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Agenda

• What do we know about COVID-19 and the gut?

• What are our research findings?

• What are the implications for public health policy-making?

• How do our findings impact patient care?

• What is the global impact of our research?

• What are the future directions?
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This will be the first study that simultaneously assess fecal 
SARS-CoV-2 viral load and gut microbiota in COVID-19

These data will not only have an impact on prevention and 
control of COVID-19, it will also offer a new prospect of 
potential therapeutics to modulate the gut microbiota to 

improve outcome in COVID-19 patients
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What do we know about 
COVID-19 and the Gut?



Ng and Tilg. Gut 2020

20-60% of cases have diarrhoea, abdominal pain, vomiting etc
Virus found in stool after respiratory clearance 

COVID-19 is not only a respiratory disease
The human gut is a target! 



Viral entry receptor (ACE-2) is highly expressed 
in the human gut

Vabret et al. Cell 2020



We found High 3’ end coverage indicates
active SARS-CoV-2 in the gut of COVID-19 patients

Zuo.. Chan, Ng. Gut 2020



SARS-CoV-2 is still active even after disease resolution 
(nasopharyngeal clearance of SARS-CoV-2 virus)

Zuo.. Chan, Ng. Gut 2020



Patients with COVID-19 had 
active and prolonged 

SARS-CoV-2 activity in the gut, 
even in the absence of GI 

manifestation

Depicting SARS-CoV-2 faecal viral activity 
in association with gut microbiota 

composition in patients with COVID-19
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What are the Implications for 
public health policy-making?
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Implications

SARS-CoV-2 can be easily detected in the stool and persist after recovery

Stool test is accurate and safe (suitable and more effective for COVID-19 
screening for specific groups of people)

Caution on potential threat of faecal-oral viral transmissions



Gut microbiota 
regulates immunity to maintain defense against viral and bacterial infections

Frontiers in Immunology 2018



Gut dysbiosis makes us susceptible to infections 
(including COVID-19) with worse outcomes



What are our key research 
findings?
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Control (n=15)COVID-19 (n=15)

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

230 samples

We then expanded our study cohort to 100 patients with COVID-19 and 1,500 healthy controls and collected their microbiota data. With 
big data analysis, we developed a symbiotic formula that aims to target gut dysbiosis, thereby boosting immunity against COVID-19

Pneumonia (n=30)

Mild
Moderate
Severe
Critical



Gut microbiome is significantly altered in COVID-19

Zuo..Ng et al. Gastro 2020

A 
Fatty liver 

Age 

Gender 

Diabetes 

Antibiotics use 

Pneumonia 

Hyperlipidemia 

COVID-19 

0.00 0.02 

** 
0.04 0 .06 0.0 



Yeoh& Ng. Gut 2021 (published online)

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

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



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

Yeoh.. Chan, Ng, Gut 2020
Zuo.. Chan, Ng, Gastroenterology 2020
Fen .. Ng. Gatstroenterology 2021

Short-chain fatty acids biosynthesis   
L-isoleucine biosynthesis 

:



Discharged COVID

Gut microbiota dysbiosis persist after disease 
resolution  (Up to 30 days)

Yeoh& Ng. Gut 2021 (published online)

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



Gut microbiota composition at admission predicts 
Long COVID (Post-acute COVID syndrome)

Liu..Ng. Gut 2021



Commensals: 
Faecalibacterium prausnitzii

Roseburia

Eubacterium

Lachnospiraceae taxa

Commensal Symbionts
Faecalibacterium prausnitzii, 
Roseburia, Eubacterium ventriosum, 
Lachnospiraceae taxa 

Opportunistic Pathogens
Clostridium hathewayi, Actinomyces

viscosus, Bacteroides nordii

Onset
Recovered

Bacteroides dorei

Bacteroides thetaiotaomicron

Bacteroides massiliensis

Bacteroides ovatus

SARS-CoV-2

ACE2

Dysbiosis persist

Gastroenterology 
Top International Medical Journal

First Evidence in the 
World

Healthy COVID-19

first in the world 
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How do the research impact 
patient care?
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Almost 40% of healthy HK population has 
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



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 

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
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Heal th & Environment 

Co o avir 
s pp e e 
battle 

o g o g' C · e e U iver ity re ea c er c aft 
to help balance ody's bacteria a · d Covid-19 

· Team moved for ard v1th P'OJecl afte 1scoven g many reco e' n p tien ts ad 1c obe imbalanc 

1 1 tes ines 

11i l . ow Ll w , mi 

CU Medicine Deve ops a Probiot·c Fo mula to arget 
lmba ance in Gut Microbiota in COVID-19 

J _ 11. 2020 8:33 P G T-r8 

----------
0 G KONG, e 11, 2020 / PR e HI e/ -· T e Facul y of e lei e fT e c I ese 

U lversity of Hong Ko g (CU Medici e) Is t e f irst to dlscove a series of good bacteria 

missi g i the gut of CO ID·19 atients. The researc earn recent ly co f irmed t is 

disco ery w ith a large mber o ealt y su ·ects and co I -19 patients. Usi g ig data 

analy 1 a d mac r e learnl g, C ed lcl e ass ccessfully develo ed a p o I t ic for ula 

hat aims to ta rget gut dysbiosis thereby offeri g hope to cost im nit against COVID-19 

and ot er e ergi g iral infections . They a tici te that the formula will soon e turned 

to a roblot lc s pie en to go wl our dally diet to Im rove o r e ense against 

I fectlo . 



More patients on immunity formula achieved resolution 

of COVID-19 symptoms & antibody formation

Zhang.. Ng. APDW 2021

Zhang et al. JGH (revision)
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What are the global impact of 
our research?
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Impact Factor: 
17.373

Impact Factor: 
17.373

Impact Factor: 
19.819

Impact Factor: 
19.819

2 editorials
5 publications
5 media press



Global Impact of our Work

+USA 

Mexico & 
Central America 

• 
I 
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Asia 

Forbes 
~ M.D./alert 

1VEDPAGE TODAY_·_ 

Sou h 
America 

+ · LARAZ<lN 

Africa + 
:~ .~ ·.,. 

DECCAN ~IlERALD 

+ AusDoc. Australia 



Copyright © 2020. All Rights Reserved. Faculty of Medicine, The Chinese University of Hong Kong

What are our future 
directions?
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Durability of vaccine 
response?

Durability of COVID-19 vaccine remains unclear and some countries are offering third vaccine doses
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Can we modulate gut microbiome to improve vaccine response?

Prebiotics
Probiotics Diet Gut bacteria

DietLifestyle

Surgery
Drug
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Novel strategies to facilitate early detection, prevention 
and Intervention for long-Term Health problems related 
to COVID-19 (NovITor-COVID study) (COVID1903002)

Siew Ng, Francis Chan, Grace Wong, Martin Wong, YK Wing
Department of Medicine and Therapeutics 
The Chinese University of Hong Kong 
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ng COVID': 
% OVID 1 

uffer 

Persistent symptoms in Covi1d-l.91 patients 
Patients folllowed up on average 60 days after first 
symptoms* 

Symptoms 

Fatiigue 

Breath lessnes,s 

Joint pain 

Chest pain 

Vision probl,ems 

Coug1h 

loss of smeU 

Dry ,ey,es/mmJJth 

Runny 11ose 

loss of taste 

Red ,e'Y,e,s 

Acute Covid-19 phase Post Covid-191 follo,w-u p1 

Headache 

Sputum 

La,ck of ap1 petite 

Sore th mat 

Vertig10 

Musde ache 

Diarrhoea 

80 60 40 20 0 
Per ,cent 

*143 patie,nts asses,sed in Rome in April and May 2020 

Somoe: Jama/Carfi Bernabei, Landi et al 

20 40 60 
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Microbial dysbiosis can cause blunted vaccine response

Trends in Immunology 2014
Cell Host Microbe. 2020;

Intestinal 
microbiota 

Host genetics 

Early exposure to diverse 
microbes 
• Delivery mode: C-section \15 vaginal 
• Formula vs bre..stfeedi~ 
• Early ant ibiotic ex.posu re 

Nutrition 
• Undernutrition 

• High carbohydrate/low protein diet 
• Probiotics/prebiotks 

Env ironment/ lif estyle 
• Clean environment 
• OW! rexposure tD pathogens 
• St ress 

Medical practice 
• Antibiot ics 
• Medications 

or or 

Barrier function and 
immune system 

Improved immune and 
gastrointestinal function 
• Proper mucus layer 
• Colonizati:>n resistance 

• Good innate and adaptive immune 
responses 

Dysfunctional 
microblota 
ldysblosls~ 

Impaired barrier 
..... r'f-- -t~ and [m mune 

Improved barrier and immune 
function 

\ 
' 
' 

function 

I 
Vaccine 
response 

• Increased perrneab ility (leaky gutl 
• Impaired absorption 
, Envi ronmental enteropathy 
, O,ronic i nflammation 

Increased antlgen
spe,clflc response 

or 

Blunted vaccine 
re.sponse 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7422826/


Four Integrated Programs
(Prevention is better than cure)

1. Big data analytics to capture new-onset long-term comorbidities of 
COVID-19

2. Integrated primary care of patients with long-COVID

3. Identification of neuropsychiatric complications and early intervention in 
COVID-19 survivors

4. Modulation of gut microbiota to prevent complications in COVID-19 
patients and boost vaccine response



Shotgun metagenomics sequencing and 
profiling

Targeted and untargeted metabolomics 
sequencing and profiling

Gut microbiota Affects Vaccine Response 
CUHK Medical Centre and CUHK staff clinics (n=150)

N=75 N=75

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

COVID-19 survivors (n=50)



• 40% of HK people have imbalanced gut microbiota and are at risk of COVID-19

• COVID-19 patients have missing gut bacteria with immunomodulatory potential

• Gut microbiota in COVID-19 patients is concordant with disease severity 

• Restoration of gut dysbiosis is an adjuvant treatment to hasten recovery

• Microbiota-targeted interventions can help increase vaccine antibody response 
and provides hope to prolong vaccine durability

Impact Summary
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Modulation of gut microbiota to enhance health 
and immunity of vulnerable individuals during 
COVID-19 pandemic (COVID19F07)

Joyce WY Mak
Department of Medicine and Therapeutics 
The Chinese University of Hong Kong 
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I 
Study: Elderly Most At Risk 
From The Coronavirus 
COVID-19 fatality rate by age (as of February 11, 2020) 

10-19 1 0.2% 

20-29 1 0.2% 

30-39 1 0.2% 

40-49 0.4% 

50-59 . 1.3% 

60-69 

70-79 

80+ 

n=44,672 confirmed COVID-19 cases in Mainland China 
Source: Chinese Cen re for Disease Control and Prevention 

11111 

and 

14.8% 
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Diabetics more prone to 
severe COVID-19 



The microbiome in DM patients are distinct from that of 
healthy subjects, with depletion of beneficial commensal 
bacteria and expansion of opportunistic pathogens 
(including E.coli and some Bacteroides spp. that were 
shown to affect response to vaccination).

The beneficial commensal bacteria constitute an average of 20.6% of 
the microbiome, and the opportunistic pathogens constitute an average 
of 1.1% of the microbiome in healthy subjects.

In this subject with T2DM however, the beneficial commensal bacteria 
constitute only 1.6% of the microbiome, whereas the opportunistic 
pathogens constituted 7.1%.

Patients with Diabetes Mellitus have severe dysbiosis
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Dysbiosis in elderly subjects 

Haran JP, McCormick BA. Gastroenterology. 2021 

Jan;160(2):507-523. 

SoUdfood 

65 to so 

y 

Unborn B by Adul 
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Ciabattini et al, Frontiers in Microbiology, 2019

Influence of Gut Microbiota on the Immune 
Response to Vaccination



51

Hypothesis: Modulation of gut microbiota with 
microbiome immunity formula can enhance health in 
general, and enhance efficacy and safety of COVID-19 

vaccines  
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Double-blinded RCT

Recruit 222 Type 2 DM 
patients aged 18 -65

Randomised into microbiome 
immunity formula/ placebo x 

6 months in 1:1 ratio

50% of the subjects need to 
have COVID-19 vaccination

Sub-Study 1 Sub-Study 2

Open-labelled  RCT

Recruit 262 Elderly subjects 
aged > 65 years

Randomised into microbiome 
immunity formula for 3 or  6 

months in 1:1 ratio

50% of the subjects need to 
have COVID-19 vaccination



Copyright © 2020. All Rights Reserved. Faculty of Medicine, The Chinese University of Hong Kong

Primary Outcome 

• Proportion of patients achieving restoration of gut 

dysbiosis at 6 months

Secondary Outcomes 
• Immunogenicity of the COVID-19 vaccine as measured by serum neutralization 

assay against pseudo virus and live virus, and IgM and IgG against receptor-binding 
domain [RBD] and S1 by ELISA

• Adverse events within 6 months

• Number of unscheduled hospitalisation and clinic visits at different time points 
(month 1, 3,6,9 and 12) 

• Changes in the gut microbiome over time

• Changes in plasma immune response markers over time

• Quality of life as measured by EQ-5Q-5L 
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Sub-study 1 (DM) 59 DM subjects recruited (26.6%) 

Sub-study 2 (Elderly) 82 elderly subjects recruited (31.3%) 

Current Progress 
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First study ever to 
study the effects of 
microbiome modulation 
on COVID-19 vaccine 
response 



Thank you! Comments welcome

----
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