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A B S T R A C T   

Introduction: In 2019, a new virus from the coronavirus family called SARS-CoV-2, infected populations 
throughout the world. Coronavirus disease 2019 (COVID-19), an illness induced by this virus, attacks vital organs 
in the body, such as the respiratory system and the gastrointestinal tract. Recent studies have confirmed changes 
in the gut microbiome caused by the COVID-19 disease. We examined the alteration of the gut microbiome in 
COVID-19 patients compared to healthy individuals. 
Materials and methods: in this study, the 16s metagenomics dataset, publicly available in the Sequence Read 
Archive (SRA) database, was used for analysis (accession number PRJNA636824). The analysis processes were 
performed using the CLC Microbial Genomics Module 20.1.1 (Qiagen). At first, the sequence reads of samples 
were trimmed and classified into operational taxonomic units (OTUs) with 97% similarity and then assigned to 
the Greengenes reference database (v138). Differential abundance analysis was used to determine statistically 
significant differences in OTUs between COVID-19 and healthy groups. Next, biodiversity analyses including the 
alpha diversity (intragroup diversity) and beta diversity (intergroup diversity) using defined indexes were 
estimated. Then, the co-occurrence network at the species level was constructed using the Pearson correlation 
coefficient calculation between pairs of OTUs in R software and visualized using Cytoscape software. Ultimately, 
the hub OTUs at the species level were identified using the cytoHubba plugin of Cytoscape based on Maximal 
Clique Centrality (MCC) algorithm. 
Results: The results of the metagenomic analysis revealed that the intestinal microbiome in healthy individuals 
has a higher biodiversity compared to COVID-19 patients. Indeed, healthy people also have a higher percentage 
of beneficial bacteria such as bifidobacteria adolescentis compared to COVID-19 patients; in contrast, COVID-19 
patients have higher levels of opportunistic and pathogenic bacteria such as Streptococcus anginosus than 
healthy people. Also, by constructing a co-occurrence network at the species level, Bifidobacterium longum in 
the healthy group and Veillonella parvulain the COVID-19 group were found as hub species. 
Conclusion: The results of this study shed light on the relationship between the gut microbiome and COVID-19. 
These results could be helpful for understanding the pathogenesis, clinical features, and treatment of COVID-9.   

1. Introduction 

In 2019, a new virus spread all around the world. Coronavirus dis
ease (COVID-19) is a contagious disease of the respiratory system caused 
by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
[1]. This virus can lead to different clinical symptoms in patients. The 
severity of disease complications is associated with having some 

underlying diseases such as diabetes, severe obesity, hypertension, and 
cardiovascular disease that may worsen illness symptoms [2–7]. In 
addition to the respiratory system, the disease has adverse effects on the 
nervous [8], cardiovascular [9], and gastrointestinal systems [10]. 
Gastrointestinal symptoms include various complications such as diar
rhea, anorexia, and nausea that are observed in some patients [11]. The 
virus invades the cell through the angiotensin-converting enzyme 2 
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(ACE2) receptor [12,13], which is expressed at high levels in the 
gastrointestinal and respiratory tracts [14]. Studies have indicated the 
presence of the SARS-CoV-2 in fecal samples [15]. The intestinal 
microbiome is a critical component of the gastrointestinal tract that 
plays an essential role in human health and disease [16]. Evidence has 
implicated respiratory viruses in altering the gut microbiome [17], 
which in turn can cause an imbalance in the immune system and induce 
secondary bacterial pneumonia [18]. Recent studies have also shown 
that COVID-19 alters the intestinal microbiome [19]. According to the 
results, healthy individuals have a higher gut microbial diversity than 
COVID-19 patients. Indeed, such patients have higher bacterial patho
gens and lower beneficial bacteria [20,21]. 

The aim of this study is to explain the relationship between the gut 
microbiome and COVID-19 disease in terms of taxonomy and microbial 
ecology. Accordingly, we investigated alterations of the gut microbiome 
in COVID-19 patients relative to healthy individuals using a new 
approach. 

2. Material and methods 

2.1. Data collection and preprocessing 

Following the coronavirus outbreak, Gu et al. (2019) evaluated gut 
microbiome alterations in COVID-19 and H1N1 patients as compared to 
healthy people [20]. Stool samples of healthy individuals and patients 

were analyzed by 16S rRNA sequencing. We utilized the metagenomic 
dataset reported in Gu et al. [20]. This dataset is deposited in the 
Sequence Read Archive (SRA) under the accession number 
PRJNA636824. This dataset includes 30 COVID-19 patients, 30 healthy 
controls (HC), and 24 H1N1 patient samples. We excluded samples of 
H1N1 patients from this study. Also, samples of healthy people and 
COVID-19 patients were imported into this study for analysis. Bioin
formatics analysis was performed using the CLC Microbial Genomics 
Module 20.1.1 (Qiagen). Information on the dataset is included in 
Table 1. 

2.2. OTUs clustering ad taxonomic assignment 

In this phase, the reads of samples were trimmed and classified into 
operational taxonomic units (OTUs) with 97% similarity and then 
assigned to the Greengenes reference database (v138) based on the 
default settings of the software. The OTUs clustering workflow includes 
five tools. “Optional Merge Paired Reads” is the first tool that merges 
two sets of sequences. The merged reads were trimmed with the “Trim 
sequence” tool. Alternatively, sequences were measured by the “Fixed 
Length Trimming” tool. Then, the sequences were filtered through the 
“Filer Samples Based on the Number of Reads” tool that generated 
output containing high-quality sequences. Ultimately, the sequences 
were clustered into operational taxonomic units (OTUs) using the “OTU 
clustering” tool. The relative abundance of OTUs was visualized using a 
bar chart at the phylum, class, family, and genus levels. 

2.3. Differential abundance analysis 

In this step, for evaluating differential abundance analysis, OTUs 
with low abundance were removed with a combined abundance of less 
than ten, and then statistically significant differences in OTUs between 

Table 1 
Information of dataset.  

NGS platform ILLUMINA 

Library layout paired end 
Total number of sequences 6,751,658 sequences 
Total number of nucleotides 2,032,249,058 nucleotides  

Fig. 1. Results of taxonomic analysis, the relative abundance of bacterial populations among COVID-19 patients and healthy individuals were visualized by using 
stacked bar charts; respectively, phylum level (A), class level (B), family level (C), genus level (D). 
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COVID-19 patients versus the healthy groups were determined. 

2.4. Diversity analyses 

In order to estimate the alpha diversity (intragroup diversity) and 
beta diversity (intergroup diversity), OTUs were aligned with the 
“MUSCLE” tool. This tool produces a phylogenetic tree based on the 
maximum likelihood phylogeny approach, which is used to estimate 
alpha and beta diversity. Alpha and beta diversity are two indicators in 
microbial ecology that are commonly estimated in various studies. 

Alpha diversity represents diversity within the groups, and beta di
versity indicates diversity between groups. For alpha diversity, the Total 
number, Shannon entropy, Choa 1, Simpson’s index, and phylogenetic 
diversity Indices were estimated. The Kruskal-Wallis nonparametric test 
was used to determine statistical significance differences within groups 
for alpha diversity. The statistically significant level was consideredP<
0.05. Bray-Curtis, Jaccard, Unweighted Unifrac, and Weighted Unifrac 
Indices were calculated and visualized using the principal coordinate 
analysis (PCoA) for beta diversity. Indeed, the Permutational Multivar
iate Analysis of Variance (PERMANOVA) was employed to determine 
the statistical significance differences between groups. These tests were 
carried out with the CLC Microbial Genomics Module. 

2.5. Co-occurrence network and selection of hub OTUs at the species level 

To construct the bacterial co-occurrence network, the Pearson cor
relation coefficient between pairs of OTUs was calculated in R software 
using the Hmisc package [22]. Correlation coefficients with an r > 0.3 or 
r < 0.3 and p-value<0.05 were selected as significant relationships for 
network drawing and were visualized using Cytoscape software [23]. 
The co-occurrence network was constructed at the species level in 
COVID-19 and HC groups. Afterward, the hub OTUs at the species level 
were identified using the cytoHubba plugin of Cytoscape based on 
Maximal Clique Centrality (MCC) algorithm [24]. 

3. Results 

3.1. Comparing the microbial community in COVID-19 patients and 
healthy individuals 

Based on taxonomic analysis (Fig. 1), Actinobacteria and Firmicutes 
were the two predominant phyla that comprise about 90% of the relative 
abundance distribution in both groups. At the class level, Clostridia 

Table 2 
Results of differential abundance analysis.  

OTUs names (specific 
number) 

Log₂ fold change: log(FC) in 
COVID-19 vs healthy 

Taxonomy 

Positive abundances 
s__mucilaginosa, 

(1017181) 
9.82563 Rothia mucilaginosa 

g__Blautia,(174009) 6.41008 Blautia 
g__Streptococcus, 

(2024840) 
5.50363 Streptococcus 

s__anginosus, (1888677) 4.14302 Streptococcus 
anginosus 

Negative abundances 
s__prausnitzii, (189937) − 3.105632 Faecalibacterium 

prausnitzii 
f__Clostridiaceae, 

(180516) 
− 3.695406 Clostridiaceae 

g__Dorea, (189559) − 3.86359 Dorea 
s__adolescentis, (235262) − 7.172547 Bifidobacterium 

adolescentis 
g__SMB53, (555945) − 9.061805 SMB53 

Positive abundances indicate that OTUs has the highest log(FC) in COVID-19; 
Negative abundances indicate that OTUs has the highest log(FC) in healthy in
dividuals; f, family level; g, genus level; s, species level. 

Fig. 2. Alpha diversity results, results were visualized with Box and whisker plot; respectively, Phylogenetic diversity (A), Shannon entropy (B), Chao1 (C), Total 
number (D), and Simpson’s index (E). 
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(67%), Actinobacteria (12%), and Bacilli (6.7%) were the three dominant 
classes in healthy individuals. Whereas, in COVID-19 patients, Clostridia 
(48%), Actinobacteria (25%), and Bacilli (9.6%) were the three prevalent 
classes. At the family level, Lachnospiraceae (31%), Ruminococcaceae 
(15%), and Bifidobacteriaceae (12%) were the three dominant families in 
healthy individuals. Whereas, Lachnospiraceae (31%), Streptococcaceae 
(21%), and Ruminococcaceae (8.6%) were the three dominant families in 
COVID-19 patients. 

3.2. Differential abundance analysis between COVID-19 patients and 
healthy individuals 

Based on the differential abundance analysis results (Table 2), 
respectively, Rothia mucilaginosa (species), Blautia (genus), Streptococcus 
(genus), and Streptococcus anginosus (species) were the four taxonomic 
levels with the highest fold change in COVID-19 group. On the other 
hand, SMB53 (genus), Bifidobacterium adolescentis (species), Dorea 
(genus), Clostridiaceae (family), and Faecalibacterium prausnitzii (species) 
were the most prevalent taxonomic levels with the highest fold change 
in healthy individuals. 

3.3. Diversity analyses 

According to the alpha diversity results (Fig. 2), the Shannon entropy 
(P = 0.02), Total number (P = 0.001), and Chao1 (P = 0.003) indices 
were significantly higher in healthy people compared to COVID-19 pa
tients. The phylogenetic diversity and Simpson’s indices were not sta
tistically significant between the groups. The results revealed that the 
richness and evenness of healthy individuals’ gut microbiomes are 
higher than those of COVID-19 patients. 

The beta diversity results (Fig. 3) revealed that COVID-19 patients 

and healthy individuals have completely distinct gut microbiome com
positions. According to the PERMANOVA analysis, the Unweighted 
UniFrac (P = 0.00003), Weighted UniFrac (P = 0.00028), Bray-Curtis (P 
= 0.00001), and Jaccard (P = 0.00001) indices were found to be sta
tistically significant in COVID-19 patients versus healthy individuals. 

3.4. Co-occurrence network and selection of hub OTUs at the species level 

The co-occurrence network in COVID-19 and healthy groups was 
constructed at the species level. The co-occurrence network of the 
COVID-19 group had 43 nodes and 67 edges (Fig. 5); whereas, the co- 
occurrence network of the HC group had 43 nodes and 50 edges 
(Fig. 4). According to the results, 67 connections were found in the 
COVID-19 group; All connections are positive. The strongest correla
tions were between the species Rothia mucilaginosa and Rothia aeria (r =
0.996), Bacteroides eggerthii and Akkermansia muciniphila (r = 0.995) and 
Bulleidia moorei and Rothia mucilaginosa (r = 0.989). Also, in the HC 
group, 50 connections were found that all connections are positive. The 
strongest correlations were between the species Akkermansia muciniphila 
and Shigella sonnei (r = 0.996), Eubacterium biforme and Ruminococcus 
callidus (r = 0.995) and Eubacterium biforme and Prevotella copri (r =
0.995). Furthermore, the top 10 hub OTUs at the species level were 
determined based on MCC algorithms. According to the result, Bifido
bacterium longum is the hub species in HC group with the highest MCC 
score. On the other hand, Veillonella parvula is the hub species in COVID- 
19 group with the highest MCC score. The top 10 hub OTUs in COVID-19 
and HC groups are inserted in Supplementary file 1. 

4. Discussion 

In this study, the intestinal microbiome of healthy individuals and 

Fig. 3. Beta diversity results; results were visualized by using a principal coordinate aalysis (PCoA); respectively, Weighted UniFrac (A), Unweighted UniFrac (B), 
Jaccard (C), and Bray-Curtis (D). 
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COVID-19 patients are evaluated ecologically and taxonomically. Ac
cording to the results, the microbiome of COVID-19 patients has less 
biodiversity than healthy people, and the microbiome of healthy people 
is much richer than that of COVID-19 patients. The results also revealed 
that opportunistic bacteria and pathogens are prevalent in the micro
biome of COVID-19 patients. On the other hand, beneficial bacteria are 
dominant in the microbiome of healthy people, which demonstrates the 
dynamism and healthy status of their intestines. 

In the current study, R. mucilaginosa was found that have the highest 
log(FC) in the microbiome of the COVID-19 group. R. mucilaginosa is one 
of the oral and respiratory tract flora. This Gram-positive coccus is oc
casionally observed in the gastrointestinal system [25], which can 
appear as a pathogen that causes several infections, such as bacteremia, 
meningitis, pneumonia, and other manifestations, notably under 
immunocompromised conditions [26]. Wu et al. showed that 
R. mucilaginosa was enriched in COVID-19 patients’ feces that seemed 

Fig. 4. The bacterial co-occurrence network of the HC group at the species level; the green rectangles indicted bacterial species and black lines indicate interactions 
between them. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 

R. Maddah et al.                                                                                                                                                                                                                                



Informatics in Medicine Unlocked 38 (2023) 101239

6

associated with growth potential of pathogenic bacteria or the 
extra-intestinal microbe’s migration into the gut [27]. Furthermore, 
previous research confirmed that COVID-19 suffered patients, especially 
in severe cases, with cardiovascular disorder tended to have a greater 
prevalence of the genus Rothia related with SARS-CoV-2, and can be 
used as a marker to detect the increased risk in people with covid-19 
[28]. Also, S. anginosus is another Gram-positive opportunistic bacte
rium that can lead to various diseases. Complications of infection with 
this bacterium include pneumonia and lung abscess under certain cir
cumstances [29]. S. anginosus and Olsenella normally form a biofilm in 
oropharynx to increase bacterial thriving and adherence [30]. De Pas
cale et al. reported that in the patients of COVID-19 group, S. anginosus 
was significantly enriched in the lung microbiota compared to the 
non–COVID-19 group [31]. Indeed, two important bacteria that display 
a highist log (FC) in healthy people are B. adolescentis and F. prausnitzii. 
One of the prevalent and dominant bacteria in the intestinal flora of 
healthy people is F. prausnitzii that is regarded as an indicator of 
gastrointestinal health [32]. Based on the evidence, an imbalance in the 
composition of this bacterium is correlated with several diseases [33]. 
He et al. found that there was a negative correlation between the 
abundance of F. prausnitzii and severity of COVID-19 [34]. Additionally, 
Zuo et al. reported that F. prausnitzii was one of the most important 
bacterial species which showed an inverse association with severity of 
COVID-19 [35]. Another beneficial bacterium is B. adolescentis, which is 
commonly found in the intestines of healthy people [35]. Several ben
efits have been reported for this bacterium, one of which is antiviral 
properties against certain viruses [36–38]. The presence of 
B. adolescentis was related with the higher effectivness of neutralising 

antibodies to CoronaVac suggesting that the B. adolescentis may use as an 
adjuvant to overcoming waning immunity of inactivated vaccine [39]. 

Additionally, our result showed that Bifidobacterium longum and 
Veillonella parvula are the hub species with the highest MCC score in HC 
and COVID-19 groups, respectively. V. parvula is an anaerobic oppor
tunistic coccus that leading to serious infection, in particular in in
dividuals with immunological defects [40]. Several studies presented 
that V. parvula is a marker for COVID-19 that can stimulate 
pro-inflammatory cytokines production such as TNF-a, and might 
induce responses of pro-oxidative and inflammatory which result in 
various respiratory infections outcomes [41]. 

Furthermore, B. longum is an obligatory anaerobic bacterium that 
inhabits in the intestine of human predominantly from premature in
fants to elderly individuals [42]. Multiple conventional probiotics such 
as B. longum potentially enhanced the antibodies level in viral infections 
[43]. Li et al. reported that Bifidobacterium sp. significantly declined in 
the fecal samples of COVID-19 patients. They confirmed that immune 
responses of covid-19 patient to SARS-CoV-2 was improved by 
increasing the level of this bacteria and their metabolite inosine [44]. 

This study has illustrated the relationship between the intestinal 
microbiome and COVID-19. Consequently, considering the critical role 
of the intestinal microbiome in the human immune system and health, 
studies and clinical trials using beneficial probiotics such asBifido
bacterium and Lactobacillus to enrich and reinforce the composition of 
the intestinal microbiome can be evaluated for the prevention and 
treatment of COVID-19 patients. It should be noted that not all pro
biotics have the same function. Bifidobacteria and Lactobacilli can be used 
as two types of non-pathogenic and beneficial probiotics. However, the 

Fig. 5. The bacterial co-occurrence network of the COVID-19 group at the species level; the green rectangles indicted bacterial species and black lines indicate 
interactions between them. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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arbitrary use of probiotics and other fermented products containing 
probiotics is not recommended. The effects of probiotics combating 
COVID-19 should be tested in randomized clinical trials (RCTs) to 
evaluate their impacts on the modulation and balance of intestinal mi
crobial composition. It is likely that probiotic therapy may be used as a 
new therapeutic method to harmonize intestinal microbiota so as to 
prevent or treat COVID-19. 

5. Conclusion 

In this study, the alterations of the gut microbiome in COVID-19 
patients compared to HC were evaluated using the metagenomic 
approach, the results of which revealed lower microbial biodiversity in 
the intestine of COVID-19 patients, when compared to healthy in
dividuals. In fact, beneficial bacteria such as bifidobacteria were found 
to be more prevalent in healthy individuals than in COVID-19 patients, 
who were reported to have higher levels of opportunistic and pathogenic 
bacteria. Therefore, the restoration of dysbiotic gut microbiota with the 
use of probiotics for the prevention or treatment of COVID-19 could be 
examined as a therapeutic strategy. 
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