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Microbial communities in the lungs of bats in China
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Abstract
Objective: Bats are the hosts of multiple pathogens, but the microbial composition of their lung tissues is still remains unknown. Our study investigated bat's lung tissue the species compositions and genera of important bacteria with respiratory tract pathogenic bacteria importancein 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 the 16S ribosomal ribonucleic acid  (rRNA) gene sequencing. Results: We obtained 7,708,734 high-quality bacterial sequences from in 104 healthy bats. Overall, the annotations indicated e are 55 phyla, 73 classes, 164 orders, 322 families, and 953 genera. The lung microbiota wais highly polymorphic and variable among bats from Hebei, Henan, and Guizhou. The gGenetic 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 inof bats and are widely distributed among bats. Because Since bats prefer to inhabit places areas that will be placing them in close into contact with humans, such as eaves and old buildings. So, further investigations are warranted to identify the bat's microbiota and theirits potential effects on humans.
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Introduction
Bats are among the most diverse and widely distributed mammals [1]. Due to Bats Because of their wide distribution, bats their lives in a variety of habitats, including caves, old buildings, trees and rock crevices, thus causing them to be exposing themed to various environments and microorganisms [2, 3]. and cOwing to close interactions among between bat species, bats are effictient carriers and natural hosts of for many pathogens. In addition, bats have a long lifespan and, low reproduction rate [4], and can share habitats with humans [5]. Accelerated urbanization and destruction of the natural environment will indirectly increases close contact between human-animal contact, thereby increasing zoonotic diseases risk. With the emergence of new infectious diseases, the relationship between bats and human disease has drawn much substantial research attention [6-–11], and . Uunderstanding the microbiome of bats is a very important and unexplored area of medical ecology. SEarlystudies on bat symbiotic bacteria have can been conducted since to the 1960s [12]. RThe research on bat microbiota at that stage was mainly based on culturinge [13]. Thoese studies are have been limited by the presence of large numbers of non-cultivableure microorganisms. However, the development of sequencing technology has addressed this problem well.
It was previously believed that hHealthy lungs were previously believed to be sterile; consequently,, leading to lung tissue and airways being were excluded from the list of organs at the beginning of the Human Microbiome Project [14]. However, studies later studies reported and confirmed that the lower respiratory tract carriesd a similar density of bacteria to the upper small intestine [15, 16], and it is now generally accepted that healthy lungs are now generally accepted to have a microbiome too. With the deepening of research into on the pulmonary microbiota, studies have found that the microbemicroorganisms can affect the occurrence of lung diseases [17]. In a study of the microbiota of bronchoalveolar lavage fluid, sputum, and lung tissue, Marsh R.L et al. have found the presence of a dynamic balance of microbial migration and elimination among differentvarious  tissues [18]. Currently, studies on the animals’ lower respiratory tract microbiota mostly focus primarily on economically important animals, such as birds, cattle, and horses [19-–21], whoseere the microbiota has been found to beis much more diverse than previously expected, especiallyand notably includes  with bacteria that are of greatly influence to animal and human health [22].
Although there have beenDespite many reports of infectious pathogenic microorganisms being found in bats worldwide [23]. However, most studies have focused on the gut microbiota of bats [24, 25], while, whereas little information is available on the microbial community of in bats’ lungs. Consequently, we aimed to understand the microbiome of bats’ lung tissue.
Materials and mMethods
Sample collection
In the study, a total of 104 bats lung tissue samples were collected. The samples were collected in October 2019 and came from caves in three different regions of China:, including Hebei (HB, n = 64), Henan (HN, n = 20), and Guizhou (GZ, n = 20). The captured bats were identified by local experts belonging to based on on the basis of morphological characteristics and genetic identification [26], and confirming that all bats were confirmed 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 prepared homogenized:. Add 1 ml of PBS was added to the lung tissue and was vortexeding in, and absorb 200 µL was absorbed; used the a QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) was used for deoxyribonucleic acid (DNA) extraction. DNA concentration and purity were assessed on 1% agarose gels. Then,Subsequently, the V3–V4 region of the 16S ribosomal RNA (rRNA) gene was amplified by polymerase chain reaction (PCR) using universal primers (F: 5’5´-CCTAYGGGRBGCASCAG-3’3´, R: 5’5´-GGACTACNNGGGTATCTAAT-3’3´) with a 6-bp barcode unique to each sample. The PCR products were detected with using electrophoresis in a 2% agarose gel electrophoresis. After purification, of the PCR products were, sequenced using on the Illumina HiSeq 2500 PE-250 platform.	Comment by Editor: AU: The meaning of “200 µL was absorbed” may be unclear; you may wish to rephrase. 
Data analysis
The reads were compared with the Silva database (https://www.arb-silva.de/) [27] by using the UCHIME algorithm (http://www.drive5.com/usearch/manual/uchime_algo.html) [28] to detect and remove chimeras and then delete it [24]. Sequence analysis was performed in using Uparse software (v7.0.1001, http://drive5.com/uparse/) [29]. Sequences with ≥97% homology were clustered into operational taxonomic units (OTUs). The OTU sequences were annotated with taxonomic information from using the Silva database (v132; https://www.arbsilva.de/) [30], that was based on on the basis of the Mothur algorithm[31]. Alpha diversity was used applied to analyze the complexity of bat lung tissue species diversity, including Observed-species, Shannon, Chao1, ACE Simpson, and phylogenetic diversity whole_tree (PD_whole_tree). Beta diversity was applied to analyze the composition of microbial community composition through non-metric multidimensional scaling (NMDS) and pPrincipal cCo-ordinates analysis (PCoA). Alpha and beta diversity analyses were calculated with QIIME (v1.7.0) and displayed with R software (v2.15.3).	Comment by Editor: AU: “detect and remove chimeras” OK as edited? 
Data availability statement
The data generated in this stdudy have been deposited in the NCBI BioProject repository ([accession number PRJNA855058)] . aAnd 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 , the China (No. ICDC-2019012).
Results
Microbiota composition determination by OTU analysis
A total of 104 lung tissue samples were sampled collected from bats from three locations (: HN, HB, and GZ), in China;, 7,708,734 sequences were obtained (Supplementary Table 1), ranging in length from 403 to 425 bp (average, 410.9 ± 6.1 bp). Each sample yielded ranges from 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 sample. 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 ten10 orders with the highest RA accounted for the majority ofmost of the total (Supplementary Figure 1 A), including Clostridiales (23%), Bacteroidales (21%), Lactobacillales (14%), Enterobacteriales (4%), undentified_Gammaprotebacteria (3%), Ktedonobacterales (2%), Pseudomonadales (2%), Sphingomonadales (2%), Selenomonadales (2%) and Bacillales (1%).
A total of 93.82% of the total reads were assigned to 322 families., The top 1ten0 families with the highest 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_unidentified Clostridiales (3%), Mycoplasmataceae (3%), and Bacteroidaceae (2%). The distribution of the top 30 families is shown in Supplementary Figure 1 B.
A total of 96.38% of the total reads were assigned to 791 genera, accounting for. The top ten10 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 Supplementary Figure 1 C, and the RA of the 30 genera in each bat is shown in Supplementary Figure 2. The top 100 genus level species phylogenetic relationships are shown in Supplementary Figure 3.	Comment by Editor: AU: The meaning of “genera, accounting for.” may be unclear; please complete the sentence. 
Microbiota variation by location
A total of There were 10,372 OTUs were clustered by using a 97% identity threshold. The mMicrobiota from bats lungs from the three locations thereincluded were 3,155 common OTUs. HB samples contained 2,867 specific OTUs, HN samples contained 1,602 specific OTUs, and GZ samples contained 498 specific OTUs (Figure 1)
All six alpha diversity indices of lung tissue samples are shown in Figure 2. Significant differences in the complexity of species diversity were observed among between the samples from HB, HN, and GZ. Specififically, the observed-species (P < 0.001), ACE (P < 0.001) Chao1 (P < 0.001), and PD_whole-tree (P < 0.05) indexes showed significant differences. PCoA indicated showed that the composition of the microbiota changed significantly differed at different among locations (Figure 3A). No significant differences in the composition of the microbiota were observed for NDMS analysis in GZ and HN, but significant differences for between HB with and the other two places locations were observed (Figure 3B). 
TShowing the relationships between the regions and the microorganisms at the phylum level were determined through by Spearman correlation analysis (Figure 4). In the figure, samples from each region had their own unique dominant bacteria. For example, HB samples showed a higher abundance of Fusobacteria, represented by Cetobacterium and Tenericutes, on the basis of based on Mycoplasma was positively correlated with HB samples. Moreover, bats’ lung tissue samples that contained more Oxyphotobacteris, represented by unidentified_unidentified Oxyphotobacteria, were more likely to come from HN. GZ samples were more likely to contain Acidobacteria, based on on the basis of Bryobacter and Bifidobacterium-based Actinobacteria. After further analysis, the different geographical location was found to have a significant effect on the diversity of the lung microbiota at the genus level in bats (Figure 5). Compared with HN and GZ samples, HB samples had higher levels of Paeniclostridium,, Mycoplasma,, Plesiomonas,, Lactococcus,, Lactobacillus, and Acinetobacter. HN samples had higher levels of Marinobacterium,, unidentified _Oxyphotobacteria and unidentified _Enterobacteriaceae. The compositions of the samples from both GZ and HN is very were highly similar, and this was consistent within agreement with the results of PCoA and NMDS analysis. Compared with the other two groups, GZ samples contained more Bacteroides, Megamonas, and Alistipes.	Comment by Editor: AU: “HB samples showed a higher abundance of Fusobacteria” OK as edited? 
Respiratory pathogen profile 
In this study, the characteristics of the main recognized respiratory pathogens in bats samples were analyzed. In 104 bat lung tissue samples, nine candidate causative respiratory pathogens were detected:, including Streptococcus,, Neisseria,, Orthomonas,, unidentified_unidentified Clostridium,, Aeromoas,, Vibrio,, Acinetobacter,, Morganella, and Botox (Supplementary Figure 4). Overall, the abundance of pathogenic bacteria in Hebei samples was higher compared with 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 compared with than the other two groups. The samples from Guizhou and Hebei generally contained unidentified_unidentified Clostridium, with 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 special their biological and immunological characteristics., Bbats provide unique niches for many pathogenic bacteria to co-evolve with them. With the increased density of humans and rapid development of modern transportation,. tThe spread of bat-borne pathogenic bacteria to humans may cause diseases and social panic. In this study, we performed used 16S rRNA amplicon sequencing to perform comprehensively detection of pathogenic microorganisms from 104 bast lung tissue samples. A significant substantial number of bacterial sequencing reads was detected in 27 of the 104 bats .[32]. All Of six alpha diversity indices, four showed differences among samples from Hebei, Henan, and Guizhou. PCoA indicated that showed the composition of Guizhou microbiota in Guizhou samples was were significantly highly diverseified (Figure 3). Furthermore, nine genera containing candidate causative respiratory pathogens including (Streptococcus,, Neisseria,, Orthomonas,, unidentified_unidentified Clostridium,, Aeromoas,, Vibrio,, Acinetobacter,, Morganella, and Botox ) were detected in the samples. The abundance of pathogenic bacteria in Hebei samples was higher, particularly Acinetobacter,, Botox,, unidentified_unidentified Clostridium, and Orthomonas, was higher in Hebei samples. Among the pathogenic bacteria, Streptococcus and Neisseria are widely colonized in the respiratory tract inof humans and animals [33]. Additionally, new species were isolated from bats, but there is currently no evidence has indicated that these bacteria can be transmitted from bats to humans [34-–35].	Comment by Editor: AU: “substantial number” OK as edited, or was statistical significance meant? 	Comment by Editor: AU: “was highly diverse” OK as edited? 
With Because this study being is largely descriptive, further studies are needed to understand the differences in the structure of the bats’ lung microbiota and the surrounding environment. Future work would enhance the ability to culture of some representative pathogens and involve exploreing the dissimilarity differences in between the bacterial composition between of bats’ lung tissue and the human body, focusing on the abundance of pathogenic bacteria, in hope ofto  finding preventions methods to prevent and manage ing strategies for clinical respiratory diseases.
In summary, we report the presence ofat there are many species of bacteria in samples of bat lung tissues, including nine genera of pathogenic bacteria. Because As the habitat of bats overlaps with a range of human activities, more attentionwe need to must be paidy more attention to the problem of respiratory infections. Measures should be taken to minimize the chance of contact of humans with bats, and care for to promote respiratory safety protection during outings.	Comment by Editor: AU: “contact of humans with bats” OK as edited? 
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Figure 1. A Venn diagram for the number of OTUs from of 104 bats. Circles represents regions groups, and the numbers representindicates the numbers of OTUs., Overlapping part areas are represent shared between each groups, and areas without the overlap represent are the unique in to each group.
Figure 2. Box plots of the six alpha diversity indices (ACE, Shannon, Chao1, Simpson, observed_species, and PD_whole_tree) between the among three different regions groups of bat samples from three regions.
Figure 3. Composition and constitution of the microbiota of in samples from bat lung tissue. (A) Principal coordinate analysis. . (B) Non-metric multidimensional scaling analysis.
Figure 4. Heat map showing the relationships between among the regions and the microbiota at the phylum level. 
Figure 5. Histogram of the stacking showing the RA of bacterial populations oat thef genus level in bat lung tissues from different regions.
Supplementary Materials
Supplementary Table 1. ... Summary of analyzed sequence information.
Supplementary Figure 1. Pie charts showing the top 30 bacterial populations and their percentages at the order (A), family (B), and genus (C) levels in 104 bat lung tissue samples.
Supplementary Figure 2. Histogram of the RA of all samples at the genus level. 
Supplementary Figure 3. Genus level species phylogenetic relationships.	Comment by Editor: AU: The meaning of “Genus level species” may be unclear; you may wish to rephrase to clarify the level meant. 
Supplementary Figure 4. RA of nine genera of respiratory pathogens in bat lung tissue samples.
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