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ABSTRACT

Objective: To characterize the diversity and composition of 
bacterial communities in bat fecal samples under distinct ecological 
and biological conditions and to investigate the phylogenetic 
relationships of selected bacterial lineages with clinically relevant 
taxa.
Methods: Publicly available 16S rRNA gene sequencing data from 
194 fecal samples covering 20 bat species from South America, 
Europe, Asia, and Africa were reanalyzed using DADA2 and the 
SILVA database. Alpha and beta diversity, taxonomic composition, 
and community differences according to host diet, habitat, sex, and 
geographic region were evaluated. Phylogenetic analyses were 
performed on amplicon sequence variants assigned to Pseudomonas, 
Staphylococcus, Clostridium, and Streptococcus.
Results: A total of 3 778 110 reads passed quality filtering, representing 
123 bacterial families and 203 genera. Proteobacteria (57%) and 
Firmicutes (40%) predominated, with Pseudomonas, Staphylococcus, 
and Carnobacterium among the most abundant genera. Microbial 
composition and diversity varied significantly according to diet, habitat, 
sex, and geographic region. Frugivorous bats showed the highest alpha 
diversity, whereas piscivorous bats showed the lowest, and Rousettus 
aegyptiacus exhibited the greatest bacterial richness. Bats inhabiting 
forest and cave habitats possessed higher bacterial richness, while 
communities from freshwater and coastal aquatic habitats were less 
diverse. Males showed higher relative abundance of Staphylococcus, 
whereas females were enriched in Pseudomonas. Distinct taxonomic 
signatures were linked to dietary guilds. Insectivorous bats 
were enriched in Gammaproteobacteria, Pseudomonadales, and 

Moraxellaceae; frugivorous bats were enriched in Lactobacillales 
and Streptococcus; and piscivorous bats were enriched in Firmicutes, 
including Staphylococcaceae and Clostridium. Sixty-two genera 
containing species with recognized pathogenic potential were identified. 
Phylogenetic analyses revealed amplicon sequence variants affiliated 
with Pseudomonas, Clostridium, and Streptococcus clustering with or 
related to clinically relevant lineages, such as Clostridioides difficile and 
Streptococcus pneumoniae.  
Conclusions: Bat fecal bacterial communities are highly diverse and 
vary significantly under different ecological and biological conditions. 
Detection of bacterial genera containing clinically relevant species 
and the phylogenetic proximity of selected amplicon sequence 
variants to known pathogens support further genomic, functional, and 
epidemiological studies to clarify their pathogenic and zoonotic relevance.
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1. Introduction

  Bats (order Chiroptera) are widely recognized as natural reservoir 
hosts for a broad range of emerging pathogens that pose significant 
threats to both veterinary and human health. Several high-impact 
viral diseases, including Ebola virus, Marburg virus, Nipah virus, 
Hendra virus, severe acute respiratory syndrome coronavirus 
(SARS-CoV), and SARS-CoV-2, have been linked to bats as their 
primary reservoirs and probable evolutionary origins[1]. Despite 
harboring an exceptional diversity of viruses, bats generally remain 
asymptomatic upon infection with many pathogens that cause 
severe disease in other mammals. In contrast, their role in bacterial 
pathogen transmission remains comparatively underexplored[1,2]. 
The lack of overt inflammatory responses in bats is hypothesized 
to reflect their unique evolutionary trajectory, which has facilitated 
long-term co-evolution with a wide array of pathogens[3].
  Although research has predominantly focused on bat-borne viruses, 
bats also host rich and diverse bacterial communities with potential 
relevance to public health[4]. Metagenomic studies of bat feces 
and urine samples have identified several zoonotic and potentially 
pathogenic bacterial genera, such as Bartonella, Clostridium, 
Corynebacterium, and Rickettsia[5,6]. These findings indicate that the 
impacts of bacterial microbiota on bat health and disease dynamics 
remain poorly understood. Previous studies have reported complex 
and diverse bacterial communities across different bat species, 
reflecting variation in host dietary habits and habitat preferences[6]. 
Moreover, unique biological and ecological traits of bats, such as 
powered flight, migratory behavior, long lifespan, high sociality, and 
adaptation to diverse ecological niches, may drive bacterial genetic 
variation and shape microbial community structure[6,7]. Collectively, 
these features may facilitate cross-species microbial transmission 
and enhance pathogen dispersal[8].
  Given that host ecology and diet are major determinants of 
microbiota variation, the present study evaluated 16S rRNA 

sequencing data derived from fecal samples of bat populations 
covering different geographic regions, sexes, and ecological habits. 
We assessed bacterial richness and diversity using 16S rRNA gene 
sequences and examined the phylogenetic proximity of detected 
strains to clinically relevant bacteria. Our analyses expand upon 
previous studies conducted using the same sample set, providing 
additional insights into bat-associated microbiomes[6,9,10]. 
Furthermore, our findings reveal a complex bacterial assemblage 
with intrinsic pathogenic potential, which merits epidemiological 
concerns. Aerial mobility, a defining characteristic of bats, may play 
a critical role in the spread of zoonotic diseases and the emergence 
of infectious-disease outbreaks.

2. Methods

2.1. Samples, species and public data collection

  We conducted a comprehensive survey of publicly available 
datasets of bat fecal microbiome, focusing on 16S rRNA sequencing 
data. Following data quality assessment and strict screening based 
on our research objectives, a total of 194 bat fecal samples were 
selected, including 87 samples from the Dataverse Academic 
Portal[6], 96 samples from the NCBI SRA database (project accession 
number PRJEB47836)[9], and 11 samples from the Dryad Digital 
Repository[10]. The final dataset comprised specimens from 20 bat 
species: Barbastella barbastellus, Miniopterus schreibersii, Myotis 
bechsteinii, Myotis emarginatus, Myotis myotis, Myotis nattererii, Myotis 
capaccinii, Myotis daubentonii, Myotis vivesi, Myotis blythii, Myotis 
ricketti (= Myotis pilosus), Rhinolophus hipposideros, Rhinolophus 
blasii, Rhinolophus ferrumequinum, Pipistrellus pipistrellus, Eptesicus 
bottae, Hypsugo ariel, Noctilio leporinus, Pipistrellus kuhlii, and 
Rousettus aegyptiacus. Samples were obtained from bats captured 
across diverse geographic regions, including South America (two 
species), Europe (14 species), Asia (three species), and Africa 
(one species), and were stratified according to sex- and diet-based 
classification. Foraging behavior was inferred from capture habitats 
(Supplementary Table 1)[6,9,10]. Four piscivorous bat species 
originating from well-characterized fishing colonies distributed 
across four geographically distinct regions were included; notably, 
fishing behavior is thought to have evolved independently within 
these lineages[9]. In addition, facultative fishing species exhibiting 
both insectivorous and piscivorous feeding strategies were classified 
as piscivores to ensure consistency across analytical groupings.
 

2.2. 16S raw data processing

  The sequences were organized into R1 (forward) and R2 (reverse) 
files and subjected to quality validation. Low-quality bases, 

Summary

Question: How do ecological and biological factors influence the 
diversity of the bat fecal bacteriome and what is its association 
with bacterial lineages of zoonotic potential?
Findings: The reanalysis of 194 fecal samples from 20 bat 
species using 16S rRNA gene sequencing showed that diet, 
habitat, sex, and geographic region significantly influenced 
composition and diversity of bacterial community. Sixty-two 
potentially pathogenic genera were identified, and phylogenetic 
analyses revealed amplicon sequence variants related to clinically 
relevant species, including lineages associated with Clostridioides 
and Streptococcus.
Meaning: These findings indicate that bats harbor ecologically 
s t ructured bacter iomes with  potent ia l  zoonot ic  and 
epidemiological relevance.
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particularly those located at the read terminals, were trimmed, and 
sequence error rates were assessed through data filtering and sorting. 
All sequences were processed independently according to dietary 
grouping. R (v4.1.2) and the DADA2 package (v1.16.1)[11] were 
used to process and analyze the 16S rRNA sequences via a custom 
analytical pipeline. Forward and reverse reads were merged to obtain 
unique amplicon sequence variants (ASVs). Chimera detection 
and removal were performed during ASV table construction. After 
completion of all quality‑control procedures, a total of 3 778 110 
sequences were retained, with an average of 19 677 reads per sample.
  Taxonomic annotation was performed against the SILVA database 
V138.1[12], with classification assigned down to the genus level. 
The ASV count table with 194 bat feces samples, sample metadata, 
and the taxonomic assignment table were imported into the 
Microbiome Analyst[13] for data processing and tabular output, 
including identification of microorganisms and analysis of diversity 
profiles. Additionally, diversity analyzes were performed based on 
the relative abundance of each ASV (calculated as the read count 
of a given ASV divided by the total read depth per sample library). 
For statistical analyses, heat tree analysis was used to visualize 
the hierarchical taxonomic structure using median abundance, and 
the non-parametric Wilcoxon rank-sum test (α=0.05)[14] was used 
to detect taxonomic differences between microbial communities. 
Separate workflows[15] were applied to compute and visualize 
alpha- and beta-diversity indices, respectively. One-way analysis 
of variance (ANOVA) (α=0.05) and permutational multivariate 
analysis of variance (PERMANOVA) (α=0.05) were also used for 
single-factor statistical comparisons and covariate-adjusted linear 
regression analyses. 

2.3. Phylogenetic analysis of bacterial genera

  To investigate the pathogen-related association of the bacterial 
taxa detected, phylogenetic analyses were conducted. Four genera 
containing well-documented pathogenic species and exhibiting high 
relative abundance in bat fecal samples were selected: Pseudomonas, 
Staphylococcus, Clostridium, and Streptococcus. For each genus, 
all ASVs targeting the V4 hypervariable region of the 16S rRNA 
gene were retrieved. A reference database was constructed for each 
genus, comprising confirmed and potential pathogenic bacterial 
species capable of infecting humans, animals, or plants. Full-length 
16S rRNA sequences from reference taxa were aligned against the 
ASV dataset using MAFFT version 7[16], and resulting multiple 
sequence alignments were manually curated using BioEdit version 
7.2.5[17]. Maximum likelihood phylogenetic trees were subsequently 
reconstructed in MEGA7 version 7.0.26[18] based on combined 
datasets containing ASVs (V4 region) and reference sequences, with 
branch robustness assessed by bootstrap analysis based on 1 000 

replicates. Final phylogenetic trees were visualized and annotated 
using iTOL[19].

2.4. Statistical analysis

  Statistical analyses were performed to assess differences in 
microbial composition and diversity among the evaluated groups. 
Relative abundance was calculated for each ASV as the number of 
reads assigned to a given ASV divided by the total number of reads 
in the corresponding sample. Differences in the relative abundance 
of bacterial taxa between groups were assessed using the non-
parametric Wilcoxon rank-sum test. Alpha-diversity metrics were 
compared using ANOVA, whereas differences in overall microbial 
community composition based on beta-diversity were evaluated 
using PERMANOVA. Multivariable linear regression analyses were 
additionally performed to assess associations while accounting for 
potential confounding factors. All available covariates included in 
the sample metadata, including sex, diet, geographic region, and 
foraging behavior, were considered in the multivariable analyses. 
Heat tree analyses were used to visualize differences in the 
hierarchical taxonomic structure of microbial communities based 
on median taxon abundance. Statistical analyses and diversity 
assessments were conducted using MicrobiomeAnalyst and the 
corresponding R-based workflows described above. Statistical 
significance was defined as P<0.05.

3. Results

3.1. Bacterial profile of the fecal microbiota of bats

  Analysis of the fecal microbiome of 20 bat species based on 16S 
rRNA sequencing data revealed a bacterial community dominated 
by two major phyla, Proteobacteria (57%) and Firmicutes (40%), 
which together accounted for 97% of the total identified taxa (Figure 
1A). Across all samples, 123 bacterial families and 203 genera 
were detected (Supplementary Tables 1 and 2). In addition to these 
dominant phyla, a minor fraction of microbial diversity was observed 
at low relative abundances (<1%), including Actinobacteriota, 
Bacteroidota, and several low-abundance phyla, such as 
Deinococcota, Spirochaetota, Campylobacterota, Patescibacteria, 
Verrucomicrobiota, Fusobacteriota, Desulfobacterota, Halobacterota, 
Chloroflexi, Cyanobacteria, Thermoplasmatota, and Synergistota. 
A subset of sequencing reads remained taxonomically unassigned, 
indicating the presence of poorly characterized or potentially 
novel microbial taxa. At the family level, Peptostreptococcaceae 
predominated in samples from the piscivorous species Myotis vivesi 
and Myotis ricketti. The highest family-level bacterial diversity was 
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observed in the frugivorous bat Rousettus aegyptiacus sampled in 
South Africa. In contrast, species such as Rhinolophus hipposideros 
(arthropod-feeding; forested habitats in Europe), Rhinolophus 
blasii (insectivorous; freshwater environments), Hypsugo ariel 
(insectivorous; desert habitats), and Noctilio leporinus (facultative 
piscivore–insectivore; predominantly whitewater habitats) exhibited 
high bacterial abundance but relatively low diversity at the family 
level. Rhodanobacteraceae and Thermoactinomycetaceae were 
the rarest families detected, each accounting for less than 1% of 
the processed dataset. At the genus level, the most prevalent taxa 
were Pseudomonas, Staphylococcus, Carnobacterium, and Lonsdalea. 
Consistent with the family-level patterns, Rousettus aegyptiacus 
showed the greatest genus-level diversity, while high relative 
abundances were also observed in the insectivorous species Myotis 
myotis, Myotis bechsteinii, and Barbastella barbastellus. Analysis of 
the core microbiome revealed that no taxon was consistently present 
across all samples at a relative abundance threshold of ≥1%.
  Relative abundance patterns were further examined by stratifying 
samples according to biological and ecological factors, including 
diet, habitat, and sex. At the genus level, insectivorous bats exhibited 
the highest microbial diversity (165 genera), with Pseudomonas 
representing the most abundant taxon (781 085 sequences) (Figure 

1B). Frugivorous bats displayed a distinct microbial composition, 
also comprising 165 genera, with Streptococcus as the dominant 
genus (112 139 sequences) (Figure 1C). In contrast, piscivorous bats 
harbored the lowest bacterial diversity (16 genera), with Clostridium 
predominating (20 859 sequences) (Figure 1D). Habitat exerted a 
strong influence on microbial community structure. Bats foraging 
in forests and open fields exhibited the highest relative diversity 
(204 genera each), with Pseudomonas (502 480 sequences) and 

Acinetobacter (14 141 sequences) as the most abundant genera, 
respectively (Figure 2A and 2B). Conversely, bats captured in caves 
and desert habitats showed distinct microbial profiles, characterized 
by a predominance of Staphylococcus (298 808 sequences) in cave-
dwelling bats (Figure 2C) and Romboutsia (1 517 sequences) 
in desert-dwelling bats (Figure 2D). Among piscivorous bats, 
individuals foraging in freshwater and coastal water environments 
exhibited greater Bartonella enrichment  (19 220 sequences and 
6 434 sequences, respectively) (Figure 2E and 2F). Sex-stratified 
comparisons further revealed distinct microbial signatures, with male 
bats showing enrichment of Staphylococcus (338 648 sequences) 
(Figure 3A) and female bats dominated by Pseudomonas (168 689 
sequences) (Figure 3B).

57%

40%

Figure 1. Relative abundance of the predominant bacterial genera from 20 bat species with distinct dietary habits. (A) All samples; (B) Insectivorous bats; (C) 
Frugivorous bats; (D) Piscivorous bats. 
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Figure 2. Relative abundance of the predominant bacterial genera from 20 bat species grouped according to habitat. (A) Forest-associated bats; (B) Open-area 
bats; (C) Cave-dwelling bats; (D) Desert-dwelling bats; (E) Freshwater piscivorous bats; (F) Coastal piscivorous bats.

Figure 3. Taxonomic composition of the bacterial microbiota identified by 16S rRNA gene sequencing from 20 bat species grouped according to host sex. (A) 
Male bats; (B) Female bats. 
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3.2. Phylogenetic analysis of bat fecal microbiota 
communities

  Heat-gradient phylogenetic tree analyses were conducted to 
compare divergent fecal microbiota abundance patterns among 
the 20 bat species (Supplementary Table 3). Comparison between 
insectivorous and piscivorous bats revealed significant microbial 
divergence (Figure 4; P=1.28×10−4). Insectivorous bats were 
dominated by Proteobacteria, particularly Gammaproteobacteria, 
with marked enrichment of Pseudomonadales and Moraxellaceae. 
In contrast, piscivorous bats were enriched in Firmicutes, mainly 

Bacilli and Staphylococcaceae, showing reduced overall diversity 
but dominance of specific bacterial taxa. 
  Comparison between piscivorous and frugivorous bats showed 
marginal microbial community differentiation (Figure 4; P=0.05). 
Frugivorous bats displayed enrichment in Proteobacteria, including 
Pseudomonas and other members of Pseudomonadales, corresponding 
to higher microbial diversity and community complexity. Piscivorous 
bats again showed enrichment in Firmicutes, with predominance of 
Staphylococcus and other Bacillales, reflecting a more restricted gut 
microbiota. 
  Significant taxonomic differences were also detected between 

Figure 4. Heat tree analysis of differentially abundant bacterial taxa 
identified by 16S rRNA gene sequencing in the fecal microbiota of 20 
bat species. (A) Differential bacterial taxa between insectivorous and 
piscivorous bats; (B) Differential bacterial taxa between piscivorous and 
frugivorous bats; (C) Differential bacterial taxa between insectivorous 
and frugivorous bats; (D) Habitat-associated differences between forest-
dwelling and desert-dwelling bats; (E) Habitat-specific bacterial taxa in 
freshwater and coastal piscivorous bats.
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Figure 5. Alpha diversity of the fecal microbiota identified by 16S rRNA gene sequencing in 20 bat species, estimated using the Chao1 richness index. (A) 
Alpha diversity across individual bat species (ANOVA, P < 0.001); (B) Comparison of alpha diversity according to dietary guild; (C) Comparison of alpha 
diversity according to habitat type. 

Figure 6. Beta diversity of the fecal microbiota identified by 16S rRNA gene sequencing from 20 bat species, visualized by principal coordinates analysis 
(PCoA). (A) Ordination of samples according to bat species; (B) Beta diversity grouped by habitat type (caves, desert, forests, freshwater, meadow, and ocean 
coasts); (C) Beta diversity grouped by dietary guild; (D) Beta diversity according to climatic region (semiarid, temperate, and tropical). 
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insectivorous and frugivorous bats (Figure 4; P=0.007). Both groups 
exhibited relatively high microbial diversity but distinct taxonomic 
signatures: insectivorous bats were enriched in Proteobacteria, 
particularly Gammaproteobacteria and Moraxellaceae, whereas 
frugivorous bats were dominated by Firmicutes, especially 
Lactobacillales, Staphylococcaceae, and Streptococcus. These patterns 
indicate that host gut microbial community composition is shaped 
by diet-driven selective pressures, with insectivorous bats adapted 
to protein- and chitin-rich diets and frugivorous bats harboring taxa 
specialized in the metabolism of fermentable carbohydrates. 
  Habitat-driven differences were also evident. Comparison between 
forest-dwelling and desert bats yielded significant microbial 
differences (Figure 4; P=0.002). Forest-dwelling bats exhibited 
greater bacterial diversity, with enrichment of Proteobacteria 
(part icularly Gammaproteobacteria,  Pseudomonadales, 
Pseudomonadaceae, and Acinetobacter) and Bacilli (including 
Lactobacillales and Staphylococcaceae). In contrast, desert bats 
showed markedly reduced diversity and were dominated by 
Romboutsia, reflecting adaptive microbial shifts in response to 
nutritionally limited diets in extreme environments.  
  Finally, significant microbial divergence was observed between 
freshwater and coastal piscivorous bats (Figure 4; P=0.006). 
Freshwater bats were enriched in Bartonella (identified in the dataset 
although not highlighted in the figure), whereas coastal bats were 
dominated by Romboutsia, suggesting that aquatic foraging ecology 
directly influences gut microbiota composition by selecting for taxa 
adapted to distinct dietary resources.

3.3. Diversity profile of bacterial communities in the fecal 
microbiota of bats

  To investigate differences in bacterial diversity of bat fecal 
microbiota, analyses were conducted focusing on patterns of alpha 
and beta diversity. Alpha diversity analysis revealed substantial 
variations in microbial richness across bat species, with distinct 
taxa exhibiting divergent diversity levels. Alpha diversity indices 
among bat species differed significantly (P<0.001), with Rousettus 
aegyptiacus exhibiting the highest microbial richness (Figure 5A). 
When samples were grouped by diet (frugivorous, insectivorous, 
and piscivorous), significant differences were also observed, 
with frugivorous bats showing the highest alpha diversity values 
(P<0.001) and piscivorous bats the lowest (Figure 5B). Habitat-
based analyses further demonstrated that bats inhabiting caves and 
forests possessed significantly greater fecal microbial diversity 
(P<0.001), whereas bats from freshwater and coastal environments 
hosted less diverse and structurally simpler bacterial communities 
(Figure 5C).
  Beta diversity analyses were performed to assess dissimilarity in 
microbial composition among samples. Microbial communities 
revealed partial clustering according to host species (Figure 6A) 
and habitat (Figure 6B). However, overlapping clusters indicated 
concurrent patterns of host or habitat specificity and microbiota 
sharing across conditions. PERMANOVA results confirmed 
significant overall compositional divergence among bat species 
(F=4.667, R2=0.340, P=0.001). It demonstrated significant 

Figure 7. Distribution and relative abundance of potentially pathogenic bacterial genera identified by 16S rRNA gene sequencing in the fecal microbiota of 20 
bat species. Boxplots show the log-transformed bacterial counts of (A) Streptococcus, (B) Mycobacterium, (C) Escherichia-Shigella, and (D) Yersinia across bat 
species. 
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differences between species with distinct dietary habits, such 
as insectivorous Myotis daubentonii and frugivorous Rousettus 
aegyptiacus (P=0.001; FDR=0.007). Although several bacterial 
communities overlapped across forest, grassland, desert, and cave 
habitats, a distinct microbial assemblage was identified as exclusive 
to piscivorous bats (P=0.001; FDR=0.008). Diet-driven microbial 
differentiation was further validated by PERMANOVA analysis 
(F=20.34, R2=0.177, P=0.001). Core bacterial taxa were common 
to all three dietary groups, alongside a subset of genera exclusively 
associated with insectivorous bat hosts (Figure 6C). Finally, 
PERMANOVA analysis incorporating climatic variables detected 
weak but significant climatic effects on microbial community 
structure (F=1.119, R2=0.012, P=0.034). A shared core microbiota 
was conserved across climatic regions; nevertheless, temperate 
environments harbored a distinct bacterial assemblage (P=0.004; 
FDR=0.012) (Figure 6D).

3.4. Potentially pathogenic genera in bat fecal microbiota

  Genera containing pathogenic bacterial members with relatively 
high abundance were evaluated in relation to environmental factors, 
bat species, diet, and habitat. Interspecific comparison revealed a 
total of 62 bacterial genera. Samples obtained from the frugivorous 
bat Rousettus aegyptiacus harbored a higher diversity of potentially 
pathogenic taxa. This species exhibited significant enrichment of 
the genera Streptococcus (P<0.001), Mycobacterium (P<0.001), and 
Shinella (P<0.01) (Figure 7A-C). In contrast, other potentially 
pathogenic genera, such as Yersinia, were predominantly detected 
in insectivorous bats, including Barbastella barbastellus, Myotis 
bechsteinii, Myotis nattereri, and Pipistrellus pipistrellus (P<0.001) 

(Figure 7D), indicating occurrence of host-specific patterns of these 
pathogenic bacteria.
  When examining differences across dietary guilds, univariable 
statistical analyses revealed 118 bacterial genera with statistically 
significant differences in relative abundance among feeding groups. 
Enrichment was primarily observed in frugivorous bats, particularly 
for Streptococcus (P<0.001), Mycobacterium (P<0.001), Shinella 
(P<0.001), and Helicobacter (P<0.05) (Figure 8A-D). Conversely, 
insectivorous bats exhibited marked enrichment of Pseudomonas 
(P<0.05) and Staphylococcus (P<0.001) (Figure 8E and F), indicating 
the influence of dietary specialization on the structure of potentially 
pathogenic bacterial communities.
  Habitat-related patterns further supported the role of environmental 
context in shaping the distribution of these genera. The genus 
Pseudomonas (P<0.001) was significantly enriched in samples from 
cave and forest environments (Figure 8G), suggesting an association 
with more complex or sheltered habitats. In contrast, Yersinia 
(P<0.05) predominated in samples obtained from open grassland 
habitats (Figure 8H), highlighting the contribution of habitat-specific 
ecological pressures to the composition and abundance of potentially 
pathogenic bacteria in bat fecal microbiota.

3.5. Phylogenetic relationship of the main potentially 
pathogenic bacteria in the bat microbiota

  Phylogenetic analyses based on 16S rRNA sequencing of bat fecal 
samples revealed a high number of ASVs, reflecting substantial 
bacterial diversity, particularly within the genera Pseudomonas 
(Supplementary Figure 1) and Staphylococcus (Supplementary Figure 
2). Although Staphylococcus exhibited a high ASV richness, most 

Figure 8. Single-factor analysis of bacterial genera across dietary guilds (A-F) and habitat types (G-H). 

C D

Lo
g-

tra
ns

fo
rm

ed
 c

ou
nt

s

E

BA

HGF

Lo
g-

tra
ns

fo
rm

ed
 c

ou
nt

s

Lo
g-

tra
ns

fo
rm

ed
 c

ou
nt

s

Lo
g-

tra
ns

fo
rm

ed
 c

ou
nt

s

Lo
g-

tra
ns

fo
rm

ed
 c

ou
nt

s
Lo

g-
tra

ns
fo

rm
ed

 c
ou

nt
s

Lo
g-

tra
ns

fo
rm

ed
 c

ou
nt

s

Lo
g-

tra
ns

fo
rm

ed
 c

ou
nt

s

12

  9

  6

6

4

2

15

10

  5

  0

4

2

0

  7.5

  5.0

  2.5

  0.0

15

10

  5

  0

15

10

  5

  0

10.0

  7.5

  5.0

  2.5

  0.0

Frugivores        Insectivores       Piscivores 

Caves      Desert     Forest       Freshwater       Meadow 

Streptococcus Mycobacterium

Pseudomonas Yersinia Pseudomonas Staphylococcus

Shinella Helicobacter



504 Lucas Palheta Gomes et al./ Asian Pacific Journal of Tropical Biomedicine 2026; 16(12): 495-507

sequences did not cluster closely with the pathogenic reference 
strains included in the analysis, suggesting a predominance of non-
pathogenic or distantly related lineages. In contrast, Pseudomonas-
derived ASVs showed closer phylogenetic relationships to 
several disease-associated species. In the Clostridium phylogeny 
(Supplementary Figure 3 and Supplementary Table 4), three distinct 
ASVs clustered basally, appearing to represent ancestral lineages 
shared by known pathogenic Clostridium species. The majority 
of Clostridium ASVs formed a separate, well-supported clade, 
displaying a more distant relationship to established pathogens 
while sharing a common ancestor. Similarly, the phylogenetic 
reconstruction for Streptococcus (Supplementary Figure 4) revealed 
a closer association with multiple pathogenic species. Collectively, 
these findings for Clostridium, Pseudomonas, and Streptococcus 
indicate the presence of ASVs that may represent ancestral lineages 
of clinically relevant pathogenic bacteria within the bat fecal 
microbiota.

4. Discussion

  Bats are widely recognized as natural reservoirs of viruses, 
and in recent years, increasingly comprehensive studies of bat-
associated microbiomes have suggested that these mammals also 
host a wide diversity of bacteria, including potentially pathogenic 
strains[20]. Benefiting from flight capacity and migratory behavior, 
bats have successfully colonized a broad range of terrestrial and 
aquatic-associated habitats, ranging from forests, deserts, and urban 
environments to freshwater systems, coastal zones, and oceanic 
regions. Although bats harbor a remarkable diversity of pathogenic 
microorganisms, their long-distance mobility may facilitate the 
dispersal of infectious agents, including bacteria associated with 
human disease[6]. It has been proposed that the elevated metabolic 
rates and increased body temperatures required for flight have 
shaped bat immune systems, creating selective pressures that reduce 
microbial virulence while allowing bats to tolerate and carry a wide 
range of pathogens[21]. Moreover, adaptation to diverse dietary 
niches and variable ecosystem distributions has driven the evolution 
of complex and heterogeneous bacterial communities in bats[22]. 
In this study, we evaluated the complex interactions among sex, 
dietary preference, and geographic origin, assessing patterns of 
bacterial diversity in bats and exploring their reservoir potential for 
pathogenic bacteria.
  Across all bat samples analyzed, members of the phyla Firmicutes 
(notably the families Staphylococcaceae and Carnobacteriaceae) 
and Proteobacteria (particularly Pseudomonadaceae and 
Pectobacteriaceae) dominated the fecal microbiota, consistent 
with previous studies of bat-associated bacterial communities[23]. 
Geographic variation was evident at the genus level, with 

Pseudomonas predominating at terrestrial sampling locations, 
whereas Bartonella and Romboutsia were more abundant in samples 
from freshwater and marine environments. Insectivorous bats 
exhibited a higher relative abundance of Pseudomonas, a pattern 
similar to that observed in bats foraging in wet habitats. This pattern 
differed from that of bats consuming a broader range of arthropods 
other than insects. Notably, Pseudomonas was more prevalent in 
female bats than in males, although it was abundant in both sexes. 
The genus Paraclostridium, significantly enriched in piscivorous 
bats and previously described as characteristic of piscivorous bats 
when compared with arthropodophagous bats[9], was also detected 
in insectivorous bats in our dataset. This finding indicates that no 
strictly diet‑specific gut microbiota exists in these bat hosts.
  From an ecological perspective, fruit bats interact extensively with 
other organisms, including plants and animals, due to their feeding 
behavior and habitat use. This complex interaction network likely 
contributes to the higher and more distinct diversity of bacterial 
genera observed in the intestinal microbiomes of frugivorous bats 
compared with other dietary guilds. While zoonotic and potentially 
zoonotic pathogens of bats have been widely investigated, the 
broader ecological context of bat-associated pathogens remains 
poorly understood, particularly the diverse community of taxa 
that bats interact with[24,25]. Fruits themselves constitute complex 
microecosystems supporting diverse arthropod assemblages that 
often co-evolve with host plants[26]. In this context, fruit bats may 
ingest insects incidentally, which can constitute a meaningful 
nutritional resource[27-29]. These trophic interactions may facilitate 
the acquisition of viruses and bacteria associated with fruit-dwelling 
arthropods[30].
  Alpha diversity analyses at both family and genus levels revealed 
that the frugivorous species Rousettus aegyptiacus from South Africa, 
a bat typically inhabiting terrestrial environments, harbored the most 
diverse bacterial communities. These findings were supported by 
both capture location and dietary preference. In contrast, bats with 
arthropod-based diets exhibited higher beta diversity indices and 
are recognized as major nocturnal consumers, playing key roles 
in regulating arthropod populations[31]. Their broad consumption 
of diverse arthropod taxa mirrors spatial variation in arthropod 
availability and abundance across habitats[32,33]. Such dietary breadth 
likely contributes to the elevated and differentiated abundance 
of bacterial genera observed in their microbiomes. For example, 
Diplorickettsia, a potential human pathogen previously isolated from 
Ixodes ticks, important vectors of human disease[34], was detected at 
high abundance in arthropod‑feeding bats.
  Arthropodophagous bats constituted the majority of dietary 
categories in our dataset. Terrestrial bat samples from Slovenia 
showed a distinct relative abundance of bacterial genera, including 
Streptococcus, Mycobacterium, Pseudomonas, Mycoplasma, and 
Ureaplasma, which were largely restricted to continental bat 
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populations. In addition, many bats frequently inhabit urban 
environments and often come into close contact with humans and 
domestic animals. The accumulation of bat guano in buildings 
potentially facilitates the maintenance and indirect transmission of 
these bacteria to humans[35,36]. Similar patterns were observed in 
bats inhabiting coastal and freshwater environments. Piscivorous bats 
foraging near oceans, lakes, and rivers exhibited high abundances 
of Aeromonas, a genus commonly found in freshwater and marine 
environments and associated with gastrointestinal disease, wound 
infections, and septicemia in humans[37].
  The fecal bacteriome of bats revealed high diversity within the 
genera Pseudomonas and Staphylococcus, with numerous ASVs 
diverging from known pathogenic strains. In the case of Pseudomonas, 
a limited number of ASVs clustered near pathogenic species, 
whereas Staphylococcus ASVs were largely phylogenetically distant 
from established pathogens, despite their high overall diversity. 
Bats are known to harbor non-viral pathogens while remaining 
clinically asymptomatic, which supports their role as natural 
reservoirs of diverse bacterial taxa. Nevertheless, the magnitude 
of their contribution to disease spillover and zoonotic bacterial 
transmission remains insufficiently explored[5]. Most Pseudomonas 
ASVs occupied basal phylogenetic positions relative to reference 
pathogenic strains, with sequences such as Pseudomonas_467, 

Pseudomonas_485, and Pseudomonas_473 clustering closer to the 
outgroup than to pathogenic ingroups. These findings suggest that 
diversification of these clades may have co-occurred alongside their 
mammalian hosts. Several ASVs also clustered with pathogenic 
species infecting fungi (e.g., Pseudomonas tolassi) and warm-blooded 
animals (e.g., Pseudomonas oryzihabitans), as well as with putative 
ancestral lineages related to Pseudomonas aeruginosa[38].
  Similarly, phylogenetic reconstructions of Clostridium and 

Streptococcus revealed basal lineages related to pathogenic taxa, 
including putative ancestral strains associated with Clostridium 
difficile (Clostridium 014) and Streptococcus pneumoniae (Streptococcus 
012 and Streptococcus 034), both of which carry well-characterized 
virulence factors. These phylogenetic patterns support prediction 
from the “bat seeding hypothesis”; however, the present 16S rRNA-
based analysis does not establish bats as ancestral sources of these 
pathogenic lineages. Further genomic analyses are required to 
disentangle their evolutionary histories and assess their potential 
epidemiological significance[39]. This long-term cohabitation and 
coevolution between bats and microbial symbionts may explain 
the capacity of bats to host infectious agents with little or no overt 
clinical signs[5,40]. Combined with the long lifespan of many bat 
species and their adaptability to diverse ecological niches, these 
traits underscore bats’ potential contribution to the emergence and 
transmission of zoonotic pathogens[41].
  The high immune tolerance of bats is thought to be a consequence 

of long-term coevolution with microbial pathogens, which has 
shaped distinctive immunological response profiles[42]. The bat 
immune system appears to limit immunopathology while maintaining 
effective pathogen control. Microbial community composition 
may therefore serve as an important predictor of immune response 
magnitude and infection severity[43]. Robust antiviral defenses in 
bats include restrained inflammatory cytokine expression, activation 
of interferon regulatory factors, and engagement of Toll-like receptor 
signaling pathways[41,44]. Additionally, bats exhibit reduced sensing 
of self and exogenous DNA, partly due to dampened expression of 
stimulator of interferon genes, a key adaptor protein in DNA-sensing 
pathways. This reduced functionality of stimulator of interferon 
genes may contribute to balanced immune responses, highlighting a 
fundamental distinction in immune tolerance between bats and other 
mammals[45].
  In summary, our study shows that bats harbor complex fecal 
bacterial communities, whose composition and diversity vary 
significantly according to diet, habitat, sex, and geographic origin. 
Proteobacteria and Firmicutes predominated across all analyzed 
samples, with recurrent detection of genera such as Pseudomonas, 
Staphylococcus, Clostridium, and Streptococcus, some of which 
include species of recognized clinical relevance. Frugivorous and 
insectivorous bats exhibited richer bacterial communities than 
piscivorous bats, supporting a significant association between dietary 
habits and microbial diversity. Similarly, cave- and forest-associated 
bats showed higher bacterial richness than bats from freshwater, 
coastal, and desert environments, indicating an association between 
habitat characteristics and fecal microbiota composition.
  The absence of a universally shared core microbiome further 
highlights the variability of bat-associated bacterial communities 
across ecological and biological contexts. Phylogenetic analyses 
identified ASVs within Pseudomonas, Clostridium, and Streptococcus 
that clustered with or were phylogenetically related to bacterial taxa 
of recognized pathogenic potential, including lineages related to 

Clostridioides difficile and Streptococcus pneumoniae. However, these 
phylogenetic relationships do not confirm pathogenicity or zoonotic 
spillover risk. Rather, they indicate the presence of bacterial lineages 
that warrant further genomic, functional, and epidemiological 
investigation. Collectively, these findings expand current knowledge 
of bat-associated bacterial diversity and reinforce the need for 
continued investigation of how ecological factors contribute to the 
distribution of bacterial taxa with potential clinical relevance.
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Supplementary Table 1. List of bacterial families found in fecal microbiota analyses of 

bats. 

 



Barbastella_barbastellusEptesicus_bottaeHypsugo_ariel Miniopterus_schreibersiiMyotis_bechsteiniiMyotis_blythii Myotis_capacciniiMyotis_daubentoniiMyotis_emarginatusMyotis_myotis Myotis_nattererii Myotis_ricketti Myotis_vivesi Noctilio_leporinusPipistrellus_kuhliiPipistrellus_pipistrellusRhinolophus_blasiiRhinolophus_ferrumequinumRhinolophus_hipposiderosRousettus_aegyptiacus
Acetobacteraceae 0 0 0 192.537.255.959.028 0 0 254.544.083.264.198751.410.982.845.566248.714.296.587.042491.674.449.797.776 0 0 0 0 0 0 0 0 1 0
Actinomycetaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 79.358.658.219.566
Aerococcaceae 0 0 0 0 0 142.254.990.687.003 0 188.186.706.148.212131.696.258.684.614 0 85.013.839.462.238 0 0 0 0 0 0 0 0 907.559.123.255.675
Aeromonadaceae 0 0 0 0 0 0 0 0 380.546.464.723.343 0 0 0 0 0 0 0 0 0 0 0
Akkermansiaceae 0 0 0 0 0 0 0 0 693.138.203.603.231 0 85.155.058.464.667 0 0 0 0 0 0 0 0 0
Alcaligenaceae 0 0 0 0 0 0 0 0 159.014.058.473.682423.786.345.850.803 0 0 0 0 0 0 0 0 0 538.203.666.116.737
Alcanivoracaceae1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 140.706.840.814.833
Aquaspirillaceae 0 0 0 0 0 0 0 0 36.967.370.858.839310.639.505.939.181 0 0 0 0 0 0 0 511.591.118.219.453 0 0
Arcobacteraceae 0 0 0 0 0 0 0 0 0 250.980.263.076.689 0 0 0 0 0 0 0 0 0 0
Atopobiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 102.012.459.590.754
Azospirillaceae 0 0 0 0 0 0 143.298.891.319.104150.282.196.569.113 0 0 0 0 0 0 0 0 0 0 0 0
Bacillaceae 74.480.804.819.167 0 0 155.570.102.814.895574.114.039.546.375437.558.638.669.556 0 972.381.471.874.965888.847.814.032.379610.787.213.995.647847.314.014.573.801 0 0 0 0 411.608.848.357.878 0 950.284.867.204.565 0 851.276.386.929.741
Balneolaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 261.011.189.711.516
Beijerinckiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 260.659.422.609.479
Bifidobacteriaceae 0 0 0 0 49.995.417.086.767506.472.048.554.894 0 0 6,39E+09 429.957.991.664.164 0 0 0 0 0 0 0 480.162.312.322.013 0 175.883.551.018.542
Bogoriellaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 306.037.378.772.262
Brevibacteriaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 33.523.404.824.134
Budviciaceae 0 0 0 0 0 0 0 0 7,88E+09 0 0 0 0 0 0 0 0 0 0 0
Burkholderiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 524.132.982.035.254
Campylobacteraceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 263.825.326.527.812
Carnobacteriaceae54.832.494.345.399 0 0 940.660.017.713.427479.206.072.776.66278.359.251.971.228 0 360.065.010.965.034147.959.183.673.469959.217.764.465.309105.617.691.916.624 0 0 0 0 764.187.565.469.222 0 89.739.717.105.826 0 378.501.401.791.902
Caulobacteraceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10.975.133.583.557
Cellulomonadaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 113.620.773.957.978
Chitinophagaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 291.966.694.690.779
Chlamydiaceae 137.081.235.863.498 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 334.367.573.853.329 0 0
Christensenellaceae124.896.237.120.076 0 0 0 0 0 0 0 0 189.263.804.943.077 0 0 0 0 0 0 0 9,87E+09 0 0
Clostridiaceae 0 839.484.765.915.284 0 0 0 0 827.701.938.306.056350.658.458.661.264 0 339.440.519.734.866 0 379.075.425.790.754746.740.918.871.029 0 0 0 0 641.671.453.739.417 0 993.038.529.050.686
Comamonadaceae 0 0 0 0 433.293.614.751.981 0 0 768.109.004.686.578 0 0 0 0 0 0 0 0 0 0 0 478.403.258.770.433
Corynebacteriaceae178.205.606.622.547 0 0 0 0 0 0 0 0 0 197.706.603.400.554 0 0 0 0 0 0 0 0 164.521.473.622.744
Corynebacteriales_Incertae_Sedis0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 23.638.749.256.892
Deinococcaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 478.403.258.770.433
Dermabacteraceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 407.698.071.260.979
Dermacoccaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 439.708.877.546.354
Desulfobulbaceae 0 0 0 0 0 0 0 0 130.473.073.619.432224.236.464.552.124 0 0 0 0 0 0 0 986.515.296.225.226 0 0
Devosiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 358.802.444.077.825
Dietziaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 239.201.629.385.217
Diplorickettsiaceae 0 0 0 0 0 102.401.452.440.061 0 0 278.614.375.958.162 0 0 0 0 0 0 0 0 274.129.029.216.567 0 0
Enterobacteriaceae122.611.549.855.684 0 0 36.212.407.100.774984.993.042.304.45532.519.380.166.776 3,77E+08 463.648.406.452.116231.480.978.113.142130.386.303.883.611120.036.152.064.622 0 0 0 0 210.733.871.464.662 0 267.528.979.978.105 0 113.040.358.239.617
Enterococcaceae332.498.153.211.128 0 0 180.599.946.089.56864.594.078.876.103282.960.121.553.292 0 446.338.123.810.266268.027.029.671.752650.635.473.797.249286.815.793.933.232 0 0 0 0 501.940.969.868.753 0 672.174.855.907.655 0 221.613.274.283.362
Erwiniaceae 0 0 0 0 0 285.063.502.738.547 0 66.903.407.509.657174.371.826.514.303117.466.991.980.975 0 0 0 0 0 0 0 0 0 946.605.271.581.791
Erysipelotrichaceae 0 0 0 0 0 0 0 0 269.100.714.340.078162.520.006.418.512 0 0 0 0 0 0 0 6,98E+08 0 0
Euzebyaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 545.239.008.157.479
Family_XI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 837.205.702.848.258
Flavobacteriaceae 0 0 0 0 0 0 0 495.374.647.950.039 0 0 0 0 0 0 0 0 0 0 0 310.258.583.996.707
Fusibacteraceae 0 0 0 0 0 0 0 0 202.505.083.013.493 0 0 0 0 0 0 0 0 275.002.051.602.607 0 0
Fusobacteriaceae 0 0 0 0 0 0 0 0 0 724.139.775.434.381 0 525.547.445.255.474 0 0 0 0 0 37.016.149.168.097 0 12.663.615.673.335
Gemellaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12.663.967.440.437
Hafniaceae 470.721.732.706.821 0 0 51.076.283.260.811636.191.682.429.111405.232.990.980.369 0 345.871.692.400.17412.558.169.245.322513.028.344.312.00628.300.288.086.765 0 0 0 0 753.958.962.351.346 0 572.213.792.706.073 0 0
Halomonadaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 160.757.565.630.947
Helicobacteraceae 0 0 0 328.083.484.154.184 0 0 299.042.160.042.235 0 0 145.445.119.668.212 0 150.851.581.508.516277.180.103.784.331 0 0 0 0 0 0 914.594.465.296.417
Hungateiclostridiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5,63E+09
Hyphomicrobiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 112.565.472.651.867
Iamiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6,68E+09
Intrasporangiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 115.449.962.888.571
JG30_KF_CM45 0 0 0 448.996.880.896.453 0 0 0 0 35.472.366.890.283 0 0 0 0 0 0 0 0 0 0 0
JI49D030 0 0 0 0 0 0 200.618.447.846.746 0 0 4,11E+07 0 126.520.681.265.207 0 0 0 0 0 0 0 0
Lactobacillaceae 0 0 0 223.343.216.912.473 0 130.907.802.713.915 0 400.752.524.184.302486.555.837.039.131584.249.136.998.194144.043.382.477.546 0 0 0 0 0 0 189.795.066.725.101 0 0
Leptotrichiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 199.451.946.855.026
Listeriaceae 25.740.809.845.479 0 0 0 0 0 0 0 0 181.034.943.858.595392.588.826.752.528 0 0 0 0 0 0 619.845.894.088.416 0 0
LWQ8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6,33E+08
Marinococcaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 299.002.036.731.521
Methanomethylophilaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 121.541.501.976.285 0 0 0 0 0
Methanosarcinaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 188.735.177.865.613 0 0 0 0 0
Methanospirillaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 205.533.596.837.945 0 0 0 0 0
Methylophilaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8,09E+09
Microbacteriaceae 0 0 0 0 3.433.018.639.958 0 0 0 0 812.600.032.092.558 0 0 0 0 0 0 0 8,03E+09 0 238.146.328.079.105
Micrococcaceae 642.758.683.715.511 0 0 877.969.887.173.168930.748.014.765.313521.417.125.397.498 0 0 137.404.455.655.464138.244.866.219.291 0 0 0 0 0 0 0 23.362.079.050.431 0 559.802.166.181.814
Microcystaceae 0 0 0 0 0 0 0 0 0 0 0 293.917.274.939.173 0 0 0 0 0 0 0 0



Micromonosporaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 144.224.511.835.204
Mitochondria 0 0 0 0 0 0 0 0 385.982.842.790.819654.194.456.216.287 0 208.272.506.082.725393.621.060.625.237883.620.689.655.172 0 505.268.346.786.617 0 211.166.654.735.361 0 368.968.513.326.697
Monoglobaceae 0 0 0 0 0 0 0 0 795.070.292.368.413 1,44E+09 0 0 0 0 0 0 0 0 0 0
Moraxellaceae 872.598.222.513.308 0 0 331.934.229.273.364214.355.350.759.514133.957.705.432.535 0 167.447.763.021.674571.730.290.411.316340.427.983.065.004199.697.791.334.802 0 0 0 0 184.854.273.214.616 0 580.088.454.628.154 0 194.527.207.426.507
Morganellaceae 204.631.822.647.343 0 0 268.473.949.709.269648.273.908.225.07982.917.500.408.222 0 117.999.354.343.155538.201.428.680.156693.055.252.687.752831.779.924.306.615 0 0 0 0 240.692.587.343.644 0 133.877.982.899.238 0 460.814.903.668.579
Mycobacteriaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 310.610.351.098.745
Mycoplasmataceae 0 0 0 0 0 2,49E+09 0 0 0 9,26E+08 0 0 0 0 0 0 0 0 0 285.283.119.752.075
Neisseriaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 436.191.206.525.983
Nitrococcaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 225.130.945.303.733
Nitrosococcaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 513.579.968.974.142
Nocardiaceae 700.637.427.746.765 0 0 0 0 440.603.006.174.531 0 712.448.931.883.203114.163.939.417.003968.948.392.697.709 0 0 0 0 0 0 0 132.699.402.678.083 0 1.375.409.368.965
Nocardioidaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 102.012.459.590.754
Nocardiopsaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12.065.611.599.872
Not_Assigned 21.460.829.036.852 0 0 145.558.165.505.025773.179.125.246.852169.848.030.709.365791.914.925.710.838149.224.655.185.849541.599.164.972.329974.914.316.983.958530.983.449.132.915 0 0 0 0 374.637.993.714.955 0 528.876.961.463.046 0 277.016.592.854.203
Orbaceae 0 0 0 146.328.314.528.861 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Others 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2,46E+09
P5D1_392 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 598.004.073.463.042
Paenibacillaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4,57E+09
Pasteurellaceae 492.730.886.687.127 0 0 377.373.021.679.695 0 0 0 0 351.190.023.158.971446.827.156.887.351 0 0 0 0 0 0 0 943.300.688.116.245 0 457.015.818.966.579
Pectobacteriaceae23.928.291.282.395 0 0 396.626.747.275.598307.721.792.169.051110.222.709.321.023 0 186.388.885.796.663179.691.322.453.329383.320.921.467.864282.861.661.865.221 0 0 0 0 485.550.557.643.724 0 215.627.799.128.025 0 0
Peptococcaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5,63E+09
Peptostreptococcaceae 0 160.515.234.084.716 0 0 0 0 595.821.706.011.011 0 0 41.144.305.422.408148.279.952.550.415549.099.756.690.99885.824.579.167.194116.379.310.344.828 0 0 0 246.628.824.056.306 0 12.663.615.673.335
Planococcaceae 935.960.215.979.103 0 0 964.226.577.842.813126.571.730.924.665607.489.697.583.602 0 2.654.985.472.721369.999.891.272.439569.005.171.839.192162.401.852.793.312 0 0 0 0 131.493.006.346.663 0 319.884.132.468.925 0 6,68E+09
Porphyromonadaceae 0 0 0 0 0 0 0 0 169.886.814.608.635281.838.492.143.495 0 0 0 0 0 0 0 910.562.348.639.744 0 0
Propionibacteriaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 267.342.997.548.183
Pseudomonadaceae321.067.101.264.955 0 0 437.059.571.026.994172.242.544.433.427244.257.907.744.594 0 111.937.972.414.868208.504.126.210.953424.923.985.895.73213.377.676.100.096 0 0 0 0 165.247.396.635.652 0 202.563.019.120.936 0 274.730.106.690.962
Pseudonocardiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 421.416.988.240.426
Rhizobiaceae 0 0 0 17.091.147.136.971 0 182.938.810.980.757 0 192.583.851.899.678570.819.697.085.014276.695.453.965.694 0 0 0 0 53.030.303.030.303 0 1 0 0 356.340.074.363.565
Rhodanobacteraceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4,57E+09
Rhodobacteraceae 0 0 0 0 0 0 218.719.360.434.422 0 0 0 0 0 0 0 691.699.604.743.083 0 0 0 0 28.704.195.526.226
Rickettsiaceae 0 0 0 94.497.285.224.691 0 0 678.784.222.037.861 0 181.697.345.960.227 0 0 0 0 0 205.862.977.602.108 0 0 0 0 0
Ruminococcaceae 0 0 1 646.925.180.022.334 0 0 107.474.168.489.328 0 0 198.315.552.136.007 0 0 0 0 612.648.221.343.874 0 0 0 0 0
Saccharimonadaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 576.416.337.285.902 0 0 0 0 680.669.342.441.756
Salinisphaeraceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 659.915.083.421.568
Salisediminibacteriaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 323.625.733.874.117
Saprospiraceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 573.380.376.320.446
Selenomonadaceae 0 0 0 0 0 0 0 0 146.782.207.821.861 0 0 0 0 0 0 0 0 100.397.574.394.603 0 0
Sphingobacteriaceae134.415.767.388.374 0 0 0 173.650.748.681.371807.034.149.500.585 0 6,12E+09 0 252.893.473.278.831 0 0 0 0 0 0 0 163.429.790.666.692 0 9,15E+09
Sphingomonadaceae 0 0 0 0 0 0 173.467.078.965.231 0 0 0 0 0 0 0 0 0 0 0 0 837.205.702.848.258
Spirochaetaceae 132.664.173.819.007 0 0 0 0 0 0 0 777.402.063.649.114120.347.093.360.543 0 0 0 0 0 0 0 262.168.622.527.819 0 0
Staphylococcaceae253.059.577.028.231 0 0 3.280.064.692.518113.197.956.853.955150.884.388.760.195 0 260.400.084.603.311482.193.143.639.981325.801.182.487.338548.353.386.431.678 0 0 0 0 103.888.101.546.614 0 26.764.247.288.829 0 278.916.135.205.203
Streptococcaceae146.372.297.405.357 0 0 246.293.657.822.789808.259.242.902.734275.902.724.155.396 0 973.494.673.331.033276.929.098.757.244245.652.075.524.487 0 0 0 0 0 0 0 24.387.007.331.642 0 39.451.384.027.663
Streptomycetaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 605.039.415.503.783
Synergistaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 372.200.263.504.611 0 0 0 0 0
T34 875.796.784.683.457 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Thermaceae 506.439.010.273.477 0 0 901.074.357.888.251367.466.315.587.73845.914.597.188.665 0 342.309.447.740.758264.479.792.982.723126.313.017.646.793152.516.522.623.284 0 0 0 0 123.236.182.143.077 0 209.088.861.456.585 0 0
Thermoactinomycetaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4,22E+07
Trueperaceae 883.412.408.898.095 0 0 106.280.565.289.383 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 471.367.916.729.692
Unknown_Family 3,81E+09 0 0 0 0 1,38E+09 0 0 0 0 0 0 0 0 0 0 0 0 0 2,81E+09
Vagococcaceae 251.315.599.083.079 0 0 437.444.645.538.912 0 142.531.751.369.273 0 0 201.689.626.303.372432.838.093.043.732231.457.944.981.077 0 0 0 0 0 0 389.891.797.605.474 0 0
Veillonellaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 274.378.339.588.925
Weeksellaceae 495.015.573.951.519 0 0 0 0 1,94E+09 0 0 0 0 0 0 0 0 0 0 0 0 0 606.446.483.911.932
Wohlfahrtiimonadaceae 9,90E+09 0 0 373.537.679.540.991349.134.662.655.923667.823.526.318.557 0 352.717.881.354.989519.214.878.279.495931.095.631.709.093141.219.002.428.967 0 0 0 0 338.246.349.128.104 0 479.001.192.548.579 0 0
Xanthobacteraceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 151.259.853.875.946
Xanthomonadaceae784.409.294.107.792 0 0 0 677.437.901.525.694112.364.837.001.796 0 0 0 368.241.533.530.552155.340.902.671.864 0 0 0 0 0 0 355.320.111.118.289 0 200.507.248.161.137
Yersiniaceae 303.482.624.953.354 0 0 166.198.159.343.833395.380.423.461.183234.001.156.859.652 0 459.251.260.700.649813.825.796.701.20610.936.156.381.27617.399.593.289.273 0 0 0 0 11.855.320.722.164 0 206.949.956.610.787 0 353.174.170.445.232



Supplementary Table 2. List of bacterial genera found in the fecal microbiota 

analysis of bats. 



Barbastella_barbastellusEptesicus_bottaeHypsugo_ariel Miniopterus_schreibersiiMyotis_bechsteiniiMyotis_blythii Myotis_capacciniiMyotis_daubentoniiMyotis_emarginatusMyotis_myotis Myotis_nattererii Myotis_ricketti Myotis_vivesi Noctilio_leporinusPipistrellus_kuhliiPipistrellus_pipistrellusRhinolophus_blasiiRhinolophus_ferrumequinumRhinolophus_hipposiderosRousettus_aegyptiacus
1174_901_12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 125.229.088.325.202
Achromobacter 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 538.203.666.116.737
Acinetobacter 872.598.222.513.308 0 0 331.934.229.273.364214.355.350.759.514133.705.853.211.669 0 167.447.763.021.674461.426.179.422.222148.901.241.323.695199.697.791.334.802 0 0 0 0 184.854.273.214.616 0 289.843.432.165.288 0 161.812.866.937.058
Actinobacillus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 338.399.952.159.674
Actinobaculum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 211.412.028.324.287
Actinomyces 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 42.458.289.215.876
Actinotignum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4,92E+09
Aerococcus 0 0 0 0 0 142.254.990.687.003 0 188.186.706.148.212131.696.258.684.614 0 85.013.839.462.238 0 0 0 0 0 0 0 0 0
Aeromonas 0 0 0 0 0 0 0 0 380.546.464.723.343 0 0 0 0 0 0 0 0 0 0 0
Akkermansia 0 0 0 0 0 0 0 0 693.138.203.603.231 0 85.155.058.464.667 0 0 0 0 0 0 0 0 0
Alcanivorax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 140.706.840.814.833
Alkalibacterium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 364.782.484.812.455
Allorhizobium_Neorhizobium_Pararhizobium_Rhizobium0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 155.832.826.202.428
Alloscardovia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 175.883.551.018.542
Anaerococcus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5,98E+09
Anoxybacillus 761.562.421.463.875 0 0 0 0 0 0 36.791.308.123.031115.523.033.933.872623.336.227.149.481114.387.391.967.463 0 0 0 0 0 0 212.144.439.807.726 0 0
Aquaspirillum 0 0 0 0 0 0 0 0 36.967.370.858.839310.639.505.939.181 0 0 0 0 0 0 0 511.591.118.219.453 0 0
Arcobacter 0 0 0 0 0 0 0 0 0 250.980.263.076.689 0 0 0 0 0 0 0 0 0 0
Arsenophonus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 228.648.616.324.104
Asaia 0 0 0 192.537.255.959.028 0 0 196.093.219.699.827 0 0 0 0 0 0 0 0 0 0 0 0 0
Atopobium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 102.012.459.590.754
Bartonella 0 0 0 17.091.147.136.971 0 151.664.853.884.198 0 158.074.606.761.586241.918.824.002.696265.997.934.555.868 0 0 0 0 0 0 1 0 0 0
Bifidobacterium 0 0 0 0 49.995.417.086.767506.472.048.554.894 0 0 6,39E+09 429.957.991.664.164 0 0 0 0 0 0 0 480.162.312.322.013 0 0
Bosea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 320.108.062.853.746
Brachybacterium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 407.698.071.260.979
Brevibacterium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 33.523.404.824.134
Brevundimonas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 918.112.136.316.787
Brochothrix 25.740.809.845.479 0 0 0 0 0 0 0 0 181.034.943.858.595392.588.826.752.528 0 0 0 0 0 0 619.845.894.088.416 0 0
Brucella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100.957.158.284.643
Budvicia 0 0 0 0 0 0 0 0 7,88E+09 0 0 0 0 0 0 0 0 0 0 0
Buttiauxella 0 0 0 0 0 249.084.614.043.391 0 0 0 333.268.873.921.505 0 0 0 0 0 0 0 0 0 0
Campylobacter 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 263.825.326.527.812
Candidatus_Amphibiichlamydia137.081.235.863.498 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Candidatus_Arthromitus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 224.366.753.212.286 0 0
Candidatus_Methanoplasma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 121.541.501.976.285 0 0 0 0 0
Candidatus_Saccharimonas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 576.416.337.285.902 0 0 0 0 0
Candidatus_Soleaferrea 0 0 0 0 0 0 0 0 0 92.368.965.673.306 0 0 0 0 0 0 0 0 0 0
Carnobacterium 531.951.351.392.517 0 0 940.660.017.713.427479.206.072.776.662767.900.189.027.546 0 339.749.084.391.802146.620.475.574.353946.257.308.257.251105.617.691.916.624 0 0 0 0 764.187.565.469.222 0 886.239.944.964.669 0 0
Caulobacter 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 179.401.222.038.912
Cetobacterium 0 0 0 0 0 0 0 0 0 0 0 525.547.445.255.474 0 0 0 0 0 0 0 0
Chishuiella 495.015.573.951.519 0 0 0 0 1,94E+09 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Christensenellaceae_R_7_group124.896.237.120.076 0 0 0 0 0 0 0 0 189.263.804.943.077 0 0 0 0 0 0 0 9,87E+09 0 0
Chryseobacterium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 226.889.780.813.919
Chungangia 0 0 0 549.886.403.018.984659.106.248.593.879448.352.305.278.103 0 0 582.507.909.930.088102.037.877.447.572 0 0 0 0 0 617.413.272.536.817 0 276.224.282.943.063 0 0
Clostridium_sensu_stricto_1 0 660.886.797.126.579 0 0 0 0 629.572.365.940.116100.188.131.046.075 0 27.834.122.618.259 0 350.656.934.306.569710.036.704.214.656 0 0 0 0 417.304.700.527.131 0 164.627.003.753.355
Commensalibacter 0 0 0 0 0 0 0 551.034.720.753.415248.714.296.587.042491.674.449.797.776 0 0 0 0 0 0 0 0 0 0
Corynebacterium178.205.606.622.547 0 0 0 0 0 0 0 0 0 197.706.603.400.554 0 0 0 0 0 0 0 0 162.973.698.373.781
Crossiella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 488.956.271.831.546
Deinococcus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 478.403.258.770.433
Desemzia 163.735.920.614.733 0 0 0 0 852.422.901.392.937 0 0 0 0 0 0 0 0 0 0 0 324.764.327.606.889 0 0
Desulfobulbus 0 0 0 0 0 0 0 0 130.473.073.619.432224.236.464.552.124 0 0 0 0 0 0 0 986.515.296.225.226 0 0
Devosia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 358.802.444.077.825
Dietzia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 239.201.629.385.217
Diplorickettsia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 146.056.645.184.496 0 0
Egibacter 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 545.239.008.157.479
Ellin6055 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 154.777.524.896.317
Enteractinococcus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 221.261.507.181.325
Enterobacter 0 0 0 221.032.769.840.964518.285.823.799.485166.886.691.409.072 0 595.562.778.996.115163.227.251.475.977738.540.282.332.224 0 0 0 0 0 0 0 15.967.579.440.672 0 138.103.764.259.759
Enterococcus 252.838.723.926.007 0 0 139.628.018.021.487546.699.885.843.798217.312.487.718.745 0 370.083.824.069.642238.847.270.394.572518.623.969.849.453221.290.176.806.191 0 0 0 0 388.686.918.479.266 0 556.726.375.577.723 0 167.089.373.467.615
Erysipelothrix 0 0 0 0 0 0 0 0 216.096.028.182.184162.520.006.418.512 0 0 0 0 0 0 0 0 0 0
Escherichia_Shigella 0 0 0 0 0 0 0 0 491.992.215.106.607818.771.677.905.919 0 0 0 0 0 210.733.871.464.662 0 217.644.480.839.778 0 654.955.167.282.845
Facklamia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 158.295.195.916.687
Fastidiosipila 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5,63E+09
Filibacter 0 0 0 0 0 0 0 0 396.855.598.925.772 8,43E+09 0 0 0 0 0 0 0 0 0 0
Filobacterium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 123.118.485.712.979
Flaviflexus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 562.827.363.259.333
Frederiksenia 492.730.886.687.127 0 0 377.373.021.679.695 0 0 0 0 223.163.319.669.903226.499.401.350.356 0 0 0 0 0 0 0 442.185.838.529.272 0 0
Fusibacter 0 0 0 0 0 0 0 0 202.505.083.013.493 0 0 0 0 0 0 0 0 275.002.051.602.607 0 0



Fusobacterium 0 0 0 0 0 0 0 0 0 724.139.775.434.381 0 0 0 0 0 0 0 37.016.149.168.097 0 12.663.615.673.335
Garicola 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 587.802.827.503.966
Gemella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12.663.967.440.437
Gemmobacter 0 0 0 0 0 0 84.470.925.409.156 0 0 0 0 0 0 0 0 0 0 0 0 0
Geobacillus 668.651.806.045.282 0 0 155.570.102.814.895574.114.039.546.375437.558.638.669.556 0 604.468.390.644.655705.913.692.061.801425.843.561.121.923732.926.622.606.338 0 0 0 0 411.608.848.357.878 0 670.131.983.524.322 0 0
Georgenia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 306.037.378.772.262
Geothermomicrobium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4,22E+07
Glutamicibacter 642.758.683.715.511 0 0 877.969.887.173.168802.426.444.242.611454.994.561.652.593 0 0 921.466.082.437.237138.244.866.219.291 0 0 0 0 0 0 0 213.017.462.193.766 0 0
Gordonia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 182.918.893.059.283
Gracilibacillus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 228.648.616.324.104
Haemophilus 0 0 0 0 0 0 0 0 368.314.614.071.52135.795.545.717.495 0 0 0 0 0 0 0 138.024.839.232.928 0 399.959.195.016.164
Hafnia_Obesumbacterium470.721.732.706.821 0 0 51.076.283.260.811636.191.682.429.111405.232.990.980.369 0 345.871.692.400.17412.558.169.245.322513.028.344.312.00628.300.288.086.765 0 0 0 0 753.958.962.351.346 0 572.213.792.706.073 0 0
Halomonas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 110.806.637.141.681
Helicobacter 0 0 0 328.083.484.154.184 0 0 299.042.160.042.235 0 0 145.445.119.668.212 0 150.851.581.508.516277.180.103.784.331 0 0 0 0 0 0 914.594.465.296.417
Hoyosella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 275.081.873.792.999
Hyphomicrobium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 112.565.472.651.867
Iamia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6,68E+09
Ignatzschineria 9,90E+09 0 0 373.229.619.931.457599.945.005.041.205580.920.672.085.641 0 191.081.029.933.987146.496.797.973.318374.413.179.343.913 0 0 0 0 0 338.246.349.128.104 0 363.552.712.218.647 0 0
Isobaculum 0 0 0 0 0 0 0 0 203.864.177.530.362 0 0 0 0 0 0 0 0 8,82E+09 0 0
Jeotgalicoccus 0 0 0 0 0 716.533.406.398.153 0 0 22.153.240.624.966 0 314.212.280.404.451 0 0 0 0 0 0 74.556.111.767.818 0 0
Klebsiella 73.109.992.460.532 0 0 130.155.185.028.303387.464.482.422.445808.141.192.229.667 0 0 392.778.315.375.16420.572.152.711.204 0 0 0 0 0 0 0 476.670.222.777.852 0 0
Koukoulia 0 0 0 308.059.609.534.445289.140.162.151.803869.028.542.329.163 0 161.636.851.421.00236.624.879.040.588397.659.711.907.573 0 0 0 0 0 0 0 115.448.480.329.933 0 0
Kurthia 0 0 0 0 0 0 0 0 415.475.193.806.878216.624.768.048.978 0 0 0 0 0 0 0 207.779.327.877.525 0 0
Lactococcus 146.372.297.405.357 0 0 246.293.657.822.789808.259.242.902.734275.902.724.155.396 0 973.494.673.331.033276.929.098.757.244245.652.075.524.487 0 0 0 0 0 0 0 24.387.007.331.642 0 0
Lautropia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 524.132.982.035.254
Leucobacter 0 0 0 0 0 0 0 0 0 417.614.700.037.441 0 0 0 0 0 0 0 8,03E+09 0 872.382.413.051.967
Leuconostoc 0 0 0 223.343.216.912.473 0 130.907.802.713.915 0 0 1,90E+09 121.375.700.996.104508.388.408.744.281 0 0 0 0 0 0 1,75E+09 0 0
Lonsdalea 227.097.914.080.528 0 0 377.835.111.093.997299.222.571.264.301102.622.860.985.877 0 174.666.874.464.27216.783.594.098.268360.465.259.805.717262.949.782.522.736 0 0 0 0 485.550.557.643.724 0 203.239.611.470.117 0 0
Luteipulveratus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 270.860.668.568.554
Lysinibacillus 0 0 0 0 0 0 0 0 0 8,85E+09 0 0 0 0 0 0 0 2,18E+09 0 6,68E+09
Marinilactibacillus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 137.189.169.794.462
Marinilutecoccus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 158.295.195.916.687
Marixanthomonas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 183.622.427.263.357
Methanimicrococcus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 188.735.177.865.613 0 0 0 0 0
Methanospirillum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 205.533.596.837.945 0 0 0 0 0
Methylobacillus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8,09E+09
Methylobacterium_Methylorubrum0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 830.170.360.807.517
Methylocella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 204.024.919.181.508
Microbacterium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 111.861.938.447.792
Microcystis_PCC_7914 0 0 0 0 0 0 0 0 0 0 0 293.917.274.939.173 0 0 0 0 0 0 0 0
Mobiluncus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4,22E+07
Moellerella 170.894.607.376.494 0 0 215.102.622.357.426 0 709.060.867.976.852 0 117.999.354.343.155421.727.028.584.476578.427.217.780.923831.779.924.306.615 0 0 0 0 214.283.073.510.383 0 116.242.930.701.229 0 0
Moheibacter 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 204.024.919.181.508
Monoglobus 0 0 0 0 0 0 0 0 795.070.292.368.413 1,44E+09 0 0 0 0 0 0 0 0 0 0
Moraxella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 29.548.436.571.115
Morganella 0 0 0 0 0 0 0 0 247.355.202.070.17320.777.874.238.316 0 0 0 0 0 0 0 255.795.559.109.727 0 0
Mycobacterium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 355.284.773.057.454
Mycoplasma 0 0 0 0 0 2,49E+09 0 0 0 9,26E+08 0 0 0 0 0 0 0 0 0 156.184.593.304.465
Myroides 0 0 0 0 0 0 0 495.374.647.950.039 0 0 0 0 0 0 0 0 0 0 0 0
Natribacillus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 299.002.036.731.521
Nesterenkonia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 159.702.264.324.836
Nissabacter 0 0 0 508.298.355.731.834 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nitratireductor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 200.507.248.161.137
Nitrococcus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 225.130.945.303.733
Nitrosococcus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 513.579.968.974.142
Nocardioides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 102.012.459.590.754
Nocardiopsis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12.065.611.599.872
Not_Assigned 643.672.558.621.26711.716.621.253.406 0 657.861.296.160.807219.329.894.759.647963.902.104.211.467153.103.552.304.095788.814.551.769.434583.078.729.627.173741.461.528.017.215189.346.438.456.75929.294.403.892.944592.330.084.799.392883.620.689.655.172138.998.682.476.943480.004.929.447.286 0 892.359.831.890.809 1 163.642.055.867.651
Oceanobacillus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 734.841.476.155.467
OLB8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 573.380.376.320.446
Olivibacter 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9,15E+09
Orbus 0 0 0 146.328.314.528.861 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Others 0 0 0 0 0 0 3,77E+08 0 0 1,44E+09 0 0 0 0 0 0 0 0 0 5,98E+09
Paenalcaligenes 0 0 0 0 0 0 0 0 159.014.058.473.682423.786.345.850.803 0 0 0 0 0 0 0 0 0 0
Paenibacillus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4,57E+09
Paeniclostridium 0 0 0 0 0 0 170.827.362.546.195 0 0 0 0 0 151.879.508.922.921 0 0 0 0 210.311.092.797.041 0 0
Paenisporosarcina 0 0 0 0 0 0 0 0 0 833.172.184.803.762 0 0 0 0 0 0 0 0 0 0
Paludicola 0 0 1 0 0 0 0 0 0 0 0 0 0 0 125.164.690.382.082 0 0 0 0 0
Pantoea 0 0 0 0 0 213.936.007.395.045 0 376.262.092.150.817899.720.570.167.332726.196.990.705.501 0 0 0 0 0 0 0 0 0 0



Paraclostridium 0 470.646.519.692.841 0 0 0 0 424.994.343.464.816 0 0 41.144.305.422.408 0 522.433.090.024.331221.490.950.512.593 0 0 0 0 0 0 0
Paracoccus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 691.699.604.743.083 0 0 0 0 265.232.394.935.961
Parvimonas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 831.225.662.113.628
Pasteurella 0 0 0 0 0 0 0 0 911.952.420.819.153169.308.816.813.209 0 0 0 0 0 0 0 334.454.876.091.933 0 0
Peptoanaerobacter 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 260.160.671.039.927 0 0
Peptococcus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5,63E+09
Peptostreptococcus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12.663.615.673.335
Porphyromonas 0 0 0 0 0 0 0 0 169.886.814.608.635281.838.492.143.495 0 0 0 0 0 0 0 910.562.348.639.744 0 0
Providencia 868.181.160.468.818 0 0 196.388.001.078.209648.273.908.225.07950.370.444.173.219 0 0 800.506.670.435.889604.204.125.128.062 0 0 0 0 0 100.807.196.993.037 0 945.483.244.081.345 0 232.166.287.344.475
Pseudocitrobacter 0 0 0 0 478.289.490.130.071 0 0 0 815.456.710.121.449 0 0 0 0 0 0 0 0 0 0 0
Pseudogracilibacillus 0 0 0 0 0 0 0 0 0 456.701.790.188.729 0 0 0 0 0 0 0 264.525.782.970.127 0 0
Pseudomonas 321.067.101.264.955 0 0 437.059.571.026.994172.242.544.433.427244.257.907.744.594 0 111.937.972.414.868208.504.126.210.953424.923.985.895.73213.377.676.100.096 0 0 0 0 165.247.396.635.652 0 202.563.019.120.936 0 274.730.106.690.962
Pseudonocardia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 267.342.997.548.183
Psychrobacter 0 0 0 0 0 251.852.220.866.095 0 0 110.304.110.989.095191.526.741.741.309 0 0 0 0 0 0 0 290.245.022.462.866 0 0
Rhodobacter 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 140.706.840.814.833
Rhodococcus 700.637.427.746.765 0 0 0 0 440.603.006.174.531 0 712.448.931.883.203114.163.939.417.003968.948.392.697.709 0 0 0 0 0 0 0 132.699.402.678.083 0 119.249.047.590.571
Rhodohalobacter 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 348.249.431.016.712
Rhodopseudomonas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 151.259.853.875.946
Rickettsia 0 0 0 94.497.285.224.691 0 0 678.784.222.037.861 0 181.697.345.960.227 0 0 0 0 0 205.862.977.602.108 0 0 0 0 0
Rickettsiella 0 0 0 0 0 102.401.452.440.061 0 0 278.614.375.958.162 0 0 0 0 0 0 0 0 128.072.384.032.071 0 0
Romboutsia 0 149.120.634.134.258 0 0 0 0 0 0 0 0 148.279.952.550.415194.647.201.946.472814.706.999.114.036116.379.310.344.828 0 0 0 103.016.641.552.723 0 0
Roseomonas 0 0 0 0 0 0 795.685.949.166.604 0 0 0 0 0 0 0 0 0 0 0 0 0
Rothia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 221.507.744.152.751
Rubellimicrobium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7,74E+09
Rubribacterium 0 0 0 0 0 0 701.410.362.772.456 0 0 0 0 0 0 0 0 0 0 0 0 0
Rubritepida 0 0 0 0 0 0 603.363.752.922.543 0 0 0 0 0 0 0 0 0 0 0 0 0
Saccharopolyspora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 236.739.259.670.957
Salinisphaera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 659.915.083.421.568
Sarcina 0 681.198.910.081.744 0 0 0 0 878.648.465.193.454 0 0 335.326.089.192.625 0 284.184.914.841.849367.042.146.563.726 0 0 0 0 0 0 0
Savagea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 563.099.438.995.815 0 0
Selenomonas 0 0 0 0 0 0 0 0 146.782.207.821.861 0 0 0 0 0 0 0 0 100.397.574.394.603 0 0
Serratia 122.154.612.402.806 0 0 31.499.095.074.897685.770.471.040.155154.432.460.706.902 0 127.628.546.938.139196.389.157.687.58245.073.586.590.248 0 0 0 0 0 258.795.982.500.462 0 100.493.606.857.067 0 353.174.170.445.232
Shinella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 685.945.848.972.312
Skermanella 0 0 0 0 0 0 143.298.891.319.104150.282.196.569.113 0 0 0 0 0 0 0 0 0 0 0 0
Sneathia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 199.451.946.855.026
Solibacillus 0 0 0 0 0 0 0 0 360.160.046.970.306 0 0 0 0 0 0 0 0 0 0 0
Sphingobacterium134.415.767.388.374 0 0 0 173.650.748.681.371807.034.149.500.585 0 6,12E+09 0 252.893.473.278.831 0 0 0 0 0 0 0 163.429.790.666.692 0 0
Sphingomonas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 545.239.008.157.479
Sporosarcina 935.960.215.979.103 0 0 0 0 444.173.218.975.819 0 58.443.076.443.544190.123.731.964.816269.207.190.378.816162.401.852.793.312 0 0 0 0 0 0 221.494.509.562.214 0 0
Stackebrandtia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 144.224.511.835.204
Staphylococcus 248.931.908.703.897 0 0 310.678.116.215.488104.723.733.657.748134.104.388.594.139 0 25.741.670.470.105464.851.097.604.732276.242.866.606.047221.290.176.806.191 0 0 0 0 103.888.101.546.614 0 257.934.463.955.525 0 278.916.135.205.203
Stenotrophomonas784.409.294.107.792 0 0 0 677.437.901.525.694112.364.837.001.796 0 0 0 368.241.533.530.552155.340.902.671.864 0 0 0 0 0 0 355.320.111.118.289 0 1.688.482.089.778
Streptococcus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 394.468.110.553.365
Streptomyces 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 207.542.590.201.879
Tabrizicola 0 0 0 0 0 0 641.073.987.480.202 0 0 0 0 0 0 0 0 0 0 0 0 0
Taibaiella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5,28E+09
Terribacillus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5,98E+09
Tetragenococcus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 545.239.008.157.479
Thermus 506.439.010.273.477 0 0 901.074.357.888.251367.466.315.587.73845.914.597.188.665 0 342.309.447.740.758264.479.792.982.723126.313.017.646.793152.516.522.623.284 0 0 0 0 123.236.182.143.077 0 209.088.861.456.585 0 0
TM7a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 256.086.450.282.997
TM7x 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 823.135.018.766.775
Tomitella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 23.638.749.256.892
Treponema 132.664.173.819.007 0 0 0 0 0 0 0 777.402.063.649.114120.347.093.360.543 0 0 0 0 0 0 0 262.168.622.527.819 0 0
Truepera 883.412.408.898.095 0 0 106.280.565.289.383 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 471.367.916.729.692
Ureaplasma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12.909.852.644.761
Vagococcus 251.315.599.083.079 0 0 437.444.645.538.912 0 142.531.751.369.273 0 0 201.689.626.303.372432.838.093.043.732231.457.944.981.077 0 0 0 0 0 0 389.891.797.605.474 0 0
Varibaculum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 921.629.807.337.158
Veillonella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 274.378.339.588.925
Virgibacillus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14.308.836.907.196 0 140.706.840.814.833
Viridibacillus 0 0 0 0 0 0 0 207.055.470.828.556241.918.824.002.696 0 0 0 0 0 0 0 0 481.035.334.708.053 0 0
Weissella 0 0 0 0 0 0 0 400.752.524.184.302467.528.513.802.96446.287.343.600.209932.045.416.031.181 0 0 0 0 0 0 188.049.021.953.021 0 0
Wenzhouxiangella 3,81E+09 0 0 0 0 1,38E+09 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Wohlfahrtiimonas 0 0 0 0 0 0 0 0 646.928.990.029.683159.022.740.457.607141.219.002.428.967 0 0 0 0 0 0 0 0 0
Yersinia 319.094.654.593.364 0 0 122.453.694.789.942455.791.552.441.026857.958.115.038.345 0 209.838.474.468.725512.378.632.859.644285.952.922.685.736114.528.610.969.892 0 0 0 0 147.883.418.571.693 0 583.178.953.874.735 0 0
Yokenella 258.931.223.297.718 0 0 469.790.904.540.028123.322.028.814.025251.852.220.866.095 0 0 172.605.003.642.373 9,46E+09 33.892.560.582.952 0 0 0 0 0 0 269.763.917.286.367 0 0
ZOR0006 0 0 0 0 0 0 0 0 5,30E+09 0 0 0 0 0 0 0 0 6,98E+08 0 0



 
 
 
 
Supplementary Table 3. Biological information on the bat species studied. 
 
 

Rousettus_aeg Pteropodidae   Rousettus F Caves Temperate_climFrugivores 

Eptesicus_bottaVespertilionidaeEptesicus Not_Available   Desert Semiarid Insectivores 

Hypsugo_ariel  VespertilionidaeHypsugo Not_Available   Desert Semiarid Insectivores 

Myotis_ricketti  VespertilionidaeMyotis Not_Available   Fresh_water Temperate_climPiscivores 

SampleType Family Genus Sex Habitat Climate Diet 

Barbastella_ba VespertilionidaeBarbastella M Forests Temperate_climInsectivores 

Miniopterus_sc Miniopteridae   Miniopterus M Caves Temperate_climInsectivores 

Miniopterus_sc Miniopteridae   Miniopteru Not_Available   Forests Temperate_climInsectivores 

Myotis_bechsteVespertilionidaeMyotis M Forests Temperate_climInsectivores 

Myotis_blythii   VespertilionidaeMyotis M Forests Temperate_climInsectivores 

Myotis_capacci VespertilionidaeMyotis Not_Available   Fresh_water Temperate_climPiscivores 

Myotis_dauben VespertilionidaeMyotis M Lakes Temperate_climInsectivores 

Myotis_dauben VespertilionidaeMyotis Not_Available   Lakes Temperate_climInsectivores 

Myotis_emarginVespertilionidaeMyotis M Forests Temperate_climInsectivores 

Myotis_emarginVespertilionidaeMyotis Not_Available   Forests Temperate_climInsectivores 

Myotis_myotis  VespertilionidaeMyotis M Forests Temperate_climInsectivores 

Myotis_myotis  VespertilionidaeMyotis Not_Available   Forests Temperate_climInsectivores 

Myotis_nattererVespertilionidaeMyotis F Meadow Temperate_climInsectivores 

Pipistrellus_kuhVespertilionidaePipistrellus Not_Available   Forests Temperate_climInsectivores 

Pipistrellus_pipiVespertilionidaePipistrellus F Forests Temperate_climInsectivores 

Rhinolophus_blRhinolophidae  Rhinolophus Not_Available   Forests Temperate_climInsectivores 

Rhinolophus_feRhinolophidae  Rhinolophus M Caves Temperate_climInsectivores 

Rhinolophus_feRhinolophidae  Rhinolophus Not_Available   Caves Temperate_climInsectivores 

Rhinolophus_hiRhinolophidae  Rhinolophus Not_Available   Caves Temperate_climInsectivores 

Myotis_vivesi   VespertilionidaeMyotis Not_Available   Ocean_coasts  Tropical Piscivores 

Noctilio_leporin Noctilionidae Noctilio Not_Available  Fresh_water Tropical Piscivores 



 
 
 
 
 
 

Africa South_Africa Dietrich and Markotter, 2019 

Asia Israel Aizpurua et al., 2021 

Asia Israel Aizpurua et al., 2021 

Asia China Aizpurua et al., 2021 

Continent Capture_locatioSource 

Europe Slovenia Vengust et al., 2018 

Europe Slovenia Vengust et al., 2018 

Europe Not_specified   Aizpurua et al., 2021 

Europe Slovenia Vengust et al., 2018 

Europe Slovenia Vengust et al., 2018 

Europe Not_specified   Aizpurua et al., 2021 

Europe Slovenia Vengust et al., 2018 

Europe Not_specified   Aizpurua et al., 2021 

Europe Slovenia Vengust et al., 2018 

Europe Not_specified   Aizpurua et al., 2021 

Europe Slovenia Vengust et al., 2018 

Europe Not_specified   Aizpurua et al., 2021 

Europe Slovenia Vengust et al., 2018 

Europe Not_specified   Aizpurua et al., 2021 

Europe Slovenia Vengust et al., 2018 

Europe Not_specified   Aizpurua et al., 2021 

Europe Slovenia Vengust et al., 2018 

Europe Not_specified   Aizpurua et al., 2021 

Europe Not_specified   Aizpurua et al., 2021 

South_America Mexico Aizpurua et al., 2021 

South_America Costa_Rica Aizpurua et al., 2021 



 
 
 
Supplementary Table 4. GenBank accession numbers of selected pathogenic species used in Maximum Likelihood phylogenetic trees of 

the Supplementary Figure 1-4. 
 

 
Genera Specie Access Number 
Clostridium botulinum X73844.1 

Clostridium botulinum ON567373.1 

Clostridium botulinum MF062277.1 

Clostridium botulinum JN617091.2 

Clostridium butyricum AB687551.1 

Clostridium butyricum OP984128.1 

Clostridium butyricum MK156151.1 

Clostridium butyricum KX148520.1 

Clostridium cadaveris MK968718.1 

Clostridium cadaveris MN537449.1 

Clostridium cadaveris NR104695.1 

Clostridium cadaveris MF145697.1 

Clostridium chauvoei NR026013.1 

Clostridium chauvoei EU081297.1 

Clostridium chauvoei EU106373.1 

Clostridium chauvoei EU106368.1 

Clostridium difficile AB638443.1 

Clostridium difficile JX073558.1 

Clostridium difficile JX073560.1 

Clostridium difficile JF693896.1 

Clostridium paraputrificum AB032556.1 

Clostridium paraputrificum OR398739.1 

Clostridium paraputrificum OP727735.1 

Clostridium paraputrificum MT903094.1 

Clostridium tertium NR114728.1 

Clostridium tertium OR398745.1 

Clostridium tertium OP727740.1 

Clostridium tertium ON142170.1 

Pseudomonas aeruginosa LN874213.1 

Pseudomonas aeruginosa AM419153.2 

Pseudomonas aeruginosa KJ995745.1 

Pseudomonas aeruginosa EU344794.1 

Pseudomonas oryzihabitans OR648088.1 

Pseudomonas oryzihabitans OQ381240.1 

Pseudomonas oryzihabitans MW187500.1 

Pseudomonas oryzihabitans MN911431.1 

Pseudomonas plecoglossicida GQ398824.1 

Pseudomonas plecoglossicida NR024662.1 

Pseudomonas plecoglossicida MF574326.1 

Pseudomonas plecoglossicida JQ034609.1 

Pseudomonas syringae MK072691.1 

Pseudomonas syringae NR074597.1 

Pseudomonas syringae KY460679.1 



 
 
 
 
 

Pseudomonas syringae MF074184.1 

Pseudomonas tolaasii OQ790026.1 

Pseudomonas tolaasii MW326080.1 

Pseudomonas tolaasii MK355664.1 

Pseudomonas tolaasii HQ591342.1 

Staphylococcus aureus ON564600.1 

Staphylococcus aureus ON222796.1 

Staphylococcus aureus MT860724.1 

Staphylococcus epidermidis KJ623584.1 

Staphylococcus epidermidis OR449114.1 

Staphylococcus epidermidis OR098502.1 

Staphylococcus saprophyticus MH371235.1 

Staphylococcus saprophyticus OQ062584.1 

Staphylococcus saprophyticus OQ719862.1 

Staphylococcus haemolyticus MF578766.1 

Staphylococcus haemolyticus KJ623587.1 

Staphylococcus haemolyticus OQ787674.1 

Staphylococcus carnosus OP263296.1 

Staphylococcus carnosus MF678927.1 

Staphylococcus carnosus NR116434.1 

Staphylococcus equorum MK214690.1 

Staphylococcus equorum MZ603727.1 

Staphylococcus equorum KF439745.1 

Staphylococcus xylosus MW585598.1 

Staphylococcus xylosus MN294563.1 

Staphylococcus xylosus KY672997.1 

Streptococcus pyogenes OQ913600 

Streptococcus pyogenes OR397759 

Streptococcus pyogenes MT378375 

Streptococcus mutans LC720109 

Streptococcus mutans LC720109 

Streptococcus mutans OR563799 

Streptococcus pneumoniae MF805759 

Streptococcus pneumoniae NR 115239 

Streptococcus pneumoniae MZ007495 

Streptococcus bovis AF104109 

Streptococcus bovis AF429766 

Streptococcus bovis AY500370 

Streptococcus canis NR 115729 

Streptococcus canis AJ413203 

Streptococcus canis JX876619 

Streptococcus agalactiae OP290417 

Streptococcus agalactiae OP290418 



 

Supplementary Figure 1. Phylogenetic diversity of Pseudomonas ASVs. Phylogenetic tree of 

Pseudomonas ASVs recovered from bat fecal samples based on 16S rRNA sequences. 

Several ASVs clustered near known pathogenic species, while others formed distinct lineages, 

indicating high genetic diversity and the presence of ancestral lineages related to clinically 

relevant taxa. 

 



 

Supplementary Figure 2. Phylogenetic relationships among Staphylococcus ASVs. 

Phylogenetic analysis of Staphylococcus ASVs identified in bat fecal samples. Although 

numerous ASVs were detected, most did not cluster directly with established pathogenic 

species, suggesting predominance of non-pathogenic lineages with phylogenetic proximity to 

clinically relevant taxa. 

 

 

 

 

 



 

Supplementary Figure 3. Phylogenetic structure of Clostridium ASVs. Phylogenetic tree 

based on Clostridium ASVs detected in fecal samples. A small cluster of ASVs formed potential 

ancestral lineages related to pathogenic species, while the majority grouped into a well-defined 

clade distant from known pathogens, indicating evolutionary relatedness without direct 

association with pathogenic strains. 

 



 

Supplementary Figure 4. Maximum Likelihood phylogenetic tree based on Streptococcus ASV 

obtained from 16S rRNA sequencing data and selected pathogenic species (see 

Supplementary Table 1). 
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