight the
variability of microorganisms present within the same bat and the different pathogen-host interactions
that may regulate the presence and transmission of these zoonotic microbes. Further research is
required to elucidate the genomic features, ecological interactions, and biological activities of these
microbial communities in bats.

Keywords

Microbial communities, Bat body fluids, Next-generation sequencing (NGS), Zoonotic diseases,
Pathogen transmission

Introduction

Bats (order Chiroptera) represent one of the most diverse groups of mammals, exhibiting a wide range
of adaptations and ecological features. These include varying feeding niches !, social structures 2, and
migratory behaviours *, all of which are associated with their evolution in diverse ecosystems *°.
These adaptations enabled bats to play significant ecological roles, such as seed dispersal®., flower
pollination’, and controllers of insect populations®. Additionally, the diversity of evolutionary and
ecological adaptations has led to bats being recognised as natural reservoirs and/or hosts for arthropod
ectoparasites (e.g., ticks’, flies'’, and mites!') and various microorganisms that cause infectious
diseases'>. Among these microorganisms, viruses (e.g., SARS-CoV, Ebola, Henipavirus, and
Lyssavirus), bacteria (e.g., Bartonella and Borrelia), protozoa parasites (e.g., Trypanosomatids and
Plasmodium), and fungi (e.g., Histoplasma, Cryptococcus and Paracoccidioides)'>"* stand out, with
transmission cycles that involve bats as sources and/or amplifiers of these pathogens.

Anthropogenic activities such as deforestation'®, habitat fragmentation !7, and biodiversity loss '® are
increasing the contact between humans, wildlife, and bats'®. This increased contact has led to a higher
probability of transmitting and spreading various pathogenic microorganisms to new hosts?* 2, Due
to multiple outbreaks of emerging and re-emerging zoonotic diseases associated with bats?, including
viral?*, protozoan®, bacterial®® and fungal®® diseases, various studies have focused on analysing the
microbes transmitted by these mammals and characterising their transmission and infection
cycles' !>, During their transmission cycles, the dispersal from bats to other organisms might occur
through direct contact with bodily fluids (e.g., saliva, urine, and blood)?’?* or through bites®.
Similarly, this transmission may also occur through indirect mechanisms?’ such as arthropod
vectors’!, intermediate hosts (e.g., wild or domestic animals)*, and the environment, each associated
with different transmission routes of pathogens carried by bats'>?.

With the increase of several zoonotic diseases associated with bats, various studies have employed
molecular characterisation, culture and microscopy-based techniques to analyse the molecular and
ecological features of several microorganisms, mainly zoonotic?’*334, Although these techniques
identify specific microbial groups and associate bats as wild reservoirs/hosts*>*, they hinder the
description of the ecology of microbial communities of these mammals. Next-generation sequencing
(NGS), particularly amplicon-based sequencing and metagenomics, has enabled the description of
the ecology, genomic structure, and evolution of various microbial communities. Using these high-
throughput sequencing techniques, different studies have determined the prevalence and diversity of
microbial communities within bats'**"3° or characterised the co-occurrence of different
microorganisms relevant to public health in various bat body fluids*’#**, Similarly, these



methodologies have allowed the description and discovery of various viral communities in bats!'>244,

characterising their genomic and evolutionary components®, and assessing their potential health
impact during transmission to other hosts®,

Several studies employing these high-throughput sequencing techniques have analysed various
aspects of the microbial communities of bats, providing further insights into the ecology, genomics,
and evolutionary relationships of these communities'*!%4¢, In general, the bat microbiome comprises
different microorganisms that play various ecological roles as symbionts, commensals, or
pathogens?>*’. Furthermore, the composition, diversity, and ecological interactions of different
microorganisms, particularly those with zoonotic potential, may be influenced by ecological and
evolutionary traits of bats**>°, Specifically, patterns of composition are associated with dietary habits
and different anatomical zones or bodily fluids of bats’'™3, suggesting potential physiological and
ecological factors that may regulate the microbiota dynamics in these mammals. Despite the
increasing number of studies on microbial ecology in bats, most focus on specific microbial groups
or anatomical fluids. Therefore, the ecological characteristics of different microbial communities
(prokaryotic, eukaryotic, and viral) in various fluids or anatomical zones of the same bat remain
unknown, especially in bats inhabiting endemic areas of infectious diseases.

Understanding the diverse microbial components across various body zones and fluids of bats not
only facilitates comprehension of microbial ecology within individual bats'?, but also enables the
description of potential ecological interactions among microorganisms, identification of circulating
pathogens, and comprehension of how these microbial communities are structured in endemic areas
of infectious diseases. Therefore, in this study, we aim to describe the composition and diversity of
various microbial communities (bacteria, fungi, protozoa, and viruses) in blood, faeces, and oral swab
samples from two bat genera in the Casanare department (eastern Colombia) using amplicon-based
sequencing of 16S- and 18S-rRNA, as well as viral metagenomics.

Results

Bat species identification

We sampled a total of 20 bats across three municipalities in Casanare (Figure 1), resulting in 60
samples consisting of blood (N = 20), oral swab (N = 20), and faeces (N = 20; Supplementary table
1). By sequencing the mitochondrial 128 gene, we identified three bat species: Carollia perspicillata
(n = 10), Phyllostomus hastatus (n = 9), and Phyllostomus discolor (n = 1). These species are
distributed throughout the department and possess specific ecological traits: Phyllostomus species are
mainly classified as omnivorous®* and Carollia species are categorized as frugivorous™.



Number of
Host individuals Municipality

W Phyllostomus 3 Mani
W Carollia T Nunchia [
" Yopal

Figure 1. Geographical distribution of the 20 bats collected in the three municipalities of the
department of Casanare, Colombia. Each individual was identified by bat species: Carollia
perspicillata (n = 10), Phyllostomus hastatus (n = 9), and Phyllostomus discolor (n = 1). Each of the
images illustrates the forest edge where the bats were captured

Analysis of high throughput sequence data

High-throughput sequencing of 60 bat samples generated an average of 120,000 raw reads per sample
for amplicon-based sequencing (16S- and 18S-rRNA) using Illumina, and 150,800 for viral
metagenomics using Oxford Nanopore Technologies (ONT). Rarefaction curves demonstrated that
the sequencing depth utilized in amplicon-based sequencing was adequate for assessing the diversity
and composition of ASVs present within bat samples (Supplementary figure 1). This enabled us to
assign 36,466 prokaryotic ASVs and 25,012 eukaryotic ASVs. After normalization and filtering, we
identified 31,834 prokaryotic ASVs and 13,910 eukaryotic ASVs. In ONT, after excluding reads from
bats and other microorganisms, we obtained an average of 30,300 reads per sample, with between
0.05% and 25% of reads classified as viruses.

Microbial community composition across bat samples

Analyses of microbial community composition (prokaryotes, fungi, protozoa, and viruses) showed
several abundant microbes among the different samples and genera of bats (Figure 2). Within the
prokaryotic communities, most of ASVs belong to bacteria (Supplementary table 2). In these
communities, the dominant phyla were Proteobacteria (~ 64.3% across all samples), Bacillota (~
26.1% across all samples), Bacteroidetes (~ 3.20% across all samples), and Fusobacteriota (1.23%
across all samples). At the genus level, we found changes in the composition of the most abundant
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bacteria across both sample types and bat genera (Figure 2a; Supplementary table 3, Kruskal-Wallis
and U Mann-Whitney tests, p < 0.05). In faeces samples, Clostridium sensu stricto 1 was the most
abundant in Phyllostomus (~ 40.9% of relative abundance). In contrast, Pseudomonas, Acinetobacter,
and the Burkholderia—Caballeronia—Paraburkholderia complex were the most dominant in Carollia
(~ 22.5% of relative abundance). Moreover, in swab samples, Neisseria, Gemella, and Streptococcus
were the most abundant genera for Carollia (~11.7% of relative abundance) and Mannheimia and
Haemophilus for Phyllostomus (~ 6.41% of relative abundance). In contrast to this trend, blood
samples displayed a different compositional pattern, with Sphingomonas being the most abundant in
both bat genera (~ 80.6% of relative abundance). On the other hand, we observed some of the genera,
such as Sphingomonas and Stakelama, were present across all bat samples with variations in their
relative abundances (Figure 2a).
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Figure 2. Composition of blood, faeces, and swab microbial communities in Phyllostomidae bats
(Carollia and Phyllostomus). Relative abundances of the most abundant (a) bacterial genera, (b)

fungi genera (c), protozoa taxa and (d) bat viral families across all samples. For each panel, the
stacked bar represents the microbial composition of an individual bat.

In terms of eukaryotes (fungi and protozoa), within fungal communities, Ascomycota (~ 75% across
all samples) and Basidiomycota (~ 20% across all samples) were the most abundant phyla, each
comprising diverse genera. Similar to bacteria, we observed variations in the composition of these
genera based on the sample type and bat genus (Figure 2b; Supplementary table 4, Kruskal-Wallis

Bat virus

RNA Virus

M Coronaviridae

B Astroviridae

B Togaviridae

DNA Virus
Circoviridae



and Mann-Whitney U tests, p < 0.05). Specifically, Malassezia and Davidiella were among the most
abundant in blood samples for both genera (~ 50% of relative abundance). Moreover, in faeces,
Lasiodiplodia, Malassezia, and Phialemonium were the dominant genera in Phyllostomus (~ 64.7%
of relative abundance), while Fusarium and Didymosphaeria were abundant in Carollia (~ 57.6% of
relative abundance). In contrast, we observed a more homogeneous pattern in the abundance of these
communities in swab samples. In Phyllostomus, Aspergillus and Plectosphaerella were the most
abundant fungal genera (~ 57.4% of relative abundance), whereas Carollia exhibited a higher relative
abundance of Davidiella, Cochliobolus, and Fusarium (~ 65.7% of relative abundance). Furthermore,
we found several fungal genera, such as Davidiella and Malassezia, present across all bat samples
with varying relative abundances (Figure 2b). In protozoa communities, alveolates were the most
abundant group (~ 64.2% across all samples), which comprised various taxonomic groups
significantly distributed across the bat samples (Supplementary table 5, Kruskal-Wallis and Mann-
Whitney U tests, p < 0.05; Figure 2¢). Notably, Piroplasmorida was the most abundant in the blood
of Phyllostomus (~ 50.5% of relative abundance), while Entodinium was the dominant genera in the
blood of Carollia (~ 21.3% of relative abundance). Furthermore, in faecal samples, Phyllostomus
showed a high abundance of Toxoplasma and Syncystis (~ 54.8% of relative abundance), whereas
Pseudomonocystis was dominant in Carollia (~22.4% of relative abundance). As for swab samples,
Stichotrichia, Colpoda, and Hausmanniella were the most abundant protozoa for both bat genera (~
80.9% of relative abundance). Finally, we observed variations in the relative abundance of
Stichotrichia and Liosphaeroidea, which are in all three samples (Figure 2c¢).

The viral communities comprised various groups of RNA and DNA viruses (Figure 2d and
Supplementary figure 2). For both sample type and bat genus, Alphacoronavirus, Circovirus,
Flaviviridae, and Salasmaviridae were the most abundant viral groups (~ 87.6% of relative
abundance). However, in facces and swab samples, the composition encompassed other abundant
viral families, such as Peduoviridae, Alternaviridae, Fusariviridae, Marnaviridae, Virgaviridae, and
Caliciviridae (~ 2.10% of relative abundance). We found no variations in the composition and
abundances of these viral groups based on the sample and bat genus (Supplementary table 6,
Kruskal-Wallis and Mann-Whitney U tests, p > 0.05).

Diversity metrics in bat’s microbiota communities

At diversity metrics level (Figure 3 and Supplementary table 7), alpha diversity indices indicate
that prokaryotes, fungi, and protozoa communities exhibited a diversity of microorganisms
composing their microbial communities across different bat samples and genera (Figure 3a-c). When
assessing these diversity metrics (Shannon-Wiener and Simpson), we found significant differences
among bat samples and genera (Kruskal-Wallis and Mann-Whitney U tests, p < 0.05). In bacterial
communities, the Shannon index was significantly greater in faeces and swab than that blood
(Kruskal-Wallis, p < 0.05; Figure 3a). Specifically, within the Carollia genus, faeces exhibited
higher alpha diversity values, whereas in Phyllostomus, it was the swab samples. This pattern of
diversity was also observed with Simpson index. Moreover, in fungal communities, swab showed
higher diversity values in Shannon and lower values in Simpson. Both indices exhibited significant
differences between bat samples (Supplementary table 8, Kruskal-Wallis, p < 0.05; Figure 3b). As
for protozoa, there were only differences in Carollia, specifically between blood samples and swab
and faeces (Supplementary table 8, Kruskal-Wallis, p < 0.05; Figure 3c). Similarly, we observed
differences between swab samples for both genera of bats (Supplementary table 8, Mann-Whitney
U, p <0.05; Figure 3c).
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Figure 3. Diversity metrics among blood, faeces, and swab samples from Carollia and
Phyllostomus. Alpha diversity indexes: Number of ASVs (Observed), ASVs diversity (Shannon-
Wiener), and ASVs dominance (Simpson) for (a) bacteria, (b) fungi, (¢) protozoa communities. Non-
metric MultiDimensional Scaling (NMDS) based on dissimilarity (Bray-Curtis distances) for (d)
bacteria, (e) fungi, (f) protozoa communities. Significance codes: “*” p < 0.05; “**” p < 0.01; “***>

p <0.001.

In terms of beta diversity, Non-metric MultiDimenstional Scaling (NMDS) of Bray-Curtis distance
only showed clusters in the bacterial communities (Figure 3d-f). These clusters exhibited slight
separations related to the bat genus and a marked differentiation of the blood microbiota communities
from faeces and swab microbiota communities (Figure 3d). Furthermore, the dissimilarities among
bacterial communities in these clusters were associated with the sample type (PERMANOVA test, F
= 6.77; p = 0.0001), bat genus (PERMANOVA test, F = 14.88; p = 0.0002), and their interaction
(PERMANOVA test, F=5.17; p=0.0001). Despite the significance of these factors, we did not find
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Bacteria species

Differentially abundant microbes and pathogenic species

The Analysis of Composition of Microbiomes with Bias Correction (ANCOM-BC) among
prokaryote and eukaryote communities only identified bacterial ASVs that were differentially
abundant among sample types and bat genera (Supplementary figure 3). Within these communities,
we observed various differential bacteria in the faeces and swab samples of Carollia and
Phyllostomus, respectively. In faeces of Carollia, ASVs belonging to Staphylococcus, Pseudomonas,
Neisseria, and Acinetobacter were among the significantly associated genera. As for swab of
Phyllostomus, ASVs from Gemella, Aggregatibacter, Neisseria, and Actinomyces were part of the
differential genera. Among the blood bacterial community, ASVs of Bartonella were significantly
associated with Carollia, while ASV of Clostridia UCG—014 was significantly associated with
Phyllostomus. These findings, along with the composition of the bacterial microbiota, suggest a
pattern associated with sample type and bat genus.

Analysing the microbial community compositions and the identification of differentially abundant
microbes, we found various taxonomic groups relevant to human and animal health. The taxonomic
classification of these genera revealed distinct species whose abundances (> 1%) changed according
to sample type and bat genus (Figure 4). In bacterial communities (Figure 4a), there were
abundances above 15% of Bartonella spp., Burkholderia—Caballeronia—Paraburkholderia spp.,
Pseudomonas spp., Acinetobacter spp., Streptococcus spp. and Mannheimia haemolytica in Carollia
blood, faeces, and swab samples, respectively. Among Phyllostomus samples, Escherichia—Shigella
spp., Clostridium sensu stricto 1 spp., Clostridium sartagoforme, Gemella spp., and Gemella spp.,
Neisseria spp. were the abundant species in blood, faeces, and swab, respectively.
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Figure 4. Relative abundances of microbial species pathogenic to mammals. Microbial pathogens
in (a) bacteria, (b) fungal, (¢) protozoa, and (d) viral communities across all bat samples. The heatmap
illustrates the mean relative abundances of each identified microbial species in the blood, swab, and
faecal samples of the Carollia and Phyllostomus. Only those species with a relative abundance
exceeding 1% are depicted.

Within fungal communities, we observed a similar abundance pattern (Figure 4b). For Phyllostomus
samples, there was higher abundance (> 15%) of Rhodotorula spp., Malassezia restricta, Malassezia
spp., and Aspergillus spp., while Fusarium spp. was abundant in Carollia samples. Furthermore, in
protozoan communities, we found Piroplasmida spp. and Toxoplasma gondii as the only species of
relevance to human and animal health in blood and faeces samples in both bat genera, respectively
(Figure 4c). In terms of bat viral communities, there were no changes in abundances associated with
sample type or bat genus (Figure 4d). In all three bat samples Alphacoronavirus spp. and Bat
Circovirus were the most dominant viral species (> 20%). Finally, most of the microbial species
identified co-occurred in all three types of bat samples (Supplementary figure 4). This means that
despite variations in their abundances, these microbes can be localized in different physiological
systems of bats.

Correlations of microbial community abundances in bats

The correlation analysis revealed various inter- and intra-domain interactions across bat samples
(Figure 5). Within faeces samples, there were complex interactions (correlations among more than
four taxa), predominantly positive correlations intra-domain, among different viruses (e.g.,
Alphacoronavirus, Pisoniviricetes, Alphavirus, Duplopiviricetes, Flasuviricetes, Caudoviricetes
Circovirus) and bacterial genera (e.g., Mycoplasma, Leptotrichia, Neisseria, Streptococcus,
Mannheimia, Gemella). However, these microbes exhibited negative relationships when correlated
with other domains (e.g., Clostridium sensu stricto 1 with Caudoviricetes and Pisoniviricetes).
Moreover, blood and swab showed more simple interactions (correlations between two taxa), mostly
inter-domain. For instance, in blood, we observed diverse interactions in Carollia, primarily negative,
between fungi-bacteria (e.g., Haemophilus with Rhodotorula), virus-bacteria (e.g., Clostridium sensu
stricto 1 with Pisoniviricetes), and virus-protozoa (e.g., Alphacoronavirus with Piroplasmida). In
contrast, in Phyllostomus, we found more positive interactions between bacteria (e.g., Leptotrichia
with Neisseria), virus-bacteria (e.g., Pisoniviricetes with Enterococcus), and fungi-bacteria (e.g.,
Rhodotorula with Streptococcus). In swab, Carollia showed several positive interactions among
different viruses and negative interactions between virus-fungi (e.g., Pisoniviricetes with Candida)
and fungi-bacteria (e.g., Malassezia with Haemophilus), while in Phyllostomus, there were mainly
negative interactions between virus-fungi (e.g., Pseudogymnoascus with Chrymotiviricetes and
Pisoniviricetes) and fungi-bacteria (e.g., Rhodotorula with Haemophilus and Pseudomonas).
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Figure 5. Correlation analysis of the abundances of genera reported as pathogens of mammals
and phage classes in blood, swab, and faeces samples. Correlation plot of relative abundances of
microbial communities in Carollia and Phyllostomus. Positive correlations are represented in orange,
and negative correlations in purple. Only were considered strong correlations (—0.75<p>0.75; p
value <0.05.

Discussion

The emergence and re-emergence of diseases transmitted by bats have led various studies to analyse
and evaluate the microbial communities present in these mammals to understand different ecological,
genomic, epidemiological, and evolutionary aspects of these communities!'>!*?*3¢  This study
characterises the ecology of diverse microbial communities in different body fluids (blood, faeces,
and oral secretions) and describes their potential association with the emergence and transmission of
pathogenic microbes using amplicon-based sequencing (16S- and 18S-rRNA) and viral
metagenomics. Our results highlight three main aspects: the composition of diverse microbial
communities, the variation of certain microbial groups across different physiological systems, and
the circulation and coexistence of pathogenic microbes relevant for human and animal health.

The compositional and diversity metrics analyses indicate a variability in the microbial taxa present
across different bat body fluids (blood, faeces, and oral secretions) (Figure 2 and Figure 3). These
patterns in prokaryotic, fungal, protozoan and viral communities are consistent with the taxonomic
profiles and diversity metrics reported in previous studies, which have characterised a variety of
microbial communities, mainly Proteobacteria'®>!*, Ascomycota'¥, Basidiomycota'* and RNA
viruses'®, in various bat samples (skin’’, heart>?, faeces®®>’, urine, blood*’**, kidney®, gut®! and
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saliva®) using high-throughput sequencing'*!'*. Bats generally host a wide variety of microorganisms,
including bacteria, viruses, fungi, and protozoa'*'>, which have specialised ecological interactions,
such as regulating metabolism and nutrient absorption, or influencing pathogen exposure in these
mammals'®. Even though bats host diverse microbial taxa, these microbial diversity and composition
features differ from those reported in other mammals®?. These differences may be attributed to the
distinct evolutionary adaptations and ecological traits of bats, such as migration, flight, and dietary
niches, which may explain the diversity of microbes hosted by these mammals>%6263,

In our study, most of the variation observed in microbial community composition and diversity
metrics is mainly explained by the bat genus. The two genera studied, Phyllostomus and Carollia,
have distinct evolutionary adaptations and ecological behaviours associated with their dietary niches.
Carollia, primarily categorized as a fruit bat®, forages around trees, consuming fruits, seeds, and
pollen®, whereas Phyllostomus, classified as an omnivore®, forages at ground level and in tree
canopies, consuming insects, small rodents, seeds, and fruits>*. All these ecological and behavioural
differences may explain the observed variations in the composition and diversity of the microbial
communities of these genera. Similarly, in another neotropical bat genera, the ecological and
behavioural traits, such as dietary strategy, social organization, and reproductive condition, have been
reported to determine the diversity, composition, and presence of various microbial
communities**>%%°. However, due to the lack of specific data on the ecological traits, we are unable
to determine which features are causing the observed patterns. Therefore, further research is necessary
to thoroughly evaluate the microbial community ecology based on the specific biological traits of
these bats.

Another important result is the change in relative abundances and diversity metrics in the microbial
communities, mainly in bacterial and fungi, across the samples analysed (Figures 2,3 and S3). Each
body fluid from the same bat represents a distinct physiological system with specific characteristics
that may influence on the ecology of microbial communities. In other mammals, the physiological
characteristics of different body fluids have been reported to determine the ecology of microbial
communities (composition and diversity), even within the same individual®. In bats, previous studies
have found that the oral secretions of these mammals contains several enzymatic and biochemical
systems, which, in addition to promoting the degradation of different types of food, may regulate the
abundance of various microbes'. In blood, immunological characteristics have been documented to
regulate the abundances and infection of different microorganisms®’. In faeces, the availability and
variation of nutrients and metabolites have been found to determine the ecology of microbial
communities'*. On the other hand, different metagenomic studies suggest that these physiological
characteristics influence biological and ecological factors of microbial communities in bats, such as
the presence of different microorganisms or ecological interactions with these mammals or other
microbes®®**%® Therefore, these functional characteristics between the different physiological
systems of bats would be driving the patterns observed in microbial communities. In this sense, along
with the biological features of bats, the composition and diversity of microbial communities,
especially in bacteria (Figure 3a,d and Supplementary figure 3), may be determined by the
physiology, ecology, and evolution of these mammals.

The diversity and co-occurrence of various microbes among body fluids from the same individual
(Figure 2 and Supplementary figure 4) highlight the microbe-host interaction, particularly the role
of the immune system in these mammals. Given the diversity of microorganisms described in bats,
two main hypotheses have been proposed concerning the microbe-host interaction®. First, an
immunological dampening, wherein bats have evolved suppressive or inactive inflammatory
pathways, such as a reduction in the NLRP3 protein family or loss of PYHIN genes, allowing
tolerance to various microbes’®’!. Second, a microbial resistance through constitutive expression of
interferons (IFNs), increased heat shock proteins (HSPs), and increased autophagy, favoring mild
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seroprevalence and premonition states as protective mechanisms against future infections without an
exacerbated response’!"2, Each of these hypotheses has been evaluated using cellular components, as
well as genomic and transcriptomic analyses of the immune system in different bat species'>7>74.,
Independent of these hypotheses, the immune features of bats have contributed to a balance between
the homeostasis of these mammals and the microbial diversity of pathogens they host, leading them
to be considered reservoirs or hosts for various infectious agents.

As for the abundance of microorganisms of the same taxa, particularly bacteria, some fungi, and
viruses, across the three bodily fluids (Supplementary figure 4), our analyses suggest a potential
circulation of various microbes within the same bat. We hypothesise that this circulation could be
associated with the movement of these microbes from the gut microbiota to other systems, mediated
by the physiological features of the gut epithelium’, and/or through transmission via blood-feeding
vectors'>?, This circulation of different microbes, mainly pathogens, would involve several
physiological, ecological, and epidemiological aspects. Firstly, the movement of microorganisms
through the different body fluids requires physiological regulation by the bat to maintain homeostasis
and microbial activity'?. Secondly, this circulation could result in changes in the biological activity
of the microorganisms, allowing them to colonise and inhabit various bodily fluids’. This may lead
to alterations in the ecological interactions among different microorganisms and potential
modifications in their genomes. Finally, circulation through different fluids may indicate various
mechanisms for spreading pathogenic microbes to other hosts, increasing the probability of
transmission and the emergence of various zoonotic disease outbreaks’’. These aspects highlight the
importance of future studies on microbe-cell interactions to investigate these hypotheses further, in
order to understand the circulation of microorganisms in bats and the potential ecological,
physiological, and epidemiological consequences.

In the case of pathogenic species, the analyses using an approach of different body fluids of the same
bat revealed several microorganisms of human and animal health concern (Figure 4). At the
individual level (Figure 2), the patterns in the relative abundances of these pathogenic microbes
suggest a potential association between their frequency in the different body fluids and their
transmission mechanisms, as well as a coexistence of multiple pathogenic species within the same
body fluid. These aspects were observed within the diverse microbial communities analysed. In the
case of bacteria (Figure 4a), the abundances of the pathogenic species were either specific or
generalist for the different body fluids. For instance, the higher frequency of Mannheimia haemolytica
in swab samples may indicate a potential transmission route from bats to other hosts, as this species
is primarily known to spread or be transmitted through droplets or saliva’. Conversely, several
enteropathogenic species, including Escherichia-Shigella spp., Enterococcus spp., Staphylococcus
spp., Clostridium sensu stricto 1 spp., and Bacteroides spp., which, in addition to presenting different
virulence factors, antibiotic resistance genes’**°, and different transmission mechanisms (e.g., faeces,
droplets, and saliva)'*?*, were present in all three body fluids. This suggests not only complexity in
the dispersion and infection pathways but also a greater potential for transmitting these bacteria.
Therefore, the diverse patterns in the abundance of these pathogenic bacteria in different body fluids
would indicate a variety of routes of transmission and infection from bats to other hosts, leading to
different outbreaks of associated diseases.

In terms of coexistence, our results highlight a diversity of bacterial species in the same bat or body
fluid, suggesting complex dynamics in the ecological, evolutionary, and epidemiological interactions
of these microbes. Among the coexistence patterns, we identified several Bartonella species, such as
B. schoenbuchensis, B. henselae, and B. clarridgeiae, in blood samples (Figure 4a). These bacteria
are known to cause a variety of infectious diseases, including cat scratch disease and trench fever®!,
whose transmission cycles involve bats as wild reservoirs which transmit these species to other
organisms via various hematophagous vectors®>®, The presence of B. schoenbuchensis, B. henselae,
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and B. clarridgeiae in bat blood suggests not only the potential transmission of these pathogens to
other organisms but also the activity of various associated arthropods. Together with the changes in
relative abundances, these findings highlight that the variability and abundance of these microbes in
different body fluids may imply various mechanisms of transmission of infectious bacteria and
distinct coexistence patterns associated with complex dynamics in the microbial ecology of bats.
However, the biological activity of these bacteria needs to be assessed to determine the viability of
these microorganisms in each body fluids and clarify the transmission mechanisms of these bacterial
species in bats. Additionally, incorporating genomic approaches is necessary to analyse their
virulence factors and evolutionary patterns.

Similarly to bacteria, we found coexistence patterns among various opportunistic fungal species such
as Malassezia spp., Candida spp., Rhodotorula spp., and Aspergillus spp., whose relative abundances
showed patterns associated with the different types of samples analysed (Figure 4b). So far, few
studies on fungal communities have described the mechanisms of transmission and dispersal of these
fungi in bats or their role in transmission cycles'>%. Considering the ecological and immunological
features of bats, along with the diversity of fungi documented'>!, these mammals may act as hosts
that facilitate the transmission of these microorganisms. The frequency of these species in certain
fluids may suggest potential pathways for their circulation and dispersal. Moreover, at the individual
level, the frequency and prevalence of these species in bat faeces and swab (Figure 2b) could indicate
possible contamination of natural resources (fruits and water resources) by these microorganisms due
to the behavioural features of bats. Future studies need to delve into the role of fungi as commensals
or pathogens in neotropical bats. Understanding the ecological interactions and potential health
impacts of fungal communities in these bats will be crucial for comprehensive insights into their
microbial ecology and disease transmission dynamics.

With regard to protozoa, our analysis reveals the presence of Toxoplasma gondii and Piroplasmida in
bat faeces and blood, respectively (Figure 4¢). These parasites have been documented in various
tissues and organs of bats (e.g., heart, muscle, and blood)®%. However, little is known about their
ecological associations, the role of bats in the epidemiology of these parasites, and the description of
Piroplasmida species in these mammals®. From a biological and ecological standpoint, the presence
of these microbes in different individuals suggests a potential interaction with arthropod vectors (e.g.
ticks) or exposure to natural resources, that may facilitate the transmission of these protozoa®**. Bats
might, therefore, act as host in the life cycles of these protozoa, facilitating the dispersion of
microorganisms within their ecosystems. To understand their transmission mechanisms and the
ecological and evolutionary relationships in bats, future studies should assess the eco-epidemiological
features of these parasites using molecular, ecological, and demographic analyses.

Several RNA and DNA viruses were identified in different body fluids at the level of viral
communities. These viruses were relevant to public health, including Alphacoronavirus sp., Bat
circovirus, Flaviviridae and Salasmaviridae (Supplementary figure 2 and Figure 4d). Previous
studies have reported that the bat virome in various tissues, organs, and body fluids comprises
different viral communities of public health concern'>2*%. Such viruses have been identified as the
causative agents of different bat-borne zoonotic diseases, including rabies, acute respiratory disease,
and respiratory syndrome'>*. In neotropical bats, molecular techniques in saliva and facces samples
support the frequency and presence of the different species identified®”®. This may indicate a
circulation of these viruses in the same individual and suggest possible transmission routes or
dispersal mechanisms that could contribute to potential outbreaks of viral diseases. Furthermore, the
coexistence of different pathogenic species in each fluid may involve different viral recombination
processes, facilitating the emergence of viruses in other hosts®*®’. Despite describing the composition
of viruses using long-read sequencing, it was impossible to assemble complete genomes or segments
that could have provided key information on the genomic and evolutionary characteristics of the
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described communities. Therefore, it is essential to perform whole genome approaches to assess the
genomic and evolutionary aspects of the virome of these bats.

The relationships between bacteria, eukaryotes, and viruses in different body fluids are characterised
by many interactions, including both synergistic and antagonistic dynamics, as well as competition
for energy sources’ ™. Correlation analyses reveal intricate relationships between diverse groups of
pathogenic microbes and phages in bat samples (Figure 5). These types of correlations in blood,
faeces, and swab samples support the hypothesis that physiological and ecological features of bats
influence the ecology of distinct microbial communities similar to their dietary niches®*. Furthermore,
the diverse inter- and intra-domain interactions may indicate ecological factors that could influence
the prevalence of various pathogenic microorganisms in bats, potentially impacting the transmission
and emergence of zoonotic diseases. However, functional interaction analyses are necessary to
elucidate the correlations observed in our study.

From an ecological standpoint, the abundance and circulation of various microbes, mainly zoonotic,
across different body fluids may suggest a potential dispersal and transmission of these microbes in
both sylvatic and urban ecosystems. This is due to the fact that the bats studied bats studied are
characterised by sharing living spaces with humans and other animals®. Furthermore, the localities
in which the bats were captured, which are close to human settlements (Figure 1), have experienced
a reduction in forest cover in recent years due to anthropogenic factors, including livestock farming,
fires, and land use®®. The loss of natural ecosystems and the ability of bats to adapt to different
ecosystems would increase the probability of spillover processes occurring from bats to other hosts
(humans or domestic animals/livestock), potentially affecting their health through the transmission of
these zoonotic microbes?!??. Therefore, we emphasise the necessity of further research to understand
the frequency of associated zoonotic diseases to these microbes, the dispersal of vectors, the microbial
ecology in these reservoirs and other associated hosts, and the transmission efficiency. This is crucial
for preventing and mitigating infectious disease outbreaks caused by the transmission of bat-borne
microbes.

This study has some limitations. First, the sample size and distribution of bat species sampled, despite
revealing patterns associated with individual bat features and body fluids, do not demonstrate
potential associations with environmental or geographic variables. Second, there is a lack of bat
demographic characteristics (such as sex or age) and information about the periodicity and frequency
of various infection disease outbreaks (viral, protozoan, fungal and bacterial). This may offer insights
into variations in microbial communities among bats in areas endemic to infectious diseases. Third,
although several microorganisms of interest in human and animal health were identified, the
biological activity of these communities across the analysed samples remains unknown. Therefore,
future studies should not only include a greater number of individuals and ecological-demographic
variables of bats, but also analyse the biological activity and genomic structure of these communities
to determine the interactions between microorganisms and bats, identify possible sources of
transmission and clarify the role of bats during their dispersal cycles. Finally, it is crucial to continue
studying the microbial communities of these reservoirs to describe the ecology and genomic features
of these infectious agents, thereby establishing mechanisms for the prevention or mitigation of
infectious diseases in the future. Despite its limitations, this study is the first to describe the microbial
communities (bacteria, fungi, protozoa, and viruses) present in the blood, faeces, and oral secretions
of the same individual, as well as the possible role of physiological features and feeding habits in
shaping the structure and diversity of these microbes.

Conclusion
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In summary, the microbial communities in different body fluids of the same bat are composed of
various microbes, including bacteria, fungi, protozoa, and viruses. The abundance, diversity metrics,
and ecological interactions of these communities may vary depending on the ecological traits of the
bats and the physiological features of each body fluid. Moreover, analysing different body fluids from
the same individual revealed the circulation and coexistence of some members of these microbial
communities, primarily pathogens, suggesting potential transmission and dispersal of some these
microbes to other hosts. Further studies involving single-cell sequencing, genomics, interaction
analyses, and epidemiological data are needed to provide insights into the biological activity,
associated metabolites, genomic structure, evolutionary relationships, and ecological interactions of
these microbial communities within bats. This study has limitations, including a small sample size
and geographical restrictions. Therefore, future research should address these limitations by including
other neotropical bat species, particularly those with different dietary habits, such as insectivores,
carnivores, and hematophagous bats. Additionally, expanding the description of microbial
communities to other reservoirs and bats' ectoparasites would provide a broader understanding, from
a One Health perspective, of the dynamics of these microbes.

Methods

Bat sampling collection

During 2022, with the institutional approval of the Ethics Committee of Universidad del Rosario
(Resolution No. DVO005 1585-CV1427), different bats were captured using mist nets located at the
forest edge in three municipalities (Yopal, Nunchia, and Mani) of the department of Casanare,
Colombia (Figure 1 and Supplementary table 1). The captured individuals were anaesthetised with
ketamine. Then, each individual underwent blood extraction by cardiac puncture with an insulin
syringe (~500 uL), oral secretion collection by oropharyngeal swabbing, and facces sampling directly
from each bat during handling when possible or from the bottom of the retention bag using sterile
forceps. All methods were carried out following relevant guidelines and regulations of the ethics
committee, we confirm that the study is reported in accordance with ARRIVE guidelines. With the
exception of the faecal samples, the samples were transferred to 1 ml of Zymo Shield solution
(DNA/RNA Shield, Zymo Research) for nucleic acid preservation. After sampling, all individuals
were released once they recovered from anaesthesia.

Nucleic acid isolation from bat samples

The genetic material was extracted from blood, faeces, and oral swab samples, with half of the volume
allocated for DNA extraction and the remaining half for RNA extraction. For DNA extraction, we
employed the High Pure PCR Template Preparation kit (Roche Life Science) for blood and swab
samples, and the Stool DNA Isolation Kit (Norgen, Biotek Corp.) for faecal samples. The two
extraction protocols were conducted following the manufacturer's instructions, with an elution
volume modified to 100 pL. As for the RNA extraction, the Quick-RNA Viral Kit (Zymo Research)
was employed with some modifications. Briefly, a preprocessing step was incorporated depending on
the type of sample. Faeces samples were incubated in 200 pL. of PBS 1X for 12 hours and
homogenized by disruption with ceramic beads for 5 minutes at 30 Hz using a TissueLyser II disruptor
(Qiagen). Blood and swab samples were mechanically homogenized by pipetting for 30 seconds to
release the biological material. Afterward, the homogenized samples were incubated with 5% v/v of
proteinase K (20 mg/ml, Zymo Research) at room temperature for 15 minutes. Finally, we followed
the manufacturer's instructions with a final elution step of 20 uL of DNase- and RNase-free water,
previously preheated to 56°C.
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The integrity, quality and concentration of the extracted nucleic acids were assessed using 1.5%
agarose gel electrophoresis and NanoDrop One spectrophotometry. Negative controls with
molecular-grade water were included during the extraction process to ensure the absence of cross-
contamination between samples.

Identification of bat species

During sampling, identification to species level was carried out on captured individuals using a
traditional taxonomic key. However, due to variations in morphological characters®’, we conducted
species verification of bats through molecular analysis following a protocol described previously*’.
Briefly, we amplified a 215 bp fragment of the mitochondrial 12S gene from blood DNA using
primers L1085 (5'-CCCAAACTGGGATTAGATACCCCC-3" and H1259 (5'-
GTTTGCTGAAGATGGCGGCGGTA-3') in a PCR reaction’®. The amplification profiles included
an initial denaturation at 95 °C for 5 min followed by 35 cycles of denaturation at 95 °C for 30 s,
annealing at 57 °C for 15 s and extension at 72 °C for 30 s, and finally an extension at 72 °C for 10
min. The PCR products obtained were purified by ExoSAP-IT® and then subjected for Sanger
sequencing. The sequences obtained were analysed with UGENE software and taxonomically
assigned by BLAST from the data reported in NCBI*.

16S- and 18S-rRNA amplicon-based sequencing

To describe prokaryotic and eukaryotic communities, the DNA samples were submitted for amplicon-
based sequencing by an independent entity (Novogene, Bioinformatics Technology Co., Ltd, Beijing,
China). The sequencing process involved a PCR amplification of the 16S- and 18S-rRNA V4
hypervariable region, using universal primers 515F (5'-GTGCCAGCMGCCGCGGTAA-3") - 806R
(5'-GGACTACHVGGGTWTCTAAT-3') and 528F (5'-GCGGTAATTCCAGCTCCAA-3") — 706R
(5'-AATCCRAGAATTTCACCTCT-3'), which enable genus-level identification of prokaryotic!®
and eukaryotic'®' communities, respectively. Throughout the PCR reaction, a negative control with
molecular-grade water was included as an additional precaution against PCR contaminants. The
amplicons were visualized on a 2% agarose gel. Afterward, amplicons for each gene were purified
and prepared for library sequencing by end pairing and index adapter ligation. The library was
sequenced on a paired-end Illumina platform (Illumina NovaSeq 6000 PE250), generating 250 bp
paired-end raw reads with a minimum expected depth of 100 thousand raw reads per sample.

After sequencing, barcodes and adapters were removed from raw sequences using QIIME2 tool'®2,
Then, we assessed the quality scores of the sequencing data using FastQC version 0.11.7'%. This
quality control analysis was consolidated using MultiQC version 1.6'%. Next, we used the DADA2
package'® within R software version 4.0.2!% to infer amplicon sequence variants (ASVs), unique
sequences with 100% identity, from the high-throughput sequencing data. To perform this analysis,
we used the default parameters of the microbiome analysis
(https://benjjneb.github.io/dada2/tutorial.html). This pipeline filter individual reads based on a Phred
score of 30 or higher to minimize misreads, infer the ASVs using the central sample inference
algorithm, merge forward and reverse sequences, and remove the chimeric structures'®. Finally, with
DADAZ2, each ASV was taxonomically assigned by comparing it to the SILVA database version
138.1'97 for 16S-rRNA and PR2 database version 5.0.1for 18S-rRNA!%,

Viral enrichment and Oxford Nanopre Sequencing

RNA samples were used for sequencing and characterizing viral communities in bats. We initially
removed ribosomal RNA sequences using the Ribo-Zero Plus rRNA Depletion kit (Illumina),
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following the manufacturer's instructions. Subsequently, the samples were enriched using Rapid-
SMART9n, which enables the identification of different viruses'®. Briefly, for cDNA synthesis, 5
pL of RNA depleted, 0.5 ne of  the primer RLB-RT9N (5'-
TTTTTCGTGCGCCGCTTCAACNNNNNNNNN-3"), and 0.5 pL of ANTPS (New England
BioLabs) were mixed and incubated at 65°C for 5 minutes, then cooled on ice. The annealed RNA
was mixed with 2 uL. of SuperScript IV First-strand Buffer, 0.5 uL. of DTT, 0.5 uL. of RNase OUT,
0.5 uL of RLB TSO (5'-GCTAATCATTGCTTTTTCGTGCGCCGCTTCAACATrGrGrG-3'), and
0.5 pL of SuperScript IV (Invitrogen, Carlsbad). The mixture was incubated at 42°C for 90 minutes
followed by 10 minutes at 70°C to yield the cDNA. Afterward, the cDNA was amplified using 6.25
puL of LongAmp Taq 2X master mix (New England BioLabs), 4.875 uL of Nuclease-free water
(NFW), 0.125 pL. of RLB primer (5'-TTTTTCGTGCGCCGCTTCA-3"), and 1.25 puL of cDNA. The
amplification profiles were as follows: 98°C for 45 seconds, 30 cycles of 98°C for 15 seconds, 62°C
for 15 seconds, and 65°C for 5 minutes, with a final step at 65°C for 10 minutes. During the
enrichment process, all samples were quantified to ensure proper execution using the Qubit dsSDNA
High Sensitivity Assay (Life Technologies) on the Qubit 3.0 instrument (Life Technologies).

The enrichment samples were sequenced by Oxford Nanopore Technologies (ONT). We prepared
ONT libraries following the manufacturer’s instructions. Firstly, the NEBNext® Ultra™ II End
Repair/dA-Tailing Module commercial kit was used to prepare the DNA ends. Then, an unique
barcode from the Native Barcoding Kit (EXP-NBD104) was added for each sample using NEBNext®
Ultra™ II Ligation Module kit. Finally, adapters were ligated using the NEBNext® Quick Ligation
Module kit in conjunction with the ligation kit from Oxford Nanopore Technologies (SQK- LSK109).
The libraries were loaded into FLO-MIN106 flow cells R9.4.1 on the Min[ON™ MKI1C device
(ONT) and sequenced using MinKNOW V.3.1.4. program for 72 hours.

After sequencing, the raw signal files (FASTS) were processed using ONT Guppy v.6.3.8 with the
Super accurate (SUP) model for basecalling, and ONT Guppy barcoder v.6.3.8 for demultiplexing.
Next, the ONT sequencing data quality scores were assessed using NanoPack2!!’. Reads aligned to
the reference genomes from the GenBank assembly, Carollia perspicillata: GCA_004027735.1 and
Phyllostomus hastatus GCF_019186645.2, were filtered out using Minimap2 software v.2.28.0'!! and
SAMtools v.1.16'"2, An additional filter step was carried out to remove prokaryotic and eukaryotic
ribosomal reads through SortMeRNA software v.4.3.6'". To analyse viral sequences, the filtered
reads were taxonomically assigned with Centrifuge v.1.04''* with a minimum length of partial hits (-
-min-hitlen) of 50 and a k classification parameter of 1. Two custom databases were utilized for
taxonomic assignment: the Bat virus database and the Refseq virus database. These databases
comprised 995 dereplicated and complete virus genomes/sequences reported in Chiroptera from
NCBI Virus for the Bat virus database and 17066 dereplicated and complete virus genomes/sequences
from RefSeq-NCBI Virus for the Refseq virus database. Centrifuge outputs were processed in Pavian
package'" and RStudio.

Microbial communities’ analyses

To describe microbial communities, we first filtered out the ASVs corresponding to mitochondria,
chloroplast, algae, metazoa, plants, and dinoflagellates from the abundance and taxonomic
assignment tables using the R phyloseq package v.1.40.0''¢. Before performing follow-up analyses,
we rarified our data to equal read depth at the lowest read depth among the samples using the
rarefy _even depth (rngseed = 1) function of phyloseq to normalize differences in read depths between

samples, which can influence dissimilarity metrics'!”.
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In the microbial community features, we identified the 20 most abundant genera in blood, swab, and
faeces samples from each individual. This identification was based on the proportion of reads of each
ASV or Viral OTU (relative abundance) to the total sample dataset abundance. Differences in the
abundances were tested using the non-parametric test U Mann-Whitney and Kruskal-Wallis with
Dunn test as post hoc with Benjamini—Hochberg correction. To estimate the diversity of ASVs (alpha
(a) diversity), we used the Shannon-Wiener (species diversity) and Simpson (species dominance)
indices from the microbiome package of R v.1.18.0!''®. Likewise, we evaluated the total prokaryotic
and eukaryotic diversity of our samples through rarefaction curve analyses using the iNterpolation
and EXTrapolation (iNext) v.3.0.0''"12° and ampvis2 v.2.7.31'*' R packages. The same non-
parametric tests were used to evaluate the differences obtained from the alpha diversity indices.
Regarding beta (B) diversity, the dissimilarities of the microbiota were assessed and visualized by
Non-metric MultiDimenstional Scaling (NMDS) of the phyloseq package. This analysis was
performed based on Bray-Curtis distances obtained from the relative abundances of each ASVs.
Furthermore, we conducted a permutational multivariate analysis of variance test (PERMANOVA)
from the vegan package v.2.6-2!22 with 9,999 permutations to assess changes in microbiota
communities according to bats’ sample type, genus, and localization.

Analysis of differential and pathogen microbials

From microbial composition analyses, we identified the genera that are differentially abundant using
the Analysis of Composition of Microbiomes with Bias Correction (ANCOM-BC) method from
ANCOMBC R package v.2.4.0'**% with a FDR-corrected p-value cutoff of 0.05. Subsequently, we
classified microbial species of differentially abundant genera and/or genera reported as pathogens of
mammals in bats (bacteria, fungi, protozoa, and viruses)'*'?®. Taxonomic assignment for each genus
was conducted using Centrifuge software (-k 1 --min-hitlen 150) with a reference database
constructed from sequences reported in RefSeq!?’. Finally, the obtained information was cross-
referenced and visualized alongside respective abundance values using RStudio. Additionally, we
visualized the co-ocurrence of these species within samples of the same bat genus.

Ecological interactions among bat microbial communities

We examined the correlations among genera reported as pathogens of mammals, along with different
classes of phage, to understand the potential ecological relationships of these microbes. For this
analysis, the non-parametric Spearman correlation was used, considering only strong correlations
with values greater than 0.75 and less than -0.75'*® and with statistical significance (p < 0.05). The
correlation analyses were conducted and visualized in RStudio using the psych v.2.4.3'° and ggraph
v.2.2.113% packages, respectively.

Data availability

The datasets generated and analysed in this study are available in the ENA repository under project
number PRJEB77306.
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Supplementary figure 1. Rarefaction analysis of prokaryotic and eukaryotic communities. Rarefaction curves of (a) prokaryotes and (b)
eukaryotes in each bat sample. Rarefaction curves of (c¢) prokaryotes and (d) eukaryotes by sample type and bat genera.
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Supplementary figure 2. Composition of viral families in blood, swab, and faecal samples from Carollia and Phyllostomus. This families were
assigned using sequences and reference genomes from RefSeq. For each panel, the stacked bar represents an individual bat.
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faeces, and swab samples in Carollia and Phyllostomus.
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Supplementary table 1. Information on each of the bat samples collected in the three municipalities of the department of Casanare eastern
Colombia.

Sample ID Bat Specie Sample type Sex Municipality Village Latitude Longitude Date
MHO1  MO1 Phyllostomus hastatus Swab NA Yopal La Niata 5.399 -72.304 2022-01
MPO1 MO1 Phyllostomus hastatus Faeces NA Yopal La Niata 5.399 -72.304 2022-01
MSO01  MO1 Phyllostomus hastatus Blood NA Yopal La Niata 5.399 -72.304 2022-01
MHO03  MO03 Phyllostomus hastatus Swab NA Yopal La Niata 5.399 -72.304 2022-01
MPO03 MO03  Phyllostomus hastatus Faeces NA Yopal La Niata 5.399 -72.304 2022-01
MSO03 MO3  Phyllostomus hastatus Blood NA Yopal La Niata 5.399 -72.304 2022-01
MH04  MO04 Phyllostomus discolor Swab NA Nunchia La pradera 5.640 -72.051 2022-01
MP04 MO04  Phyllostomus discolor Faeces NA Nunchia La pradera 5.640 -72.051 2022-01
MS04  MO04 Phyllostomus discolor Blood NA Nunchia La pradera 5.640 -72.051 2022-01
MHO06  MO06 Phyllostomus hastatus Swab NA Yopal La Niata 5.399 -72.304 2022-01
MPO06 MO06 Phyllostomus hastatus Faeces NA Yopal La Niata 5.399 -72.304 2022-01
MS06  MO06 Phyllostomus hastatus Blood NA Yopal La Niata 5.399 -72.304 2022-01
MHO07  MO7 Phyllostomus hastatus Swab NA Yopal La Niata 5.399 -72.304 2022-01
MPO7 MO7 Phyllostomus hastatus Faeces NA Yopal La Niata 5.399 -72.304 2022-01
MS07  MO7 Phyllostomus hastatus Blood NA Yopal La Niata 5.399 -72.304 2022-01
MHO08 MO8 Phyllostomus hastatus Swab NA Yopal La Niata 5.399 -72.304 2022-01
MPO8 MOS8 Phyllostomus hastatus Faeces NA Yopal La Niata 5.399 -72.304 2022-01
MS08 MO8 Phyllostomus hastatus Blood NA Yopal La Niata 5.399 -72.304 2022-01
MHO09 M09 Phyllostomus hastatus Swab NA Yopal La Niata 5.399 -72.304 2022-01
MP09 M09 Phyllostomus hastatus Faeces NA Yopal La Niata 5.399 -72.304 2022-01
MS09 M09 Phyllostomus hastatus Blood NA Yopal La Niata 5.399 -72.304 2022-01
MHI11  MI11 Phyllostomus hastatus Swab NA Yopal La Niata 5.399 -72.304 2022-01
MP11 MI11 Phyllostomus hastatus Faeces NA Yopal La Niata 5.399 -72.304 2022-01
MS11 MI11 Phyllostomus hastatus Blood NA Yopal La Niata 5.399 -72.304 2022-01
MH12  MI12 Phyllostomus discolor Swab NA Nunchia La pradera 5.640 -72.051 2022-01
MP12 M12 Phyllostomus discolor Faeces NA Nunchia La pradera 5.640 -72.051 2022-01
MS12  MI12 Phyllostomus discolor Blood NA Nunchia La pradera 5.640 -72.051 2022-01
MHO5  MI13 Phyllostomus discolor Swab NA Nunchia La pradera 5.640 -72.051 2022-01
MPO5 M13  Phyllostomus discolor Faeces NA Nunchia La pradera 5.640 -72.051 2022-01
MS05  MI13 Phyllostomus discolor Blood NA Nunchia La pradera 5.640 -72.051 2022-01
MH22  M39 Carollia perspicillata Swab Male Mani El viso 4.962 -72.395 2022-02
MP22 M39 Carollia perspicillata Faeces Male Mani El viso 4.962 -72.395 2022-02
MS22  M39 Carollia perspicillata Blood Male Mani El viso 4.962 -72.395 2022-02
MH13 M40 Carollia perspicillata Swab Female Mani El viso 4.962 -72.395 2022-02
MP13 M40 Carollia perspicillata Faeces Female Mani El viso 4.962 -72.395 2022-02
MS13 M40 Carollia perspicillata Blood Female Mani El viso 4.962 -72.395 2022-02
MH14  M41 Carollia perspicillata Swab Female Mani El viso 4.962 -72.395 2022-02
MP14  M41 Carollia perspicillata Faeces Female Mani El viso 4.962 -72.395 2022-02
MS14 M4l Carollia perspicillata Blood Female Mani El viso 4.962 -72.395 2022-02
MH16 M43 Carollia perspicillata Swab Male Yopal La chaparrera  5.483 -72.233 2022-02
MP16 M43  Carollia perspicillata Faeces Male Yopal La chaparrera  5.483 -72.233 2022-02
MS16 M43  Carollia perspicillata Blood Male Yopal La chaparrera  5.483 -72.233 2022-02
MH17  M44 Carollia perspicillata Swab Male Yopal La chaparrera  5.483 -72.233 2022-02
MP17  M44  Carollia perspicillata Faeces Male Yopal La chaparrera  5.483 -72.233 2022-02
MS17 M44  Carollia perspicillata Blood Male Yopal La chaparrera  5.483 -72.233 2022-02
MH18  M45 Carollia perspicillata Swab Female Yopal La chaparrera  5.483 -72.233 2022-02
MP18  M45 Carollia perspicillata Faeces Female Yopal La chaparrera  5.483 -72.233 2022-02
MS18 M45  Carollia perspicillata Blood Female Yopal La chaparrera  5.483 -72.233 2022-02
MH19  M47 Carollia perspicillata Swab Male Yopal La chaparrera  5.483 -72.233 2022-02
MP19 M47  Carollia perspicillata Faeces Male Yopal La chaparrera  5.483 -72.233 2022-02
MS19  M47 Carollia perspicillata Blood Male Yopal La chaparrera  5.483 -72.233 2022-02
MH23  M48 Carollia perspicillata Swab Male Yopal La chaparrera  5.483 -72.233 2022-02
MP23  M48 Carollia perspicillata Faeces Male Yopal La chaparrera  5.483 -72.233 2022-02
MS23 M48 Carollia perspicillata Blood Male Yopal La chaparrera  5.483 -72.233 2022-02
MH24  MA49 Carollia perspicillata Swab Male Yopal La chaparrera  5.483 -72.233 2022-02
MP24  M49 Carollia perspicillata Faeces Male Yopal La chaparrera  5.483 -72.233 2022-02
MS24  M49 Carollia perspicillata Blood Male Yopal La chaparrera  5.483 -72.233 2022-02
MH21 M52 Carollia perspicillata Swab Male Yopal La chaparrera  5.483 -72.233 2022-02
MP21 M52 Carollia perspicillata Faeces Male Yopal La chaparrera  5.483 -72.233 2022-02
MS21 M52 Carollia perspicillata Blood Male Yopal La chaparrera  5.483 -72.233 2022-02
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Supplementary table 2. Count of the number of reads, ASVs, phyla and genus found in archaea and
bacteria.

Kingdom  Number of reads Number of ASVs Number of phyla Nl;:ll;erl;()f
Archea 580 76 5 10
Bacteria 2146320 31745 65 1341
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Supplementary table 3. Analysis of the 20 most abundant bacteria genera according to the sample type and bat genus. Each genus was
analysed using Kruskal-Wallis and Mann—Whitney U non-parametric tests.

. Mann—
Genus Comparison Saslirzlsle K::sstksigt\izglchs Whitney U stZzu:i(;sttic P-value
test statistic
Phyllostomus: Blood - Feaces 4.06400 0.000145
Phyllostomus: Blood - Swab 30 19.61 - 3.55600 0.000565
Phyllostomus: Faeces - Swab -0.50800 0.611453
Carollia: Blood - Feaces 3.78460 0.000462
Sphingomonas ~ Carollia: Blood - Swab 30 16.69 - 3.22580 0.001884
Carollia: Faeces - Swab -0.55880 0.576298
Phyllostomus Blood - Carollia Blood 37 0.352700
Phyllostomus Feaces - Carollia Feaces 20 - &9 - 0.002089
Phyllostomus Swab - Carollia Swab 93 0.000487
Phyllostomus: Blood - Feaces 4.19100 0.000083
Phyllostomus: Blood - Swab 30 19.94 - 3.42900 0.000909
Phyllostomus: Faeces - Swab -0.76200 0.446060
Carollia: Blood - Feaces 3.47980 0.001505
Stakelama Carollia: Blood - Swab 30 13.74 - 2.84480 0.006666
Carollia: Faeces - Swab -0.63500 0.525428
Phyllostomus Blood - Carollia Blood 38 0.393000
Phyllostomus Feaces - Carollia Feaces 20 - 89 - 0.002089
Phyllostomus Swab - Carollia Swab 90 0.001505
Phyllostomus: Blood - Feaces -2.67759 0.011123
Phyllostomus: Blood - Swab 30 25.50 - -5.04622 0.000001
Phyllostomus: Faeces - Swab -2.36863 0.017854
Carollia: Blood - Feaces -2.30038 0.021427
Mannheimia Carollia: Blood - Swab 30 24.89 - -4.98415 0.000002
Carollia: Faeces - Swab -2.68377 0.010919
Phyllostomus Blood - Carollia Blood 60.5 0.279600
Phyllostomus Feaces - Carollia Feaces 20 - 67 - 0.217600
Phyllostomus Swab - Carollia Swab 90 0.001505
Phyllostomus: Blood - Feaces 0.20836 0.834945
Phyllostomus: Blood - Swab 30 4.35 - -1.69295 0.135697
Phyllostomus: Faeces - Swab -1.90131 0.171783
Carollia: Blood - Feaces -0.94022 0.347105
Haemophilus Carollia: Blood - Swab 30 19.11 - -4.16746 0.000092
Carollia: Faeces - Swab -3.22724 0.001875
Phyllostomus Blood - Carollia Blood 69 0.153000
Phyllostomus Feaces - Carollia Feaces 20 - 92 - 0.001572
Phyllostomus Swab - Carollia Swab 100 0.000182
Phyllostomus: Blood - Feaces -3.45479 0.000826
Phyllostomus: Blood - Swab 30 19.87 - -4.16607 0.000093
Phyllostomus: Faeces - Swab -0.71128 0.476911
Carollia: Blood - Feaces -3.99225 0.000196
Gemella Carollia: Blood - Swab 30 17.57 - -3.10226 0.002881
Carollia: Faeces - Swab 0.88999 0.373470
Phyllostomus Blood - Carollia Blood 48 0.908500
Phyllostomus Feaces - Carollia Feaces 20 - 12 - 0.002879
Phyllostomus Swab - Carollia Swab 0 0.000011
Phyllostomus: Blood - Feaces -1.62578 0.103996
Phyllostomus: Blood - Swab 30 22.00 - -4.62332 0.000011
Phyllostomus: Faeces - Swab -2.99754 0.004083
Carollia: Blood - Feaces -3.78503 0.000461
Neisseria Carollia: Blood - Swab 30 14.65 - -2.38787 0.025420
Carollia: Faeces - Swab 1.39716 0.162366
Phyllostomus Blood - Carollia Blood 48 0.909400
Phyllostomus Feaces - Carollia Feaces 20 - 80 - 0.023230
Phyllostomus Swab - Carollia Swab 0 0.000011
Phyllostomus: Blood - Feaces -4.97841 0.000002
Phyllostomus: Blood - Swab 30 24.82 - -2.33680 0.019449
Phyllostomus: Faeces - Swab 2.64160 0.012377
Clostridium sensuy Carollia: Blood - Feaces -2.57839 0.029779
stricto 1 Carollia: Blood - Swab 30 7.46 - -2.07033 0.057632
Carollia: Faeces - Swab 0.50806 0.611413
Phyllostomus Blood - Carollia Blood 20 ) 76 ) 0.052430
Phyllostomus Feaces - Carollia Feaces 0 0.000011
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Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces

Phyllostomus Swab - Carollia Swab

30

20

30

30

20

30

30

20

30

30

20

30

30

20

30

30

20

14.64

10.60

18.32

18.24

15.48

18.61

10.89

15.83

2.99

17.25

27.49

71
100
&3

48
99
31

52
72
39

48.5
&3
10

18
78
63

99
50
50

-1.14300
2.59080
3.73380

0.05080
-2.79400
-2.84480
-3.86080
-0.33020
3.53060

4.26720
2.28600
-1.98120
3.58140
3.20040
-0.38100

0.00000
-3.73547
-3.73547
-2.84480
-2.87020
-0.02540

3.96285
1.67659
-2.28626
0.58420
-1.11760
-1.70180

3.59710
3.59710
0.00000
4.54050
4.54050
0.00000

0.253038
0.014363
0.000566
0.123000
0.000011
0.011500
0.959485
0.007809
0.013332
0.000339
0.741249
0.000622
0.911800
0.000022
0.165500
0.000059
0.033381
0.047569
0.001025
0.002059
0.703203
0.911800
0.105100
0.435900
1.000000
0.000281
0.000562
0.006666
0.012306
0.979736
0.939500
0.011500
0.001505
0.000222
0.093623
0.033359
0.559085
0.395606
0.266378
0.014690
0.037560
0.352700
0.000483
0.000965
1.000000
0.000008
0.000017
1.000000
0.000241
1.000000

1.000000
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Supplementary table 4. Analysis of the 20 most abundant fungi genera according to the sample type and bat genus. Each genus was analysed
using Kruskal-Wallis and Mann—Whitney U non-parametric tests.

Mann-

Genus Comparison Saslirzlsle K::sstksigt\izglchs Whitney U stZzu:i(;sttic P-value
test statistic

Fusarium Phyllostomus: Blood - Feaces 30 11.31 - -2.0186 0.06529

Phyllostomus: Blood - Swab -3.3384 0.00253

Phyllostomus: Faeces - Swab -1.3199 0.18688

Carollia: Blood - Feaces 30 22.24 - -2.8063 0.00752

Carollia: Blood - Swab -4.6858 0.00001

Carollia: Faeces - Swab -1.8795 0.06018

Phyllostomus Blood - Carollia Blood 20 - 45.00 - 0.58420

Phyllostomus Feaces - Carollia Feaces 79.00 0.03115

Phyllostomus Swab - Carollia Swab 10.00 0.00001

Davidiella Phyllostomus: Blood - Feaces 30 4.07 - -1.1570 0.37092

Phyllostomus: Blood - Swab -2.0088 0.13366

Phyllostomus: Faeces - Swab -0.8518 0.39430

Carollia: Blood - Feaces 30 5.78 - 0.5842 0.55909

Carollia: Blood - Swab -1.7272 0.12620

Carollia: Faeces - Swab -2.3114 0.06243

Phyllostomus Blood - Carollia Blood 20 - 74.00 - 0.07522

Phyllostomus Feaces - Carollia Feaces 45.00 0.73940

Phyllostomus Swab - Carollia Swab 87.50 0.00514

Lasiodiplodia Phyllostomus: Blood - Feaces 30 12.57 - -3.3130 0.00277

Phyllostomus: Blood - Swab -0.5615 0.57444

Phyllostomus: Faeces - Swab 2.7514 0.00890

Carollia: Blood - Feaces 30 8.67 - -2.8812 0.01188

Carollia: Blood - Swab -1.9698 0.07329

Carollia: Faeces - Swab 09114 0.36208

Phyllostomus Blood - Carollia Blood 20 - 45.00 - 0.36810

Phyllostomus Feaces - Carollia Feaces 42.00 0.56780

Phyllostomus Swab - Carollia Swab 62.50 0.30590

Sordaria Phyllostomus: Blood - Feaces 30 2.01 - -1.4145 0.47167

Phyllostomus: Blood - Swab -0.7804 0.65273

Phyllostomus: Faeces - Swab 0.6341 0.52603

Carollia: Blood - Feaces 30 0.01 - 0.0488 0.96110

Carollia: Blood - Swab 0.0975 1.00000

Carollia: Faeces - Swab 0.0488 1.00000

Phyllostomus Blood - Carollia Blood 20 - 55.00 - 0.36810

Phyllostomus Feaces - Carollia Feaces 46.00 0.67040

Phyllostomus Swab - Carollia Swab 49.50 1.00000

Aspergillus Phyllostomus: Blood - Feaces 30 18.61 - 0.0000 1.00000

Phyllostomus: Blood - Swab -3.7355 0.00028

Phyllostomus: Faeces - Swab -3.7355 0.00056

Carollia: Blood - Feaces 30 2.56 - -0.7623 0.44586

Carollia: Blood - Swab -1.6009 0.32819

Carollia: Faeces - Swab -0.8386 0.60256

Phyllostomus Blood - Carollia Blood 20 - 50.00 - 1.00000

Phyllostomus Feaces - Carollia Feaces 64.50 0.28970

Phyllostomus Swab - Carollia Swab 1.00 0.00002

Didymosphaeria  Phyllostomus: Blood - Feaces 30 21.06 - -4.5319 0.00002

Phyllostomus: Blood - Swab -2.8910 0.00576

Phyllostomus: Faeces - Swab 1.6409 0.10083

Carollia: Blood - Feaces 30 16.78 - -3.1183 0.00273

Carollia: Blood - Swab -3.8595 0.00034

Carollia: Faeces - Swab -0.7412 0.45855

Phyllostomus Blood - Carollia Blood 20 - 65.00 - 0.07787

Phyllostomus Feaces - Carollia Feaces 50.00 1.00000

Phyllostomus Swab - Carollia Swab 88.00 0.00288

Rhodotorula Phyllostomus: Blood - Feaces 30 1.94 - 0.6309 0.52809

Phyllostomus: Blood - Swab -0.7600 0.67090

Phyllostomus: Faeces - Swab -1.3909 0.49276

Carollia: Blood - Feaces 30 3.56 - -0.0287 0.97712

Carollia: Blood - Swab -1.6490 0.29743

Carollia: Faeces - Swab -1.6203 0.15774

Phyllostomus Blood - Carollia Blood 20 - 45.50 - 0.70930

Phyllostomus Feaces - Carollia Feaces 50.50 1.00000
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Plectosphaerella

Malassezia

Candida

Phialemonium

Arthrinium

Cochliobolus

Lentomitella

Phaeosphaeria

Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab

30

30

20

30

30

20

30

30

20

30

30

20

30

30

20

30

30

30

30

20

30

40

20.73

3.13

10.64

10.39

5.00

1.44

16.20

13.74

17.66

11.32

491

15.26

14.27

5.48

8.34

51.00

69.00
77.00
22.00

42.00
11.00
20.00

44.00
24.50
7.00

50.00
28.00
32.00

50.00
40.50
39.00

45.00
47.00
81.00

50.00
50.00
60.00

-1.3802
-4.4474
-3.0672
-1.6020
-0.1526

1.4494

1.1938
3.2258
2.0320
2.9210
2.6416
-0.2794

-1.3747
-2.2147
-0.8401
-0.8974
-1.1410
-0.2436

-3.9920
-2.4381
1.5539
-3.7060
-1.7688
1.9372

-4.1598
-2.5966
1.5632
-3.3130
-2.1618
1.1511

-1.2949
-2.2051
-0.9102
-1.7179
-3.8974
-2.1795

-3.2713
0.0000
3.2713
-2.3263
-0.9451
1.3812

-0.4421
-2.6926
-2.2505

0.96890
0.16752
0.00003
0.00324
0.32748
0.87874
0.22083
0.13510
0.04326
0.00004
0.23256
0.00377
0.06323
0.01047
0.01238
0.77994
0.57870
0.00209
0.02323
0.25385
0.08033
0.40087
0.55424
0.76159
0.80755
0.66290
0.05869
0.00131
0.00020
0.02215
0.12020
0.00063
0.07693
0.07907
1.00000
0.10280
0.23120
0.00010
0.01412
0.11800
0.00277
0.04595
0.24969
1.00000
0.49470
0.42120
0.29305
0.08234
0.36269
0.08581
0.00029
0.04395
0.65480
0.85340
0.01854
0.00161
1.00000
0.00321
0.06001
0.34463
0.25081
1.00000
1.00000
0.16810
0.65844
0.02127
0.03662



Gibberella

Mortierella

Mycosphaerella

Ochroconis

Glomus

Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces

Phyllostomus Swab - Carollia Swab

30

20

30

30

20

30

30

30

30

30

30

20

30

30

20

10.67

2.30

9.39

0.73

3.62

3.69

6.97

2.64

12.07

3.50

10.06

58.00
55.50
87.50

48.00
79.50
61.00

47.50
49.00
57.50

56.00
67.50
80.00

59.50
53.00
29.00

32.50
35.50
27.00

0.2385
-2.7025
-2.9410

-1.4933
-0.9783
0.5149
-3.0638
-1.5705
1.4933

-0.5730
0.2605
0.8335
-1.0641
-1.8974
-0.8333

-0.7058
-1.9003
-1.1945
-1.5448
-2.6261
-1.0813

0.9968
1.6103
0.6134
1.4230
3.4559
2.0329

1.7800
1.3858
-0.3941
2.8814
2.5882
-0.2932

0.81153
0.01032
0.00981
0.45620
0.68630
0.00514
0.40610
0.49185
0.60661
0.00656
0.17445
0.13537
0.89820
0.02831
0.42560
0.84997
0.79451
1.00000
0.43093
0.17332
0.40466
0.87170
0.96960
0.05783
0.48029
0.17218
0.17218
0.18361
0.02591
0.27955
0.60820
0.18430
0.02569
0.47827
0.32202
0.53959
0.15473
0.00165
0.06309
0.49470
0.85010
0.11980
0.22524
0.24869
0.69348
0.01188
0.01447
0.76934
0.19710
0.28810
0.08885
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Supplementary table 5. Analysis of the 20 most abundant protozoa according to the sample type and bat genus. Each genus was analysed
using Kruskal-Wallis and Mann—Whitney U non-parametric tests.

Kruskal- Mann-

Genus Comparison Saslitgsle Walli.s t.est Whitne.y U stZattiG;St:c P-value
statistic test statistic

Piroplasmorida Phyllostomus: Blood - Feaces 30 11.48 - 2.9340 0.00502

Phyllostomus: Blood - Swab 2.9340 0.01004

Phyllostomus: Faeces - Swab 0.0000 1.00000

Carollia: Blood - Feaces 30 4.23 - 1.9985 0.13699

Carollia: Blood - Swab 1.4183 0.23416

Carollia: Faeces - Swab -0.5802 0.56178

Phyllostomus Blood - Carollia Blood 20 - 33.50 - 0.17220

Phyllostomus Feaces - Carollia Feaces 50.00 1.00000

Phyllostomus Swab - Carollia Swab 55.00 0.36810

Hausmanniella Phyllostomus: Blood - Feaces 30 11.47 - -0.9265 0.35418

Phyllostomus: Blood - Swab -3.2849 0.00306

Phyllostomus: Faeces - Swab -2.3584 0.02753

Carollia: Blood - Feaces 30 19.40 - -1.4613 0.14394

Carollia: Blood - Swab -4.3286 0.00005

Carollia: Faeces - Swab -2.8674 0.00621

Phyllostomus Blood - Carollia Blood 20 - 45.00 - 0.36810

Phyllostomus Feaces - Carollia Feaces 55.00 0.70100

Phyllostomus Swab - Carollia Swab 82.00 0.01722

Syncystis Phyllostomus: Blood - Feaces 30 5.26 - -2.1535 0.09384

Phyllostomus: Blood - Swab -1.7619 0.11712

Phyllostomus: Faeces - Swab 0.3915 0.69540

Carollia: Blood - Feaces 30 5.75 - -1.1990 0.23052

Carollia: Blood - Swab -2.3981 0.04945

Carollia: Faeces - Swab -1.1990 0.34577

Phyllostomus Blood - Carollia Blood 20 - 50.00 - 1.00000

Phyllostomus Feaces - Carollia Feaces 37.00 0.24400

Phyllostomus Swab - Carollia Swab 49.00 0.96700

Colpoda Phyllostomus: Blood - Feaces 30 13.48 - -0.4615 0.64442

Phyllostomus: Blood - Swab -3.3846 0.00214

Phyllostomus: Faeces - Swab -2.9230 0.00520

Carollia: Blood - Feaces 30 13.88 - -2.8217 0.00716

Carollia: Blood - Swab -3.5173 0.00131

Carollia: Faeces - Swab -0.6956 0.48668

Phyllostomus Blood - Carollia Blood 20 - 34.00 - 0.12360

Phyllostomus Feaces - Carollia Feaces 71.00 0.11980

Phyllostomus Swab - Carollia Swab 57.00 0.63050

Oxytrichidae X Phyllostomus: Blood - Feaces 30 1.96 - 1.3361 0.54459

Phyllostomus: Blood - Swab 0.3083 0.75784

Phyllostomus: Faeces - Swab -1.0277 0.45611

Carollia: Blood - Feaces 30 0.96 - 0.4907 0.62364

Carollia: Blood - Swab -0.4907 0.93546

Carollia: Faeces - Swab -0.9814 0.97919

Phyllostomus Blood - Carollia Blood 20 - 42.00 - 0.45620

Phyllostomus Feaces - Carollia Feaces 50.50 1.00000

Phyllostomus Swab - Carollia Swab 48.50 0.92570

Xiphocephalus Phyllostomus: Blood - Feaces 30 10.57 - -3.0490 0.00689

Phyllostomus: Blood - Swab -0.5481 0.58360

Phyllostomus: Faeces - Swab 2.5008 0.01858

Carollia: Blood - Feaces 30 8.48 - -2.7443 0.01819

Carollia: Blood - Swab -0.5270 0.59816

Carollia: Faeces - Swab 2.2172 0.03991

Phyllostomus Blood - Carollia Blood 20 - 50.00 - 1.00000

Phyllostomus Feaces - Carollia Feaces 53.00 0.84290

Phyllostomus Swab - Carollia Swab 50.50 1.00000

Toxoplasma Phyllostomus: Blood - Feaces 30 12.45 - -3.4986 0.00140

Phyllostomus: Blood - Swab -1.3524 0.17624

Phyllostomus: Faeces - Swab 2.1462 0.04778

Carollia: Blood - Feaces 30 12.31 - -3.4356 0.00177

Carollia: Blood - Swab -1.1049 0.26922

Carollia: Faeces - Swab 2.3308 0.02965

Phyllostomus Blood - Carollia Blood 20 - 50.00 - 1.00000

Phyllostomus Feaces - Carollia Feaces 53.00 0.84290
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Pseudomonocystis

Liosphaeroidea XX

Stichotrichia

Ochromonadales_cla

de-X X

Caecitellaceae_ X

Entodinium

Stylonychia

MAST-12_X

Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces 30
Phyllostomus: Blood - Swab

Phyllostomus: Faeces - Swab

Carollia: Blood - Feaces 30
Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood 20
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces 30
Phyllostomus: Blood - Swab

Phyllostomus: Faeces - Swab

Carollia: Blood - Feaces 30
Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood 20
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces 30
Phyllostomus: Blood - Swab

Phyllostomus: Faeces - Swab

Carollia: Blood - Feaces 30
Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood 20
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces 30
Phyllostomus: Blood - Swab

Phyllostomus: Faeces - Swab

Carollia: Blood - Feaces 30
Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood 20
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces 30
Phyllostomus: Blood - Swab

Phyllostomus: Faeces - Swab

Carollia: Blood - Feaces 30
Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood 20
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces 30
Phyllostomus: Blood - Swab

Phyllostomus: Faeces - Swab

Carollia: Blood - Feaces 30
Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood 20
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces 30
Phyllostomus: Blood - Swab

Phyllostomus: Faeces - Swab

Carollia: Blood - Feaces 30
Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood 20
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces 30
Phyllostomus: Blood - Swab

Phyllostomus: Faeces - Swab
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13.52

7.86

4.02

4.99

8.69

2.14

4.10

7.68

6.42

2.00

6.24

19.01

11.17

11.64

1.53

50.50

50.00
42.00
44.00

75.00
63.00
18.00

77.00
52.00
21.00

34.00
77.50
31.00

39.50
50.00
50.00

63.00
60.50
42.50

60.50
50.00
71.00

-3.6162
-1.2348
2.3814
-2.7406
-0.8565
1.8842

0.5091
-1.4256
-1.9347

0.9202
2.2237

1.3035

-1.7340
-2.9324
-1.1985
-0.1779
1.1689
1.3468

1.2358
-0.7724
-2.0082
-2.6776
-1.9567

0.7209

2.1949
2.1949
0.0000
1.2247
1.2247
0.0000

2.3051
1.9872
-0.3179
3.3773
4.0760
0.6987

-2.4917
-3.1749
-0.6832
-1.0418
-3.3338
-2.2920

-0.5634
0.6724
1.2358

1.00000
0.00090
0.21690
0.02587
0.01840
0.39175
0.08931
1.00000
0.56240
0.58480
0.61066
0.23099
0.15908
0.35749
0.07851
0.28858
0.06203
0.34100
0.01722
0.12439
0.01009
0.23073
0.85882
0.36365
0.53413
0.04354
0.90970
0.03115
0.32479
0.43989
0.13387
0.02225
0.07557
0.47098
0.19960
0.03860
0.16550
0.04226
0.08452
1.00000
0.33101
0.66201
1.00000
0.27960
1.00000
1.00000
0.06348
0.07036
0.75053
0.00110
0.00014
0.48471
0.34400
0.41930
0.57180
0.01907
0.00450
0.49448
0.29750
0.00257
0.03286
0.27960
1.00000
0.12110
0.57317
0.75196
0.64956



Euglypha

Euplotes

Halteria

MAST-9C

Gastrostyla

Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces
Phyllostomus Swab - Carollia Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces

Carollia: Blood - Swab

Carollia: Faeces - Swab

Phyllostomus Blood - Carollia Blood
Phyllostomus Feaces - Carollia Feaces

Phyllostomus Swab - Carollia Swab

30

20

30

30

20

30

30

20

30

30

20

30

30

20

30

30

20

11.88

11.48

18.51

9.34

1.15

0.04

1.56

2.14

0.66

9.70

16.36

82.00
39.50
55.00

36.00
51.00
55.00

71.50
27.50
35.00

42.00
50.50
30.50

47.50
57.00
32.50

45.00
65.00
59.00

3.1178
2.8302
-0.2876

-0.7893
-3.2479
-2.4585
-1.3513
-4.2128
-2.8615

-2.6333
-2.6604
-0.0271
0.9374
0.0138
-0.9236

0.0647
-0.1423
-0.2070
-0.4445

0.7887

1.2332

0.3444
-1.0598
-1.4043
-0.7306
-0.0551

0.6755

-0.8173
-3.0113
-2.1939
-2.0632
-4.0449
-1.9818

0.00547
0.00698
0.77368
0.00915
0.27960
0.58420
0.42992
0.00349
0.02093
0.17661
0.00008
0.00632
0.17990
0.96920
0.73940
0.01268
0.02341
0.97834
1.00000
0.98900
0.53352
0.05033
0.07558
0.26270
0.94841
1.00000
1.00000
0.65667
0.64547
0.65253
0.54470
1.00000
0.12490
0.73051
0.43384
0.48073
1.00000
0.95603
0.74905
0.86450
0.60650
0.18430
0.41373
0.00781
0.04236
0.05864
0.00016
0.04751
0.36810
0.23020
0.51990
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Supplementary table 6. Analysis of virus families according to the sample type and bat genus. Each genus was analysed using Kruskal-Wallis
and Mann—Whitney U non-parametric tests.

. Mann—
Family Comparison Sample size K::sstksigt‘izglchs Whitne'y U stZattiE;st:c P-value
test statistic
Phyllostomus: Blood - Feaces -1.0675 0.85722
Phyllostomus: Blood - Swab 30 1.33 - -0.9150 0.54028
Phyllostomus: Faeces - Swab 0.1525 0.87879
Carollia: Blood - Feaces 0.8383 0.40187
Carollia: Blood - Swab 30 6.35 - -1.6385 0.15198
Circoviridae Carollia: Faeces - Swab -2.4768 0.03977
glllg(l)lgstomus Blood - Carollia 5650 0.65000
Elelz(l:lé)sstomus Feaces - Carollia 20 i 2050 i 0.15030
gl;ﬁéostomus Swab - Carollia £5.00 027270
Phyllostomus: Blood - Feaces 1.5133 0.39059
Phyllostomus: Blood - Swab 30 2.29 - 0.8139 0.62356
Phyllostomus: Faeces - Swab -0.6994 0.48428
Carollia: Blood - Feaces -0.2795 0.77989
Carollia: Blood - Swab 30 5.72 - 1.9181 0.08264
Coronaviridae  Carollia: Faeces - Swab 2.1976 0.08393
Elllgl(l)lc(l)stomus Blood - Carollia s6.50 0.65000
Phyllostomus Feaces - Carollia
FCZCGS 20 ) 30.50 ) 0.15030
IS’I‘;};léostomus Swab - Carollia 6500 0.27270
Phyllostomus: Blood - Feaces 0.4136 0.67919
Phyllostomus: Blood - Swab 30 11.35 - 3.1017 0.00577
Phyllostomus: Faeces - Swab 2.6882 0.01078
Carollia: Blood - Feaces 0.0303 0.97585
Carollia: Blood - Swab 30 0.00 - -0.0303 1.00000
Togaviridae  Carollia: Faeces - Swab -0.0605 1.00000
glll(})f(l)l((l)stomus Blood - Carollia .00 0.17650
Phyllostomus Feaces - Carollia
Fee}llces 20 ) 40.50 ) 0.44260
ISJI‘;}/;tl)ostomus Swab - Carollia 65,00 0.07787
Phyllostomus: Blood - Feaces 3.2713 0.00161
Phyllostomus: Blood - Swab 30 14.27 - 3.2713 0.00321
Phyllostomus: Faeces - Swab 0.0000 1.00000
Carollia: Blood - Feaces -0.8215 0.41135
Carollia: Blood - Swab 30 3.54 - 1.0562 0.43630
Astroviridae Carollia: Faeces - Swab 1.8777 0.18125
Phyllostomus Blood - Carollia
Blood 34.00 0.18600
Phyllostomus Feaces - Carollia 20 ) )
Feaces 67.00 0.07787
Phyllostomus Swab - Carollia
Swab 50.00 1.00000
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Supplementary table 7. Alpha diversity indices in prokaryotic, fungal and protozoan communities in blood, facces and swab of Carollia and

Phyllostomus.
Prokaryotic communities
Carolli Phyllost
Alpha diversity index arotid yrtostomis
Blood Faeces Swab Blood Faeces Swab
Observed ASVs 1384.4 +208.61 1144.3 +189.82 1058.7+210.07 1408.6 £208.61 1018.6+65.281 1301.4+256.37
Shannon diversity index 6.0472 £ 0.3434 6.3788 £0.3445 5.8673 £0.3835 6.0554 £0.2565 6.0582+0.2417 6.4711 +0.2884
Simpson diversity index  0.0059 £ 0.0029 0.0031 £0.0017 0.0058 +0.0026 0.0060 + 0.0022 0.0045 £ 0.0019 0.0029 +0.0017
Fungi communities
Carolli Phyllost,
Alpha diversity index arofid yrostomis
Blood Faeces Swab Blood Faeces Swab
Observed ASVs 66.1 £208.61 106.9 +31.061 228.2 +78.851 50.8 + 16.498 142 +74.992 184.9+39.017
Shannon diversity index 3.2461 £ 0.7262 3.3444+0.7419 4.2346+0.2920 3.2150+£0.6304 3.6346+0.7594 3.8883 +0.4373
Simpson diversity index  0.0844 + 0.0807 0.0903 +0.0936 0.0367 + 0.0087 0.0864 £ 0.0940 0.0818 + 0.0787 0.0554 + 0.0327
Protozoa communities
Carolli Phyllost
Alpha diversity index arofid yrostomis
Blood Faeces Swab Blood Faeces Swab
Observed ASVs 116.2 +44.551 63.4 £29.247 112 £ 57.695 99.3 +30.273 107.5+59.810 124.4+32.363
Shannon diversity index 4.2651 £0.4616 3.3687 £0.6223 3.1835+0.8445 3.2657£1.2233 3.2152+0.9566 4.1189+0.2719
Simpson diversity index 0.0222 £ 0.0138 0.0679 = 0.0548 0.1108 +0.0932 0.1440+£0.1578 0.1158 +0.0850 0.0330 + 0.0154
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Supplementary table 8. Analysis of alpha diversity metrics according to the sample type and bat genus. Each genus was analysed using
Kruskal-Wallis and Mann—Whitney U non-parametric tests.

Mann—
Microbial Alpha diversity . Sample Kruskal-Wallis ~ Whitney Z test
. Comparison . N . L. P-value
community measure size test statistic U test statistic
statistic
Phyllostomus: Blood - Feaces 3.697 0.00066
Observed Phyllostomus: Blood - Swab 30 14.13 - 1.258 0.20854
Phyllostomus: Faeces - Swab -2.439 0.02210
Phyllostomus: Blood - Feaces 0.051 0.95948
Shannon Phyllostomus: Blood - Swab 30 13.66 - -3.175 0.00225
Phyllostomus: Faeces - Swab -3.226 0.00377
Phyllostomus: Blood - Feaces 1.473 0.14070
Simpson Phyllostomus: Blood - Swab 30 13.95 - 3.708 0.00063
Phyllostomus: Faeces - Swab 2.235 0.03811
Carollia: Blood - Feaces 3.697 0.00066
Observed Carollia: Blood - Swab 30 14.13 - 1.258 0.20854
Carollia: Faeces - Swab -2.439 0.02210
Carollia: Blood - Feaces 0.051 0.95948
Shannon Carollia: Blood - Swab 30 13.66 - -3.175 0.00225
Carollia: Faeces - Swab -3.226 0.00377
Carollia: Blood - Feaces 1.473 0.14070
Bacteria . .
Simpson Carollia: Blood - Swab 30 13.95 - 3.708 0.00063
Carollia: Faeces - Swab 2.235 0.03811
Phyllostomus Blood - Carollia 505 1.00000
Blood
Observed ~ Loyllostomus Feaces - 20 i 79.0 - 003115
Carollia Feaces
Phyllostomus Swab - Carollia 205 0.02825
Swab
Phyllostomus Blood - Carollia 490 0.97050
Blood
Shannon ~ Livilostomus Feaces - 20 i 83.0 ~0.01150
Carollia Feaces
Phyllostomus Swab - Carollia 3.0 0.00073
Swab
Phyllostomus Blood - Carollia 44.0 0.68420
Blood
. Phyllostomus Feaces -
Simpson Carollia Feaces 20 - 18.0 - 0.01469
Phyllostomus Swab - Carollia 870 0.00389
Swab
Phyllostomus: Blood - Feaces -2.794 0.00780
Observed Phyllostomus: Blood - Swab 30 17.29 - -4.064 0.00014
Phyllostomus: Faeces - Swab -1.270 0.20403
Phyllostomus: Blood - Feaces -2.057 0.05947
Shannon Phyllostomus: Blood - Swab 30 8.51 - -2.819 0.01443
Phyllostomus: Faeces - Swab -0.762 0.44606
Phyllostomus: Blood - Feaces 0.102 0.91907
Simpson Phyllostomus: Blood - Swab 30 0.39 - 0.584 1.00000
Phyllostomus: Faeces - Swab 0.483 0.94407
Carollia: Blood - Feaces -1.880 0.06013
Observed Carollia: Blood - Swab 30 19.22 - -4.369 0.00004
Carollia: Faeces - Swab -2.489 0.01919
Carollia: Blood - Feaces -0.076 0.93926
Shannon Carollia: Blood - Swab 30 13.34 - -3.200 0.00412
Fungi Carollia: Faeces - Swab -3.124  0.00267
Carollia: Blood - Feaces -0.203 0.83898
Simpson Carollia: Blood - Swab 30 4.88 - 1.803 0.10699
Carollia: Faeces - Swab 2.007 0.13438
Phyllostomus Blood - Carollia 60.0 0.47230
Blood
Observed ~ Lnyllostomus Feaces - 20 ; 33.0 - 0.21760
Carollia Feaces
Phyllostomus Swab - Carollia 67.0 021760
Swab
Phyllostomus Blood - Carollia 55.0 0.73940
Blood
Shannon ~ Llyllostomus Feaces - 20 ; 35.0 ; 0.27990
Carollia Feaces
Phyllostomus Swab - Carollia 770 0.04326
Swab
Simpson Phyllostomus Blood - Carollia 20 ) 47.0 ) 0.85340
Blood

46



Protozoa

Observed

Shannon

Simpson

Observed

Shannon

Simpson

Observed

Shannon

Simpson

Phyllostomus Feaces -
Carollia Feaces

Phyllostomus Swab - Carollia
Swab

Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Phyllostomus: Blood - Feaces
Phyllostomus: Blood - Swab
Phyllostomus: Faeces - Swab
Carollia: Blood - Feaces
Carollia: Blood - Swab
Carollia: Faeces - Swab
Carollia: Blood - Feaces
Carollia: Blood - Swab
Carollia: Faeces - Swab
Carollia: Blood - Feaces
Carollia: Blood - Swab
Carollia: Faeces - Swab

Phyllostomus Blood - Carollia
Blood

Phyllostomus Feaces -
Carollia Feaces

Phyllostomus Swab - Carollia
Swab

Phyllostomus Blood - Carollia
Blood

Phyllostomus Feaces -
Carollia Feaces

Phyllostomus Swab - Carollia
Swab

Phyllostomus Blood - Carollia
Blood

Phyllostomus Feaces -
Carollia Feaces

Phyllostomus Swab - Carollia
Swab

30

30

30

30

30

30

20

20

20

2.29

4.62

2.29

3.92

4.62

2.29

53.0

28.0

60.00

33.00

67.00

55.00

35.00

77.00

47.00

53.00

28.00

-0.584
-1.931
-1.347
0.406
-1.626
-2.032
-0.559
0.940
1.499
-0.584
-1.931
-1.347
0.406
-1.626
-2.032

0.85340

0.10510

0.55895
0.16043
0.26714
0.68445
0.15605
0.12646
0.57630
0.52098
0.40193
0.55895
0.16043
0.26714
0.68445
0.15605
0.12646

0.47230

0.21760

0.21760

0.73940

0.27990

0.04326

0.85340

0.85340

0.10510
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Contribuciones del estudio:

e (aracterizacion de las dinamicas ecologicas de la microbiota y viroma de
murciélagos presentes en zonas endémicas de enfermedades zoondticas

e Primera descripcion de las comunidades de procariotas, eucariotas y virus en
diferentes muestras de un mismo individuo

e Identificacion de diferentes especies patdgenas circulantes y coexistiendo en los
murcié¢lagos

Productos:

Este proyecto de tesis de maestria fue aceptado para publicacion como articulo cientifico en
la revista Scientific Reports: https://doi.org/10.1038/s41598-024-77090-6

Contribuciones especificas del estudiante dentro de la investigacion llevada a cabo.
Senalar las actividades en las cuales estuvo involucrado activamente el estudiante:

e La concepcion del proyecto de investigacion (X)
e FEldisefio del estudio (X)
e Laadquisicion de los datos a través de la experimentacion (X)
e Analisis e interpretacion de los datos (X)
e Elaboracion del borrador del articulo (X)
e Revision y aprobacion definitiva de la version que se presenta X)
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