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K E Y  M E S S A G E S 

1.	 Prolonged and active SARS-CoV-2 virus 
remained in the gut of patients with COVID-19, 
even after recovery.

2.	 Both gut bacterial and viral microbiota were 
disrupted in patients with COVID-19, persisting 
for up to 6 months after disease resolution.

3.	 Several gut commensal bacteria with 
known immunomodulatory potential—
Faecalibacterium prausnitzii, Eubacterium 
rectale, and Bifidobacteria—and two RNA 
virus species derived from pepper plants were 
underrepresented in these patients.
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Introduction
Although most COVID-19 cases are mild, the illness 
can result in hospitalisation, respiratory failure, 
or death.1 The prevalence of patients exhibiting 
gastrointestinal symptoms, including diarrhoea, 
was 2% to 10% in early reports from Wuhan and 
was up to 20% in a meta-analysis.2-5 SARS-CoV-2 
was detected in anal swabs and stool samples of 
almost 50% of patients, suggesting that the digestive 
tract can be a site for viral replication and activity.6,7 
Moreover, faecal calprotectin was elevated in 
COVID-19 patients with diarrhoea,8 indicating an 
inflammatory response in the gut. SARS-CoV-2 
enters host cells via the angiotensin-converting 
enzyme 2 (ACE2) receptor, which is highly expressed 
in both the respiratory and gastrointestinal tracts.9-

11 ACE2 also plays important roles in controlling 
intestinal inflammation and gut microbial ecology.12 
The gut microbiome affects immune response and 
metabolism. The commensal microbiota is dynamic 
and can be modulated by invading viruses to elicit 
either stimulatory or suppressive responses.13 
Respiratory viral infections may alter the gut 
microbiome, increasing susceptibility to secondary 
bacterial infections.14,15 Meta-transcriptomic analysis  
of bronchoalveolar lavage fluid from infected patients 
revealed dominance of pathogens or commensal 
bacteria in the oral and upper respiratory tracts.16 
Comorbidities in patients with severe COVID-19  
have been linked to shifts in bacterial taxa from 
the phyla Bacteroidetes and Firmicutes,17-20 which 
regulate ACE2 expression in rodents.21 Host 
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microbial perturbations may impact response 
to infection and the efficacy of future immune 
interventions such as vaccines.22 We hypothesised 
that SARS-CoV-2 replicates in the gastrointestinal 
tract and alters gut microbiota, leading to worsened 
clinical manifestations. This study aimed to explore 
the roles of the gastrointestinal tract and gut 
microbiota in the pathogenesis of COVID-19.

Methods
In total, 50 hospitalised patients with laboratory-
confirmed SARS-CoV-2 infection, 30 hospitalised 
patients with community-acquired pneumonia 
(pneumonia controls), and 30 healthy controls were 
recruited. Stool and plasma samples were collected. 
Clinical data were collected prospectively using a 
standardised template developed by the International 
Severe Acute Respiratory and Emerging Infection 
Consortium.
	 Laboratory investigations included 
measurement of viral load in faecal samples, profiling 
of faecal microbes (including viruses and bacteria), 
inflammatory cytokine profiling (interleukin [IL]-
1β, IL-6, IL-10, IL-12p70, tumour necrosis factor-α, 
C-X-C motif chemokine ligand [CXCL] 8, CXCL9, 
CXCL10, C-C motif chemokine ligand [CCL] 2, and 
CCL5), ACE2 gene expression analysis, and bacterial 
co-culture studies of Caco-2 and HT-29 cells.

Results
SARS-CoV-2 nucleic acid was detected in the faeces 
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4.	 Depletion of these bacterial and viral taxa was 
associated with more severe disease and higher 
levels of inflammatory cytokines and blood 
markers.
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of 73.3% of patients during hospitalisation (median 
viral load, 3.86 ×103 copies per mL inoculum), 
whereas active SARS-CoV-2 infection was 
confirmed in 46.7% of patients, with substantially 
higher genomic coverage at the 3′ end relative to 
the 5′ end of the SARS-CoV-2 genome in faecal viral 
metagenomes, even after clinical recovery. Patients 
with COVID-19 showed disrupted bacterial and 
viral microbiota, which persisted for up to 6 months 
after recovery. Several gut commensal bacteria 
with known immunomodulatory properties—
Faecalibacterium prausnitzii, Eubacterium rectale, 
and Bifidobacteria—and two RNA virus species 
derived from pepper plants were underrepresented 
in patients. Decreased abundances of these 
bacterial and viral taxa were associated with more 
severe disease and elevated concentrations of 
inflammatory cytokines and blood markers including  
C-reactive protein, lactate dehydrogenase, aspartate 
aminotransferase, and gamma-glutamyl transferase. 
No significant correlations were observed between 
ACE2 gene expression and disease severity, blood 
biomarkers, or gut microbiota composition. 
Bacteroidetes species (Bacteroides dorei, Bacteroides 
thetaiotaomicron, and Bacteroides massiliensis) did 
not downregulate ACE2 expression in epithelial 
cells.

Discussion
Patients with COVID-19 had substantial active viral 
infection and replication in the gastrointestinal 
tract, which in some cases persisted after 
respiratory clearance of SARS-CoV-2. Clearance of 
gastrointestinal infection appeared to be delayed. 
The implications of this delayed clearance for viral 
transmission remain unclear.
	 The gut microbiome was disrupted in patients 
with COVID-19, characterised by enrichment of 
opportunistic pathogens and depletion of beneficial 
commensals. Loss of salutary species persisted in 
most patients for up to 6 months after clearance of 
SARS-CoV-2. Given that many recovered patients 
reported symptoms such as fatigue, dyspnoea, 
and joint pain, we speculate that a dysbiotic gut 
microbiome contributes to post-COVID-19 
complications. Further investigations are needed to 
determine whether dysbiosis or specific microbial 
imbalances predispose individuals to future health 
issues.
	 SARS-CoV-2 infection may induce 
dysfunctional immune responses and cytokine 
storm syndrome in a subset of patients, resulting 
in more severe disease. The gut microbiota plays a 
key role in regulating the development and function 
of both the innate and adaptive immune systems. 
This study showed that depletion of several gut 
commensal bacteria—F prausnitzii, E rectale, and 
Bifidobacteria—and two RNA virus species derived 

from pepper plants was associated with more severe 
disease and elevated levels of inflammatory cytokines 
and blood markers. F prausnitzii has been shown to 
prime human colonic regulatory T cells to secrete the 
anti-inflammatory cytokine IL-10.19 Higher relative 
abundances of E rectale in the gut have been linked 
to reduced inflammation in Alzheimer’s disease,10 
and Bifidobacterium adolescentis is able to suppress 
the activation of nuclear factor-κB, a protein 
that promotes expression of pro-inflammatory 
cytokines.21 The pepper-derived RNA virus is the 
most abundant and prevalent plant RNA virus found 
in human faeces; it has been proposed as an indicator 
of faecal contamination in aquatic environments 
and water treatment systems. SARS-CoV-2 may 
modulate host immunity and create an unfavourable 
environment for certain RNA viruses. The lysis or 
clearance of these viruses in the gut may lead to 
the release of nucleic acids, proteins, and lipids that 
act as pathogen-associated molecules that trigger 
inflammation. These gut microorganisms play a 
broader role in modulating systemic inflammation; 
their depletion in COVID-19 may contribute to 
severe disease and inflammatory symptoms via 
dysregulation of host immune responses.

Conclusion
Prolonged and active SARS-CoV-2 was detected 
in the gut of patients with COVID-19, even after 
recovery, highlighting the importance of long-term 
surveillance and the potential risk of faecal-oral 
transmission. Both gut bacterial and viral microbiota 
were disrupted in patients with COVID-19 and 
could persist for up to 6 months after recovery; the 
disruption was associated with disease severity and 
immune responses. These findings underscore the 
urgent need to elucidate the specific roles of gut 
microorganisms in immune regulation and systemic 
inflammation in the context of COVID-19.

Funding
This study was supported by the Health and Medical 
Research Fund Commissioned Research on the 
Novel Coronavirus Disease, Health Bureau, Hong 
Kong SAR Government (#COVID190111). The full 
report is available from the Health and Medical 
Research Fund website (https://rfs1.healthbureau.
gov.hk).

Disclosure
The results of this research have been previously 
published in:
1. Zuo T, Zhang F, Lui GC, et al. Alterations in gut 
microbiota of patients with COVID-19 during time of 
hospitalization. Gastroenterology 2020;159:944-55.
2. Zuo T, Zhan H, Zhang F, et al. Alterations in fecal 
fungal microbiome of patients with COVID-19  

https://rfs1.healthbureau.gov.hk
https://rfs1.healthbureau.gov.hk


  #  Ng et al #

36 Hong Kong Med J  ⎥  Volume 31 Number 4 (Supplement 4)  ⎥  August 2025  ⎥  www.hkmj.org

during time of hospitalization until discharge. 
Gastroenterology 2020;159:1302-10.
3. Zuo T, Liu Q, Zhang F, Lui GCY, et al. Depicting 
SARSCoV-2 faecal viral activity in association 
with gut microbiota composition in patients with 
COVID-19. Gut 2021;70:276-84.
4. Yeoh YK, Zuo T, Lui GCY, et al. Gut microbiota 
composition reflects disease severity and 
dysfunctional immune responses in patients with 
COVID-19. Gut 2021;70:698-706.
5. Zhang F, Wan Y, Zuo T, et al. Prolonged 
impairment of short-chain fatty acid and L-isoleucine 
biosynthesis in gut microbiome in patients with 
COVID-19. Gastroenterology 2022;162:548-61.e4.

References
1.	 Onder G, Rezza G, Brusaferro S. Case-fatality rate and 

characteristics of patients dying in relation to COVID-19 
in Italy. JAMA 2020;323:1775-6.

2. 	 Huang C, Wang Y, Li X, et al. Clinical features of patients 
infected with 2019 novel coronavirus in Wuhan, China. 
Lancet 2020;395:497-506.

3. 	 Chen N, Zhou M, Dong X, et al. Epidemiological and 
clinical characteristics of 99 cases of 2019 novel coronavirus 
pneumonia in Wuhan, China: a descriptive study. Lancet 
2020;395:507-13.

4. 	 Liang W, Feng Z, Rao S, et al. Diarrhoea may be 
underestimated: a missing link in 2019 novel coronavirus. 
Gut 2020;69:1141-3.

5. 	 Cheung KS, Hung IFN, Chan PPY, et al. Gastrointestinal 
manifestations of SARS-CoV-2 infection and virus load in 
fecal samples from a Hong Kong cohort: systematic review 
and meta-analysis. Gastroenterology 2020;159:81-95.

6. 	 Wolfel R, Corman VM, Guggemos W, et al. Virological 
assessment of hospitalized patients with COVID-2019. 
Nature 2020;581:465-9.

7. 	 Xu Y, Li X, Zhu B, et al. Characteristics of pediatric SARS-
CoV-2 infection and potential evidence for persistent fecal 
viral shedding. Nat Med 2020;26:502-5.

8. 	 Effenberger M, Grabherr F, Mayr L, et al. Faecal 
calprotectin indicates intestinal inflammation in COVID-
19. Gut 2020;69:1543-4.

9. 	 Shang J, Ye G, Shi K, et al. Structural basis of receptor 

recognition by SARS-CoV-2. Nature 2020;581:221-4.
10. 	Wang J, Zhao S, Liu M, et al. ACE2 expression by colonic 

epithelial cells is associated with viral infection, immunity 
and energy metabolism [preprint]. medRxJv 2020. doi: 
10.1101/2020.02.05.20020545

11. 	Xiao F, Tang M, Zheng X, Liu Y, Li X, Shan H. 
Evidence for gastrointestinal infection of SARS-CoV-2. 
Gastroenterology 2020;158:1831-3.e3.

12. 	Hashimoto T, Perlot T, Rehman A, et al. ACE2 links amino 
acid malnutrition to microbial ecology and intestinal 
inflammation. Nature 2012;487:477-81.

13. 	Li N, Ma WT, Pang M, Fan QL, Hua JL. The commensal 
microbiota and viral infection: a comprehensive review. 
Front Immunol 2019;10:1551.

14. 	Hanada S, Pirzadeh M, Carver KY, Deng JC. Respiratory 
viral infection-induced microbiome alterations and 
secondary bacterial pneumonia. Front Immunol 
2018;9:2640.

15. 	Yildiz S, Mazel-Sanchez B, Kandasamy M, Manicassamy B, 
Schmolke M. Influenza A virus infection impacts systemic 
microbiota dynamics and causes quantitative enteric 
dysbiosis. Microbiome 2018;6:9.

16. 	Shen Z, Xiao Y, Kang L, et al. Genomic diversity of severe 
acute respiratory syndrome-coronavirus 2 in patients with 
coronavirus disease 2019. Clin Infect Dis 2020;71:713-20.

17. 	Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V,  
Mardis ER, Gordon JI. An obesity-associated gut 
microbiome with increased capacity for energy harvest. 
Nature 2006;444:1027-31.

18. 	Emoto T, Yamashita T, Sasaki N, et al. Analysis of gut 
microbiota in coronary artery disease patients: a possible 
link between gut microbiota and coronary artery disease. J 
Atheroscler Thromb 2016;23:908-21.

19. 	Yang T, Santisteban MM, Rodriguez V, et al. Gut dysbiosis 
is linked to hypertension. Hypertension 2015;65:1331-40.

20. 	Ley RE, Turnbaugh PJ, Klein S, Gordon JI. Microbial 
ecology: human gut microbes associated with obesity. 
Nature 2006;444:1022-3.

21. 	Geva-Zatorsky N, Sefik E, Kua L, et al. Mining the human 
gut microbiota for immunomodulatory organisms. Cell 
2017;168:928-43.e11.

22. 	Kalantar-Zadeh K, Ward SA, Kalantar-Zadeh K, El-Omar EM.  
Considering the effects of microbiome and diet on 
SARS-CoV-2 infection: nanotechnology roles. ACS Nano 
2020;14:5179-82.




