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• Coronavirus disease 2019 (COVID-19), primarily a respiratory disease caused by 
infection with Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), 
is often accompanied by gastrointestinal symptoms. However, little is known 
about the relation between the human microbiome and COVID-19, largely due to 
the fact that most previous studies fail to provide high taxonomic resolution to 
identify microbes that likely interact with SARS-CoV-2 infection. 

• Here we used whole-metagenome shotgun sequencing data together with 
assembly and binning strategies to reconstruct metagenome-assembled 
genomes (MAGs) from 514 COVID-19 related nasopharyngeal and fecal samples 
in six independent cohorts. 

• We reconstructed a total of 11,584 medium-and high-quality microbial MAGs and 
obtained 5403 non-redundant MAGs (nrMAGs) with strain-level resolution. We 
found that there is a significant reduction of strain richness for many species in 
the gut microbiome of COVID-19 patients. 

• The gut microbiome signatures can accurately distinguish COVID-19 cases 
from healthy controls and predict the progression of COVID-19. Moreover, we 
identified a set of nrMAGs with a putative causal role in the clinical 
manifestations of COVID-19 and revealed their functional pathways that 
potentially interact with SARS-CoV-2 infection. 

• Finally, we demonstrated that the main findings of our study can be largely 
validated in three independent cohorts. The presented results highlight the 
importance of incorporating the human gut microbiome in our understanding 
of SARS-CoV-2 infection and disease progression.
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Introduction
• The ongoing pandemic of coronavirus disease 2019 (COVID-19), a respiratory

disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has infected billions of people world-wide.

• Existing studies found that a large proportion of COVID-19 patients had at least
one gastrointestinal (GI) symptom, such as diarrhea, vomiting, or belly pain.

• Importantly, in more than 20% of infected patients, their fecal samples
remained positive for the virus even after the respiratory and/or sputum
samples exhibited no detectable virus.

• Currently, the role of angiotensin-converting enzyme 2 (ACE2) in the invasion of
host cells by SARS-CoV-2 via its spike protein is well-established, and ACE2 is
also highly expressed in the small intestine and colon.

• The prolonged presence of large amounts of fecal SARS-CoV-2 RNA virus is
unlikely to be explained by the swallowing of virus particles replicated in the
throat but rather suggests enteric infection with SARS-CoV-2.

• To date, little is known about the relation between the human microbiome and
COVID-19.

Objective

Our major goals were to construct a COVID-19 related metagenomic genome catalog to identify novel taxa and strain-level
differences that are likely related to the clinical manifestations of SARS-COV-2 infection.
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Study cohorts
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• A total of 514 and 341 microbiome samples from six
discovery cohorts and three validation cohorts 
were analyzed in this study, respectively 

Methods

• Genome reconstruction of human microbiome with 
metagenomic sequencing data was performed with 
the function modules of metaWRAP. 

• First, the metaWRAP-Read_qc module was applied 
to trims the raw sequence reads and removes human 
contamination for each of the sequenced samples. 

• Then the clean reads from the sequencing samples 
were assembled using metaSPAdes. 

• Thereafter, MaxBin2, metaBAT2, and CONCOCT
were used to bin the assemblies. 

• CheckM was used to estimate the completeness and 
contamination of the bins, and the minimum 
completion and maximum contamination were 50% 
and 10%, respectively.



A high-quality microbial genome catalog of COVID-19 COVID-19 related changes in strain richness
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• COVID-19 patients lost many strains of multiple microbial 
species. 

• After quality control, we recovered 11,584 MAGs, 872 SGBs, and 
5403 non-redundant MAGs (nrMAGs). 



Machine learning model predicts the progression of COVID-19
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Genome annotation of permissive and protective nrMAGs 

• The gut microbiome signatures can accurately distinguish COVID-19 
cases from healthy controls and predict the progression of COVID-19. 

• We identified a set of nrMAGs with a putative causal role in the 
clinical manifestations of COVID-19 using GMPT pipeline and 
revealed their functional pathway (i.e., pentose phosphate 
pathway ) that potentially interact with SARS-CoV-2 infection. 

• Those results suggest that specific microbes (permissive nrMAGs 
may play a role in mediating SRAS-CoV-2 entry into host cells 
through pentose phosphate pathway and aromatic amino 
acids. 
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Conclusions

1.We leveraged hundreds publicly available WMS sequenced samples from multiple SARS-COV-2 datasets and generated 
for the first time a high-quality COVID-19 related genome catalog of the human microbiome.

2.We found that there is a significant reduction of strain richness for many species in the gut microbiome of COVID-19 
patients.

3.The gut microbiome signatures can accurately distinguish COVID-19 cases from healthy controls and predict the 
progression of COVID-19. 

4.We identified a set of nrMAGs with a putative causal role in the clinical manifestations of COVID-19 and revealed their 
functional pathway (i.e., pentose phosphate pathway) that potentially interact with SARS-CoV2 infection. 
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