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ORIGINAL ARTICLE

Microbial Communities in the Lungs of 
Bats in China
Na Zhao1,#, Hongyu Ren1,#, Yan Jiang1, Yinan Li1, Xingxing Lian1 and Tian Qin1,*

INTRODUCTION

Bats are among the most diverse and 
widely distributed mammals [1]. Because 
of their wide distribution, bats live in a 
variety of habitats, including caves, old 
buildings, trees and rock crevices, thus 
exposing them to various environments 
and microorganisms [2,3]. Owing to 
close interactions among bat species, bats 
are eff icient carriers and natural hosts of 
many pathogens. In addition, bats have 
a long lifespan and reproduction rate [4], 
and can share habitats with humans [5]. 
Accelerated urbanization and destruc-
tion of the natural environment indi-
rectly increases close human-animal 

contact, thereby increasing zoonotic 
disease risk. With the emergence of 
new infectious diseases, the relation-
ship between bats and human disease 
has drawn substantial research atten-
tion [6-11]. Understanding the micro-
biome of bats is a very important and 
unexplored area of medical ecology. 
Studies on bat symbiotic bacteria have 
been conducted since the 1960s [12]. 
Research on bat microbiota at that stage 
was mainly based on culturing [13]. 
Those studies have been limited by the 
presence of large numbers of non-cul-
tivable microorganisms. However, the 
development of sequencing technology 
has addressed this problem well.
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ABSTRACT

Objective: Bats are the hosts of multiple pathogens, but the microbial 
composition of their lung tissues remains unknown. Our study investigated 
the species compositions and genera of important respiratory tract pathogenic 
bacteria in bat lung tissue.

Methods: A microbiota study was conducted in Hebei, Henan and Guizhou 
provinces in China. Lung tissues were collected from 104 healthy bats. The 
lung tissue was subjected to 16S ribosomal ribonucleic acid gene sequencing.

Results: We obtained 7,708,734 high-quality bacterial sequences from 
104 healthy bats. Overall, the annotations indicated 55 phyla, 73 classes, 
164 orders, 322 families and 953 genera. The lung microbiota was highly 
polymorphic and variable among bats from Hebei, Henan and Guizhou. The 
genetic characteristics of the main recognized respiratory pathogens in the 
samples were analyzed.

Conclusions: The findings indicate that the lungs of bats carry numerous 
bacteria with pathogenic importance. Pathogens disseminate through the 
respiratory tract in bats and are widely distributed among bats. Because bats 
prefer to inhabit areas placing them in close contact with humans, such as 
eaves and old buildings, further investigations are warranted to identify bat 
microbiota and their potential effects on humans.
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Healthy lungs were previously believed to be sterile; 
consequently, lung tissue and airways were excluded 
from the list of organs at the beginning of the Human 
Microbiome Project [14]. However, later studies con-
firmed that the lower respiratory tract carries a similar 
density of bacteria to the upper small intestine [15,16], 
and healthy lungs are now generally accepted to have a 
microbiome. With deepening research on the pulmonary 
microbiota, studies have found that the microorganisms 
affect the occurrence of lung diseases [17]. In a study of 
the microbiota of bronchoalveolar lavage f luid, sputum 
and lung tissue, Marsh et al. have found the presence of a 
dynamic balance of microbial migration and elimination 
among various tissues [18]. Currently, studies on the ani-
mals’ lower respiratory tract microbiota focus primarily 
on economically important animals, such as birds, cat-
tle and horses [19-21], whose microbiota is much more 
diverse than previously expected, and notably includes 
bacteria that greatly inf luence animal and human health 
[22].

Despite many reports of infectious pathogenic microor-
ganisms in bats worldwide [23], most studies have focused 
on the gut microbiota of bats [24,25], whereas little infor-
mation is available on the microbial community in bat 
lungs. Consequently, we aimed to understand the micro-
biome of bat lung tissue.

MATERIALS AND METHODS

Sample collection
In the study, a total of 104 bat lung tissue samples were 
collected in October 2019 from caves in three regions of 
China: Hebei (HB, n = 64), Henan (HN, n = 20) and 
Guizhou (GZ, n = 20). The captured bats were identified 
by local experts on the basis of morphological characteris-
tics and genetic identification [26], and all bats were con-
firmed to be Miniopterus fuliginosus. Through physical 
examination, all bats were considered healthy. To comply 
with laboratory animal management regulations, the bats 
were euthanized by cervical dislocation.

Extraction of genomic DNA and 16S rRNA gene 
amplification
The bats were dissected aseptically, and the lung tissues were 
homogenized: 1 ml of PBS was added to the lung tissue and 
vortexed, and DNA was extracted from an 200 µL aliquot; a 
QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) was used 
for deoxyribonucleic acid (DNA) extraction. DNA concentra-
tion and purity were assessed on 1% agarose gels. Subsequently, 
the V3–V4 region of the 16S ribosomal RNA (rRNA) gene 
was amplified by polymerase chain reaction (PCR) using 
universal primers (F: 5´-CCTAYGGGRBGCASCAG-3´, 
R: 5´-GGACTACNNGGGTATCTAAT-3´) with a 6-bp 
barcode unique to each sample. The PCR products were 
detected with 2% agarose gel electrophoresis. After purifi-
cation, the PCR products were sequenced on the Illumina 
HiSeq 2500 PE-250 platform.

Data analysis
The reads were compared with the Silva database (https://
www.arb-silva.de/) [27] by using the UCHIME algo-
rithm (http://www.drive5.com/usearch/manual/
uchime_algo.html) [28] to detect and remove chimeras 
[24]. Sequence analysis was performed in Uparse software 
(v7.0.1001, http://drive5.com/uparse/) [29]. Sequences 
with ≥97% homology were clustered into operational tax-
onomic units (OTUs). The OTU sequences were anno-
tated with taxonomic information from the Silva database 
(v132; https://www.arbsilva.de/) [30], on the basis of 
the Mothur algorithm [31]. Alpha diversity was used to 
analyze the complexity of bat lung tissue species diver-
sity, including Observed-species, Shannon, Chao1, ACE 
Simpson and phylogenetic diversity whole_tree (PD_
whole_tree). Beta diversity was applied to analyze the 
microbial community composition through non-metric 
multidimensional scaling (NMDS) and principal co-or-
dinate analysis (PCoA). Alpha and beta diversity analyses 
were calculated with QIIME (v1.7.0) and displayed with 
R software (v2.15.3).

Data availability statement
The data generated in this study have been deposited 
in the NCBI BioProject repository (accession number 
PRJNA855058) and the BioSample database (accession 
numbers SAMN29480867 to SAMN29480970).

Ethical approval
The collection of bats for microbiological studies was 
approved by the ethical committee of Communicable 
Disease Control and Prevention, Chinese Center for 
Disease Control and Prevention (No. ICDC-2019012).

RESULTS

Microbiota composition determination by OTU 
analysis
A total of 104 lung tissue samples were collected from 
bats from three locations (HN, HB and GZ) in China; 
7,708,734 sequences were obtained (S1 Table), ranging in 
length from 403 to 425 bp (average, 410.9 ± 6.1 bp). Each 
sample yielded 50,354 to 100,735 reads (average, 74,122 
reads). The 7,708,734 sequences were clustered into 10,372 
OTUs, with an average of 1,190.1 ± 417.9 OTUs per sam-
ple. Overall, these 10,372 OTUs were annotated into 55 
phyla, 73 classes, 164 orders, 322 families and 953 genera.

Bacterial profiles
A total of 68.33% of the total reads were assigned to 164 
orders. The top ten orders with the highest RA accounted 
for most of the total (S1A Fig), including Clostridiales 
(23%), Bacteroidales (21%), Lactobacillales (14%), 
Enterobacteriales (4%), undentified_Gammaprotebacteria 
(3%), Ktedonobacterales (2%), Pseudomonadales (2%), 
Sphingomonadales (2%), Selenomonadales (2%) and 
Bacillales (1%).

https://www.arb-silva.de/)
https://www.arb-silva.de/)
http://www.drive5.com/usearch/manual/uchime_algo.html)
http://www.drive5.com/usearch/manual/uchime_algo.html)
http://drive5.com/uparse/)
https://www.arbsilva.de/)
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A total of 93.82% of the total reads were assigned 
to 322 families. The top ten families with the high-
est RA accounted for 60% of the total, and mainly 
included Streptococcaceae (12%), Peptostreptococcaceae 
(9%), Prevotellaceae (8%), Ruminococcaceae (7%), 
Lactobacillaceae (7%), Enterobacteriaceae (5%), 
Lachnospiraceae (4%), unidentified Clostridiales (3%), 
Mycoplasmataceae (3%) and Bacteroidaceae (2%). The 
distribution of the top 30 families is shown in S1B Fig.

A total of 96.38% of the total reads were assigned to 791 
genera. The top ten genera with the highest RA accounted 
for 43% of the total, and mainly included Lactococcus (12%), 
Paeniclostridium (7%), Lactobacillus (7%), Faecalibacterium 
(3%), unidentified Clostridiales (3%), Plesiomonas (3%), 
Bacteroides (3%), Mycoplasma (2%), Acinetobacter (2%) and 
Agathobacter (1%). The distribution of the top 30 genera is 
shown in S1C Fig, and the RA of the 30 genera in each bat 
is shown in S2 Fig. The top 100 genus level species phyloge-
netic relationships are shown in S3 Fig.

Microbiota variation by location
A total of 10,372 OTUs were clustered by using a 97% 
identity threshold. The microbiota from bat lungs from 

FIGURE 1  |  A Venn diagram for the number of OTUs from 104 
bats. Circles represent region groups, and numbers indicate the 
numbers of OTUs. Overlapping areas are shared between groups, 
and areas without overlap are unique to each group.

FIGURE 2  |  Box plots of the six alpha diversity indices (ACE, Shannon, Chao1, Simpson, observed_species and PD_whole_tree) among bat 
samples from three regions.
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the three locations included 3,155 common OTUs. HB 
samples contained 2,867 specific OTUs, HN samples con-
tained 1,602 specific OTUs, and GZ samples contained 
498 specific OTUs (Fig 1).

All six alpha diversity indices of lung tissue samples are 
shown in Fig 2. Significant differences in the complex-
ity of species diversity were observed among the samples 
from HB, HN and GZ. Specifically, the observed-spe-
cies (P < 0.001), ACE (P < 0.001) Chao1 (P < 0.001) 
and PD_whole-tree (P < 0.05) indexes showed signifi-
cant differences. PCoA indicated that the composition 
of the microbiota significantly differed among locations 
(Fig 3A). No significant differences in the composition of 
the microbiota were observed for NDMS analysis in GZ 
and HN, but significant differences between HB and the 
other two locations were observed (Fig 3B). 

The relationships between the regions and the micro-
organisms at the phylum level were determined through 
Spearman correlation analysis (Fig 4). In the figure, 
samples from each region had unique dominant bac-
teria. For example, HB samples showed a higher abun-
dance of Fusobacteria, represented by Cetobacterium and 
Tenericutes, on the basis of Mycoplasma. Moreover, bat 
lung tissue samples that contained more Oxyphotobacteris, 
represented by unidentified Oxyphotobacteria, were 
more likely to come from HN. GZ samples were more 
likely to contain Acidobacteria, on the basis of Bryobacter 
and Bifidobacterium-based Actinobacteria. After fur-
ther analysis, geographical location was found to have 
a significant effect on the diversity of the lung micro-
biota at the genus level in bats (Fig 5). Compared with 
HN and GZ samples, HB samples had higher levels of 
Paeniclostridium, Mycoplasma, Plesiomonas, Lactococcus, 

Lactobacillus and Acinetobacter. HN samples had higher lev-
els of Marinobacterium, unidentified Oxyphotobacteria and 
unidentified Enterobacteriaceae. The compositions of the 
samples from both GZ and HN were highly similar, in 
agreement with the results of PCoA and NMDS analysis. 
Compared with the other two groups, GZ samples con-
tained more Bacteroides, Megamonas, Alistipes.

Respiratory pathogen profile
In this study, the characteristics of the main recognized 
respiratory pathogens in bat samples were analyzed. In 
104 bat lung tissue samples, nine candidate causative res-
piratory pathogens were detected: Streptococcus, Neisseria, 
Orthomonas, unidentified Clostridium, Aeromoas, Vibrio, 
Acinetobacter, Morganella and Botox (S4 Fig). Overall, the 
abundance of pathogenic bacteria in Hebei samples was 
higher than that in the other two groups. Hebei samples 
had higher levels of Acinetobacter, Botox and Orthomonas 
than samples from Henan and Guizhou. Henan samples 
had higher levels of Vibrio than the other two groups. The 
samples from Guizhou and Hebei generally contained 
unidentified Clostridium, and the highest levels were found 
in samples Hebei 30, 31 and 32. However, the genera 
Streptococcus, Neisseria, Morganella and Aeromoas were found 
in samples from various regions.

DISCUSSION

Bats are unique among mammals because of their bio-
logical and immunological characteristics. Bats provide 
unique niches for many pathogenic bacteria to co-evolve 
with them. With the increased density of humans and 
rapid development of modern transportation, the spread 

FIGURE 3  |  Composition of the microbiota in samples from bat lung tissue. (A) Principal coordinate analysis. (B) Non-metric multidimen-
sional scaling analysis.
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of bat-borne pathogenic bacteria to humans may cause 
diseases and social panic. In this study, we performed 16S 
rRNA amplicon sequencing to comprehensively detect 
of pathogenic microorganisms from 104 bat lung tissue 
samples. A substantial number of bacterial sequencing 
reads was detected in 27 of the 104 bats [32]. Of six 
alpha diversity indices, four showed differences among 
samples from Hebei, Henan and Guizhou. PCoA indi-
cated that the composition of microbiota in Guizhou 
samples was highly diverse (Fig 3). Furthermore, nine 
genera containing candidate causative respiratory 

pathogens (Streptococcus, Neisseria, Orthomonas, unidenti-
f ied Clostridium, Aeromoas, Vibrio, Acinetobacter, Morganella 
and Botox) were detected in the samples. The abundance 
of pathogenic bacteria, particularly Acinetobacter, Botox, 
unidentif ied Clostridium and Orthomonas, was higher 
in Hebei samples. Among the pathogenic bacteria, 
Streptococcus and Neisseria widely colonize the respiratory 
tract in humans and animals [33]. Additionally, new spe-
cies were isolated from bats, but no evidence has indi-
cated that these bacteria can be transmitted from bats to 
humans [34,35].

FIGURE 4  |  Heat map showing the relationships among regions and the microbiota at the phylum level. 



6� Zhao et al.

Because this study is largely descriptive, further studies 
are needed to understand the differences in the structure 
of bats’ lung microbiota and the surrounding environ-
ment. Future work would enhance the ability to culture 
representative pathogens and explore the differences in 
bacterial composition between bat lung tissue and the 
human body, focusing on the abundance of pathogenic 
bacteria, to find methods to prevent and manage clinical 
respiratory diseases.

In summary, we report the presence of many species 
of bacteria in samples of bat lung tissues, including nine 
genera of pathogenic bacteria. Because the habitat of bats 
overlaps with a range of human activities, more attention 
must be paid to the problem of respiratory infections. 
Measures should be taken to minimize contact of humans 
with bats and to promote respiratory safety during outings.
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