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Background: Most COVID-19 patients are moderate, and fever is the most common 
clinical manifestation and associated with poorer prognosis. Gut microbiota may also play 
important roles in COVID-19 pathogenesis. However, the association between gut micro-
biota and fever in individuals with moderate COVID-19 remains unclear.
Methods: We compared the clinical features and laboratory results of 187 moderate 
COVID-19 patients with fever and without fever and identified several inflammatory markers 
in patients with fever. Then, we performed gut metagenome-wide association study for 31 
individuals to identify the microbes and their epitopes which have potential role in fever and 
hyperinflammation.
Results: Among 187 moderate COVID-19 patients, 127 (67.9%) patients presented with 
fever. Lymphocytes, CD3+ T cells, CD4+ T cells and the ratio of CD4+ T cells to CD8+ 
T cells were significantly reduced, while AST, LDH, CRP, IL-6 and IL-10 were significantly 
elevated in patients with fever. Gut microbiome composition was significantly altered in 
patients with fever compared with those with non-fever. Opportunistic pathogens such as 
Enterococcus faecalis and Saccharomyces cerevisiae were enriched in patients with fever. 
E. faecalis was positively correlated with LDH and D-dimer and negatively correlated with 
CD8+T cells and IL-4, while S. cerevisiae was positively correlated with diarrhea symptom. 
Furthermore, several species with anti-inflammatory and protective effects, such as 
Bacteroides fragilis and Eubacterium ramulus, were enriched in patients with non-fever. 
B. fragilis was positively correlated with lymphocytes, and E. ramulus was negatively 
correlated with LDH, AST and IL-6. Finally, we found that several bacterial epitopes of 
GroEL, a homolog of human HSP60, were enriched in patients with fever and positively 
correlated with IL-6, IL-10, WBC, neutrophils, D-dimer, LDH, CRP, and E. faecalis.
Conclusion: Gut microbiota dysbiosis correlates with abnormal immune response in mod-
erate COVID-19 patients with fever.
Keywords: moderate COVID-19, fever, shotgun metagenomic sequencing, gut microbiota, 
epitopes

Introduction
Coronavirus disease 2019 (COVID-19) is an infectious illness caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), with most COVID-19 
cases being moderate.1 The most common clinical manifestation in moderate 
patients is fever,2 which is a hallmark of infection and inflammatory disease, and 
is commonly caused by the secretion of inflammatory mediators. The prevalence of 
fever was estimated to be 79.43% in symptomatic adult COVID-19 patients,3 which 
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is less common than SARS (99–100%),4 but similar to 
middle east respiratory syndrome (MERS) (77%, meta- 
analysis result).5 Moreover, several studies showed that 
the presence of fever was a predictor of adverse outcomes 
including intensive care unit (ICU) admissions and in- 
hospital mortality, and every 0.5°C increase in body tem-
perature had a significant increase in mortality.6,7 

However, some patients only showed local symptoms 
such as sore throat8 and diarrhea.9–11 As the intestinal 
tract is the biggest immune organ, and its resident micro-
flora is known to regulate host immune responses.12,13 We 
speculate that the presence of fever may be related to the 
host immune status and inflammatory response mediated 
by gut microbiota.

Cytokine storms play a critical role in the pathogenesis 
of COVID-19, including acute respiratory distress syn-
drome (ARDS), multiple-organ dysfunction syndrome 
(MODS), and even death.14–17 The gut microbiota has 
a myriad of effects on the regulation of immune responses 
by promoting the production of pro-inflammatory cyto-
kines including interleukin 6 (IL-6), tumor necrosis factor 
alpha (TNF-α), interferon gamma (IFN-γ), and favoring 
the generation of regulatory CD4+ T cells, and leading to 
the diversification of the B-cell repertoire and the produc-
tion of T cell-dependent and -independent 
antibodies.12,13,18 IL-6 is one of the most important cyto-
kines in the inflammatory storm in COVID-19 patients,15 

meanwhile, it is also the most important mediator in the 
induction of fever.19 Several studies have suggested that 
the gut microbiota is associated with disease severity, and 
several cytokines and inflammatory markers in COVID-19 
patients.20,21 However, no study has elaborated on the 
association between gut microbiota and fever in patients 
with moderate COVID-19.

Here, we initially compared the clinical features and 
immune status of moderate COVID-19 patients with fever 
and without fever. We then utilized shotgun metagenomic 
sequencing to reveal the different profiles of gut micro-
biota in the two groups. Finally, we applied metagenome- 
wide association study (MWAS) to identify gut microbes 
and microbial epitopes (MEs) that have a potential role in 
causing inflammation and fever.

Materials and Methods
Participants and Sample Collection
We recruited 187 patients (≥18 years old) with confirmed 
moderate COVID-19 (127 patients with fever and 60 

patients with non-fever) between January and 
March 2020. Patients with confirmed COVID-19 were 
defined as those who were positive for COVID-19 nucleic 
acid by real-time reverse transcriptase–polymerase chain 
reaction assays (RT-PCR) from throat-swab specimens.22 

Moderate COVID-19 patients were defined as having 
fever and/or respiratory symptoms and/or other symptoms, 
and radiologic assessments found signs of pneumonia.22 

Demographic information, comorbidities, date of symptom 
onset, symptoms and signs, laboratory test on admission, 
radiological images and treatment data of patients with 
COVID-19 were extracted from electronic medical records 
in Wuhan Union Hospital. Stool samples were collected 
within 72 hours on admission from 31 of the above 187 
moderate patients with COVID-19 and immediately sent 
to the laboratory for inactivation at 56°C for 30 minutes, 
and then immediately sent to Wuhan Huada Gene 
Laboratory to detect fecal SARS-CoV-2 RNA and meta-
genomics. The study was approved by the Ethics 
Committee of Wuhan Union Hospital (2020–0149-02). 
All participants signed their written informed consent 
before participation, and this study was conducted in 
accordance with the Declaration of Helsinki. The fever 
group was defined as patients with an axillary temperature 
is higher than 37.3°C, while the non-fever group was 
composed of COVID-19 patients with no fever 
(≤37.3°C) during the course of the disease, including 
before admission and hospitalization in this study.

Detection of SARS-CoV-2 RNA in Fecal 
Samples
RNA was extracted from fecal samples and tested for 
SARS-CoV-2 via real-time RT-PCR using a previously 
described protocol.20

DNA Extraction and Shotgun 
Metagenome Sequencing
The microbial community DNA was extracted using 
MagPure Stool DNA KF kit B (Magen, China) following 
the manufacturer’s instructions. DNA was quantified with 
a Qubit Fluorometer by using Qubit dsDNA BR Assay kit 
(Invitrogen, USA) and the quality was checked by running 
aliquot on 1% agarose gel. 1 μg genomic DNA was randomly 
fragmented by Covaris. The selected fragments were treated 
through end repair, 3ʹ adenylated, adapters ligation, PCR 
amplifying and the products were purified to an average 
size of 200–400 bp by the Magnetic beads. The double 
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stranded PCR products were heat denatured and circularized 
by the splint oligo sequence. The single-strand circle DNA 
were formatted as the final library and qualified by QC. The 
qualified libraries were sequenced on MGI SEQ 2000 plat-
form (BGI Shenzhen, china). All the raw sequences were 
trimmed by Trimmomatic v0.36 with the parameter 
SLIDINGWINDOW:4:20 and MINLEN:70. The trimmed 
reads were mapped to GRCh38 reference genome by 
Bowtie2 to identify and remove host originated reads. The 
high-quality non-human reads were used to perform the 
subsequent analysis. The microbial taxonomic and 
MetaCyc pathway profiles were inferred using MetaPhlAn 
v2.7.6 and HUMAnA2, respectively. The taxonomic and 
functional profiles were normalized to relative abundance. 
Species occurring in more than 10% samples with a mean 
abundance larger than 10−5 were used to perform the differ-
ential abundance analysis and Spearman correlation analysis.

Data Analysis
The SPSS 25.0 statistical package for Windows was used 
for clinical data analysis. Demographic data and clinical 
characteristics were compared between the fever and non- 
fever groups. Median values with interquartile range (IQR) 
were used to describe continuous variables, and absolute 
or relative frequencies were used to describe categorical 
variables. We used the Mann–Whitney U-test to analyze 
continuous variables and the χ2 test or Fisher’s exact test 
to analyze discrete variables in bivariate analyses. Level of 
significance was set at 0.05 (two-tailed).

Chao1 diversity and Shannon index diversity were com-
puted using the vegan package estimate R function and beta 
diversity was calculated using the Bray–Curtis distance. 
Based on the abundance profiles, the features (phyla, genera, 
and species) with significantly differential abundances across 
groups were determined using Wilcoxon’s rank sum test, 
P-values<0.05 were considered significant. We applied linear 
discriminant analysis effect size (LEfSe) analysis to identify 
taxa differentially abundant between fever patients and non- 
fever patients. This method first uses the non-parametric 
factorial Kruskal–Wallis sum-rank test to detect features 
with significant differential abundance and then uses linear 
discriminant analysis (LDA) to calculate the effect size of 
each feature. To determine the correlation between gut 
microbiota taxonomies and clinical biomarkers or MEs, the 
Spearman rank correlation coefficient was calculated using 
cor.test functions in R. Differentially enriched Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathways 
were identified based on reporter scores. An absolute value 

of reporter score of 1.65 or higher was used as the detection 
threshold for significance.

Epitope reference sequences were downloaded from 
the Immune Epitope Database (IEDB), and the all high- 
quality reads were aligned to the reference sequence using 
BLAST with E-value 10−5, and only the best hit was 
retained. The abundance of each epitope in a sample was 
calculated by summing all the reads aligned to it, and then 
divided by total reads/1,000,000.

Results
Demographic and Clinical Characteristics 
of the Participants
A total of 187 moderate COVID-19 patients (122 women and 
65 men) were included in this study with an average age of 39 
(IQR, 32–57) years. Among them, 60 (32.1%) patients did 
not present with fever while 127 (67.9%) patients presented 
with fever. Compared with non-fever patients, patients with 
fever had a lower proportion of sputum symptom, a higher 
proportion of fatigue symptom and a shorter time from illness 
onset to first admission. Among patients with fever, lympho-
cytes, CD3+ T cells, CD4+ T cells and the ratio of CD4+ 
T cells to CD8+ T cells were significantly lower while aspar-
tate aminotransferase (AST), lactate dehydrogenase (LDH), 
C-reactive protein (CRP), IL-6 and interleukin 10 (IL-10) 
were significantly higher. The demographic and clinical char-
acteristics, as well as laboratory results on admission of 127 
patients with fever and 60 patients without fever are shown in 
Tables 1 and 2.

Fecal samples of 31 individuals (20 patients with fever 
and 11 patients without fever) from the above 187 moder-
ate patients were subjected to metagenomic sequencing 
and detection of fecal SARS-CoV-2 RNA (1 stool sample 
per patient). There were 4 patients with SARS-CoV-2 
positive faeces and 27 patients with SARS-CoV-2 negative 
faeces; moreover, 4 patients with SARS-CoV-2 positive 
faeces were all in fever group. There were no significant 
differences between the two groups based on sex, age, 
symptoms, comorbidities, etc. The demographic and clin-
ical characteristics, as well as laboratory results on admis-
sion of 31 patients are shown in Table S1 and Table S2.

Taxonomic Differences in Gut Microbiota 
Between Moderate COVID-19 Patients 
with Fever and without Fever
To investigate the composition and function of the gut 
microbiota in moderate COVID-19 patients, we performed 
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metagenomic sequencing of stool samples from 31 
patients (their clinical information and sequencing statis-
tics are detailed in Table S3 and Table S4). The alpha 
diversity measured using two different methods was 
lower in patients with fever than in patients without 
fever. However, these differences were not statistically 

significant based on Wilcoxon rank sum test (Chao1, 
p=0.055; Shannon, p=0.3) (Figure 1A). The Bray–Curtis 
distance showed that the gut microbiota composition dif-
fered between the two groups (p<0.001) (Figure 1A). We 
then compared gut microbiota composition between the 
patients with fever and without fever. At the phylum 

Table 1 Demographic and Clinical Characteristics of 187 Moderate Patients with COVID-19 on Admission

Characteristics All Patients 
(n=187)

Patients without Fever 
(n=60)

Patients with Fever 
(n=127)

P value

Age, years 39.0 (32.0–57.0) 48.0 (32.0–64.8) 37.0 (32.0–53.0) 0.091

Gender 0.542
Male 65 (34.8) 19 (31.7) 46 (36.2)

Female 122 (65.2) 41 (68.3) 81 (63.8)

Symptoms

Cough 116 (62.0) 36 (60.0) 80 (63.0) 0.694
Sputum 54 (28.9) 24 (40.0) 30 (23.6) 0.021

Myalgia 47 (25.1) 11 (18.3) 36 (28.3) 0.141

Dyspnea 78 (41.7) 20 (33.3) 58 (45.7) 0.110
Fatigue 85 (45.5) 21 (35.0) 64 (50.4) 0.048

Pharyngalgia 33 (17.6) 8 (13.3) 25 (19.7) 0.288

Digestive Symptoms 57 (30.5) 15 (25.0) 42 (33.1) 0.263
Nausea 8 (4.3) 4 (6.7) 4 (3.1) 0.470

Vomiting 13 (7.0) 5 (8.3) 8 (6.3) 0.839

Diarrhea 50 (26.7) 12 (20.0) 38 (29.9) 0.152

Highest temperature, °C <0.001

≥39.0 32 (17.1) 0 (0.0) 32 (25.2)
<39.0 155 (82.9) 60 (100.0) 95 (74.8)

Length of fever, days 8.0 (3.0–11.0) NA 8.0 (3.0–11.0) NA

Comorbidities 50 (26.7) 20 (33.3) 30 (23.6) 0.161

Hypertension 30 (16.0) 11 (18.3) 19 (15.0) 0.557
Cardiovascular disease 4 (2.1) 1 (1.7) 3 (2.4) 1.000

Diabetes 11 (5.9) 3 (5.0) 8 (6.3) 0.984

Chronic lung disease 7 (3.7) 3 (5.0) 4 (3.1) 0.834
Chronic kidney disease 2 (1.1) 1 (1.7) 1 (0.8) 1.000

Nervous system disease 4 (2.1) 2 (3.3) 2 (1.6) 0.815

Digestive system disease 5 (2.7) 2 (3.3) 3 (2.4) 1.000
Hypothyroidism 6 (3.2) 2 (3.3) 4 (3.1) 1.000

Supplemental oxygen required 0.512

Nasal cannula 100 (53.5) 30 (50.0) 70 (55.1)

Onset of symptoms to first medical visitation, 
days

2.0 (1.0–5.0) 2.0 (0.3–6.8) 2.0 (1.0–5.0) 0.729

Onset of symptoms to first admission, days 9.0 (5.0–15.0) 12.5 (6.0–20.8) 7.0 (5.0–12.0) 0.004

Length of hospital, days 17.0 (11.0–25.0) 16.5 (10.0–27.0) 18.0 (12.0–22.0) 0.499

Discharged 187 (100.0) 60 (100.0) 127 (100.0) NA

Notes: Digestive Symptoms included nausea, vomiting, and diarrhea. Data are median (IQR) or n (%). p values were calculated by Mann–Whitney U-test, χ2 test, or Fisher’s 
exact test, as appropriate. P value < 0.05 is considered to be statistically significant.
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level, the relative abundance of Bacteroidetes was much 
lower while that of Ascomycota was significantly higher in 
the fever group (Table S5). At the genus level, the relative 
abundance of gut microbiota also differed between the two 
groups (Figure 1B and Table S6), and results of LEfSe 
(minimum LDA score: 2.0) showed that Saccharomyces 
and Enterococcus were significantly enriched in patients 
with fever, whereas Anaerostipes, Prevotella, 
Parabacteroides, Phascolarctobacterium, Eggerthella 
were enriched in patients with non-fever (Figure 2). At 
the species level, the heatmap analysis further showed the 
composition of the gut microbiota differed between 
patients with fever and without fever (Table S7 and 
Figure S1). These results indicate that opportunistic patho-
gens were enriched in patients with fever while butyrate- 
producing bacteria Anaerostipes, were enriched in patients 
with non-fever.

Correlation Between Clinical Indices and 
Gut Microbiota
We found the significantly different species in the two 
groups, with mean relative abundance >10−5 

(Figure 3A). Five kinds of species were significantly 
enriched in patients with fever, namely Enterococcus 
faecalis, Citrobacter freundii, Citrobacter unclassified, 
Haemophilus parainfluenzae, and Saccharomyces cerevi-
siae, and six species were significantly enriched in 
patients with non-fever, namely Bacteroides cellulosily-
ticus, Bacteroides fragilis, Bacteroides thetaiotaomicron, 
Bacteroides xylanisolvens, Eubacterium ramulus, and 
Erysipelotrichaceae bacterium_6_1_45 (Figure 3A). 
This result shows that patients with fever have signifi-
cantly more pathogens but lack butyrate-producing spe-
cies, which may lead to local overactivated immunity 

Table 2 Laboratory Results of 187 Moderate Patients with COVID-19 on Admission

All Patients (n=187) Patients without Fever (n=60) Patients with Fever (n=127) P value

Hematologic
WBC, 109/mL 4.7 (3.8–6.1) 5.1 (4.1–6.1) 4.5 (3.6–6.1) 0.073

Neutrophils, 109/mL 3.0 (2.1–3.9) 3.2 (2.4–3.8) 2.9 (1.9–4.1) 0.297

Lymphocytes, 109/mL 1.2 (0.9–1.6) 1.4 (1.0–1.7) 1.2 (0.9–1.6) 0.036
T lymphocytes

CD3+ (%) 74.7 (70.3–79.9) 76.4 (74.5–82.4) 74.3 (69.0–79.5) 0.011

CD4+ (%) 43.3 (37.8–48.5) 44.1 (42.5–51.4) 42.6 (36.7–45.8) <0.001
CD8+ (%) 26.1 (21.5–29.6) 26.1 (20.7–30.7) 26.0 (22.1–29.2) 0.860

CD4+/CD8+, Ratio 1.8 (1.3–2.1) 1.9 (1.4–2.4) 1.7 (1.3–1.9) 0.017

Biochemical

ALT, U/L 19.0 (15.0–29.7) 18.5 (13.3–23.8) 20.0 (15.0–33.0) 0.184
AST, U/L 22.0 (17.0–29.0) 20.5 (16.3–27.0) 23.0 (18.0–31.0) 0.035

LDH, U/L 197.0 (167.0–242.0) 183.0 (152.3–229.0) 204.0 (175.0–247.0) 0.003

CK, U/L 58.0 (44.0–92.0) 56.0 (45.0–83.0) 60.0 (44.0–96.0) 0.521
Urea nitrogen, mmol/L 4.0 (3.1–4.8) 4.1 (3.3–5.1) 3.8 (3.0–4.5) 0.058

Creatinine, μmol/L 67.0 (58.5–78.1) 67.5 (58.6–74.5) 66.9 (58.5–79.2) 0.749

Infection-related markers

CRP, mg/L 6.6 (3.1–15.3) 3.1 (3.1–6.6) 9.9 (3.1–20.2) <0.001

PCT, μg/L 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.641
IL-2, pg/mL 2.7 (2.4–2.8) 2.7 (2.5–2.8) 2.6 (2.4–2.8) 0.315

IL-4, pg/mL 2.0 (1.7–2.3) 2.0 (1.9–2.3) 2.0 (1.6–2.3) 0.090

IL-6, pg/mL 5.8 (3.4–8.8) 5.0 (3.0–8.6) 5.9 (3.7–11.8) 0.037
IL-10, pg/mL 4.0 (3.2–4.6) 3.9 (3.0–4.2) 4.0 (3.3–5.0) 0.015

TNF-α, pg/mL 2.2 (1.9–2.4) 2.3 (2.1–2.4) 2.2 (1.9–2.5) 0.073

IFN-γ, pg/mL 2.2 (1.9–2.5) 2.2 (1.9–2.3) 2.2 (1.9–2.6) 0.508

D-dimer, μg/L 0.3 (0.2–0.6) 0.4 (0.2–0.7) 0.3 (0.2–0.6) 0.946

Notes: Data are median (IQR). P values were calculated by Mann–Whitney U-test. P value < 0.05 is considered to be statistically significant. 
Abbreviations: WBC, white blood cell; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; CK, creatine Kinase; CRP, C-reactive 
protein; PCT, procalcitonin; IL-2, interleukin-2; IL-4, interleukin-4; IL-6, interleukin-6; IL-10, interleukin-10; TNF-α, tumor necrosis factor-α; IFN-γ: interferon-γ.
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Figure 1 Results of diversity and taxonomy. (A) gut microbiota richness (Chao 1) and gut microbiota diversity (Shannon index) are not significantly different in the gut 
microbiota of patients with fever and without fever, and the beta diversity (Bray distance) shows the gut microbiota composition is different between patients with fever and 
without fever. (B) The bar plots at genus level shows differences in relative abundance of gut microbiota between two groups, ***p < 0.001 by the Wilcoxon rank-sum test.
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and linked to the hyperinflammation in fever. 
Spearman’s rank correlation test also showed that the 
significantly enriched species in patients with fever 
were associated with the clinical indices. For example, 
S. cerevisiae was positively correlated with diarrhea 
(rho=0.55, p=0.001), and E. faecalis was positively cor-
related with LDH (rho=0.54, p=0.002) and D-dimer 
(rho=0.55, p=0.001), and negatively correlated with 
CD8+T cells (rho=−0.42, p=0.02) and interleukin 4 (IL- 
4) (rho=−0.42, p=0.02) (Figure 3B). Among the signifi-
cantly enriched species in patients with non-fever, 
E. bacterium_6_1_45 and B. fragilis were positively 
correlated with lymphocytes (rho=0.50, p=0.004; 
rho=0.37, p=0.04, respectively), and E. ramulus was 
negatively correlated with LDH (rho=−0.42, p=0.02), 
AST (rho=−0.38, p=0.03) and IL-6 (rho=−0.44, p=0.01) 
(Figure 3B). In conclusion, these results suggest that the 
clinical indices are closely associated with the imbalance 
of the intestinal microbiota.

Gut Microbiota in Patients with Fever 
Have Significantly More GroEL Epitopes
We predicted the MEs compositions in the shotgun meta-
genomic sequences to discover the potential MEs that 
correlate with the hyperinflammation in patients with 
fever. To identify specific ME markers that distinguish 
patients with fever from those without fever, we performed 
differential abundance analysis and found 27 differential 
MEs (Figure 4A and Table S8). Interestingly, five epitopes 
derived from GroEL were enriched in the fever group, ie 
EVASKTADKAGDGTTTATVLAEAIYTEGLR, IAKLE 
NPYILITDKKVSSIKDILPILEEIM, LPTLVLNKIRGTF 
NVVAVKAPGFGDRRKAM, DPVKVTRIALQNAVSVS 
SMLLTTEAVIYDV, and VASKTADEAGDGTTTATV 

LAYGVFKEGLRN. Moreover, some of these five epi-
topes were positively correlated with IL-6, IL-10, white 
blood cell (WBC), neutrophils, CRP, D-dimer, and LDH 
(Figure 4B). The strong positive correlation between 
GroEL epitopes and clinical indices shows that the cross- 
activity of gut microbiota and host may play an important 
role in aggravating inflammatory reactions in patients with 
fever. In addition, four of the five epitopes were all posi-
tively correlated with E. faecalis (Figure 4C), whose rela-
tive abundance was significantly higher in patients with 
fever.

Functional Alteration in Gut Microbiota 
in COVID-19 Patients with and without 
Fever
We explored the functional features of the gut microbiota 
across the two groups by annotating the gene catalog 
based on the KEGG pathway. Pathways differing between 
patients with fever and without fever with an absolute 
value of reporter score >1.65 were identified. Among 
two groups, 95 KEGG pathways were significantly differ-
ent in the two groups. Fifty-six KEGG pathways were 
enriched in patients with fever (Table S9), and 43 of the 
56 KEGG pathways belong to metabolism, mainly includ-
ing carbohydrate metabolism, amino acid metabolism, 
energy metabolism, metabolism of cofactors and vitamins, 
and glycan biosynthesis and metabolism. Thirty-nine 
KEGG pathways were enriched in patients with non- 
fever (Table S10), 18 of the 39 KEGG pathways belong 
to genetic information processing, mainly including repli-
cation and repair, translation, transcription, and folding, 
sorting and degradation; 9 of the 39 KEGG pathways 
belong to metabolism, mainly including glycan biosynth-
esis and metabolism and lipid metabolism.

Figure 2 Linear discrimination analysis (LDA) effect size (LEfSe) results comparing patients with fever and without fever. Histogram of the LDA scores computed for 
differentially abundant genera between the two groups. The LDA scores (log10) > 2 are list.
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Figure 3 Altered gut microbiota composition associated with clinical indices in patients with moderate COVID-19. (A) differential species with mean relative abundance > 
10−5 in patients with and without fever are showed. Species that are enriched in patients with and without fever are marked in red and blue, respectively. The relative 
abundance is shown using boxplots. Boxes represent the inter quartile ranges, lines inside the boxes denote medians. (B) differential species are correlated with clinical 
indices in COVID-19 patients. Spearman’s rank correlation coefficient is indicated using a color gradient: red indicates positive correlation; purple indicates negative 
correlation,*p<0.05.
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Figure 4 Gut microbial epitopes (MEs) in patients with moderate COVID-19. (A) different epitopes from gut microbiota in moderate COVID-19 patients with and without 
fever are shown. (B) MEs enriched in fever group are correlated with clinical indices. (C) MEs enriched in fever group are correlated with different gut microbiota species. 
Spearman’s rank correlation coefficient is indicated using a color gradient: red indicates positive correlation; purple indicates negative correlation,*p<0.05. Species that are 
enriched in patients with and without fever are marked in red and blue, respectively.

Journal of Inflammation Research 2021:14                                                                                          https://doi.org/10.2147/JIR.S311518                                                                                                                                                                                                                       

DovePress                                                                                                                       
2627

Dovepress                                                                                                                                                            Zhou et al

https://www.dovepress.com
https://www.dovepress.com


Discussion
The gut microbiota plays an essential role in the progression of 
COVID-19 via the regulation of immune responses. Zuo et al 
and Yeoh et al found that the gut microbiota composition was 
altered in COVID-19 patients and was associated with SARS- 
CoV-2 levels in fecal samples, disease severity, plasma con-
centrations of several cytokines and inflammatory 
markers.20,21 However, our study is the first to investigate the 
role of gut microbiota and their epitopes in moderate COVID- 
19 patients with fever and without fever, using metagenome- 
wide association method. To the best of our knowledge, this is 
also the first clinical study to explore the gut microbiota of 
COVID-19 patients from Wuhan city. Our research identified 
differences in clinical features and inflammatory responses, as 
well as specific signatures of the fecal microbiota between 
moderate COVID-19 patients with fever and without fever.

Studies have demonstrated that gut microbiota plays 
a certain role in the pathogenesis of febrile diseases, such as 
familial Mediterranean fever23 and typhoid fever.24 However, 
whether gut microbiota affects the presence of fever in 
COVID-19 patients is currently unknown. Through MWAS, 
we found that the abundance of E. faecalis, C. freundii, 
C. unclassified, H. parainfluenzae, and S. cerevisiae in the 
guts of COVID-19 patients with fever were significantly 
higher than in COVID-19 patients with non-fever. In addition, 
E. faecalis was positively associated with LDH and D-dimer, 
and S. cerevisiae was positively correlated with diarrhea. It is 
well documented that E. faecalis is responsible for a serious 
healthcare problem and most patients infected with this patho-
gen suffer from severe inflammation and tissue injury.25,26 

Saccharomyces was found to be the most abundant fungal 
genus in human stool, followed by Malassezia and 
Candida.27 Diarrhea may be associated with reduction in nor-
mal flora or a toxic effect of S. cerevisiae on the intestinal 
wall.28 Studies found C. freundii, C. unclassified, and 
H. parainfluenzae belong to opportunistic pathogens that 
cause various human infections.29–31 B. cellulosilyticus, 
B. fragilis, B. thetaiotaomicron, B. xylanisolvens, E. ramulus, 
and E. bacterium_6_1_45 were significantly enriched in 
COVID-19 patients with non-fever. Multiple studies have 
shown that these enriched species in patients with non-fever 
can prevent pathogen invasion by enhancing mucosal barrier 
functionality within the gut, increasing short-chain fatty acids 
production, promoting the preferential differentiation of anti- 
inflammatory Treg/Th2 cells, and suppressing the relative 
differentiation of pro-inflammatory Th1/Th17 cells, thereby 
reducing inflammatory cytokine production.32–36

It is worth noting that we found that five MEs (GroEL) 
enriched in patients with fever were positively correlated with 
IL-6, IL-10, WBC, neutrophils, and CRP, as well as with 
bacteria E. faecalis enriched in patients with fever. Bacterial 
GroEL is a homolog of human heat shock protein 60 (HSP60), 
and can induce various cross-immune reactions in the human 
body.37,38 The link between HSP and fever is inseparable. Kol 
et al39 showed that HSP60 can stimulate TNF-α secretion by 
macrophages and can also stimulate endothelial cells, smooth 
muscle cells and macrophages to produce adhesion factors and 
pro-inflammatory cytokines including interleukin 11 (IL-11), 
interleukin 8 (IL-8), interleukin 12 (IL-12), and IL-6, which is 
the most important mediator for the induction of fever.19 The 
cytokine IL-6 is released upon peripheral immune challenge, 
and stimulates the production of pyrogenic substances, which 
are critical in the febrile response.40 On the other hand, it may 
also be directly associated with different immune responses in 
patients with and without fever. Based on the above results, we 
believe that the gut microbiota plays a role in the induction and 
progression of fever in COVID-19 patients, and hypothesize 
that fever in COVID-19 patients may be partly caused by 
increased opportunistic pathogens in the gut, which can stimu-
late our bodies to secrete inflammatory cytokines such as IL-6. 
Conversely, the absence of fever in COVID-19 patients may be 
due to the higher content of anti-inflammatory bacteria in the 
gut. And the further mechanism may be that Enterococcus 
faecalis GroEL affects the induction of fever by stimulating 
the production of IL-6. However, this hypothesis needs to be 
verified.

Previous studies have shown that fever is a predictor of 
poor prognosis in COVID-19 patients.6,7,41 In our study, the 
patients included are all moderate patients, and there was no 
significant difference in the survival rate and hospital length of 
stay of patients with fever and without fever, which may be due 
to the limitation of sample size and the composition of different 
regions and populations. However, we subsequently followed 
up 55 of the above 187 patients at three months after discharge, 
and found that COVID-19 patients with fever in the acute 
phase had a higher proportion of persistent symptoms at three 
months after discharge, especially myalgia, which was signifi-
cant difference in the two groups (54.5% vs 9.1%, p=0.018) 
(unpublished data). These findings suggest that patients with 
fever in the acute phase are more likely to have persistent 
symptoms at later stages, which may be associated with altered 
gut microbiota. As far as fever, immune response and gut 
microbiota are concerned, their causality and interaction 
mechanisms need to be studied further.
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Our study had several limitations. First, we only conducted 
the metagenomics study of stool samples. If combined with 
metabolomics, transcriptomics and proteomics, we can further 
increase our understanding of the mechanism of fever in mod-
erate COVID-19 patients. Second, lifestyle and diet may 
further affect gut microbiota composition. We did not have 
information on lifestyle, but all patients had a similar diet 
during hospitalization because their meals were provided by 
the restaurant of Wuhan Union Hospital. Third, stool samples 
were collected after all patients received antibiotic treatment, 
which may have affected the intestinal flora, fortunately, all 
patients used the same antibiotics (moxifloxacin). In other 
words, the species comparison between COVID-19 patients 
with fever and without fever was performed under the same 
background. Fourth, we collected only one stool specimen 
from each patient within 72 hours on admission and did not 
collect stool specimens at different time points during the 
course of the disease. We are currently analyzing the gut 
microbiota of patients after discharge to study the dynamic 
changes of gut microbiota and the long-term impact on 
COVID-19 patients.

Conclusions
Our study found that several opportunistic pathogens were 
significantly enriched in patients with fever, while beneficial 
bacteria that have anti-inflammatory effects and protect the 
intestinal mucosal barrier were significantly enriched in 
patients with non-fever. Gut MEs of GroEL are enriched in 
patients with fever and have strong correlations with inflam-
mation markers, indicating their potential role in simulating the 
production of inflammatory mediators and causing fever. Our 
study, together with previous studies, suggests that gut micro-
biota dysbiosis correlates with abnormal immune response in 
moderate COVID-19 patients with fever and gut microbiota 
may play an important role in immune status and inflammatory 
response of COVID-19 patients.
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