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ABSTRACT  
Coronavirus disease 2019 (COVID-19) is a highly contagious infectious disease. Similar to H7N9 infection, pneumonia and cytokine storm are 

typical clinical manifestations of COVID-19. Our previous studies found that H7N9 patients had intestinal dysbiosis. However, the relationship 

between the gut microbiome and COVID-19 has not been determined. This study recruited a cohort of 57 patients with either general (n = 20), 

severe (n = 19), or critical (n = 18) disease. The objective of this study was to investigate changes in the abundance of ten predominant intestinal 

bacterial groups in COVID-19 patients using quantitative polymerase chain reaction (q-PCR), and to establish a correlation between these bacterial 

groups and clinical indicators of pneumonia in these patients. The results indicated that dysbiosis occurred in COVID-19 patients and changes in 

the gut microbial community were associated with disease severity and hematological parameters. The abundance of butyrate-producing bacteria, 

such as Faecalibacterium prausnitzii, Clostridium butyricum, Clostridium leptum, and Eubacterium rectale, decreased significantly, and this shift 

in bacterial community may help discriminate critical patients from general and severe patients. Moreover, the number of common opportunistic 

pathogens Enterococcus (Ec) and Enterobacteriaceae (E) increased, especially in critically ill patients with poor prognosis. The results suggest that 

these bacterial groups can serve as diagnostic biomarkers for COVID-19, and that the Ec/E ratio can be used to predict death in critically ill patients. 

 

1. Introduction 

Coronavirus disease 2019 (COVID-19) is a highly contagious infectious disease. The etiological agent has been designated 

as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) by the coronavirus study group of the International 

Committee on Taxonomy of Viruses. The most common clinical manifestation of COVID-19 is pneumonia.  

H7N9 is a viral infectious disease that causes pulmonary damage. A previous study found that intestinal dysbiosis occurred 

in H7N9, especially in severe and critical patients [1]. Qin et al. [2] analyzed the composition of the intestinal microbiota of 

26 H7N9 patients and found that the number of Bacteroides decreased while the number of Proteobacteria increased at the 

phylum level. At the genus level, the number of Eubacterium rectale and Bifidobacterium dramatically decreased, while the 

number of Salmonella and Enterococcus (Ec) increased in H7N9 patients. Beneficial intestinal bacteria can modulate immune 

function [3]. A prospective study in intensive care unit (ICU) patients showed that the serum levels of interleukin-6 (IL-6) 

decreased as systemic inflammation decreased using probiotics [4]. Imbalance in the intestinal microbiota seems to be related 

to the inflammatory response in humans [5], and changes in the composition of the gut microbiome are associated with 

secondary infections induced by bacterial translocation from the gastrointestinal tract [5]. Bacterial translocation is an 

important contributor to multiple organ dysfunction syndrome (MODS) [6,7]. Clinical studies have shown that intestinal 

bacteria are influenced by hypoxia, ischemia, and the use of antibiotics in critical patients. Modulators of gut microbiota help 

prevent infections, pyemia, and MODS [8].  

COVID-19 is an acute respiratory viral infection that leads to cytokine release syndrome in severe and critical cases. The 
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serum levels of IL-6 increase significantly in severe patients [9]. Acute respiratory distress syndrome is the most common 

organ dysfunction in COVID-19 [10]. According to the abundance and clinical significance of bacteria in the intestinal tract, 

we selected ten kinds of main bacterial groups for detection by quantitative polymerase chain reaction (q-PCR), including 

probiotics (Lactobacillus and Bifidobacterium), conditionally pathogenic bacteria (Ec, E, and Atopobium), and other effective 

symbiotic bacteria (Faecalibacterium prausnitzii (F. prausnitzii), Clostridium butyricum (C. butyricum), Clostridium leptum 

(C. leptum), Eubacterium rectale (E. rectale), and Bacteroides), and explored the relationship of these groups with the severity 

of COVID-19. 

2. Material and methods 

2.1. Study design 

Ten predominant intestinal bacterial groups were detected in fresh stool specimens of 57 COVID-19 patients with 

pneumonia. All patients were classified into one of three groups—general, severe, or critical—according to the diagnostic 

criteria of the Chinese clinical guidance for COVID-19 pneumonia diagnosis and treatment (7th edition) [11]. 

According to these criteria, cases with fever, respiratory symptoms, and lung imaging evidence of pneumonia were 

considered general. Cases with a respiratory rate (RR) ≥ 30 per minite, oxygen saturation ≤ 93% at rest, arterial partial pressure 

of oxygen (PaO2)/fraction of inspiration oxygen (FiO2) ≤ 300 mmHg （1 mmHg = 133.3 Pa）, or significant improvement 

in lung imaging lesions (>50%) within 24‒48 h were considered severe. Cases with respiratory failure requiring mechanical 

ventilation, shock, or other organ failure requiring ICU care were considered critical [11]. All clinical data, including 

biochemical and immunological indexes were collected from electronic medical records and are shown in Table 1. 
 

Table 1  

Personal and laboratory findings of 57 cases of COVID-19 with pneumonia in the general, severe, and critical groups. 

Variable 
Disease subtype 

General (n = 20) Severe (n = 19) Critical (n = 18) P value 

Age, median (IQR) 59 (53‒63) 66 (61‒74) 68 (55‒70) 0.026* 

Sex (male) 8 (40.0%) 9 (47.4%) 12 (66.7%) 0.242 

Length of stay in hospital (d) 20 (14‒24) 23(19‒27) 22(13‒28) 0.221 

Underlying disease 10 (50.0%) 12 (63.2%) 14 (77.8%) 0.208 

Hypertension 7 (35.0%) 8 (42.1%) 12 (66.7%) 0.02* 

Diabetes mellitus 3 (15.0%) 0 (0%) 6 (33.3%) 0.021* 

WBC (× 109 L‒1) 4.96 (4.60‒6.60) 6.40 (4.90‒9.00) 8.00 (6.60‒11.60) 0.002** 

Neutrophil ratio (%) 56.2 (60.0‒66.7) 66.5 (59.7‒74.0) 88.7 (75.4‒91.5) < 0.0001*** 
Lymphocyte ratio (%) 30.95 (21.5‒36.1) 20.5 (13.7‒28.5) 6.3 (3.2‒13.9) < 0.0001*** 

Monocyte ratio (%) 9.4 (6.7‒11.8) 9.0 (7.9‒10.5) 3.7 (2.5‒6.6) 0.001*** 

Platelet count (× 109 L‒1) 198.5 (141.0‒269.5) 260.0 (213.0‒322.0) 145.0 (98.3‒288.0) 0.08 

CRP (mg·L‒1) 5.0 (5.0‒10.9) 6.0 (4.0‒25.7) 47.1 (23.1‒100.1) 0.001*** 

PCT (ng·mL‒1): 0.033 (0.027‒0.054) 0.057 (0.033‒0.076) 0.147 (0.099‒0.336) < 0.0001*** 

D-dimer (mg·L‒1) 0.87 (0.50‒1.30) 1.60 (0.60‒3.20) 5.10 (3.10‒19.50) < 0.0001*** 

IL-6 (pg·mL‒1) 2.47 (1.50‒3.70) 5.00 (1.60‒17.10) 12.40 (6.50‒55.20) 0.002** 
ALT (U·L‒1) 23.0 (17.3‒51.8) 35.0 (32.0‒73.0) 28.0 (17.5‒40.8) 0.149 

AST (U·L‒1) 20.5 (17.0‒25.0) 34.0 (21.0‒40.0) 30.5 (19.3‒48.0) 0.05 

ALB (g·L‒1) 36.5 (32.5‒41.2) 36.7 (33.9‒40.7) 31.9 (28.7‒34.7) 0.001*** 

Creatinine (μmol·L‒1) 59.5 (50.8‒67.8) 52.0 (42.0‒64.0) 56.0 (41.0‒66.3) 0.362 

CK (U·L‒1) 39.0 (24.0‒58.0) 26.0 (17.0‒42.0) 39.5 (22.8‒56.5) 0.204 

LDH (U·L‒1) 204.0 (177.8‒250.5) 219.0 (183.0‒253.0) 377.0 (350.0‒592.8) < 0.0001*** 

Myoglobin (μg·L‒1) 28.4 (19.0‒41.8) 28.5 (21.2‒34.8) 60.0 (30.8‒139.0) 0.006** 

Significant differences among general, severe, and critical groups are indicated by asterisks (*: P < 0.05, **: P < 0.01, ***: P < 0.001).  

IQR: interquartile range; WBC: white blood cell; CRP: C-reactive protein; PCT: procalcitonin; ALT: alanine aminotransferase; AST: aspartate 

aminotransferase; ALB: albumin; CK: creatine kinase; LDH: lactate dehydrogenase. 

 

2.2. Use of q-PCR to detect predominant intestinal bacterial population 

The primers used are shown in Table S1. All oligonucleotide primers were synthesized by GenScript (China). A ViiATM 7 

real-time PCR system (Applied Biosystems, USA) was used to perform q-PCR. Amplification reactions contained 10 μL of 

SYBRTM green PCR master mix (TongChuang, China), 8 μL of primer (0.2‒0.6 μmol·L‒1), and 2 μL of crude template DNA 

or 2 μL of water (negative control), for a final volume of 20 μL. Each reaction was performed in triplicate, and a Δcycle 

threshold (Ct) < 0.5 between duplicates was required. Amplifications were performed with the following temperature profiles: 

one cycle at 95 °C for 3 min, followed by 40 cycles at 95 °C for 15 s and at 60 °C for 30 s. The annealing and plate-reading 

temperatures for each primer pair are shown in Table S1. The copy number of ribosomal DNA (rDNA) operons of targeted 

bacteria in crude DNA templates was determined by comparison with serially diluted plasmid DNA standards run on the same 

plate. Plasmid DNA standards were made from known concentrations of plasmid DNA that contained the respective amplicon 
for each set of primers. 

2.3. Statistical analysis 
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SPSS software version 22.0 and GraphPad Prism version 8 were used for statistical analyses. Normally distributed data 

were expressed as means and standard deviations, whereas non-normally distributed data were presented as median and 

interquartile range (IQR). Intergroup differences in clinical data were analyzed by one-way analysis of variance (ANOVA). 

Non-normally distributed data were analyzed using the Mann‒Whitney U-test or the Kruskal‒Wallis test. Categorical data 

were compared by means of the χ2 test. Correlations between the microbiota and laboratory findings were established using 

Pearson correlation analysis. Receiver operating characteristic (ROC) curves were constructed to determine the optimal cutoff 

values. The area under the curve (AUC) was used to compare the diagnostic value of the microbial composition. P values of 

less than 0.05 were considered to be statistically significant. 

2.4. Ethics 

This study was approved by the Clinical Research Ethics Committee of Renmin Hospital of Wuhan University 

(WDRY2020-K153). The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki [12]. 

3. Results 

3.1. Demographic and clinical characteristics 

All patients with pneumonia were classified as general, severe, or critical, according to the Chinese clinical guidance for 

COVID-19 pneumonia diagnosis and treatment (7th edition) [11]. Ten predominant intestinal bacterial groups were identified 

in the study population. Twenty patients presented general disease; the median age was 59 years (IQR, 53–63), and the male-

to-female ratio was 2:3 (Table 1). Nineteen patients presented severe disease; the median age was 66 years (IQR, 61–74), and 

the male-to-female ratio was 9:10. Eighteen patients presented critical disease; the median age was 68 years (IQR, 55–70), 

and the male-to-female ratio was 2:1. The median age of the severe and critical groups was higher than that of the general 

group. There was no significant difference in the sex ratio among the three groups. The time interval from admission to 

bacterial identification in the three groups was 20, 23, and 22 d, respectively, without significant difference between the groups. 

Many patients had more than one chronic disease, including hypertension, diabetes, liver disease, and kidney disease. The 

proportion of patients with chronic diseases in the three groups was 50.0%, 63.2%, and 77.8%, respectively. There was a 

significant difference in the rate of hypertension among the groups (P < 0.05), corresponding to 35.0% (7), 42.1% (8), and 

66.7% (12), respectively, with an upward trend in all groups. There was no significant difference in the rates of liver and 

kidney disease because the sample size was small. 

3.1.1. Laboratory findings 

There was a significant difference in white blood cell (WBC) count (P < 0.05) among the three groups. WBC count was 

significantly higher in the critical group than in the general group (P < 0.05), but there was no significant difference in this 

parameter between the general and severe groups. The number of neutrophils, lymphocytes, and monocytes was significantly 

different among the three groups (P < 0.05). There was no significant difference in the serum levels of C-reactive protein 

(CRP), procalcitonin (PCT), and IL-6 between the general and severe groups, whereas the levels of these markers were 

significantly higher in the critical group than in the severe group (P < 0.05). There was a significant difference in the levels 

of D-dimer, myoglobin, and lactate dehydrogenase (LDH) between critical and severe patients (P < 0.05), but no significant 

difference between general and severe patients. There was no significant intergroup difference in alanine aminotransferase 

(ALT), aspartate aminotransferase (AST), and creatinine. Serum albumin (ALB) level was significantly lower in critical 

patients. 

3.1.2. Treatment and outcomes 

A total of 50.9%, 5.3%, and 12.3% of our patients received antibiotics, antifungal drugs, and probiotics, respectively. 

Antibiotics and antifungal drugs were used more frequently in critical patients. Probiotics were not used regularly. One patient 

in the general group (5.0%), four patients in the severe group (21.1%), and two patients in the critical group (11.1%) were 

given probiotics. Eight of the 18 patients (44.4%) from the critical group died. 

3.2. Changes in the composition of the gut microbiome in COVID-19 patients with pneumonia 

The abundance of probiotic bacteria Lactobacillus and Bifidobacterium and of anti-inflammatory bacteria F. prausnitzii, C. 

butyricum, C. leptum, and E. rectale decreased in all patients. The abundance of conditional pathogenic bacteria E decreased 

as the concentration of Ec increased. The concentration of Atopobium did not change significantly. The abundance of 

Bacteroides was not significantly different between the three groups, corresponding to 55.0%, 47.4%, and 61.1% decreased, 

respectively, but was close to the lower limit of the normal range. 

Lg was used for the bacterial population values (copy number of fecal bacteria per gram) (Fig. 1). The number of probiotic 

and anti-inflammatory bacteria were significantly different between the three groups. The number of beneficial bacterial 

decreased as disease severity increased. The Ec/E ratio was calculated as lg(1000 × Ec/E). Bacterial counts were shown as lg 

and were multiplied by 1:1000, according to the Ec/E ratio in healthy individuals as reported in our previous study. This ratio 

was significantly increased in critical patients. 
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Fig. 1. Lg values of copies of microbial DNA per gram of feces in general, severe, and critical patients with COVID-19 pneumonia, respectively, 

and the normal reference range for each bacterial strain. (a) Lactobacillus: the median value was 1.8 × 104 in the general group, 1.8 × 104 in the 

severe group, and 2.0 × 102 in the critical group; and the normal reference range was 1.0 × 106–9.0 × 108. (b) Bifidobacterium: the median value 

was 5.7 × 106 in the general group, 4.4 × 106 in the severe group, and 1.4 × 104 in the critical group; and the normal reference range was 1.0 × 

105–9.0 × 108. (c) F. prausnitzii: the median value was 5.0 × 106 in the general group, 1.6 × 105 in the severe group, and 1.7 × 104 in the critical 

group; and the normal reference range was 1.0 × 106–9.0 × 109. (d) C. butyricum: the median value was 1.6 × 105 in the general group, 1.9 × 105 

in the severe group, and 3.1 × 102 in the critical group; and the normal reference range was 1.0 × 105–9.0 × 108. (e) C. leptum: the median value 

was 4.3 × 106 in the general group, 6.4 × 105 in the severe group, and 1.4 × 104 in the critical group; and the normal reference range was 1.0 × 

106–9.0 × 108. (f) E. rectale: the median value was 1.8 × 104 in the general group, 8.2 × 104 in the severe group, and 4.9 × 101 in the critical group; 

and the normal reference range was 1.0 × 105–9.0 × 106. (g) E: the median value was 1.1 × 104 in the general group, 8.6 × 104 in the severe group, 

and 2.4 × 102 in the critical group; and the normal reference range was 1.0 × 105–9.0 × 106. (h) Atopobium: the median value was 6.9 × 106 in the 

general group, 4.3 × 106 in the severe group, and 2.2 × 104 in the critical group; and the normal reference range was 1.0 × 103–9.0 × 106. (i) 

Intestinal Ec/E ratio: the median value in the general, severe, and critical groups was 0.4, 0.7, and 3.3, respectively. Statistical analysis was 

performed with one-way ANOVA. Values are mean ± standard deviation. *: P < 0.05, **: P < 0.01, ***: P < 0.001. Lg(copies·g‒1): lg values of 

copies of microbial DNA per gram of feces. 

 

3.3. Correlation between bacterial abundance and clinical indicators in COVID-19 with pneumonia 

A Pearson correlation analysis was performed between ten bacterial groups and clinical indicators of COVID-19 to 

determine the clinical value of the intestinal microbiota (Fig. 2). There was a significant correlation between butyrate-

producing bacteria (BPB) and inflammatory markers (CRP, WBC, lymphocyte ratio, neutrophil ratio, and IL-6). 
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Fig. 2. Correlation between intestinal bacteria and clinical indexes in COVID-19 with pneumonia. (a) General patients; (b) severe patients; (c) 

critical patients. PT: prothrombin time, PTA: prothrombin activity. R: Pearson correlation coefficient. 

 

In the general group, C. butyricum was negatively correlated with CRP levels (Pearson correlation coefficient (R) =－0.5). 

In the severe group, F. prausnitzii and C. leptum were positively associated with neutrophil levels (R = 0.5), and E. rectale was 

positively correlated with IL-6 levels (R = 0.7). In the critical group, there was a negative correlation between C. butyricum 

and CRP (R =－0.7) or neutrophil levels (R =－0.6), and between F. prausnitzii and CRP (R =－0.6). 

Shifts in specific bacterial groups were related to changes in the concentration of liver function markers ALT and AST. In 

general and severe patients, the conditional pathogenic E was positively correlated with AST (R = 0.5 and 0.6, respectively). 

Moreover, the abundance of Ec was positively correlated with abnormal serum concentrations of ALT (R = 0.5) in severe 

patients. In the critical group, the probiotic Bifidobacterium was negatively correlated with ALT and AST (both R =－0.6). 

Some bacterial species were linked to markers of organ dysfunction (D-dimer, LDH, CK). In the general 

group, Lactobacillus was negatively associated with prothrombin time (PT) (R =－0.6). In the critical group, there was a 

negative correlation between Bifidobacterium and PT and LDH (R =－0.6 and －0.5, respectively). Furthermore, there was 

a negative relationship between Atopobium and D-dimer levels (R =－0.5) and between Bacteroides and LDH and CK levels 

(R =－0.6) in the critical group. 

3.4. Intestinal microecological failure occurred in critical patients 

Seven beneficial bacteria, including probiotic bacteria (Lactobacillus and Bifidobacterium), anti-inflammatory bacteria (F. 

prausnitzii, C. butyricum, C. leptum, and E. rectale), and Bacteroides, were chosen for further analysis. If we chose 1000 fold 

under the lower limit of the normal range as the threshold of obvious disorder, more than one specie disorder accounted for 

80.0%, 84.2%, and 94.4% of general, severe, and critical patients, respectively. The abundance of beneficial bacteria decreased 

significantly in critical patients, and ten patients (55.6%) appeared to present intestinal microecological failure with more than 

three kinds of bacterial disorder. The bacterial count of these groups was decreased in 15 patients, and the mortality rate of 

these patients in 7 and 14 d was 26.7% and 40.0%, respectively. 

Both Ec and E are conditional pathogens. The mean Ec/E ratio was 1.3 ± 2.5 in survivors (49 patients) and 3.3 ± 1.4 in non-

survivors (8 patients) (P < 0.05). The Ec/E ratio increased in 17 out of 18 critical patients. 

3.5. Prognostic value of the decrease in the abundance of BPB in critical patients 

Four BPB—F. prausnitzii, C. butyricum, C. leptum, and E. rectale—were identified. ROC analysis was used to compare 

the microbiota of general and critical patients. The AUC for F. prausnitzii, C. butyricum, C. leptum, and E. rectale was 0.70 

(95% confidence interval (CI), 0.50–0.89; specificity (SPE), 0.44; sensitivity (SEN), 0.93), 0.73 (95% CI, 0.54–0.92; SPE, 

0.84; SEN, 0.62), 0.75 (95% CI, 0.57–0.92; SPE, 0.88; SEN, 0.57), and 0.79 (95% CI, 0.61–0.98; SPE, 0.71; SEN, 0.92), 

respectively, and the cutoff values were 6.4 × 104, 2.2 × 103, 7.8 × 104, and 2.8 × 103, respectively (Fig. 3(a)). ROC analysis 

was performed to assess the prognostic value of BPB in severe and critical patients. The AUC for F. prausnitzii, C. butyricum, 

C. leptum, and E. rectale was 0.87 (95% CI, 0.74–0.99; SPE, 0.78; SEN, 0.86), 0.81 (95% CI, 0.64–0.97; SPE, 1.00; SEN, 

0.54), 0.81 (95% CI, 0.65–0.97; SPE, 0.77; SEN, 0.86), and 0.82 (95% CI, 0.65–0.98; SPE, 0.61; SEN, 0.92), respectively, 

and the cutoff values were 1.7 × 106, 8.8 × 102, 8.0 × 105, and 1.8 × 102, respectively (Fig. 3(b)). 
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Fig. 3. ROC curves of the prediction of gut microbiota signatures with AUC values. (a) ROC curve of general versus critical patients. (b) ROC 

curve of severe versus critical patients. 

 

4. Discussion 

Patients with COVID-19 were classified into three groups according to disease severity. The results showed that critical 

patients were slightly older than general and severe patients. Moreover, critical patients had more underlying diseases, and 

WBC, PCT, IL-6, D-dimer, LDH, and CRP in peripheral blood were significantly higher in this group than in the other two 

groups, whereas the levels of these markers did not differ significantly between general and severe patients. However, there 

were no significant differences in the serum levels of ALT, AST, and creatinine between the three groups. 

In our study, eight patients died (all with very severe disease), 50.9% of patients were treated with antibiotics, especially 

critical patients, and seven patients received probiotics. For severe and critical patients, antibiotic use was high because of the 

need to prevent and control secondary infections. Detecting changes in the composition of the intestinal microbiota can reveal 

intestinal microflora disorder in patients with COVID-19, especially severe and critical patients, to provide clues for empirical 

antibiotic treatment. 

As the largest immune organ of the human body, the intestine harbors approximately 1014 bacteria [13]. The gut microbiome 

is an indispensable functional organ and participates in immune response regulation, nutrient absorption and metabolism, and 

the control of infection [14‒16]. However, the homeostasis between the intestinal microbiome and the host immune system 

is impaired as viral infections, antibiotic use, and chemotherapeutic applications increase [1,3]. Microbiota dysbiosis is the 

abnormal shift in the number, species, and proportion of normal microbial populations in the intestine, which results in an 

abnormal physiological and pathological combination. There were significant changes in the intestinal microbiota in our 

cohort of patients with COVID-19, as was observed in H7N9 patients, including a decrease in the number of Lactobacillus, 

Bifidobacterium, and BPB, and an overgrowth of opportunistic pathogens such as Ec and E, which are involved in disease 

severity [2]. 

Mounting evidence has shown that the predominant bacteria we selected play a vital role in intestinal homeostasis in the 

intestinal tract. It is known that Lactobacillus and Bifidobacterium produce lactic acid and play an important role in regulating 

immunity and maintaining intestinal barrier function [17,18]. F. prausnitzii, C. butyricum, C. leptum, and E. rectale produce 

short-chain fatty acids (SCFAs) and contribute to host resistance to enteric pathogen colonization and immunomodulation. E, 

particularly Escherichia coli (E. coli), have been noted for their various virulence factors. Therefore, we hypothesized that 

measuring the abundance of this bacterial group during COVID-19 would reveal the dysbiosis of intestinal microecology, 

including bacterial community composition and function. 

The abundance of Lactobacillus and Bifidobacterium was below the normal range (Fig. 1), especially in the critical group, 

which agrees with the findings in severe H7N9 patients [2]. In addition, Lactobacillus was not detected in some patients. The 

abundance of Bifidobacterium was negatively correlated with ALT, AST, and LDH in critical patients, suggesting that 

Bifidobacterium is associated with the maintenance of liver and heart function. 

The abundance of BPB, such as F. prausnitzii, C. butyricum, C. leptum, and E. rectale, was decreased in most COVID-19 

patients. The median count of these species was close to the lower limit of the normal range in the general and severe groups, 

and below the lower limit of the normal range in the critical group. Butyrate plays an important role in inhibiting the 

overgrowth of opportunistic pathogens, maintaining the integrity of the intestinal mucosal barrier, activating the adaptive 

immune response, and enhancing antiviral immunity [19,20]. An in vitro study has shown that butyrate can regulate the 

number and function of regulatory T cells (Tregs) and promote the activation of T helper 17 (Th17) and T helper 1 (Th1) cells 

[21]. Moreover, it has been shown that the intensity of the inflammatory response—especially of a cytokine storm—is related 

to the aggravation of COVID-19 [22]. It has been suggested that BPB play an important role in SARS-CoV-2 infections. The 

lower the number of anti-inflammatory bacteria is, the worse the disease severity will be. The reduced abundance of BPB in 

critical patients may be related to decreased immunity and inflammation against viral pneumonia. The Pearson correlation 
coefficient between the number of BPB and the levels of peripheral inflammatory markers was negative for the association 
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between C. butyricum and CRP level (R =－0.5) in the severe group, as well as for the association between C. butyricum and 

CRP (R =－0.7), C. butyricum and neutrophils (R =－0.6), and F. prausnitzii and CRP (R =－0.6) in the critical group. 

Therefore, the decrease in BPB may aggravate the inflammatory response to viral pneumonia and may be positively linked to 

disease severity. Thus, shifts in the populations of F. prausnitzii, C. butyricum, C. leptum, and E. rectale can be used to predict 

disease severity. Changes in the abundance of BPB could accurately discriminate critical patients from general patients, and 

microbial signatures may be a powerful tool to predict disease severity. 

Qin et al. [2] found that populations of F. prausnitzii and E. rectale significantly decreased in H7N9 patients, suggesting 

that the decrease in BPB in COVID-19 patients may be linked to the inflammatory pathogenesis of respiratory viral infections 

and, consequently, to cytokine release syndrome. Microbiota-targeted therapies administered at the early stage of COVID-19 

may help decrease the number of severe and critical cases. However, it is notable that the abundance of C. butyricum decreased 

in COVID-19 patients but increased in H7N9 patients. Therefore, more studies are necessary to elucidate the effect of viral 

infections on the dynamics of beneficial intestinal bacteria. 

Opportunistic pathogens such as Ec and E can enter the bloodstream through the intestinal barrier and cause infection. 

Moreover, the overgrowth of opportunistic pathogens causes further intestinal dysbiosis, impairment of the intestinal epithelial 

barrier, and secondary infections [5,23,24]. In the present study, the Ec/E ratio increased in 73.7% (42/57) of patients, 

especially in the critical group, and was significantly higher in severe patients and non-survivors than in general patients and 

survivors. The abundance of E was lowest in critical patients, which may be due to the use of antibacterial drugs. The exposure 

of critical patients to antibiotics such as carbapenem and cephalosporins significantly decreased the population of E, which 

increased Ec/E ratio and caused further dysbiosis [1]. Moreover, the abundance of Ec was positively correlated with abnormal 

serum concentrations of ALT (R = 0.5) in severe patients. In addition to secondary fungal infections, attention should be paid 

to the occurrence of vancomycin-resistant Ec bloodstream infections during the treatment of late complications [25]. 

Preventing bacterial translocation from the gastrointestinal tract is a priority in the treatment of COVID-19 and associated 

complications. However, empiric prophylaxis at the expense of maintaining a balance in the gut microbiota is a risk factor for 

secondary bacterial and fungal infections. Microbiota-targeted therapies have not currently received enough attention in the 

study of acute infectious diseases [26]. A small number of patients in our cohort received probiotic supplements to improve 

the gut microbiota and maintain the integrity of the intestinal barrier. 

Qin et al. [2] compared the intestinal microbiome of 40 H7N9 patients with healthy controls and found that the abundance 

of Bacteroides decreased in the former, while the number of pathogens such as E. coli and Ec increased. Similarly, the 

abundance of Bacteroides decreased in severe and critical cases of COVID-19. Bacteroides is beneficial to the host when 

located in the gut, but can cause significant pathology when translocated to other sites [27]. Moreover, Bacteroides can 

produce SCFAs, which improve intestinal function, microbial balance, and the host immune system [28]. However, some 

Bacteroides species may cause infection. Nevertheless, the role of this bacterial group in COVID-19 is unclear [29]. 

Changes in bacterial abundance were associated with abnormal serum concentrations of markers of organ dysfunction, such 

as D-dimer, LDH, and CK. For example, the abundance of lactic acid bacteria was negatively correlated with PT (R = －0.6) 

in general patients. There was a negative correlation between Bifidobacterium and PT (R =－0.6) and LDH (R =－0.5) in the 

critical group, as well as the correlation of Atopobium and D-dimer, and Bacteroides and LDH/CK. Therefore, intestinal 

dysbiosis may lead to changes in hematological parameters [30]. 

In our clinical experience, we monitored the shifts in ten predominant intestinal bacterial groups by q-PCR in order to 

achieve complementary personalized infection control strategies and maintain intestinal microbial balance. q-PCR is fast, 

easy to use, reliable, and less laborious than second-generation sequencing [31]. Promptly detecting microbial imbalance 

helps clinicians to implement effective diagnostic and therapeutic interventions, reduce the severity of diseases caused by 

intestinal dysbiosis and even failure, and improve treatment. The receptor used by SARS-CoV-2 to enter host cells is 

angiotensin-converting enzyme 2 (ACE2) [32]. ACE2 receptors are present in almost all human cells, and it is reported that 

SARS-CoV-2 can be detected in feces [9,33]. We postulate that intestinal dysbiosis increases the risk of viral infections 

because the microbiome helps maintain the integrity of the intestinal mucosa. Given the key role of the gut microbiome in 

COVID-19 patients, including antiviral response and prevention of infections, it is crucial to identify the interaction between 

viruses and the gut microbiota and its effect on host response to SARS-CoV-2 infection. 

5. Conclusions 

Our results demonstrated a potential correlation between changes in intestinal bacterial populations and hematological 

parameters in COVID-19 patients. The present study is the first to use Ec/E ratio to predict death in critically ill patients. 
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