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ABSTRACT: The COVID-19 pandemic has created a global emergency that calls for a better understanding of our immune 
defenses against SARS-CoV-2. The gut microbiome plays a vital role in regulating host immunity. Emerging evidence has 
suggested a possible association of the irregular gut microbiome with COVID-19. However, the heterogeneity among the results 
of these studies requires thorough statistical analysis. This study examines the relationship between gut microbiome composition 
and COVID-19 through a systematic review of published research and statistical analysis. Three databases, including PubMed, 
Web of Science, and Embase, were searched for articles that reported measures of gut bacterial composition in COVID-19 
patients. Eleven publications containing appropriate information were selected and analyzed for alpha diversity, beta diversity, and 
relative abundance indexes. The results of this study suggest that COVID-19 patients are associated with abnormal microbiome 
composition, as reflected by a statistically significant decrease in microbial diversity compared to healthy individuals. In addition, 
COVID-19 patients exhibited notably decreased health-promoting bacteria. The result of this study indicates that the gut 
microbiome can be used as a biomarker in monitoring COVID-19 disease progress and recovery. These findings suggest restoring 
the immunomodulatory bacteria may serve as a promising novel adjuvant therapy for COVID-19.   
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�   Introduction
COVID-19, caused by SARS-CoV-2, has rapidly spread 

worldwide, resulting in over 500 million infections and 6 mil-
lion deaths globally since December 2019.¹ It is a respiratory 
illness with a spectrum of clinical implications, and the symp-
toms can range from mild fever and cough to severe pneumonia 
and multiple organ failures. Infection by SARS-CoV-2 induc-
es an immune response to eradicate the virus. Still, plenty of 
evidence has suggested that an aberrant immune response is 
responsible for severe illness and damage to the lung and other 
organs. It is also common that long-term implications on the 
body remain after the patients have recovered from the acute 
phase of the disease.²,³ The severity of this disease has elicit-
ed the development of multiple COVID-19 therapies, most 
of which are focused on virus clearance, such as neutralizing 
monoclonal antibodies and small molecule drugs targeting 
the viral protease or RNA polymerase. However, due to the 
long-lasting effects of SARS-CoV-2 infection on the human 
body even after viral removal, it is necessary to develop novel 
therapy that allows patients to recover from the severe damag-
es caused by COVID-19 entirely. The gut microbiome is the 
collection of many microorganisms living in symbiosis with 
hosts that contribute to human health. The gut microbiome 
is involved in the host nutrient metabolism, drug metabolism, 
protection from pathogens, and maintenance of structural in-
tegrity of the intestinal mucosal barrier. Studies in recent years 
have shown that the gut microbiome also plays an essential role 
in regulating the host immune system. Maintaining a healthy 
gut microbiome and the imbalance of the microbiome are im-
plicated in metabolic diseases, autoimmune and inflammatory 
diseases, neurodegenerative disorders, and cardiovascular ill-

ness.⁴,⁵ The goal of this study was to systematically review the 
emerging evidence on the association between gut microbiome 
alterations and COVID-19, highlighting the potential of using 
gut microbiome composition as a biomarker for monitoring 
disease progression and treatment effectiveness and its promise 
as a potential new adjuvant therapy for COVID-19.  
�   Methods
A systematic review of the original clinical articles was con-

ducted to evaluate  the human gut microbiome in COVID-19. 
The "preferred reporting items for systematic review and me-
ta-analysis" (PRISMA) reporting guidelines were followed.⁶ 
PubMed, Embase, and Web of Science were searched to 
identify articles with original data published before Febru-
ary 1, 2022. Search terms or keywords include: “COVID-19,” 
“COVID-19,” SARS-CoV-2 Infection,” “Gastrointestinal Mi-
crobiome,” and “Gut Microbiome.” 

Selection Criteria:
The PRISMA guidance stipulates that the literature re-

trieval of systematic review and meta-analysis shall comply 
with PICOS:

P(Population): Patients with COVID-19
I(Intervention): SARS-CoV-2 infection
C(Comparison): Healthy controls without COVID-19
O(Outcomes): Aberrant gut microbiota composition
S(Study): Observational study
Data Extraction:
Publications details, including several patients and meth-

odological information, were extracted. The community-level 
measures of gut microbiota composition (using alpha and beta 
diversity indexes) and taxonomic findings at the phylum and 
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species levels (using relative abundance indexes) were then 
determined. Alpha diversity provides an overview of micro-
bial communities in individual samples. It can be compared 
across groups to assess the samples' richness (number of spe-
cies) and uniformity (representation of each species). Beta 
diversity is a measure of diversity among individuals (between 
samples). It evaluates the similarity between the community 
and control samples analyzed.⁷,⁸ For the relative abundance 
of microbial groups, qualitative synthesis was conducted.
�   Results
1235 original studies in PubMed, Embase and Web of 

Science databases were obtained. 11 original studies were 
included according to the inclusion criteria. The literature 
screening flowchart is shown in Figure 1.

Characteristics of Included Studies:
Of the 11 studies included, seven were from China, and 

the remaining four were from the United States, Italy, India, 
and the United Arab Emirates. A total of 436 patients with 
COVID-19 infection and 336 healthy people were included 
in the analysis. The detailed characteristics of the included 
studies are shown in Table 1.

Alpha Diversity:
Six of the eight studies that reported the Shannon index 

provided available data and were included in the analysis 
(230 patients and 182 controls). Although there is hetero-
geneity between the studies(I2=89%), the pooled estimate 
demonstrated a significant difference between groups (Stan-
dard Mean Difference (SMD) = −0.81; 95% CI, −1.56 to 
-0.06; p=0.03) (Figure 2). Compared with healthy people, 
COVID-19 patients had significantly lowered intestinal flora 
diversity.

Beta Diversity:
10 of the 11 studies performed the difference test based on 

principal component analysis. The results of the beta diversi-
ty analysis are summarized in Table 2. These studies showed 

that the composition of intestinal flora after infection with 
COVID-19 was significantly different from that of healthy 
people.

Relative Abundance:
All studies assessed the relative abundance of gut microbes, 

and 10 of 11 studies identified significant differences between 
patients and controls at phylum or genus levels. The differ-
ences between COVID-19 patients and healthy controls in 
microbial taxa spanned 14 phyla and 37 genera. 

Because the microbial taxa in the human intestine are very 
complex, and the microbial taxa studied in the 11 included 
articles are quite different, I chose to compare the typical flora 
in the top 7 phylum and top 7 genera. The phylum Bacte-
roidetes, Firmicutes, Fusobacteria, Proteobacteria, Actinobacteria, 
Tenericutes, and Verrucomicrobia account for more than 95% 
of the healthy human gut microbes,²⁰ and the genera Bac-
teroides, bifidobacterium, eubacterium, clostridium, peptococcus, 
peptostreptococcus, and ruminococcus are predominant in human 
gut microbes,²¹-²³ so the differences between the two groups 
in those categories were summarized. 

The differences between healthy control and COVID-19 
groups are shown in Figure 3.

Figure 1: Screening flowchart. 

Table 1: Summary of included studies. 

Figure 2: Compared with healthy controls, forest plots of Alpha Diversity 
richness estimators in the gut microbiota of patients with COVID-19. 

Table 2: Methodology and findings of the included studies assessing beta 
diversity for comparing the COVID-19 and healthy control groups.

DOI: 10.36838/v5i1.4

 ijhighschoolresearch.org



 20 DOI: 10.36838/v5i1.4

To my knowledge, this is the first research to assess gut 
microbiota perturbations in COVID-19 patients through a 
systematic and comprehensive search and statistical analysis. 
As the gut microbiome is severely perturbed in COVID-19 
patients, it can be used as a biomarker in monitoring patients’ 
disease progress and recovery. Additionally, restoring the 
gut microbiome can be used as an adjuvant therapy to treat 
COVID-19 patients. COVID-19 can involve sequelae and a 
broad range of medical complications that last months after 
the initial recovery. Coincidently, the perturbation of the gut 
microbiome in COVID-19 patients can also last months 
after recovery. Since the gut microbiome plays a vital role in 
many host functions, including metabolism, strengthening 
gut integrity, and regulating host immunity, restoring the 
gut microbiome by supplementing patients with beneficial 
microorganisms may serve as a promising novel adjuvant 
therapy during the disease phase and post-acute phase to 
counteract long-lasting complications of COVID-19. 
�   Conclusion
I performed a systematic and comprehensive search of pub-

lished studies in this study and analyzed 11 selected studies 
for gut microbiome alpha diversity, beta diversity, and relative 
abundance indexes. The results suggest that COVID-19 pa-
tients are associated with aberrant microbiome composition, as 
reflected by a statistically significant decrease in microbial diver-
sity compared to healthy individuals. In addition, COVID-19 
patients exhibited decreased health-promoting bacteria, espe-
cially Bifidobacterium, which is abundant in healthy individuals. 
This study indicates that the gut microbiome can serve as a 
biomarker to monitor the disease progression and treatment 
effectiveness; that is, full recovery of a healthy microbiome is a 
valid indicator for the recovery of the patients. These findings 
also suggest that restoring the health-promoting bacteria may 
serve as a promising novel adjuvant therapy for COVID-19. 
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At the Phylum level, Firmicutes showed a trend of reduced 
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abundance of bifidobacterium, ruminococcus, and peptostreptococ-
cus is significantly reduced in COVID-19 patients in most of 
the included studies.  

 �   Discussion
Because of the strong infectious characteristics of SARS-

CoV2, there is no large-scale population study on the intestinal 
flora of COVID-19 patients. The limited number of cases in 
each study and the choice of reference population may be an 
essential source of heterogeneity between studies. I performed 
alpha diversity analysis on 230 patients and 182 healthy 
controls through a systematic and comprehensive search of 
published research. The result (Shannon Index SMD: -0.81(-
1.56, -0.06)) showed that the alpha diversity of intestinal flora 
decreased significantly in COVID-19 patients (Figure 2). The 
decrease of intestinal flora diversity may be an essential process 
of a series of pathological conditions caused by SARS-CoV-2 
virus invasion. 

The beta diversity analysis has shown that the components 
of the patient's gut flora have changed significantly compared 
to healthy controls (Table 2).

The relative abundance of specific phyla and genera in 
COVID-19 patients compared to healthy controls was also 
summarized (Figure 3). Due to the limited number of cases 
and the fact that not all phylum and genus were studied in 
each publication, the relevant abundance for the majority of 
the phylum and genus is not yet apparent, and more studies 
with an increased number of cases will be needed to obtain a 
solidified conclusion. However, the results show that the rel-
evant abundance of the ruminococcus genus, peptostreptococcus 
genus, and the bifidobacterium genus was significantly reduced 
in COVID-19 patients. Bifidobacterium is an abundant type 
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Figure 3: Compared to the healthy group, changes in the relative 
abundance of gut microbial taxa in the COVID-19 group. 
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