
Heliyon 10 (2024) e28480

Available online 27 March 2024
2405-8440/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).

Research article 

Analysis of fecal microbiota and related clinical indicators in ICU 
patients with sepsis 

Huaying Chen a, Huiheng Liu a,*, Yujing Sun a, Meiqin Su b, Jinzhou Lin a, 
Junsheng Wang a, Jueying Lin a, Xiaoyan Zhao a 

a Emergency Intensive Care Unit, Zhongshan Hospital of Xiamen University, No.201, South Hubin Road, Xiamen, 361000, Fujian, China 
b Department of Pharmacy, Zhongshan Hospital of Xiamen University, No.201, South Hubin Road, Xiamen, 361000, Fujian, China   

A R T I C L E  I N F O   

Keywords: 
Sepsis 
Fecal microbiota 
16S rDNA gene sequencing 
Septic shock 
Clinical outcomes 

A B S T R A C T   

Background: To analyze the characteristics of fecal microbiota disturbance in the intensive care 
unit (ICU) patients with sepsis and the correlation with related clinical indicators. 
Methods: This study included 31 patients with sepsis admitted to the emergency ICU ward be
tween September 2019 and December 2021. They were divided into Group without septic shock 
(ND_NS group, 7 cases) and Group with septic shock (ND_S group, 24 cases) according to the 
presence or absence of septic shock. Furthermore, we divided these 31 sepsis patients into Clinical 
Improvement group (21 cases) and Death or DAMA group (10 cases) based on clinical outcome, 
15 cases of Physical Examiner recruited in the same period were included as control group: 
ND_HC group (15 cases). The fecal samples of the patients with sepsis within 24 h of admission 
and random fecal samples of the control group were collected and analyzed by 16S rDNA gene 
sequencing used for the analysis of fecal microbiota. At the same time, the relevant clinical data of 
these patients with sepsis were also collected for analysis. 
Results: There were 15 cases with drug-resistant bacteria in the ND_S group and only 2 cases in the 
ND_NS group (P = 0.015). There were significant differences in APACHE II score, length of ICU 
stay, lactate level, and oxygenation index of patients between the Death or DAMA group and 
Clinical Improvement group (all P < 0.05). For phylum level, the abundance of Firmicutes, 
Actinobacteria, and Bacteroidetes decreased in the ND group compared with the ND_HC group, 
while the abundance of Proteobacteria increased (P < 0.05). For genus level, the relative abun
dance of Escherichia-Shigella and Klebsiella were significantly increased in the ND group compared 
with the ND_HC group (P < 0.05). The top six genera in relative abundance in the ND_S group 
were Escherichia-Shigella, Enterococcus, Bifidobacterium, Lactobacillus, Akkermansia, and Klebsiella. 
Compared with the Clinical Improvement group, the relative abundance of Escherichia-Shigella 
and Klebsiella in the Death or DAMA group showed an increasing trend with no significant sig
nificance, while the relative abundance of Enterococcus and Faecalibacterium decreased in the 
Death or DAMA group (P < 0.05). Alpha diversity analysis showed that compared with the 
ND_HC group, the alpha diversity of the fecal microbiota in the ND group decreased. There were 
significant differences in the Observed_species index, Chao1 index, and ACE index of patients 
between the ND_HC group and ND group (all P < 0.05). Moreover, compared with the ND_NS 
group, the Alpha diversity of the ND_S group was more abundant. PCoA analysis showed sig
nificant differences in microbial community structure between the ND group and ND_HC group 
(P = 0.001). There also were significant differences in microbial community structure between 
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the ND_S group and ND_NS group (P = 0.008). LEfSe analysis showed that compared with the 
ND_HC group, there were significant differences in the species of the ND group, including 
Enterobacteriaceae, Escherichia-Shigella, Enterococcus, Elizabethkingia, and 
Family_XIII_AD3011_group. 
Conclusions: ICU patients with sepsis suffered intestinal microecological disturbances with 
significantly decreased abundance of fecal microbiota, diversity, and beneficial symbiotic bac
teria. For these patients, the ratio of pathogenic bacteria, including Escherichia-Shigella and 
Klebsiella increased and became the main bacterial genus in some samples. Moreover, the 
increasing trend of these two pathogenic bacteria may be correlated with the development of 
septic shock and the risk of death in patients with sepsis.   

1. Introduction 

Sepsis is a potentially life-threatening condition that occurs due to organ dysfunction induced by a dysregulated host response to 
infection. Septic shock is sepsis complicated by severe circulatory and cellular metabolic disturbance. Patients with septic shock are 
more severely ill and at higher risk of death [1,2]. Sepsis and septic shock have become medical emergencies that affect millions of 
people worldwide each year. They are also among the leading causes of death in critically ill patients in the ICU [3–5]. The patho
genesis of sepsis is complex, and the various changes in cell function, microcirculation, and metabolism may involve pathophysio
logical processes such as inflammation, immunity, and coagulation [6–8]. 

The gut is the body’s largest immune organ and the initiating organ of multiple organ dysfunction syndromes (MODS). Intestinal 
microecology, which is closely related to human health, is composed of intestinal mucosal tissue, intestinal immune system, and fecal 
microbiota, with the latter one having the greatest importance [9,10]. In recent years, relevant studies on the role of the gut micro
biome in sepsis have made considerable progress, establishing a vicious cycle of fecal microbiota disturbance and sepsis worsening. 
Studies have also found that sepsis can lead to disturbance of fecal microbiota and activation of inflammatory factors, further leading 
to increased intestinal permeability that damages the intestinal mucosa and intestinal epithelial cells and contributes to the shift of 
fecal microbiota, finally resulting in the development of sepsis by inflammatory burst [11–15]. Previous studies on the role of the fecal 
microbiota in sepsis focused on disclosing novel therapies for sepsis and improving survival in patients with sepsis. 

The aim of the current study was to analyze the characteristics of fecal microbiota disturbance in ICU patients with sepsis. 

2. Methods 

2.1. General data 

This study included 31 sepsis patients (ND group) admitted to the emergency ICU ward of Zhongshan Hospital Xiamen University 
between September 2019 and December 2021. They were divided into Group without septic shock (ND_NS group, 7 cases) and Group 
with septic shock (ND_S group, 24 cases) according to the presence or absence of septic shock. In addition, we further divided these 31 
sepsis patients into Clinical Improvement group (21 cases) and Death or DAMA group (10 cases) according to another classification 
based on clinical outcome. 15 cases of Physical Examiner recruited in the same period were included as control group: ND_HC group 
(15 cases). The diagnostic criteria for sepsis and septic shock were made based on the latest definition “Sepsis 3.0″ issued by the 
American Society of Critical Care Medicine (SCCM) in 2016 [2]. Inclusion criteria were the following: 1) age ≥18; 2) patients who met 
the diagnostic criteria of Sepsis 3.0. Exclusion criteria were: 1) patients with ICU stay for less than 24 h; 2) patients with end-stage 
irreversible diseases such as immunosuppressive therapy, immunodeficiency, and malignant tumors; 3) patients with perianal 
infection, gastroenterostomy, and chronic gastrointestinal diseases. 

Requirements for the control group were the following: 1) patients matched for age with those in the ND group; 2) patients with no 
history of chronic gastrointestinal diseases and gastrointestinal surgery; 3) patients who did not use antibiotics or probiotics within 3 
months before enrollment; 4) patients with a history of hypertension, diabetes mellitus, and coronary heart disease essentially 
matching the levels of the patients in sepsis group. 

This study was approved by the hospital ethics committee (Scientific Research Subcommittee of Medical Ethics Committee, 
Zhongshan Hospital Affiliated to Xiamen University; Ethical approval number: xmzsyyky Lun Shen No.2019007; ethics approval date: 
February 15, 2019). All patients (or their proxies/legal guardians) provided informed consent to participate in the study. 

2.2. Clinical outcome measures 

The general clinical data were collected for the patients in ND group, including age, gender, main underlying diseases, main sources 
of infection, including respiratory system (ND_RS), urinary system (ND_US), and digestive system (ND_DS), length of ICU stay, length 
of overall hospital stay, clinical outcomes, acute physiology and chronic health evaluation II (APACHE II) score within 24 h of ICU 
admission, sequential organ failure assessment (SOFA) score within 24 h of ICU admission, and drug-resistant bacteria. In addition, the 
worst values of the following indicators within 24 h of ICU stay were collected: mean arterial pressure (MAP) level, white blood cell 
count (WBC), lymphocyte ratio (LY%), platelet count (PLT), C-reactive protein level (CRP), procalcitonin level (PCT), plasma lactate 
level (Lac), oxygenation index (OI), creatinine level (CREA), total bilirubin level (TBIL). 
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2.3. Samples collection and detection method 

We collected fecal samples from sepsis patients within 24 h of admission, and collected random fecal samples from the control 
group,. The fecal samples of patients with sepsis were collected from the depths of the fresh feces after spontaneous defecation or 
enema. All samples were quickly collected and stored at − 80 ◦C freezer. 

The 16S rDNA gene sequencing of fecal microbiota was performed by LC-Bio Technologies (Hangzhou) Co., Ltd. Materials and 
methods of 16S rDNA sequencing were as follows: 1) the total microbiome DNA was extracted using the E. Z.N.A. ®Stool DNA Kit 
(D4015, Omega, Inc., USA) according to manufacturer’s instructions; 2) PCR amplification area was V3V4 area of 16S rDNA. The 
primer sequences were 341F (5’_CCTACGGGNGGCWGCAG_3′) and 805R (5’_GACTACHVGGGTATCTAATCC_3′). The PCR products 
were confirmed by 2% agarose gel electrophoresis. The PCR products were then purified by AMPure XT beads (Beckman Coulter 
Genomics, Danvers, MA, USA) and quantified by Qubit (Invitrogen, USA). The amplicon pools were prepared for sequencing, and the 
size and quantity of the amplicon library were assessed on Agilent 2100 Bioanalyzer (Agilent, USA) and with the Library Quantification 
Kit for Illumina (Kapa Biosciences, Woburn, MA, USA), respectively. The libraries were sequenced on the NovaSeq PE250 platform. 

2.4. Bioinformatics analysis and statistical methods 

After splicing, quality control, and chimeric filtration of raw data, operational taxonomic units (OTUs) were clustered based on 
97% similarity. The Kruskal_Wallis rank-sum test combined with Benjamini_Hochbery correction was used to analyze the significance 
of differences in the α-diversity measures of different samples. Alpha-diversity mainly includes Observed species, Shannon, Simpson, 
ACE, Chao1, and Pielou’s evenness (J′). β-diversity can estimate differences in community structure between samples. Nine hundred 
ninety-nine permutations of PERMANOVA and adonis in the R package were used to determine significant differences in β-diversity. 
Common OTUs were calculated and visualized using the VennDiagram in R. The taxa abundances were measured and plotted using 
ggplot2 software. LEfSe is an algorithm for discovering and interpreting high-dimensional biomarkers, which can identify and describe 
genomic features that differ between two or more biological conditions. LEfSe was used to identify taxa that differ in abundance among 
different taxa. Gene function was predicted via Phylogenetic Investigation of Communities by Reconstruction of Unobserved States 
(PICRUSt), and ANOVA was performed using analysis of significant differences. Fuzhou TreatGut Biotechnology Co., Ltd. and LC-Bio 
Technologies (Hangzhou) Co., Ltd completed the above bioinformatics analysis and statistical methods. The data processing and 
analysis of clinical data were carried out with GraphPad Prism 9.0 software, and all data were first performed with normality or 
lognormality tests. The data with normal distribution were expressed as mean ± standard error of mean (Mean ± SEM), and a t-test 
was used for comparison. The data with non-normal distribution were expressed as M (P25, P75), and the rank-sum test was used for 
comparison. P-value <0.05 was considered to be statistically significant. 

Table 1 
Clinical features of patients with ND_HC group and ND group.  

Characteristic ND_HC group(n=15) ND_NS group(n = 7) ND_S group(n = 24) p value (ND_NS_vs_ND_S) 

Age(year, mean ± SD) 64.27 ± 4.644 74.86 ± 5.68 73.5 ± 3.285  
Sex(male/female) 9/6 3/4 14/10  
Major underlying diseases     
Hypertension 5 2 15  
Diabetes mellitus 3 4 5  
Coronary heart disease 1 0 3  
Rheumatic disease 1 0 1  
Major source of infection /    
Respiratory system  1 13  
Urinary system  3 8  
Digestive system  3 3  
Clinical outcomes /   0.379 
Death or DAMA  1 9  
Clinical improvement  6 15  
Drug-resistant bacteria /   0.015 
Escherichia coli  0 3  
Klebsiella pneumoniae  0 3  
Acinetobacter baumannii  1 2  
Enterococcus faecium  1 1  
Aspergillus group  0 2  
Staphylococcus aureus  0 1  
Pseudomonas aeruginosa  0 1  
Others(Enterobacter kobe/Enterobacter cloacae)  0 2  

DAMA discharged against medical advice. 
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3. Results 

3.1. Clinical general data 

3.1.1. General data between ND group and ND_HC group 
A total of 31 patients (17 males and 14 females with an average age of 73.81 ± 2.806 years) were enrolled in the ND group, and 15 

cases (9 males and 6 females, with an average age of 64.27 ± 4.644 years) were enrolled in the ND_HC group. The main underlying 
diseases in the ND_HC group included 5 cases of hypertension, 3 cases of diabetes mellitus, 1 case of coronary heart disease, 1 case of 
rheumatic disease. The main underlying diseases in the ND group included 17 cases of hypertension, 9 cases of diabetes mellitus, 3 
cases of coronary heart disease, and 1 case of rheumatic disease (Table 1). 

3.1.2. Comparison between ND_S group and ND_NS group 
There were no significant differences in age, gender, the main source of infection, length of ICU stay, length of overall hospital stay, 

clinical outcomes, APACHE II score, SOFA score, MAP level, WBC, LY%, PLT, CRP, PCT, Lac, OI, CREA, TBIL between ND_S group and 
ND_NS group (all P > 0.05). Results of drug-resistant bacteria in the clinical course of the ND group showed that the detected drug- 
resistant bacteria included Escherichia coli [3 cases, Extended spectrum beta-lactamases positive (ESBL+)], Klebsiella pneumoniae [3 
cases, Carbapenem-resistant enterobacteriaceae (CRE)], Acinetobacter baumannii (3 cases, CRE), Enterococcus faecium (2 cases), 
Aspergillus group (2 cases), Staphylococcus aureus [1 case, Methicillin resistente Staphylococcus aureus (MRSA)], Pseudomonas aeruginosa 
(1 case, CRE), Enterobacter Kobe (1 case), and Enterobacter cloacae (1 case). There were significant differences in the detection rate of 

Fig. 1. ND group patients were grouped according to clinical outcomes with statistically different clinically relevant indicators. Patients in the ND 
group were divided into Clinical Improvement group and Death or DAMA group according to clinical outcome. Statistical analysis showed that the 
differences between the two groups were statistically significant in four indexes: APACHE II score, Length of ICU stay, lactate level, and oxygenation 
index. *p < 0.05, **p < 0.01. 

H. Chen et al.                                                                                                                                                                                                           



Heliyon 10 (2024) e28480

5

drug-resistant bacteria between the ND_S group and the ND_NS group (P = 0.015). The distribution between the two groups is shown in 
Table 1. 

3.1.3. Comparison between death or DAMA group and clinical improvement group 
Considering the 31 sepsis patients, the clinical outcome in 5 patients was death, while the other 5 patients were discharged against 

medical advice (DAMA). Telephone follow-up showed that all 5 DAMA patients died on discharge. Therefore, they were assigned to the 
Death or DAMA group. Besides, the remaining 21 patients who achieved clinical improvement after treatment were assigned to the 
Clinical Improvement group. After statistical analysis, there were significant differences in APACHE II (29.80 ± 6.73 vs 22.48 ± 6.88, 
P = 0.009), length of ICU stay [10(6.75,20.25) vs 7(5,9), P = 0.039], Lac [5.52 (4.44, 11.02) vs 2.45 (1.59, 5.26), P = 0.048], OI [125 
(65.25, 210.5) vs 197 (164, 270.5), P = 0.019] between the Death or DAMA group and the Clinical Improvement group (Fig. 1A–D). 
Results of drug-resistant bacteria in the clinical course of the Death or DAMA group showed that the detected drug-resistant bacteria 
mainly included Klebsiella pneumoniae (3 cases, CRE), Acinetobacter baumannii (2 cases, CRE), Escherichia coli (1 case, ESBL+), Pseu
domonas aeruginosa (1 case, CRE), Enterobacter Kobe (1 case), Enterobacter cloacae (1 case), and Aspergillus group (1 case). 

3.2. Analysis of the composition of bacterial community 

3.2.1. Comparison between ND group and ND_HC group 
The top five phyla in the ND_HC group according to relative abundance were Firmicutes (relative abundance 66.73%), 

Fig. 2. Analysis of the composition of fecal microbiota in ND_HC group and ND group. (A) Circos map of the top five bacteria in relative abundances 
of the ND_HC group versus the ND group at the phylum level. (B)Heatmap of the relative abundances of bacterial groups in the ND_HC group versus 
the ND group at the genus level. (C)The top 30 bacteria in relative abundance of all samples in the ND_HC group and ND group at the genus level. 
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Actinobacteria (19.09%), Bacteroidetes (8.42%), Proteobacteria (4.24%), and Verrucomicrobia (1.24%). The abundance of Firmicutes 
(49.03%, as low as 6.04% in individual patients), Actinobacteria (14.72%, as low as 0.20% in individual patients), Bacteroidetes 
(5.98%, as low as 0.05% in individual patients) of ND group decreased, while the abundance of Proteobacteria (25.28%, as high as 
78.54% in individual patients) significantly increased. There were significant differences in Proteobacteria between two groups [18.87 
(5.13, 41.62) vs 2.73 (2.07, 4.41), P = 0.004] (Fig. 2A). Compared with the ND_HC group at the genus level, the relative abundance of 
Escherichia-Shigella [13.77(0.49, 27.95) vs 0.96(0.60, 2.22), P = 0.021] and Klebsiella [0.87(0.02, 1.49) vs 0.88 (0.64, 1.09), P = 0.025] 
of ND group significantly increased. The relative abundance of Enterococcus, Streptococcus, and Akkermansia was increased; however, 
the differences were not statistically significant (P > 0.05). The proportion of symbiotic bacteria such as Faecalibacterium, Bifido
bacterium, Bacteroides, and Ruminococcus significantly decreased (Fig. 2B). The top 30 relative abundances of the genus in ND group 
and ND_HC group are shown in Fig. 2C. 

3.2.2. Predominant flora and clinical etiological culture of some samples of ND group 

3.2.2.1. Escherichia-Shigella. The relative abundance of Escherichia-Shigella in the fecal samples of the ND group was greater than 50% 
with ND_NS_DS3 (78.36%), ND_S_DS6 (73.19%), ND_NS_DS2 (65.25%), ND_S_RS2 (61.93%), and ND_S_US11 (51.96%). Besides, both 
the clinical blood culture and liver pus culture of ND_NS_DS3 patients showed Escherichia coli [Extended spectrum beta-lactamases 
negative (ESBL− )]. Both sputum culture and bronchoalveolar lavage fluid culture of ND_S_RS2 were Enterobacter Kobe (non-CRE) 
and Enterobacter Cloacae (ESBL -). 

3.2.2.2. Enterococcus. The relative abundance of Enterococcus was >50% with ND_S_US4 (96.91%), and the clinical blood culture 
showed Escherichia coli (ESBL− ). 

3.2.2.3. Klebsiella. The relative abundance of Klebsiella was >50% with ND_S_RS1 (50.71%). All the sputum culture (8 times), 
bronchoalveolar lavage fluid culture (2 times), and urine culture (3 times) during the course of sepsis showed Klebsiella pneumoniae 
(CRE) and 3 sputum cultures showed Acinetobacter baumannii (CRE). 

3.2.3. Comparison between ND_S group and ND_NS group 
At the genus level, the top 6 genera with the highest relative abundance in the ND_NS group included Escherichia-Shigella, Bifi

dobacterium, Streptococcus, Erysipelotrichaceae_UCG-003, Bacteroides, and Ruminococcaceae_UCG-002. In addition to Escherichia-Shigella 
with the highest relative abundance, the other five, including Enterococcus, Bifidobacterium, Lactobacillus, Akkermansia, and Klebsiella 
ranked the highest in the ND_S group, among which Lactobacillus (P = 0.031) was higher in the ND_S group with a significant increase 
in the relative abundance of ND_S_RS10 (76.23%) and ND_S_RS1 (37%). The relative abundance of some fecal microbiota in the ND_NS 
group and ND_S group at the genus level are shown in Table 2 and Fig. 3A. 

3.2.4. Comparison between death or DAMA group and clinical improvement group 
The top 6 genera with the highest relative abundance in the Clinical Improvement group included Escherichia-Shigella, Bifido

bacterium, Enterococcus, Akkermansia, Faecalibacterium, and Lactobacillus. The Death or DAMA group showed an increased relative 
abundance of Escherichia-Shigella and Klebsiella compared with the Clinical Improvement group, but the difference was not statistically 
significant. However, the relative abundance of Bifidobacterium, Enterococcus, and Faecalibacterium was reduced in the Death or DAMA 
group, with Enterococcus (P = 0.019), Faecalibacterium (P = 0.048) being statistically significant between the two groups (Table 3, 
Fig. 3B). 

3.3. Analysis of bacterial diversity 

3.3.1. Analysis of alpha diversity 
Alpha diversity is a measure of how many microbial species exist in a single sample (i.e., species richness, richness) and the 

proportion of each microbial sample (i.e., evenness, evenness), which can be used for intuitive comparison of the diversity changes in 
the microbiota of different samples (or groups). Alpha analysis showed that compared with the ND_HC group, the alpha diversity of the 
fecal microbiota in the ND group decreased with significant differences in Observed_species index (p = 0.015), Chao1 index (p =
0.011), and ACE index (p = 0.0046) (Fig. 4A). Compared with the ND_NS group, the ND_S group had higher bacterial flora abundance 

Table 2 
Relative abundance of some fecal microbiota in the ND_NS group and ND_S group at the genus level (*p < 0.05).  

Group Relative abundance at the genus level 

Escherichia-Shigella Enterococcus Bifidobacterium Lactobacillus Akkermansia Klebsiella 

ND_NS group（n = 7） 20.13(0.38,65.25) 0.05(0.03,0.61) 6.77(0.82,61.79) 0.07(0.04,1.30) 0.00(0.00,1.21) 0.09(0.00,0.91) 
ND_S group（n = 24) 10.94(0.87,26.92) 0.09(0.03,1.25) 1.08(0.11,8.72) 1.25(0.38,4.63) 0.08(0.03,3.06) 0.90(0.02,4.16) 
Statistical value − 0.857 − 0.234 − 0.642 0.785 − 0.453 0.414 
p value 0.687 0.99 0.578 0.031* 0.687 0.093  
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with significant differences in Observerd_species index (p = 0.045) and ACE index (p = 0.04) (Fig. 4B). Yet, there was no significant 
difference in alpha diversity between the Death or DAMA group and the Clinical Improvement group (Fig. 4C). 

3.3.2. Analysis of beta diversity 
Beta diversity is a measure of the similarity in the composition of bacterial groups between different samples that focuses on the 

differences in the composition of bacterial groups between samples. In this study, principal coordinates analysis (PCoA) was used to 
distinguish differences in the composition of microbiota between samples. PCoA analysis showed that the ND group and ND_HC group 
could cluster together, and the bacterial community structure between the two groups was significantly different (P = 0.001) (Fig. 5A). 
In addition, PCoA analysis showed that the ND_S group and ND_NS group could cluster together, and there was a significant difference 
in the bacterial community structure between the two groups (P = 0.008) (Fig. 5B). However, there was no significant difference in 
beta diversity between the Death or DAMA group and the Clinical Improvement group (Fig. 5C). 

3.4. Analysis of flora difference 

LDA Effect Size (LEfSe) is an analytical tool for discovering and interpreting biomarkers in high-dimensional data, enabling 
comparisons between two or more groups to find biomarkers with significant differences between groups. The phylogenetic diagram 
showed that the relative abundance of dominant bacteria in the ND_HC group included Clostridiales, Ruminococcaceae, Lachnospiraceae, 
Bifidobacteriaceae, etc. The relative abundance of dominant bacteria in the ND group included mainly Enterobacteriaceae, Enter
ococcaceae, Clostridia Family_XIII, etc. The distribution of LDA value suggested that, compared with the ND_HC group, the species with 
significant differences in the ND group mainly included Enterobacteriaceae, Escherichia_Shigella, Enterococcus, Elizabethkingia, and 
Family_XIII_AD3011_group (Fig. 6A and B). 

4. Discussion 

Sepsis is a clinical syndrome accompanied by multiple organ dysfunction and high mortality, which occurs due to the imbalance in 
the body’s response to inflammation caused by microbial infection. Septic shock is also involved in abnormal circulatory, cellular and 
metabolic disorders, in addition to the imbalance in the body’s response to inflammation. According to the latest diagnostic criteria for 
sepsis (“Sepsis-3.0”) [2] and “Surviving Sepsis Campaign: international guidelines for the management of sepsis and septic shock 
2021” [1], multiple organ dysfunction is an important cause of poor prognosis in sepsis, so focusing on early identification of multiple 

Fig. 3. Differences in the composition of the fecal microbiota in the ND group of patients in different grouping conditions at the genus level. (A)The 
total percentage of relative abundance of some fecal microbiota in the ND_NS group versus the ND_S group at the genus level (ND_NS group n = 7; 
ND_S group n = 24). (B)The total percentage of relative abundance of some fecal microbiota in the Clinical Improvement (CI) group versus the Death 
or DAMA (De_DA) group at the genus level (Clinical Improvement group n = 21; Death or DAMA group n = 10). 

Table 3 
Relative abundance of some fecal microbiota in the Clinical Improvement group and Death or DAMA group at the genus level (*p < 0.05).  

Group Relative abundance at the genus level 

Escherichia - 
Shigella 

Bifidobacterium Enterococcus Faecalibacterium Lactobacillus Akkermansia Klebsiella 

Clinical Improvement 
(n = 21) 

3.37(0.32,22.6) 2.23 
(0.29,12.32) 

0.08 
(0.03,0.68) 

1.89(0.02,5.68) 0.79 
(0.11,3.67) 

0.08 
(0.00,1.22) 

0.20 
(0.01,1.30) 

Death or DAMA (n =
10) 

21.68 
(2.20,54.45) 

0.70(0.24,8.27) 0.10 
(0.03,2.66) 

0.59(0.07,3.46) 1.56 
(0.21,4.66) 

0.83 
(0.04,3.84) 

1.27 
(0.46,4.92) 

Statistical value − 0.139 0.733 0.412 − 0.151 − 0.369 0.311 0.060 
p value 0.193 0.105 0.019* 0.048* 0.99 0.193 0.769  
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organ dysfunction and appropriate treatment could improve the prognosis of these patients. As early as the 1980s, the gastrointestinal 
tract was considered the “motive force” organ for sepsis and multiple organ dysfunction syndromes in critically ill patients with shock, 
multiple trauma, burns, etc. The gastrointestinal tract was also considered to be largest “bacteria bank”. About 1013 to 1014 bacteria 

Fig. 4. Alpha diversity analysis of fecal microbiota in patients of ND group under different grouping conditions. (A)Alpha diversity analysis(as 
accessed by Observed_species index, Chao1 index, ACE index, Shannon index, Simpson index, and J index) of fecal microbiota in the ND_HC group 
(n = 15) and the ND group (n = 31). (B)Alpha diversity analysis(as accessed by Observed_species index, Chao1 index, ACE index, Shannon index, 
Simpson index, and J index) of fecal microbiota in the ND_NS group (n = 7) and the ND_S group (n = 24). (C)Alpha diversity analysis(as accessed by 
Observed_species index, Chao1 index, ACE index, Shannon index, Simpson index, and J index) of fecal microbiota in the Clinical Improvement (CI) 
group (n = 21) and the Death or DAMA (De_DA) group (n = 10). 

Fig. 5. Beta diversity analysis of fecal microbiota in patients of ND group under different grouping conditions. (A)Scatter plot of unweighted 
UniFrac PCoA showing Beta diversity of fecal microbiota in the ND_HC group (n = 15) and the ND group (n = 31). (B)Scatter plot of unweighted 
UniFrac PCoA showing Beta diversity of fecal microbiota in the ND_NS group (n = 7) and the ND_S group (n = 24). (C)Scatter plot of unweighted 
UniFrac PCoA showing Beta diversity of fecal microbiota in the Clinical Improvement (CI) group (n = 21) and the Death or DAMA (De_DA) group (n 
= 10). 
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live in the normal human intestine, which approximately equals the total number of human cells [16–18]. Under physiological 
conditions, these fecal microbiotas are relatively stable as an important part of the intestinal microecology, having an important role in 
intestinal immunity, nutrient metabolism, digestion and absorption, and maintenance of intestinal mucosal barrier function. Previous 
studies have confirmed that the intestinal flora participates in the pathophysiological process of sepsis by relying on the unique 
physiological environment of the intestine [19–22]. Prescott et al. [23] found a clear dose-response relationship between the 
imbalance of fecal microbiota and subsequent severe sepsis. A multicenter trial also showed that critical illness in the ICU could lead to 
a severe, rapid imbalance of fecal microbiota, manifested by reduced bacterial diversity and overgrowth of pathogenic bacteria [24]. 
Several related studies have also shown that the intestine is the first organ to be involved when sepsis is complicated by multiple organ 
dysfunction. Sepsis is often accompanied by intestinal barrier dysfunction, increased intestinal mucosal permeability, and bacterial 
shift, activation of the intestinal immune system, and similar, which promote the occurrence and development of sepsis [25–27]. 

There are 100–1000 species of bacteria in the intestine of healthy people. Under physiological conditions, the fecal microflora in 
the intestinal cavity is mainly composed of Firmicutes, Bacteroidetes, Actinomycetes, and Proteobacteria. Especially Bifidobacterium 
and other beneficial bacteria are involved in normal intestinal barrier function, nutrient metabolism, and immune regulation [28,29]. 
Under pathological conditions of a variety of acute and chronic diseases such as recurrent Clostridium difficile infection (RCDI), in
flammatory bowel disease (IBD), obesity, and similar, the fecal microbiota can be changed in terms of flora composition, quantity, 
diversity, and virulence, having an important role in these diseases [30–32]. Sepsis-related studies have also found multiple changes in 
the fecal microbiota in patients with sepsis, including reduced bacterial diversity, overgrowth of pathogenic bacteria, and increased 
abundance of potentially pathogenic genera [24,33–36]. This is in line with our results revealing that the alpha diversity of the fecal 
microbiota of the patients with sepsis significantly decreased. Beta diversity analysis also showed that the bacterial community 
structure of the patients with sepsis significantly changed. The patients in the control group were dominated by Firmicutes, Actino
bacteria, and Bacteroidetes at the phylum level, accounting for 94.24% of the total. However, the relative abundance of Firmicutes and 
Bacteroidetes in patients with sepsis decreased, while the relative abundance of Proteobacteria increased significantly. The results at 
the genus level showed that compared with the control group, the pathogenic bacteria, including Escherichia-Shigella and Klebsiella, in 
patients with sepsis significantly increased, while the abundance of Enterococcus also increased in some patients. In addition, the 
proportion of intestinal obligate anaerobic bacteria such as Faecalibacterium and Bifidobacterium decreased. LEfSe analysis also showed 
that the major differences between the ND group and the ND_HC group were in Enterobacteriaceae, Escherichia-Shigella, Enterococcus, 
etc. The study confirmed that ICU patients with sepsis could develop intestinal microecological disturbance, which is manifested by 
decreased abundance and diversity of fecal microbiota, decreased proportion of obligate anaerobic bacteria, and increased proportion 
of pathogenic bacteria such as facultative anaerobic or aerobic bacteria. 

Animal studies have confirmed that burnt mice suffer from impaired intestinal mucosal barrier function and abnormal fecal 
microbiota within 5 min of being burned [37]. De Souza et al. [38] found that the intestinal function of patients with sepsis was 
abnormal upon diagnosis. With the widespread application of broad-spectrum antibiotics in critically ill patients treated in the ICU, a 
large number of sensitive flora have been removed, while non-dominant flora such as opportunistic pathogens has proliferated in large 

Fig. 6. Differential analysis of fecal microbiota between ND group and ND_HC group. (A)The circles radiating from inside to outside in the 
evolutionary branching diagram represent the taxonomic rank from phylum to genus (or species). The diameter of the small circles is proportional to 
the relative abundance. (B)Linear discriminant analysis Effect Size (LEfSe) analysis demonstrated species with significantly different relative 
abundance in the ND_HC group versus the ND group. LDA Score >3, p < 0.05. 
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numbers, and many bacterial colonization targets on the intestinal mucosa have been exposed, thus leaving colonization space for 
pathogenic bacteria. In addition, during sepsis, due to endotoxin strikes, intestinal ischemia and hypoxia, weakened peristalsis, and 
decreased ability of the intestine to remove pathogenic bacteria, opportunistic pathogenic bacteria and pathogenic bacteria become 
dominant flora, and enter the circulatory system and various tissues and organs through the damaged intestinal mucosal barrier, 
eventually causing intestinal infection [39,40]. This study collected fecal samples from sepsis patients within 24 h of ICU admission. 
Our results showed that in patients with a relative abundance of Escherichia-Shigella in the ND group of fecal microbiota >50%, 
pathogenic cultures at multiple clinical sites (including blood, sputum, alveolar lavage fluid, and pus) in some patients were suggestive 
of Enterobacteriaceae growth. Clinical sputum, alveolar lavage fluid, and urine cultures repeatedly showed growth of Klebsiella pneu
moniae in patients with a relative abundance of Klebsiella > 50% in the fecal microbiota, which suggested that some of the Enterobacter 
and Klebsiella clinically cultured in these patients with sepsis may be of gut origin, thus further supporting the premise that the gut is a 
“platform” for bacterial dissemination for infections in multiple sites such as blood, urethra, respiratory tract, and surgical wounds. 
Interestingly, in the present study, the clinical blood culture of patients with a relative abundance of Enterococcus as high as 96.91% 
suggested Escherichia coli. The clinical data of this patient were reviewed. The patient was admitted to the hospital because of “dysuria, 
diarrhea with fever”, and his clinical diagnosis was septic shock, urinary tract infection, gastrointestinal tract infection, and diabetes 
mellitus. Considering that the patient had septic shock caused by multi-site infection, it was speculated that the blood culture of 
Escherichia coli might be the source of the urinary system. However, at this time, the patient’s fecal microbiota underwent significant 
changes, which were manifested by the overgrowth of a single Enterococcus and clinical symptoms of the gastrointestinal tract such as 
diarrhea. Thus, if the antibiotic was selected only based on the patient’s blood culture of Escherichia coli for treatment, the disease could 
be delayed, which suggests that fecal microbiota may provide some reference for clinicians to guide the empirical use of antibiotics. 
Our study also confirmed that the fecal microbiota of ICU patients with sepsis could exhibit overgrowth of a single pathogenic genus, 
which was similar to results reported by Lankelma et al. [41] and Zaborin et al. [34]. 

Septic shock tends to be accompanied by persistent hypotension induced by sepsis, and vasoactive drugs are still required to 
maintain mean arterial pressure (MAP) ≥ 65 mmHg and blood lactate level >2 mmol/L after adequate volume resuscitation, which is 
indicative of the sepsis combined with severe circulatory, cellular and metabolic disturbances. Thus, the death risk of septic shock is 
higher than that of sepsis [2]. Septic shock lacks characteristic clinical manifestations in the early stage and can easily progress to 
refractory hypotension in the late stage, which can be life-threatening. In fact, every second must be counted for treatment. Early and 
effective antibiotic treatment is vital to reduce mortality and improve prognosis. The latest guideline [1] still recommends immediate 
infusion of antibacterial drugs for suspected septic shock or high possibility of sepsis, preferably within 1 h after diagnosis; for those at 
risk of methicillin-resistant staphylococcus aureus (MRSA) infection, it is recommended to empirically apply antibacterial drugs 
covering MRSA, while for those at risk of multiple drug resistance (MDR), it is recommended to use two kinds of anti-gram-negative 
bacilli drugs empirically. For those at high risk of fungal infection, empiric antifungal therapy is recommended. Nevertheless, there is 
an obvious lag in obtaining etiological evidence in clinical practice. The choice of initial antibiotics should not only be based on 
patients’ clinical characteristics but also attention should be paid to the prevalence of bacteria in hospitals and the region and the trend 
of drug resistance. Previous studies have reported that the correct choice of empiric antibiotics is a key factor affecting the prognosis of 
patients, and inappropriate empiric antibiotic therapy is associated with significantly higher mortality [42,43]. Currently, among 
clinical studies on the changes in fecal microbiota in sepsis at home and abroad, there are few studies that distinguish the changes in 
sepsis and septic shock microbiota. In our study, the enrolled patients were divided into the ND_NS group and the ND_S group. No 
significant differences were found in the level of relevant indicators between the two groups. However, the 16S rDNA assay showed 
that the two groups’ relative abundance of bacteria at the genus level was different. In addition to the higher relative abundance ratio 
of Escherichia-Shigella in both groups, the ND_S group still showed an increasing trend in the relative abundance ratio of Klebsiella and 
Enterococcus, which were lower in the ND_NS group, thus suggesting that the increasing trend of the ratio of Klebsiella and Enterococcus 
may be associated with septic shock. Although there was no significant difference in the above bacterial groups between the two 
groups, there was a significant difference in drug-resistant bacteria between the two groups. Fifteen cases in the ND_S group were 
clinically detected with multidrug-resistant bacteria, including Escherichia coli, Klebsiella pneumoniae, and Enterococcus (Table 1), 
which was consistent with the relatively higher abundance ratios of Escherichia-Shigella, Klebsiella, and Enterococcus in the flora of ND_S 
group. According to the statistics of the China antimicrobial surveillance network (CHINET), the top five drug-resistant strains from 
2019 to 2022 were Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, Pseudomonas aeruginosa, and Acinetobacter baumannii. 
Studies have shown that Escherichia coli and Klebsiella pneumoniae are common Gram-negative bacteria that lead to the development of 
sepsis [44,45]. With the wide application of antimicrobial drugs and the existence of variability between different regions and in
dividuals, sepsis-resistant strains have gradually increased, exacerbating the difficulty of sepsis treatment. Our study suggested that, in 
addition to the recommendations of the guideline [1], the choice of empirical antibiotics for patients with septic shock in this region 
should be considered to cover pathogens such as drug-resistant Escherichia coli and Klebsiella pneumoniae. 

An article published in the Lancet [46] showed that there were approximately 48.9 million sepsis cases worldwide in 2017, of 
which 11 million patients died from sepsis, amounting to 19.7% of all deaths worldwide. Sepsis has become one of the major diseases 
threatening global health, and a variety of biomarkers and disease severity scales have been widely used in the diagnosis and prog
nostic evaluation of sepsis. Previous studies have shown [47–49] that the abnormal increase of lactate levels and the duration of high 
lactate levels in sepsis are positively correlated with the severity of the disease and mortality of patients. Critical illness scales such as 
the APACHE II and SOFA scales can be used to judge sepsis [50,51]. Currently, biomarkers such as PCT and CRP are commonly used in 
clinical practice to predict the mortality of critically ill patients such as sepsis [52,53]. Hyperoxemia or hypoxemia has also been 
associated with mortality in patients with sepsis [54–56]. Yet, the mortality rate of sepsis remains high, which is in part due to the lack 
of clinically effective means for early diagnosis and disease prediction. In this study, the clinical outcomes of patients with sepsis 
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included death, DAMA, and improvement of clinical condition. Telephone follow-up showed that all 5 DAMA patients died on 
discharge. Therefore, according to clinical outcomes, patients were subdivided into the Death or DAMA group and the Clinical 
Improvement group. The statistical analysis showed significant differences in APACHE II score, length of ICU stay, lactate level, and 
oxygenation index between the two groups. Meanwhile, we tested the changes in the flora composition of the Death or DAMA group 
and the Clinical Improvement group, finding the relative abundance of beneficial bacteria such as Faecalibacterium and Bifidobacterium 
in the Death or DAMA group had a decreasing trend. Interestingly, the relative abundance of Enterococcus in the Death or DAMA group 
was significantly lower, which was in contrast to the results of a recent study [57] that the abundance of Enterococcus increased to 
varying degrees in deceased patients with sepsis. Enterococci are members of the human immune system that are associated with 
diseases such as urinary tract infections, abdominal and pelvic infections, sepsis, and infective endocarditis [58], and are also common 
drug-resistant bacteria in the ICU. In this study, one case of blood cultured Enterococcus faecium and one case of urine cultured 
Enterococcus faecium were clinically positive in the Clinical Improvement group, which was not found in the Death or DAMA group. As 
the above contradictory results may be related to small sample size, subsequent multicenter studies with larger sample sizes are needed 
to verify the reported findings further. In addition, it was also found that the relative abundance of Enterobacteriaceae such as 
Escherichia-Shigella and Klebsiella in the Death or DAMA group showed an increasing trend, and the clinically detected drug-resistant 
bacteria in the Death or DAMA group were mainly Enterobacteriaceae, which indicated that the changes in this flora might be correlated 
with the risk of death in patients with sepsis. Subsequent studies should further investigate this with larger sample sizes. Our study also 
showed that, both the Alpha diversity and Beta diversity of fecal microbiota in patients of the Clinical Improvement (CI) group (n = 21) 
and the Death or DAMA group (n = 10) were no significant differences between these two groups, this may be related to the fact that 
our fecal specimens were collected only once within 24 h of the patient’s admission to the hospital and were not collected dynamically. 
Studies have shown that the diversity of the fecal microbiota and the structural composition of the flora change significantly over time 
in patients with sepsis after admission to the ICU [24,37,38,59], especially after various interventions such as medications in the ICU, 
and that the clinical outcomes of patients may be different. However, this was not further observed because of the timing of our 
sampling. Subsequently, we will continue to expand our sample sizes to further validate our main findings. 

5. Conclusion 

Through 16s rDNA sequencing of fecal samples from patients with sepsis, the study achieved the following results: (1) it was 
confirmed that ICU patients with sepsis have intestinal microecological disturbances, which were manifested as a decreased abundance 
of fecal microbiota, decreased diversity, and even overgrowth of a single pathogen; (2) the fecal samples of patients in the early stage of 
sepsis were assessed, revealing that the main composition of the bacterial flora of some patients was consistent with the clinical 
etiological results of the patients, which suggested that the positive pathogenic bacteria in the clinical culture of patients with sepsis 
may be of gut origin and can provide certain ideas and guidance for the selection of clinical empirical antimicrobials; (3) in ICU 
patients with sepsis, the trend of elevated relative abundance of some pathogenic gut microbes such as Escherichia-Shigella and 
Klebsiella may be correlated with septic shock and the risk of death. However, there were still many limitations to our study. First of all, 
the 16s rDNA sequencing method is limited by factors such as differences in sample collection/processing processes, limited versatility 
of amplification primers, and limitations of analysis methods. Moreover, our study was limited by the small sample size, the regionality 
of the research subjects, and only one detection of fecal flora in patients with sepsis. The application of molecular biology techniques in 
the field of microecology and the in-depth understanding of the intestinal microecology of patients with sepsis in the future research on 
the mechanism of fecal microbiota in the occurrence and development of sepsis are expected to become important approaches for 
therapy for sepsis. 
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