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What Clinicians should know about COVID-19

• GI symptoms are not uncommon (3-61%)
• Detection of virus in stool does not correlate with GI 

symptoms (asymptomatic carrier)
• SARS-CoV-2 RNA could be detected in gut of severe cases

Jin X, et al. Gut 2020; Lin L, et al. Gut 2020; Zhang H, et al. Gut 2020; Ong J et al. Gut 2020; Song Y et al. Gut 2020; Liang W et al Gut 2020



Gut microbiota 
regulates immunity to maintain defense against 

viral and bacterial infections
Frontiers in Immunology 2018





Gut-Lung Cross Talk





Diabetics more prone to 
severe COVID-19 



GenieBiome Ltd.

BAD
Bacteria

GOOD
Bacteria

GUT DYSBIOSIS

Microbiota “Out of Balance” = 

Increased Severity of COVID-19 patients

People with severe COVID outcomes most at risk of gut 
"dysbiosis"



Lau, Zhang … Ng, Nature Reviews Gastroenterology & Hepatology (2022)



GenieBiome Ltd.

1st

in the world to define microbiota 
alterations (Gut Dysbiosis) 

in COVID-19





Control (n=15)COVID-19 (n=15)

COVID-19 (n>100) Control (n>1500)

>250 samples

Pneumonia (n=30)

Mild
Moderate
Severe
Critical

Yeoh.. Ng. Gut 2021

Standard diet captured

Microbial profiling of fecal samples by metagenomics sequencing

Study Design



Gut 2021

Gut microbiome is linked to more severe COVID-19



Yeoh.. Ng. Gut 2021

Several gut commensals with known immunomodulatory 
functions were underrepresented in COVID-19 patients



Several species depleted in COVID-19 are associated 
with increased inflammatory marker concentrations

Yeoh..  Ng, Gut 2020
Zuo.., Ng, Gastroenterology 2020



Lack of SCFA
and L-isoleucine 
biosynthesis 
significantly 
correlated with
disease severity and 
increased plasma
CXCL-10, NT- pro B-
type natriuretic 
peptide, and CRP

Gastroenterology 2021
Antibiotic-naïve (n=150)



Impact 
Factor: 
17.373

Impact 
Factor: 
17.373

Impact 
Factor: 
19.819

Impact 
Factor: 
19.819



Fox News

(United States)

MEDPAGE TODAY



Global Impact of Our Scientific Discoveries





Hu…Ng. Trends in Food Science 2020



Almost 40% of healthy HK population has 
Moderate/severe imbalanced gut microbiota 

(marker of impaired immunity) comparable to COVID-19 patients

Severe 
dysbiosis 

11%

Moderate 
dysbiosis 

26%

Mild 
dysbiosis 

46%

Normal 17%

Data on file
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GenieBiome Ltd.

We successfully identified 

23 gut microbiota 
associated with severity of COVID-19, and 

4 of them are consumable probiotics

COVID-19 Patient
Healthy Control



Healthy Cohort 1 (n=942) Healthy Cohort 2 (n=546) 
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Food-grade bacteria that are positively correlated 
with immune-boosting bacteria (blue)

A unique microbiome 
immunity formula 

(SIM01) was 
developed using big 

data analysis and 
machine learning

Using our Microbiome datasets
Big Data Analysis and Machine Learning

Food-grade bacteria that are negatively correlated 
with immune-boosting bacteria (red)

Blue indicates positive correlation; red indicates negative 
correlation. Color intensity and size of circle represents 
correlation coefficient, which is between -0.5 to 0.5.

Immune-boosting bacteria







GenieBiome Ltd.

Lin…Chan, Ng. Journ Gastro Hep 2022
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More patients on Immunity Formula achieved resolution of 
COVID-19 symptoms & positive antibody

Clinical Study 



Blood level of pro-inflammatory cytokines was significantly 
reduced in the microbiome immunity formula group (SIM01)

Lin…Chan, Ng. Journ Gastro Hep 2022 



Abundance of three probiotic species contained in 
SIM01 increased in stool of intervention group

Lin…Chan, Ng. Journ Gastro Hep 2022 



Post-acute COVID-19 Syndrome (Long COVID)
Nalbandian et al. Nature Medicine 2021



Press Conference 18 Jan 2021







Patients with Long COVID have distinct 
gut microbiome dysbiosis

Liu.. Ng. Gut 2021

106 patients with varying degrees of COVID-19 severity, treated at 3 different hospitals 
between February and August 2020, and 68 people who didn’t have COVID-19



Gut microbiota composition remains altered after 
clearing virus  -> LONG COVID symptoms

• Lower levels of E. rectale, R. bromii and F. 
prausnitzii , Bifidobacteria compared with 
non-COVID subjects

• Could contribute to persistent symptoms 
associated with COVID

Yeoh… Ng. Gut 2021 



Gut microbiota composition at admission 
predicts Long COVID

Baseline bacteria taxa associated with PACS

Liu… Ng. Gut 2021 



News 



Ciabattini et al, Frontiers in Microbiology, 2019

Gut Microbiota can influence Immune 
Response to Vaccination



Shotgun metagenomics 
sequencing and profiling

Vacinees

Baseline

1-Month                    6-Month                      12-Month                    24-Month

SARS-CoV-2 neutralising 
antibody, IgM and IgG against 
RBD and S1 by ELISA

Plasma cytokine 
measurements

Convalescent cases

Gut 2022



GenieBiome Ltd.

Subjects who received SinoVac

(inactivated vaccine) with low abundance 

of B.adolescentis showed lower antibody 

response.

Subjects who received BioNTech (mRNA 

vaccine) and  showed the lowest quarter 

of antibody response are also lack of  B. 

adolescentis and R. faecis.

High

Abundance of

B. 

adolescentis

Low

Abundance of

B. 

adolescentis

lowes
t25%

Antibody
level

Lacking

R. faecis and B. adolescentis

People lacking Bifidobacterium adolescentis showed poor
antibody response to COVID-19 vaccines



GenieBiome Ltd.

N>2000
metagenomics

Not …

Low, 34.10%

Normal, 
15.50%

85% of the population are depleted in 

B. adolescentis in the gut 



青春雙岐桿菌
Bifidobacterium
adolescentis

Beneficial bacteria that 
regulates immunity

Age

Diet

stress
antibiotics

Lower Abundance

Acquired after birth



To maintain survival and colonisation

Few commercial probiotic contain bifidobacteria adolescentis

…fragile and requires special microencapsulation technology



Joint CUHK-HKU study discovers efficacy of COVID-19 vaccines 

correlates with a probiotic bacterium, Bifidobacterium Adolescentis



Prevotella copri and two 

Megamonas species were 

enriched in individuals with 

fewer adverse events 

following either of the 

vaccines indicating that these 

bacteria species may play an 

anti-inflammatory role in host 

immune response (LDA 

scores > 3 and p < 0.05). 

Coronovac

BiontechSpecific Bacteria associated 
with less side effects after 
COVID-19 vaccine





Are Microbiome Signatures Population-Specific?
Overlapping microbial signatures for COVID-19

independent of geographical microbial differences (Japanese, Chinese)

Nagata .. Ng et al. Gastroenterology 2022 (in press) (CUHK, Tokyo Medical University)
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Superbugs are 
on the rise

The pandemic 
might have 
make it worse





Antibiotics?





Are We too liberal? Too Much Antibiotics?

• Empirical treatment of patients with COVID-19 using antibiotics is 
common

• A meta-analysis involving 154 studies and over 30 000 patients 
revealed that 74.6% of patients with COVID-19 received antibiotics, 
significantly higher than the estimated prevalence of bacterial co-
infection

• In Hospitalised patients with COVID-19, 72% (1450/2010) of patients 
received antibiotics but only 8% (62/806) had bacterial or fungal co-
infections





Discharged COVID

Gut Microbiota “Dysbiosis” Persist after 
Disease Resolution  and Worsened with Antibiotic Use

Yeoh… Ng. Gut 2021 

Lower levels of E. rectale, R. bromii and F. prausnitzii , 
Bifidobacteria compared with non-COVID subjects



Su et al., Gut Microbes, 2022



COVID-19 patients exhibited an 
enlarged gut antimicrobial 
resistance gene reservoir 
(resistome) 

Resistome maintained for at least 
six months, which was associated 
with higher possibility of  
Klebsiella co-infection and long-
COVID symptoms

Higher Resistome Lower Resistome

Su.. Ng., Gut Microbes, 2022

Increased Antimicrobial Resistance Gene Reservoir
(resistome) in COVID-19



SARS-CoV-2 infection induces gut microbiome dysbiosis in mice, which correlated with 
alterations to Paneth cells and goblet cells, and markers of barrier permeability

Gut microbiome dysbiosis is associated with translocation of bacteria into the blood 
during COVID-19
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How to Modulate the Gut Microbiota?

Administration of 
microbial consortia 
微生物組合

(and probiotics益生菌)

Fecal Microbiota 
Transplant (FMT)
腸道微生物移植

Diet & supplements
(prebiotics益生元)

Targeting of 
“detrimental有害的” 

microbes 
(by antibiotics抗生素 / 

phage噬菌體)



Role of Probiotics, Prebiotics in Combating MDRO

• The use of microbiome manipulation with prebiotics, probiotics, and 
synbiotics is in its infancy compared with other measures

• No direct conclusions regarding the efficacy of these measures

• For now, these supplements seem safe to use and are well tolerated in 
most populations

• These nutritionally based therapies should continue to be used in 
conjunction with other proven techniques, such as antibiotic stewardship 
and improvement in hygiene and sterilization practices, to aid in the 
reduction of colonization with MDROs.

Newman et al. Clin Ther 2020



Companies Developing Microbiome-based Therapies for MDRO

Feehan et al. Microorganisms 2020



Su et al., Gut Microbes, 2022





Synbiotics (SIM01) during acute infection or recovery phase 
significantly reduced the ARGs reservoir in the gut 

microbiota of COVID-19 patients

Su et al., Gut Microbes, 2022



Resistome remained 

stable and did not 

expand spontaneously 

despite stopping 

probiotics

Su et al., Gut Microbes, 2022

SIM01 probiotic supplementation significant decreases in 
observed ARG types and relative abundance of ARGs 



How to Modulate the Gut Microbiota?

Administration of 
microbial consortia 
微生物組合

(and probiotics益生菌)

Fecal Microbiota 
Transplant (FMT)
腸道微生物移植

Diet & supplements
(prebiotics益生元)

Targeting of 
“detrimental有害的” 

microbes 
(by antibiotics抗生素 / 

phage噬菌體)



Fecal microbiota transplantation
腸道微生物移植



Fecal Transplant : 2000 year of history

4th century hand book of emergency medicine

“Yellow soup” a slurry of stool （黃龍湯）
253ml human fecal suspension by mouth for patients

With poisoning or severe diarrhoea

World war II

German soldiers used camel stool to treat dysentery

Zhang et al. AJG 2012

Ge Hong 283-363 AD

SIEW  NG , PHD

http://www.google.com.hk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiR4ZaS24DMAhVl4qYKHWOyCkEQjRwIBw&url=http://www.iep.utm.edu/gehong/&psig=AFQjCNGR9XYPJK-ZCBYmp7xh5RNlsZtSLw&ust=1460262302907617


Sole provider of FMT service to the 
Hospital Authority in Hong Kong for 

Clos difficile infections 難辨梭菌感染: 
Cure Rate is Close to 90%



Ng et al. Gut 2019
Lynch..Ng..Nature Rev Gastro Hep 2019
Tao…Ng. Nature Communications 2018



As of December 2019, 197 studies in clinicaltrials.gov were 
completed or actively enrolling subjects for FMT therapy, mostly 
for Clostridioides difficile infection (CDI), which was the genesis 
for treating MDROs with FMT.

21 studies in clinicaltrials.gov are for MDRO decolonization or 
treatment.

FMT for Eradicating MDRO



FMT for Eradicating MDRO

Liu, Q., ….Ng, S. C. 2022. Longitudinal Evaluation of Gut Bacteriomes and Viromes

after Fecal Microbiota Transplantation for Eradication of Carbapenem-Resistant 

Enterobacteriaceae. mSystems, e01510-21.



Successful Eradication of Carbapenem-resistant Enterobacteriaceae with FMT

Liu, Q., ….Ng, mSystems, e01510-21. 2022



Bray-Curtis dissimilarity of pre- and post-FMT samples compared to donor 

Similarity of Bacteria composition towards donor after FMT

Increased similarity of bacterial composition to 
that of donor following FMT



Marked shift towards an 
increased Firmicutes after FMT

Repopulation of bacteriome in recipients by FMT

Firmicutes Actinobacteria

Enriched Ruminococcaceae may 
play an important role for CRE 

clearance  by FMT 



Tight connection between gut bacteriome and virome in donor and post-FMT

FMT impacts the trans-kingdom interactions of gut microbiome composition

Liu, Q., ….Ng, mSystems, e01510-21. 2022



Alterations of Gut Virome after FMT

Striking increase in Klebsiella phages in all recipients

Liu, Q., ….Ng, mSystems, e01510-21. 2022



Alterations of Gut virome after FMT

Escherichia virus in VLP metagenomes

Contigs Assembly

Viral contigs

Viral protein homology
Taxonomic assignment on 

ORFS, contigs 

Classified Viral contigs

Predicted ORFs

Recipient 2
Only CRE E.coli carrier

Targeted bacteriophage expansion for 
CRE causative bacteria

The bloom of bacteriophages after FMT were donor origin

Liu, Q., ….Ng, mSystems, e01510-21. 2022



FMT and MDRO

• In a small pilot study, all patients had CRE clearance after 2 FMTs

• Bacterial, viral communities responded differently to FMT

• Bacterial communities showed engraftment with donor-derived 
symbiont (Ruminococcaceae)

• Transkingdom interactions between the virome and bacteriome 
communities may have evolved in part to support efficient FMT 
for treating CRE

FMT play a major role in modulating not just bacteria but 
also virome communities in CRE 



What We Don’t Know (yet)



Beyond the Pandemic
Lau… Ng, Nature Reviews Gastroenterology & Hepatology (2022)

Increase in 
MDRO



GenieBiome Ltd.

How does microbiota modulation help in
MDRO, COVID-19 Patients and General Public? 

Helps to boost Immunity to fight 
against the virus with scientific 

evidence

Reduce resistome

and has potential to 

reduce MDRO

Improves Vaccine 
antibody response and 

reduces vaccine side 
effects

Hasten recovery and reduce 

long covid symptoms



Take Home Messages

• Gut microbiome impact COVID-19 risk, severity and long covid

• Antibiotics are associated with “worsened dysbiosis” in COVID-19 patients

• COVID-19 patients had increased antimicrobial resistance gene reservoir

• A synbiotic formula (SIM01) used in acute infection or recovery phase can 
significantly reduced ARGs reservoir in COVID-19 patients

• Fecal microbiota transplant may have potential rolein clearing MDRO and the 
mechanisms should be explored

• Think before you prescribe antibiotics (Before it is too late!)



CUHK Microbiota & COVID-19 Team

siewchienng@cuhk.edu.hk
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