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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?



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




What do we know about
COVID-19 and the Gut?




COVID-19 is not only a respiratory disease
The human gut is a target!
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20-60% of cases have diarrhoea, abdominal pain, vomiting etc
Virus found in stool after respiratory clearance

Ng and Tilg. Gut 2020



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



Depicting SARS-CoV-2 faecal viral activity
In association with gut microbiota
composition in patients with COVID-19

Patients with COVID-19 had
active and prolonged
SARS-CoV-2 activity in the gut,
even in the absence of Gl
manifestation




Press Conference 8 sept 2020



What are the Implications for
public health policy-making?



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
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What are our key research
findings?



COVID-19 (n=15) Control (n=15) Pneumonia (n=30)

Mild
Moderate

Severe
Critical

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



Gut microbiome is significantly altered in COVID-19

Zuo..Ng et al. Gastro 2020



Several gut commensals with known immunomodulatory
functions were underrepresented in COVID-19 patients
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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
- Short-chain fatty acids biosynthesis Zuo.. Chan, Ng, Gastroenterology 2020

L-isoleucine biosynthesis Fen .. Ng. Gatstroenterology 2021



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

Discharged COVID

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
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How do the research impact
patient care?




Almost 40% of healthy HK population has
imbalanced gut microbiota (marker of impaired immunity)
comparable to COVID-19 patients

Severe dysbiosis

Normal 17% 11%

Moderate
dysbiosis 26%

Mild dysbiosis
46%

Data on file



Food-grade bacteria

Using our Microbiome datasets
Big Data Analysis and Machine Learning

Healthy Cohort 1 (n=942)

Healthy Cohort 2 (n=546)

Immune-boosting bacteria

@ Food-grade bacteria that are positively correlated
with immune-boosting bacteria (blue)

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.

A unique microbiome
immunity formula
was developed using
big data analysis and
machine learning
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More patients on immunity formula achieved resolution
of COVID-19 symptoms & antibody formation
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Zhang et al. JGH (revision)



What are the global impact of
our research?




Impact Factor:
17.373

Impact Factor:
17.373

Impact Factor:
19.819

2 editorials

5 publications
5 media press

BMJ Journals

Gut microbiota

Original research

Gut microbiota composition reflects disease severity and
dysfunctional immune responses in patients with COVID-19 &

Yun Kit Yeoh '+ 2, ® Tao Zuo 2+ 3+ #, Grace Chung-Yan Lui 3+ *,Fen Zhang 2+ 2 4, Qin Liu 2+ 3+ 4, Amy YL Li *, Arthur CK
Chung?- 3+ %, Chun Pan Cheung 2 - %, Eugene YK Tso 8, Kitty SC Fung 7, Veronica Chan &, Lowell Ling ®, Gavin Joynt 8, David

Shu-Cheong Hui ? %, (® Kai Ming Chow ?, Susanna So Shan Ng ?+ %, Timothy Chun-Man Li** %, Rita WY Ng !, Terry CF Yip 3+ #,
Grace Lai-Hung Wong - 4, @ Francis KL Chan 2+ 3+ #, Chun Kwok Wong ®, Paul KS Chan '+ 2- 10, @ Siew CNg?- 3 ¢

Author affiliations +

Abstract

Objective Although COVID-19 is primarily a respiratory iliness, there is mounting evidence suggesting that the Gl tract is involved in
this disease. We investigated whether the gut microbiome is linked to disease severity in patients with COVID-19, and whether
perturbations in microbiome composition, if any, resolve with clearance of the SARS-CoV-2 virus.

Methods In this two-hospital cohort study, we obtained blood, stool and patient records from 100 patients with laboratory-
confirmed SARS-CoV-2 inf 27 of the 100 patients up to 30 days after clearance of

SARS-CoV-2. Gut microbic I m pa ct Fa cto r ® nsequencing total DNA extracted from stools
.

Concentrations of inflamn red from plasma

Results Gut microbiome ¢ 19 . 8 19 vith COVID-19 compared with non-COVID-19 individuals
irrespective of whether pa gut commensals with known immunomodulatory
potential such as Faecalibacterium prausnitzii, Eubacterium rectale and bifidobacteria were underrepresented in patients and
remained low in samples collected up to 30 days after disease resolution. Moreover, this perturbed composition exhibited
stratification with disease severity concordant with elevated concentrations of inflammatory cytokines and blood markers such as
C reactive protein, lactate dehydrogenase, aspartate aminotransferase and gamma-glutamyl transferase

Conclusion Associations between gut microbiota composition, levels of cytokines and inflammatory markers in patients with
COVID-19 suggest that the gut microbiome is involved in the magnitude of COVID-19 severity possibly via medulating host
immune responses. Furthermore, the gut microbiota dysbiosis after disease resolution could contribute to persistent symptoms,
highlighting a need to understand how gut microorganisms are involved in inflammation and COVID-19







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



Can we modulate gut microbiome to improve vaccine response?

o Probiotics Diet Gut bacteria
Prebiotics

Drug
Surgery

Diet

Lifestyle
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Microbial dysbiosis can cause blunted vaccine response

Cell Host Microbe. 2020;
Trends in Immunology 2014


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

Four Integrated Programs

(Prevention is better than cure)

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

Integrated primary care of patients with long-COVID

|dentification of neuropsychiatric complications and early intervention in
COVID-19 survivors

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



Gut microbiota Affects Vaccine Response

CUHK Medical Centre and CUHK staff clinics (n=150)
COVID-19 survivors (n=50)

'4 N

N=75 N=75

Baseline @ ﬂ A 4

SARS-CoV-2 neutralising antibody, Shotgun metagenomics sequencing and
IgM and IgG against RBD and S1 by profiling
ELISA

Targeted and untargeted metabolomics
Plasma cytokine measurements sequencing and profiling




Impact Summary

* 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
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Diabetics more prone to
severe COVID-19




Patients with Diabetes Mellitus have severe dysbiosis

The microbiome in DM patients are distinct from that of

: : : . The beneficial commensal bacteria constitute an average of 20.6% of
healthy subjects, with depletion of beneficial commensal . . - :

; ) . the microbiome, and the opportunistic pathogens constitute an average
bacteria and expansion of opportunistic pathogens o . : : .
. . . : of 1.1% of the microbiome in healthy subjects.
(including E.coli and some Bacteroides spp. that were

shown to affect response to vaccination). In this subject with T2DM however, the beneficial commensal bacteria

constitute only 1.6% of the microbiome, whereas the opportunistic
O pathogens constituted 7.1%.

v

Beneficial Commensal Bacteria

Haemophilus_parainfluenzae 4
Clostridium_bartlettii 4
Eubacterium_eligens
Eubacterium_ventriosum -
Lachnospiraceae_bacterium_5_1_63FAA -
Roseburia_hominis -

Veillonella_parvulaq

Anaerostipes_hadrus 4
Corynebacterium_durum{
Streptococcus_australis o
Streptococcus_sanguinis o
Lachnospiraceae_bacterium_8_1_57FAA -
Faecalibacterium_prausnitziif
Gordonibacter_pamelaeae -
Enterobacter_cloacae
Streptococcus_infantis 4
Eubacterium_hallii
Bifidobacterium_longum4
Bifidobacterium_bifidum 4
Roseburia_intestinalis

Weissella_confusa
Clostridiales_bacterium_1_7_47FAA
Atopobium_parvulum
Actinomyces_graevenitzii
Parabacteroides_distasonis
Lachnospiraceae_bacterium_1_4 56FAA
Escherichia_coli

Bacteroides_stercoris

Opportunistic Pathogens




Dysbiosis In elderly subjects
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Influence of Gut Microbiota on the Immune
Response to Vaccination

Ciabattini et al, Frontiers in Microbiology, 2019



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

vaccines



Sub-Study 1

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 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



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 m

« Quality of life as measured by EQ-5Q-5L



Current Progress

59 DM subjects recruited (26.6%)

82 elderly subjects recruited (31.3%)



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

response




Thank you! Comments welcome



	Structure Bookmarks
	Chart




