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Distinct enterotypes and dysbiosis: 
unraveling gut microbiota in pulmonary 
and critical care medicine inpatients
Naijian Li1,2†, Guiyan Tan3†, Zhiling Xie4†, Weixin Chen5, Zhaowei Yang1, Zhang Wang6, Sha Liu7* and 
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Abstract 

Background  The gut-lung axis, pivotal for respiratory health, is inadequately explored in pulmonary and critical care 
medicine (PCCM) inpatients.

Methods  Examining PCCM inpatients from three medical university-affiliated hospitals, we conducted 16S ribosomal 
RNA sequencing on stool samples (inpatients, n = 374; healthy controls, n = 105). We conducted statistical analyses 
to examine the gut microbiota composition in PCCM inpatients, comparing it to that of healthy controls. Additionally, 
we explored the associations between gut microbiota composition and various clinical factors, including age, white 
blood cell count, neutrophil count, platelet count, albumin level, hemoglobin level, length of hospital stay, and medi-
cal costs.

Results  PCCM inpatients exhibited lower gut microbiota diversity than healthy controls. Principal Coordinates 
Analysis revealed marked overall microbiota structure differences. Four enterotypes, including the exclusive Enterococ-
caceae enterotype in inpatients, were identified. Although no distinctions were found at the phylum level, 15 bacterial 
families exhibited varying abundances. Specifically, the inpatient population from PCCM showed a significantly higher 
abundance of Enterococcaceae, Lactobacillaceae, Erysipelatoclostridiaceae, Clostridiaceae, and Tannerellaceae. Using 
random forest analyses, we calculated the areas under the receiver operating characteristic curves (AUCs) to be 0.75 
(95% CIs 0.69–0.80) for distinguishing healthy individuals from inpatients. The four most abundant genera retained 
in the classifier were Blautia, Subdoligranulum, Enterococcus, and Klebsiella.

Conclusions  Evidence of gut microbiota dysbiosis in PCCM inpatients underscores the gut-lung axis’s significance, 
promising further avenues in respiratory health research.
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Background
The human gastrointestinal tract hosts a diverse con-
sortium of microorganisms collectively referred to as 
the gut microbiota, playing a pivotal role in sustaining 
host well-being and regulating various physiological 
processes [1]. Recent advancements have underscored 
the crucial involvement of the gut microbiota in the 
etiology of diverse diseases, transcending the bounda-
ries of the gastrointestinal system [2, 3]. The reciprocal 
interplay between the gut and distant organs, notably 
the lungs, has led to the identification of the “gut-lung 
axis,” a conceptual framework with profound implica-
tions for respiratory and critical care medicine [4–6].

Gut microbiota dysbiosis signifies an imbalance in the 
composition and function of the gut microbial commu-
nity, marked by shifts in the relative abundance of spe-
cific bacterial taxa. This imbalance has been implicated 
in a spectrum of diseases, encompassing inflammatory 
bowel disorders, obesity, diabetes, and even neuro-
logical conditions [7–9]. Importantly, a growing body 
of evidence links gut microbiota dysbiosis to respira-
tory diseases [6, 10, 11]. The gut-lung axis constitutes a 
complex bidirectional communication system, wherein 
alterations in gut microbiota can impact lung health, 
and vice versa. Lung-derived inflammatory mediators 
and metabolites reciprocally influence the gut environ-
ment, instigating changes in gut microbial composition 
and function [5].

Despite limited research, studies suggest that the gut 
microbiome plays a significant role in respiratory health. 
Thibeault et al., Pérez-Cobas et al., and Dang et al. dem-
onstrate that microbial dysbiosis and gut microbiota-
produced metabolites can influence respiratory disease 
outcomes through immune modulation [12, 13]. These 
studies highlight the importance of considering the gut-
lung axis in understanding and potentially treating res-
piratory diseases in critically ill patients. However, its 
significance among inpatients undergoing pulmonary 
and critical care medicine (PCCM) treatment remains 
relatively unexplored. This study endeavors to fill this 
knowledge gap by employing 16S ribosomal RNA 
sequencing of stool samples to delineate the features of 
gut microbiota in PCCM patients across three distinct 
medical university-affiliated hospitals: the First Affiliated 
Hospital of Guangzhou Medical University, the Second 
Affiliated Hospital of Guangzhou Medical University, and 
the Second Hospital, University of South China. The pri-
mary objective is to scrutinize the prevalence and clini-
cal implications of gut microbiota dysbiosis in PCCM 
inpatients. Delving into the composition and diversity of 
the gut microbiota in this specific patient cohort aims to 
illuminate potential associations between gut microbiota 
dysbiosis and respiratory diseases.

Methods
Study design and participants
To explore the characteristics of the gut microbiota in 
inpatients from the Department of PCCM, we devised 
a systematic and replicable workflow. This study con-
stitutes a hospital-based, population-centered, cross-
sectional, multicenter survey of inpatients within the 
PCCM. Drawing from our previous chronic obstructive 
pulmonary disease (COPD) cohort investigations [14, 
15], we secured a representative healthy sample from the 
same village or residential area. All participants, includ-
ing both patients and healthy subjects, were residents of 
Guangzhou and Nanhua city, sharing comparable life-
styles and dietary practices.

Between January and April 2022, a total of 374 stool 
samples were collected randomly from inpatients at three 
hospitals: the First Affiliated Hospital of Guangzhou 
Medical University (Hospital 1, n = 91), the Second Affili-
ated Hospital of Guangzhou Medical University (Hospital 
2, n = 133) and the Second Hospital, University of South 
China (Hospital 3, n = 150). These inpatient samples were 
paired with stool samples from 105 healthy individuals to 
form the healthy control group. Demographic and clini-
cal data were extracted from electronic medical records. 
All clinical information was collected following standard-
ized procedures by the State Key Laboratory of Respira-
tory Disease at Guangzhou Medical University. Prior to 
stool donation, all enrolled patients and healthy indi-
viduals provided written informed consent. The study 
received ethical approval from Guangzhou Medical Uni-
versity (Approval No. 2021-YJS-ks-14).

Inclusion and exclusion criteria
Inclusion criteria: 1. Inpatients from the PCCM at 
the three designated hospitals. 2. Age range from 
18–80  years. 3. Patients with a confirmed diagnosis of 
the target condition or disease (e.g., COPD, respiratory-
related disease). 4. Subjects who provide informed con-
sent to participate in the study. Exclusion criteria: 1. 
Treatment with systemic (e.g., oral, intravenous, or intra-
muscular) corticosteroids within the preceding 4 weeks. 
2. Patients with comorbidities or underlying conditions 
that may significantly influence the gut microbiota or 
confound the study results. 3. History of gastrointestinal 
disease diagnosis. 4. Treatment with antibiotics (includ-
ing macrolide antibiotics) within the preceding 4 weeks. 
5. Subjects who are unable to provide informed con-
sent or unwilling to participate in the study. 6. Patients 
deemed unsuitable for inclusion in the study by the 
investigators.

Considering disease characteristics and for the sake 
of convenient analysis, the prevalent diseases observed 
among inpatients in the PCCM can be primarily 
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classified into four major groups: 1. Airway diseases 
(which include asthma, COPD, and bronchiectasis) 2. 
Lung infections (covering pneumonia, tuberculosis, and 
pulmonary fungal infections) 3. Respiratory failure 4. 
Non-small cell lung cancer (NSCLC) 5. Other conditions 
(such as pneumothorax, pulmonary embolism, and inter-
stitial pneumonia).

Collection of fecal samples and 16SrRNA sequencing
On the first day of hospital admission, fresh fecal samples 
were collected before any examinations or treatments 
began. Each patient was provided with sterile culture 
dishes, sterile forceps, and sterile gauze. The fecal collec-
tion method involved placing a sterile gauze on the toi-
let surface, and after defecation, approximately 10  g of 
fecal matter was collected using sterile forceps and trans-
ferred to the sterile culture dish, with relevant informa-
tion recorded. After collection, the fecal samples were 
immediately frozen and stored in liquid nitrogen and 
then transferred to a − 80 °C freezer within 24 h for sub-
sequent analysis.

Total bacterial DNA extraction from stool samples 
was performed using the QIAamp® DNA Stool Mini Kit 
(Qiagen, Hilden, Germany) following the manufacturer’s 
instructions on 100  mg of each sample. The extracted 
DNA from each sample served as a template for ampli-
fying the V3-V4 region of 16S rRNA genes using PCR. 
16S Amplicon PCR Forward Primer 5′(TCG TCG GCA 
GCG TCA GAT GTG TAT AAG AGA CAG CCT ACG 
GGN GGC WGC AG) and 16S Amplicon PCR Reverse 
Primer 5′(GTC TCG TGG GCT CGG AGA TGT GTA 
TAA GAG ACA GGA CTA CHV GGG TAT CTA ATC 
C) [16]. The amplification, in  vitro transcription and 
labeling, as well as hybridization, were carried out fol-
lowing the Illumina 16S metagenomic sequencing library 
preparation guide [17]. Subsequently, all libraries were 
sequenced using an Illumina MiSeq platform (San Diego, 
CA, USA) at the Majorbio Co. Ltd. (Shanghai, China).

Sequencing data processing
The data were analyzed on the online tool of Majorbio 
Cloud Platform (https://​cloud.​major​bio.​com/​page/​tools/) 
[18]. In summary, the raw sequencing data underwent 
quality filtering (Q30) and were merged using FLASH 
(https://​ccb.​jhu.​edu/​softw​are/​FLASH/). The QIIME 
software pipeline (Quantitative Insights into Micro-
bial Ecology, v1.9.1, http://​qiime.​org/​insta​ll/​index.​html) 
was employed to cluster high-quality reads into opera-
tional taxonomic units (OTUs) at the 97% identity level 
and summarize the representation of taxonomic groups. 
Taxonomic information for each OTU was obtained 
using the RDP classifier Bayesian algorithm (http://​sourc​
eforge.​net/​proje​cts/​rdp-​class​ifier/, v2.11) to analyze 

representative sequences at a 97% similarity level. This 
analysis covered various taxonomic ranks, including Phy-
lum, Class, Order, Family, Genus, and Species, allowing 
assessment of the species composition of each sample’s 
microbial community. The GreenGenes 13.8 database 
(http://​green​genes.​secon​dgeno​me.​com/) was used for 
OTU search. α-diversity indices, including ACE index, 
Shannon index, Chao1 index and Simpson index, and 
β-diversity indices, including Bray–Curtis and weighted 
UniFrac metrics, were calculated using QIIME.

Statistical analysis
Appropriate basic statistical analyses, such as the chi-
square test, ANOVA, and the Kruskal–Wallis H test, were 
conducted using SPSS version 27 (IBM SPSS, Armonk, 
NY, USA) to compare continuous and categorical vari-
ables. The P values were adjusted for multiple testing 
using the Bonferroni method, and the analyses were fur-
ther adjusted for age and smoking history. Briefly, the sig-
nificance of differences in alpha diversity was determined 
using ANOVA and the Kruskal–Wallis test. Principal 
Coordinates Analysis (PCoA) was conducted to visualize 
differences in microbial composition between inpatients 
from three hospitals and healthy controls. Non-Metric 
Multidimensional Scaling (NMDS) was performed at the 
OTU level to assess similarities and shifts in gut entero-
types. Comparisons of the relative proportions of major 
bacterial phyla and families between healthy and inpa-
tient groups were also conducted using Wilcoxon rank-
sum test. The Receiver Operating Characteristic (ROC) 
Curve was used to evaluate the performance of classifiers 
distinguishing between healthy controls and inpatients. 
ANOVA was used to compare bacterial phyla and fami-
lies in different respiratory disease groups and healthy 
controls. P values of < 0.05 were considered statistically 
significant.

Enterotyping was conducted as described by Costea 
et al. [18]. The Jensen-Shannon Distance (JSD) and other 
distance metrics were calculated based on the rela-
tive abundance of the bacterial community at the cho-
sen taxonomic classification level. Partitioning Around 
Medoids (PAM) clustering was then performed. The 
optimal number of clusters (K) was determined using 
the Calinski-Harabasz (CH) index. Visualization was 
achieved through Between-class Analysis (BCA) when K 
was greater than or equal to 3, or Principal Coordinates 
Analysis (PCoA) when K was 2 or greater.

Results
Characteristics of the study population
A total of 479 Chinese participants were included in 
the study and categorized into two groups: healthy con-
trols (n = 105) and the inpatient group (n = 374). The 

https://cloud.majorbio.com/page/tools/
https://ccb.jhu.edu/software/FLASH/
http://qiime.org/install/index.html
http://sourceforge.net/projects/rdp-classifier/
http://sourceforge.net/projects/rdp-classifier/
http://greengenes.secondgenome.com/
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characteristics of the study participants are presented 
in Table 1. In comparison to healthy controls, inpatients 
from PCCM exhibited significantly lower body mass 
index (BMI), as well as significantly higher smoking his-
tory and smoking index. There were 81 cases (21.7%) 
of airway disease, 104 cases (27.8%) of lung infection, 
37 cases (9.9%) of respiratory failure, 128 cases (34.2%) 
of NSCLC, and 24 cases (6.4%) classified as “other.” The 
clinical factors (age, white blood cell counts, neutro-
phil counts, platelet counts, albumin level, hemoglobin 
level, duration of hospital stay, and medical costs) for all 
patients are also summarized in Table 1.

Changes of gut microbial diversity in inpatients from PCCM
We found a significant difference in the alpha diver-
sity of the gut microbiota among the healthy group and 
inpatients group. The ACE index, Shannon index and 
Chao index of inpatients were significantly lower than 
those of healthy control, while the Simpson index was 
significantly higher than that of healthy control (P < 0.01 
or P < 0.001, Fig. 1A–H). The microbiome of the healthy 
controls had higher alpha diversity than either group of 
inpatients from the three hospitals.

To compare species diversity among groups and inves-
tigate the potential similarities or differences in the 

Table 1  Demographic characteristics of the participants

Data are shown as mean ± SD. Differences among continuous datasets were 
evaluated using two-sample t-test or chi-square test

BMI body mass index, CNY Chinese Yuan, Neu neutrophil, NSCLC non-small cell 
lung cancer, WBC white blood cell

Characteristic Healthy All patients P value

No. of subjects 105 374 –

Gender, M, n (%) 66 (62.9) 252 (69.6) 0.171

Age, years 63.2 ± 12.4 65.3 ± 13.2 0.192

BMI, kg/m2 23.26 ± 3.13 21.37 ± 2.48  < 0.01

Smoking history, n (%) 30 (28.6) 200 (53.5)  < 0.01

Smoking index (pack-yr) 19.2 ± 20.4 42.8 ± 25.7  < 0.01

Airway diseases, n (%) – 81 (21.7) –

Lung infections, n (%) – 104 (27.8) –

Respiratory failure, n (%) – 37 (9.9) –

NSCLC, n (%) – 128 (34.2) –

Others, n (%) – 24 (6.4) –

WBC counts (1.0 × 109) – 7.5 ± 3.6 –

Neu counts (1.0 × 109) – 5.5 ± 5.1 –

Platelets (1.0 × 109) – 233.9 ± 85.9 –

Albumin (g/L) – 38.5 ± 5.3 –

Hemoglobin (g/L) – 123.1 ± 21.7 –

Days in hospital (day) – 8.5 ± 5.3 –

Medical costs (CNY) – 13,472 ± 12,143 –

Fig. 1  Gut microbial diversity differs between healthy controls and inpatients from PCCM. A, C, E and G The alpha diversity index of inpatients 
from PCCM were significantly lower than those of healthy control. B, D, F and H The ACE index, Shannon index, Chao index, and Simpson index 
of inpatients from PCCM were grouped based on the source hospital. Each dot corresponds to a sample. Significance was determined by ANOVA 
and by kruskal–wallis test, and P values were corrected using the Bonferroni method. **P < 0.01, ***P < 0.001. PCCM, pulmonary and critical care 
medicine
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overall gut microbiota community structure between 
inpatients and the healthy group, we conducted a 
β-diversity analysis on both sets. To visualize differences 
in microbial composition, we conducted both PCoA and 
NMDS. PCoA was chosen for its effectiveness in display-
ing linear relationships, while NMDS was selected for its 
robustness with non-linear ecological data, providing a 
comprehensive analysis of microbial community struc-
tures. The PCoA indicated statistically significant differ-
ences in the overall gut microbiota community structure 
between the healthy and inpatient groups, based on 

Bray–Curtis dissimilarities (R = 0.0371, P = 0.001, ANO-
SIM; Fig.  2A, B). This observation was accentuated by 
relatively scattered inpatient samples, suggesting height-
ened variability within the inpatient groups. Similarly, 
we observed notably different microbiota composi-
tions among the inpatients and healthy group based on 
the NMDS method (Stress: 0.165, R = 0.0371, P = 0.001, 
ANOSIM) (Fig. 3A). In the ordination plot (Fig. 3B), the 
healthy group was distinctly separated from the other 
groups (Hospital 1, Hospital 2, or Hospital 3) (R2 = 0.035, 
P = 0.001, ANOSIM).

Fig. 2  Principal coordinates analysis (PCoA) was conducted at the OTU level for both inpatients from three hospital and healthy controls. A PCoA 
box plot: various colors depict sample groups across distinct conditions, with box plots illustrating the distinct distribution of sample groups 
along the PC1 axis in the figure. B PCoA analysis (R = 0.0371, P = 0.001). Each dot corresponds to a sample
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Enterotypes were categorized within the extensive 
study population (n = 479) using previously estab-
lished methods [19]. The microbial profiling revealed 
the presence of three distinct enterotypes at the fam-
ily level (Fig.  3C), characterized by dominant bacterial 
families from the Firmicutes and Proteobacteria phyla. 
Specifically, these enterotypes were represented by Lach-
nospiraceae (Enterotype 1), Enterobacteriaceae (Entero-
type 2) and Enterococcaceae (Enterotype 3). Remarkably, 
the Enterococcaceae enterotype was exclusively identified 
in inpatients from PCCM. The proportions of the Ente-
rococcaceae enterotype from Hospital 1, Hospital 2, and 
Hospital 3 were recorded as 12.8%, 15.4%, and 7.33%, 
respectively (Fig. 3D). A permutational multivariate anal-
ysis of variance using bray–curtis dissimilarity unveiled 
statistically significant differences in gut microbiota com-
position between healthy controls and all inpatient sub-
jects (P = 0.021).

Altered gut microbial composition in inpatients from PCCM
A total of 1172 OTUs were identified through the clus-
tering of 479 samples. Among these, 1,073 OTUs were 
shared between the healthy and inpatient groups, while 3 
OTUs were exclusive to the healthy group and 96 OTUs 
were unique to the inpatient group (Additional file  1: 
Supplementary Fig. 1A, B). At the phylum level, both the 
healthy group and inpatients from PCCM exhibited a 
consistent composition of five major bacterial phyla: Bac-
teroidetes, Firmicutes, Proteobacteria, Actinobacteria, 
and Verrucomicrobiota. The first four phyla collectively 
accounted for over 97% of the total sequences in both 
groups (Fig. 4A, B). Notably, there was no significant dis-
tinction in phylum-level distribution between the healthy 
group and inpatients from PCCM.

Among the sequences categorized within these four 
phyla, they were primarily distributed across 18 bacte-
rial families, which collectively represented over 95% 

Fig. 3  Analysis of similarities and shifts in gut enterotypes in fecal samples between inpatients and healthy controls. A NMDS on OTU level 
(Stress:0.165, R = 0.0371, P = 0.001). B Calculation of Distances on OTU Level for Each Sample Group (R2 = 0.035, P = 0.001). C Enterotypes 
in clinical groups. The study identified three distinct enterotypes based on dominant bacterial families from the Firmicutes and Proteobacteria 
phyla: Lachnospiraceae (Enterotype 1), Enterobacteriaceae (Enterotype 2) and Enterococcaceae (Enterotype 3). D Barplot of typing analysis. The 
Enterococcaceae enterotype was exclusively observed in inpatients from PCCM, with proportions of 12.8%, 15.4%, and 7.33% in Hospitals 1, 2, and 3, 
respectively. Each dot corresponds to a sample. NMDS, non-metric multidimensional scaling
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of the total sequences across all four groups (Fig.  4C, 
D). While the distribution of these phyla was generally 
similar, fifteen of bacterial families exhibited varying 
relative abundances between the two groups (P < 0.05, 
P < 0.01, or P < 0.001; Fig.  5A). Specifically, a signifi-
cantly higher abundance of Enterococcaceae, Lacto-
bacillaceae, Erysipelatoclostridiaceae, Clostridiaceae, 
and Tannerellaceae was observed within the inpatient 
population from PCCM (P < 0.05, P < 0.01, or P < 0.001; 
Fig.  5A). On the contrary, ten gut microbiota such as 
Lachnospiraceae, Ruminococcaceae and Prevotellaceae 
were significantly increased in healthy group. The dif-
ferential abundance analysis was conducted using the 
Wilcoxon rank-sum test at the family level to ensure 
robust identification of differentially abundant taxa.

Relationship between gut microbiota and clinical factors 
in inpatients
As shown in Fig.  5B, the relationship between clinical 
factors (age, white blood cell counts, neutrophil counts, 
platelet counts, albumin level, hemoglobin level, days 
in hospital and medical costs) and microbial commu-
nities at genus level was investigated by distance-based 
redundancy analysis (db-RD). The factor most strongly 
correlated with bacterial community and species dis-
tribution was age (R2 = 0.0735, P = 0.001), followed by 
medical costs (R2 = 0.0518, P = 0.001), days in hospi-
tal (R2 = 0.0378, P = 0.002), hemoglobin (R2 = 0.0305, 
P = 0.005) and white blood cell counts (R2 = 0.0265, 
P = 0.01).

Fig. 4  Comparisons were made regarding the relative proportions of bacterial phyla and families between the healthy and inpatient groups. 
Specifically, panels (A) and (B) illustrate the comparisons of major bacterial phylum abundance, while panels (C) and (D) depict the comparisons 
of major bacterial family abundance between the healthy and inpatient groups. Significance was determined by ANOVA and by Wilcoxon rank-sum 
test, and P values were corrected using the Bonferroni method
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Specific gut microbial markers differentiated inpatients 
and healthy controls
With the confirmation of gut microbial dysbiosis among 
the inpatients, our subsequent goal was to investigate the 
potential of gut microbiota as non-invasive indicators for 
this group. Employing random forest analyses, we sought 
to identify taxonomic markers within the gut microbiome 
that could predict the distinction between the two groups 
(Additional file  2: Supplementary Fig.  2A, B). Utilizing 
taxonomic profiles at the genus level, the areas under the 
receiver operating characteristic curves (AUCs) were cal-
culated to be 0.75 (95% CIs 0.69 − 0.80) for distinguish-
ing healthy individuals from inpatients, underscoring 
the predictive capability of gut microbiota in classifying 
these groups (Fig. 5C). Following feature selection based 
on variable importance, a set of 15 genus-level taxa were 
retained within the classifier for both groups (Fig.  5D). 
To distinguish inpatients from healthy controls, Blautia, 
Subdoligranulum, Enterococcus and Klebsiella were the 
four most abundant genus retained in the classifier.

Specific gut microbiota signature in patients with different 
respiratory diseases
To explore whether gut microbiota dysbiosis is associated 
with different types of respiratory diseases, we catego-
rized patients into four distinct disease groups: airway 
diseases, lung infections, respiratory failure, NSCLC, 
and others. In comparison to healthy individuals, the 
diversity index (P < 0.01 or P < 0.001, Fig. 6A) exhibited a 
significant reduction in the airway diseases group, lung 
infections group, respiratory failure group, and NSCLC 
group. Based on NMDS analysis (stress: 0.167, R = 0.0324, 
P = 0.002, ANOSIM, Fig.  6B), we observed substantial 
differences in microbiota compositions between patients 
with different diseases and the healthy groups. Similarly, 
the Enterococcaceae enterotype was exclusively observed 
in the patient group (Fig.  6C, D). The recorded propor-
tions of the Enterococcaceae enterotype were 13.0% in 
the airway diseases group, 13.5% in the lung infections 
group, 8.1% in the respiratory failure group, 8.6% in the 
NSCLC group, and 17.4% in the others group. There were 

Fig. 5  The correlation between gut microbiota and clinical factors in inpatients, as well as identifies gut microbial markers distinguishing 
inpatients from healthy controls. A Fifteen bacterial families differed in their relative abundance in samples from the healthy and inpatient groups. 
B Relationship between gut microbiota and clinical factors in inpatients. Distance-based redundancy analysis of clinical factors and bacterial 
community. Wilcoxon rank-sum test bar plot on family level. C The receiver operating characteristic curve (ROC) illustrates the performance 
of the classifiers for distinguishing healthy status and inpatients, with a display of the 95% confidence interval. D Notch plots visualize the relative 
abundances of the microbial species retained in the classifier. Each dot corresponds to a sample. *P < 0.05, **P < 0.01 and ***P < 0.001. Neu, 
neutrophil; WBC, white blood cell
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no significant distinctions in phylum-level distribution 
between the healthy group and the four different disease 
groups (Fig.  7A). When compared to the healthy con-
trol group, the airway diseases, lung infections, respira-
tory failure, and NSCLC groups all exhibited a significant 
increase in the abundance of Enterococcaceae (P < 0.001), 
along with a significant decrease in the abundance of 
Prevotellaceae and Lachnospiraceae (P < 0.001, Fig.  7B, 
Additional file 3: Supplementary Table 1).

Discussion
The gut microbiota has gained significant attention due 
to its crucial role in maintaining host health and influ-
encing various physiological processes. In this study, we 
aimed to explore the characteristics of the gut microbiota 
in inpatients admitted to the PCCM departments of three 
different medical university-affiliated hospitals. Our find-
ings provide evidence of dysbiosis in the gut microbiota 
of inpatients from the PCCM.

The role of the gut microbiota in influencing over-
all systemic health is gaining increasing recognition. 
The concepts of the “gut-lung” axis and the “lung-gut” 

axis highlight the intricate communication between the 
gut and distant organs, notably the lungs [20–22]. Our 
results indicate that inpatients from PCCM exhibit gut 
microbiota dysbiosis, as evidenced by altered microbial 
diversity and composition. The lower alpha diversity 
indices (ACE, Shannon, Chao, and Simpson) observed in 
inpatients compared to healthy controls align with pre-
vious studies linking reduced diversity to various disease 
states, including chronic obstructive pulmonary disease 
[15, 23], asthma [24, 25], NSCLC [26] and pneumonia 
[27]. Our study has revealed several intriguing insights 
into the relationship between gut microbiota and inpa-
tients from PCCM, highlighting the potential association 
between respiratory disease status and gut microbiota 
diversity, and vice versa.

The identification of four distinct enterotypes among 
the study population adds a novel dimension to the 
investigation of gut microbiota in PCCM inpatients. 
Notably, the exclusive presence of the Enterococcaceae 
enterotype in inpatients from PCCM points towards 
potential disease-specific associations. Consistently, a 
significantly higher abundance of the Enterococcus genus 

Fig. 6  Gut microbial diversity and enterotypes in patients with different respiratory diseases. A The Shannon index of the airway diseases group, 
lung infections group, respiratory failure group, and NSCLC group were significantly lower than that of the healthy control. B Remarkably distinct 
microbiota compositions were observed among the different respiratory diseases and the healthy group. C Distribution of samples across different 
enterotypes. D Distribution of enterotypes among the different respiratory diseases and the healthy group. Each dot corresponds to a sample. 
**P < 0.01 and ***P < 0.001
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was observed within the inpatient population from the 
PCCM. Enterococci are gram-positive, facultative anaero-
bic bacteria that are typically present in low abundance 
within the healthy human gut microbiota. However, cer-
tain species of Enterococci, such as Enterococcus faecalis 
and E. faecium, can act as opportunistic pathogens, often 
leading to severe bloodstream infections in patients [28]. 
These bacteria have also been implicated in the progres-
sion of liver cancer and cholangitis [29, 30]. Previous 
research has demonstrated that a state known as Ente-
rococcus intestinal domination (EID), where enterococci 
constitute ≥ 30% of the microbiota, is linked to condi-
tions like Enterococcus bacteremia, graft-versus-host dis-
ease, and mortality in individuals undergoing allogeneic 
hematopoietic stem cell transplantation [31]. The clinical 
implications of this finding warrant further investigation 
to determine whether the Enterococcaceae enterotype 
could serve as a biomarker or potential therapeutic target 
for respiratory-related diseases.

Such differences may arise due to factors such as dis-
ease-related inflammation, treatment regimens, and 
altered immune responses. Furthermore, patients with 
respiratory disease are also more likely to suffer from 
comorbidities than individuals without respiratory dis-
ease. Compared with individuals without respiratory dis-
eases, patients with respiratory diseases exhibit a higher 
prevalence of conditions such as hypertension, diabetes, 
gastroesophageal reflux disease, congestive heart failure, 
chronic kidney disease, psychiatric disorders, and osteo-
porosis [32–35]. Additionally, they tend to use more glu-
cocorticoid-related drugs. Many of these diseases have 
the potential to influence the gut microbiome.

Our study’s integration of clinical factors with micro-
bial community data highlights the complex inter-
play between the gut microbiota and host health. Age, 
emerged as a significant factor influencing microbial 
diversity, consistent with previous reports [36]. The 
relationship between gut microbiota and medical costs, 
duration of hospital stay and other clinical factors under-
scores the potential of microbiota-based approaches for 
prognostication or treatment stratification in critical care 
settings. The random forest analysis’s identification of 
taxonomic markers with discriminatory potential further 
supports the notion of gut microbiota as a non-invasive 
indicator of disease states. The identification of specific 
genera, such as Blautia, Subdoligranulum, Enterococ-
cus, and Klebsiella, opens avenues for further research 
into their functional roles and potential links to respira-
tory diseases’ severity or prognosis. Prospective studies 
are needed to validate these markers and their clinical 
significance.

Study limitations and future directions. Several limi-
tations must be acknowledged in this study. The cross-
sectional design precludes establishing causality, and 
longitudinal studies are needed to elucidate the temporal 
dynamics of the gut-lung axis in PCCM. Moreover, the 
study’s focus on a Chinese population raises questions 
about the generalizability of the findings to other eth-
nicities or geographic regions. Future research should 
delve into the mechanistic underpinnings of the observed 
gut microbiota alterations in PCCM inpatients. Animal 
models and in  vitro experiments could provide insights 
into the functional implications of specific taxa and their 
interactions with the immune system.

Fig. 7  Gut microbial composition in patients with different respiratory diseases. A Relative proportions of bacterial phyla in the different respiratory 
diseases group and the healthy group. B Comparison of the abundance of major bacterial families in the different respiratory diseases group 
and the healthy group. Microbiota data were tested by ANOVA and the P values were corrected for multiple testing using the Bonferroni method
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Conclusions
In conclusion, our study provides valuable insights 
into the gut microbiota composition of inpatients from 
PCCM. The observed dysbiosis and distinct micro-
bial profiles highlight the potential involvement of gut 
microbiota in the pathogenesis of respiratory diseases.
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