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What Clinicians should know about COVID-19

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

symptoms (asymptomatic carrier)

SARS-CoV-2 RNA could be detected in gut of severe cases

2

§ Siew CNg @, Herbert Tilg

An ourtbreak of coronavirus disease 2019
(COVID-19), caused by severe acute respi-
ratory syndrome (SARS-CoV-2), has
rapidly spread from China to almost all
over the world affecting over 800,000
people across 199 countries. Whereas
typical presentations of this infection,
such as fever, cough, myalgia, fatigue and

COVID-19 and the gastrointestinal tract:
more than meets the eye

Overall, 58/95 cases (61.1%) showed
evidence of GI symptoms with diarrhoea
(24.290), nausea (17.9%), vomiting (4.2%)
and impaired liver function as assessed
by elevated transaminases (32.6%) being
the most relevant features. Importantly,
they performed endoscopy in six subjects
demonstrating that SARS-CoV-2 could be

RNA sequencing data, they found that
ACE2 was highly expressed in the small
intestine especially in proximal and distal
enterocytes. They also found that two
other viral entry receptors for human
coronavirus 229E virus and Middle East
respiratory syndrome CoV virus were
highly expressed in enterocytes.*! To take
these findings further, Zhang et al exam-
ined ACE2-expressing cell composition
and proportion in five public datasets
with single-cell transcriptomes of lung,
oesophagus, gastric, ileum and colon.?
They found that successtul virus entry
of SARS-CoV-2 depends not only on the
presence of cell receptor ACE2 but also




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

Frontiers in Immunology 2018
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Gut-Lung Cross Talk
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— Study: Elderly Most At Risk
From The Coronavirus
COVID-19 fatality rate by age (as of February 11, 2020)

10-19 | 0.2%

20-29 | 0.2%

30-39 | 0.2%

40-49 [ 0.4%

s0-59 [ 1-3%

60-69 | 3 ¢

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




Diabetics more prone to
severe COVID-19

Survival
98.9%
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Microbiota “Out of Balance” =

Increased Severity of COVID-19 patients

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

GUT DYSBIOSIS

A A

BAD GOOD

Bacteria Bacteria




Perspective |®|Check for updates

Gutmicrobiotain COVID-19: key
microbial Changes, pOtentiaI mec- nature reviews
hanisms and clinical applications gasoenisiology &hepalelony

Raphaela I Lau®"***, Fen Zhang®"***, Qin Liu®'**, Qi Su™**, Francis K. L. Chan"** & Siew C. Ng®'**

Diet Probiotics and prebiotics
High-fibre, plant-based, prebiotic-rich diet * Enhanced host antiviral capacity
* Milder COVID-19 severity * Milder COVID-19 severity

* Rapid viral clearance * Reduced symptoms and

* Reduced clinical symptoms hospitalization

* Enriched SCFA-producing gut bacteria * Lowered risk of death and
Low-sugar diet pro-inflammatory markers

* Milder COVID-19 severity « Positive gut microbiota

* Rapid viral clearance modulation -

Microbiota-based interventions VEAD I3
for COVID-19 YE/

Cirrhosis-associated

Spotlight on nces in research immune dysfunction
#, \* I otlig ( : ’. earch y :
/S % and clinical care in 2021 Mechanisms and modulatior
e : : e -
Microbiota-derived metabolites Faecal microbiota transplantation
IPA, tryptamine, BIP * Rapid resolution of COVID-19
* Anti-SARS-CoV-2 *\ T * Reduced gastrointestinal symptoms

properties in vitro * Improved blood =
/f_<:>A<‘\~J immunity profile ‘( T

* Positive gut | |

od ) microbiota modulation L.J

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



18D Risk in Patients With Severity of Fibrosis and Stratification of BE and Resolution of Fibrosis via
Microscopic Colitis 1574 Outcomes of Patients With
NAFLD 1611

Gastroenterology 1st

Evidence for Gl Infection of SARS-CoV-2

151 8 a nd 1831 Esophagus  Stomach Duodenum Rectum

EAC by Multiomics Data Stellate Cell Transcriptional

156872

Targeting 17

in the world to define microbiota
alterations (Gut Dysbiosis)

in COVI;19

AGA Institute and the Joint Task Force on AGA Clinical Practice Update on Screening and
Allergy-Immunology Practice Parameters Clinical Surveillance for Hepatocellular Carcinoma in
Guidelines for the Management of Eosinophilic Patients With Nonalcoholic Fatty Liver Di:
Esophagitis 1776 Expert Review 1822
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BASIC AND TRANSLATIONAL—ALIMENTARY TRACT

Alterations in Gut Microbiota of Patients With COVID-19 During K-

Time of Hospitalization

Tao Zuo, *>°* Fen Zhang,''®* Grace C. ¥. Lui,”"** Yun Kit Yeoh,'-* Amy Y. L. Li,®
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Siew C. Ng'-&*
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Study Design

Yeoh.. Ng. Gut 2021
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\Stindard diet captured

Control (n>1500)
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Microbial profiling of fecal samples by metagenomics sequencing



Gut microbiome is linked to more severe COVID-19 [,
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Original research

Gut microbiota composition reflects disease severity

and dysfunctional immune responses in patients
with COVID-19

Yun Kit Yeoh @ ,"*Tao Zuo @ ,%** Grace Chung-Yan Lui, > Fen Zhang,**"*
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Several gut commensals with known immunomodulatory
functions were underrepresented in COVID-19 patients

Yeoh.. Ng. Gut 2021
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Several species depleted in COVID-19 are associated

with increased inflammatory marker concentrations e
Yeoh.. Ng, Gut 2020 :

Zuo.., Ng, Gastroenterology 2020
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Prolonged Impairment of Short-Chain Fatty Acid and
L-Isoleucine Biosynthesis in Gut Microbiome in Patients

With COVID-19

Fen Zhang,"**** Yating Wan,"**** Tao Zuo,"** Yun Kit Yeoh,"* Qin Liu,***
Lin Zhang, =**° Hui Zhan,"*** Wengqi Lu,""*"* Wenye Xu,"=** Grace C. Y. Lui,”’

Amy Y. L. Li,* Chun Pan Cheung,"*** Chun Kwok Wong,” Paul K. S. Chan,"*>*
Francis K. L. Chan,"*** and Siew C. Ng'*****
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Disease severity4 Microbial functions: Prolonged impairment significantly
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Alterations in Gut Microbiota of Patients With COVID-19 During
Time of Hospitalization
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BACKGROUND & AIMS: Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infects intestinal cells, and might
affect the intestinal microbiota. We investigated changes in the
fecal fungal microbiomes (mycobiome) of patients with SARS-
CoV-2 infection during hospitalization and on  recovery.
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had significant alterations in their fecal mycobiomes
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Intestinal bacteria may affect severity
of coronavirus, researchers find

Although the coronavirus is primarily a respiratory disease, there is increasing evidence that suggests the Gl tract is
involved

By Veron Steinbuch 1 New York Post 000000
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The bacteria lurking in COVID-19 patients’ intestines may play a role in how sick they get
from the illness, according to new research.

Although the coronavirus is primarily a respiratory disease, there is increasing evidence
that suggests the Gl tract is involved, scientists at the Chinese University of Hong Kong
said.

ased on several patients surveyed in this study for Up to 30 days after clearing SARS-CoOV-2, the gut microbiota is likely
1o remain significantly altered after recovery from COVID-19. they said. (iStock)
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Gut Microbiome and COVID-19 Severity: New Evidence for

Link

— Lab study finds certain patterns associated with more serious illness

by Molly Walker, Associate Editor, MedPage Today January 11, 2021

I

The gut microbiome may play a role in COVID-19 severity, a lab study sugested‘

Patients with depleted levels of certain species of bacteria were associated with
elevated concentrations of inflammatory cytokines, and blood markers including C-
reactive protein, lactate dehydrogenase, and aspartate aminotransferase, reported
Siew Ng, PhD, of The Chinese University of Hong Kong, and colleagues, in Gut.
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Lost microbes of COVID-19:
Bifidobacterium, Faecalibacterium
depletion and decreased microbiome
diversity associated with SARS-CoV-2
infection severity

Sabine Hazan,' Neil Stollman,® Husevin S Bozkurt ® Sonva Dave 1 42
Andreas J Papoutsis,’ Jordan Dani :'nﬂ""' “'iEII':It i’::lillt"'lﬂgt on clinical practice in the
: 6 reseeable ure?

Eamonn MM Quigley ;" Thomas » Boosting of Bifidobacterium or Faecalibacterium
through probiotic supplementation or faecal mi-
crobiota transplant is worthy of exploration in the
management of patients with acute severe disease
or protracted infection. if the changes that we doc-
ument precede SARS-CoV-2 infection in those who
are most severely affected, this therapeutic ap-
proach may be of particular interest. Conversely, if
the reduction follows infection, then repopulation of
the gut microbiome may reduce long-term effects
related to gut microbiome composition changes
with SARS-CoV-2 infection.
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Review article: Probiotics, prebiotics and dietary approaches during edies
COVID-19 pandemic
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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%
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)/ Faculty of Medicine Data on file

Normal 17%
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2. Scientific development of a microbiome immunity formula




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

4 of them are consumable probiotics

COVID-19 Patient

..... Healthy Control
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Using our Microbiome datasets
Big Data Analysis and Machine Learning

Food-grade bacteria that are positively correlated

Healthy Cohort 1 (n=942 ‘ Healthy Cohort 2 (n=546 Y , i
’ ealthy Conort 1 (n=942) ’ eatthy Conort 2 (n=546) ‘ with immune-boosting bacteria (blue)
Immune-boosting bacteria 05 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

® L correlation coefficient, which is between -0.5 to 0.5.
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d immunity formula
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data analysis and
machine learning
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Health & Environment CU Medicine Develops a Probiotic Formula to Target

Coronavirus: Hong Kong’s Chinese University researchers craft Imbalance in Gut Microbiota in COVID-19
supplement to help balance body’s bacteria amid Covid-19
battle June 11, 2020, 8:33 PM GMT+8
+ Team moved forward with project after discovering many recovering patients had microbe imbalance
Inintestines HONG KONG, June 11, 2020 /PRNewswire/ -- The Faculty of Medicine of The Chinese
i 1o help with immunity, so we think the missing bacteria make [patients] University of Hong Kong (CU Medicine) is the first to discover a series of good bacteria
WresRarchersays missing in the gut of COVID-19 patients. The research team recently confirmed this

discovery with a large number of healthy subjects and COVID-19 patients. Using big data
analysis and machine learning, CU Medicine has successfully developed a probiotic formula
that aims to target gut dysbiosis, thereby offering hope to boost immunity against COVID-19
and other emerging viral infections. They anticipate that the formula will scon be turned

into a probiotic supplement to go with our daily diet to improve our defense against

infection.
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CLINICAL TRIAL

Gut microbiota-derived synbiotic formula (SIM01) as a novel
adjuvant therapy for COVID-19: An open-label pilot study

Lin Zhang, * ™1 @ Zhilu Xu,* ™" [ Joyce W ¥ Mak, *™*  Kai Ming Chow," Grace Lui,™* Timothy C M Li,
Chun Kwok Wong,¥ Paul K S Chan,** (@ Jessica ¥ L Ching, " @ Yasuhiro Fujiwara,™ Francis K L Chan*™* @ and
Siew C Ng*="* (@
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More patients on Immunity Formula achieved resolution of

COVID-19 symptoms & positive antibody
Lin...Chan, Ng. Journ Gastro Hep 2022

Percentage of Patients with Percentage of Patients with Pergitage of Positive
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*1 subject in control arm was admitted to ICU at week 1, this subject was not included in week 2 analysis
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Blood level of pro-inflammatory cytokines was significantly
reduced in the microbiome immunity formula group (SIMO01)
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Abundance of three probiotic species contained in
SIMO1 increased in stool of intervention group

Lin...Chan, Ng. Journ Gastro Hep 2022
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Post-acute COVID-19 Syndrome (Long COVID)

Nalbandian et al. Nature Medicine 2021

HONG KONG /

[ Acute COVID-19 [ Post-acute COVID-19 |
] Subacute/ongoing COVID-19 | Chronic/post-COVID-19 |
| Detection unlikely PCR positive ] PCR negative |

Fatigue
Decline in quality of life
Muscular weakness

Joint pain

Nasopharyngeal @ Dé(s)ﬁ;ﬁa

Persistent oxygen requirement

Viral isolation from
respiratory tract

Anxiety/depression
Sleep disturbances
PTSD
Cognitive disturbances (brain fog)
Headaches
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Palpitations
Chest pain

SARS-CoV-2
exposure

Thromboembolism

Chronic kidney disease

\ Hair loss
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Symptoms linger
long after recovery
for 80pc of patients

30 after they had recovered six
manths later, Out of that group, 24
said theystill suffered from at Jeast
ore symptam, while nine report-
ed having maove than three, the
sty found.

Analysis of the samples
showed many of the patients
sulfered from a deficiency in
certain types ol “good” bacteria
that regulaned and direcied the
body’s immune system, paired
with an excess of “bad” bacteria
that tenclect to disrunt 2.

Ethan Pasl
han pauiscmpucom

Eighty per cent of recovered
Covid-19 patients in Hong Kong
ocontinue to experience at least
ane of the disesse"s symploms six
months later and neady a thind
reepact sullering from more than
Waree, researchers have ound.
The study by a Chinese
University team examined the
role that imbalances in eut

Press Conference 18 Jan 2021



ﬁ/ 4 Persistent symptoms in Covid-19 patients

Patients followed up on average 60 days after first
symptoms*

Symptoms Acute Covid-19 phase | Post Covid-19 follow-up
Fatigue
Breathlessness
Joint pain
Chest pain

| Vision problems
Cough

Loss of smell
Dry eyes/mouth
Runny nose
Loss of taste
Red eyes
Headache
Sputum

| Lack of appetite
| Sore throat
Vertigo

Muscle ache

Diarrhoea
80 60 40 20 0 20 40 (S10]
Per cent

*143 patients assessed in Rome in April and May 2020

Source: Jama/Carfi, Bernabei, Landi et al IB|B|C]
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Make-up of gut microbiome may be linked to long
COVID risk

by British Medical Joumnal

Medicine

Image of the ultrastructural morphology exhibited by the 2019 Novel Coronavirus (2019-nCoV). Credit:
CcDC

The make-up of the gut microbiome may be linked to a person’'s risk of developing 'long COVID’'
many months after initial infection with SARS-CoV-2, the virus responsible for COVID-19 infection,
suggests research published online in the journal Gut

Microbiome ‘profiling’ might help identify those who are most susceptible to developing the
condition, suggest the researchers.



Patients with Long COVID have distinct
gut microbiome dysbiosis

Liu.. Ng. Gut 2021

A
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@ PACS, 6-month follow-up ~
@ o PACS, 6-month follow-up % 0.0
@ Non-COVID-19 controls ©
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PCoA1(12.71%)

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

Medicine |
HONG KONG

Yeoh... Ng. Gut 2021
0 - (C;S\J;ID-WQ; no antibiotics l
* Lower levels of E. rectale, R. bromii and F. j i
prausnitzii , Bifidobacteria compared with
non-COVID subjects S |
S ool
o
. .
* Could contribute to persistent symptoms conee
associated with COVID "
7 7 patients discharged :
after negative RT-gPCR p <0.01
s 4 2 o 2 4 s

PC1 (14.4%)



PC0A2(6.4%)
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Gut microbiota composition at admission
predicts Long COVID

Baseline

F =2.357 \
p=0.002 |

-0.2 0.0 0.2 0.4
PCoA1(12.71%)
@ No PACS, baseline samples at admission
@ PACS, baseline samples at admission

Liu... Ng. Gut 2021

Baseline bacteria taxa associated with PACS

Actinomyces_sp_S6_Spd3
Actinomyces_johnsonii
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Blautia_sp_CAG_257
Roseburia_faecis
Ruminococcus_bromii
Sellimonas_intestinalis
Firmicutes_bacterium_CAG_83
Fusicatenibacter_saccharivorans
Agathobaculum_butyriciproducens
Eubacterium_hallii
Bifidobacterium_longum
Blautia_wexleras
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Leone Xue

Alack of diversity of microor-
ganisms in one’s guts is associ-
ated with “long Covid,” which
causes fatigue, poor memory,
and hair loss months after an
infection, Chinese University
researchers have found.

Long Covid refers to how
patients suffer from at least
one persistent symptom for
four weeks after being cleared
of the Covid virus.

Published in international
journal Gut, the study found
76 percent of patients had at
least one symptom six months
after recovery, with 31 percent
reporting fatigue, 28 percent
poor memory, 21 percent hair
loss, 21 percent anxiety and 21
percent sleeping difficulties.

The symptoms were
observed in patients across all
agesand genders, regardless of
whether they had used antibi-
otics or antiviral drugs, or the
severity of their infections.

The research found that
what is inside the gut may
affect one’s susceptibility to
long-term complications, as
patients with long Covid had
aless diverse gut microbiome,
meaning they have signifi-
cantly fewer “favorable™ bac-
teria and a greater abundance

of “unfavorable™ bacteria
Patients without long Covid
have normal gut conditions.

A further look at micro-
biomes led to 81 bacterial
species linked to long Covid
being identified, many of them
associated with three or more
persistent symptoms hitting
the respiratory, neuro, diges-
tive systems, skin, muscles
and bones and causing fatigue.

Persistent respiratory
symptoms are strongly linked
to opportunistic pathogenic
microbes — which do not usu-
ally infect the healthy — while
species known to boost immu-
nity were depleted in those with
long Covid.

CUHK’s Centre for Gut
Microbiota Research associ-
atedirectorNg Siew-chien said
the study is the world’s first to
demonstrate an imbalance of
microorganisms in the guts at
sixmonthsafter Covid recover-
iesand the link between altered
gut microbiota and common
lingering symptoms.

Center director and dean
of medicine Francis Chan
Ka-leung said: “The findings
are the impetus for consider-
ation of microbiotamodulation
to facilitate timely recovery and
reduce the burden of post-acute
Covid syndrome.”




Gut Microbiota can influence Immune
Response to Vaccination

Antigen Route of
dose immunization

[Formulation (antigen J \‘ '/
nature, adjuvants, |~ . | schedules
Vaccine

delivery systems)

f Kb Antibiotic
L treatment

Chronic
l / / infections
Immune VACCINE

A IMMUNE V\ Microbiota ‘_

SYStem RESPONSE
AN / L\ o]
[Hygiene]

. conditions

Age Genetics [Disorders] =
[ ¢ ] [ ] [Nutrmonal]
ﬁc?@fxﬁm\ﬁsﬁd Hong Kong E%Tﬁt;;? [Rllﬁe;ﬂdici:le / Ciabattini et al, Frontiers in Microbiology, 2019

Probiotic
use

factors




Gut microbiota
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Gut 2022

Original research

Gut microbiota composition is associated with SARS-
CoV-2 vaccine immunogenicity and adverse events

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

Subjects who received SinoVac Subjects who received BioNTech (mMRNA
(inactivated vaccine) with low abundance vaccine) and showed the lowest quarter
of B.adolescentis showed lower antibody of antibody response are also lack of B.

response. adolescentis and R. faecis.
g P=0039 Antibody
level
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85% of the population are depleted in

B. adolescentis in the gut

Normal,
15.50%

Low, 34.10% N>2000

_/ metagenomics




FRENRER
Bifidobacterium
adolescentis

Beneficial bacteria that
regulates immunity
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Few commercial problotlc contain blfldobacterla adolescentis
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...fragile and requires special microencapsulation technology
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Joint CUHK-HKU study discovers efficacy of COVID-19 vaccines
correlates with a probiotic bacterium, Bifidobacterium Adolescentis

. n.?yn

2 — gs .
Dr HeinTun from HKU, Professor Ng Siew Chien from CUHK, Professor Francis Chan Ka-leung from CUHK, and Professor Lin Zhang of CUHK yesterday. Photo: K.Y. Cheng

Gut bacteria helps boost vaccine response: study

Gigi Choy
gi.choy@scmg.com

Atype of probiotic bacteria in the
gut has the potential to improve a
person’s antibody response to
Covid-19 vaccines, researchers at
two Hong Kong universities have
found.

The joint study by Chinese
University (CUHK) and the
University of Hong Kong (HKU)
discovered that the efficacy of the
Sinovac and BioNTech Covid-19
vaccines correlated with the
amount of Bifidobacterium ado-
lescentis people had in their gut,
meaning that low antibody
response corresponded to inade-
rmate kwmic nf that hacteria

role in modulating the efficacy of
Covid-19vaccines,” said Professor
Ng Siew Chien, associate director
of CUHK’s Centre for Gut
Microbiota Research. “Theinacti-
vated vaccine [developed by
Sinovac] is known to have fewer
side effects but suffers from rela-
tively lower antibody response.
Our study offers a potential solu-
tion to enhance [its] efficacy.”
The researchers collected

Dr Hein Tun, assistant profes-
sor of publichealthat HKU, noted
that there were two possible ways
for gut microbiota to boost anti-
body response to vaccines.

“First, some components of
gut bacteria such as flagellin serve
as natural adjuvants to enhance
antibody production,” he said.

to oxygen, so it dies very easily
when exposed to it. it's also very
fragile in terms of the environ-
ment that it likes to live in," she
said.

“We can't get it through our
diet because it’s not sufficient to
give you enough of this bacteria. A
lot of what's available in terms of

iotics may not have this bac-

d, gut produce
metabolites such as short chain
fatty acids that can enhance

from138 immune 10 sup-
people aged between 18and 6710 port energy demandsfor antibody
measure their antibody levels in  production.”

relation to their gut bacterial com-
position. The samples were taken
before vaccination and one
month after their second dose
between April and August this

KA

In an earlier CUHK study
involving more than 2,000 resi-
dents, researchers found that 85
per cent either had very low levels
of Bifidobacterium adolescentis

I A A RS AT LS RS

teria because you need special
technology to capsulise the bacte-
riaso that it can survive and actu-
ally reach your gut when you
consume it.”

Asked if the public should

check whether they had an ade-
quate amount of Bifidobacterium
adolescentis in their body,
Professor Francis Chan Ka-leung,
dean of CUHK’s medical school,
said it would be costly and recom-
mended againstit.

“This bacteria can be meas-
ured using metagenome analysis
but this type of analysis is only
available in university-level labo-
ratories, so it is not widely availa-
ble and will be pretty expensive,”
said Chan, whoisalso adirector of
the Centre for Gut Microbiota
Research.

“[People] should focus on
improving their overall immune
system through [a balanced) diet,
exercise and ibly taking

GUT CHECK PROVIDE
JABS A POWER BOOS
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Prevotella copri

Specific Bacteria associated
with less side effects after Caliats tcrs
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MIND AND BODY.

THE SECRET TO
TREATING LONG
COVID MAY LIE IN

THE GUT
MICROBIOME

Bacterial populations may-predict who gets Long

Covid.

the world with a
sucker punch, Siew C. Ng didn’t flinch. Her
research experience on the gut microbiome and
its role in immunity told her it’s likely involved in
Covid-19 infection — but further, Ng
hypothesized it could also help treat features of
Covid-19. Now, in the journal Gut, Ng and her
team report the fruit of their labor: They show

how healthy gut bacteria could protect against

Long Covid.

Feedback

TheScientist
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Gut Microbiome May Help or Hinder Defenses Against
SARS-CoV-2

The health of the microbial community is associated with COVID-19 severity, but it's not yet
clear if the relationship is causal.

E PDF VERSION
3 : Bianca Nogrady

S f v + 33
W hen SARS-CoV-2 first began rampaging around the world, it was A (
ABOVE: © ISTOCK.COM
thought to primarily affect the respiratory system. It soon became
clear that the virus had more far-reaching effects, including on the

gastrointestinal system and its bacterial symbionts.

This came as no surprise to Siew Ng, a gastroenterologist in the Center for Gut Microbiota Research at the
Chinese University of Hong Kong. “We previously had found quite a lot of impaired gut microbiome in
different conditions, including people with infectious disease,” says Ng. COVID-19 patients were no different.
“In quite a substantial proportion of people, they also have gut manifestations, such as diarrhea, such as
abdominal pain”

One early study suggested that nearly 20 percent of patients with confirmed SARS-CoV-2 infection had
gastrointestinal symptoms. That same study found that COVID-19-infected people shed viral RNA in their
feces—another clue that the virus was getting into the gut.



PCo2: 5.5% of variance

Are Microbiome Signatures Population-Specific?
Overlapping microbial signatures for COVID-19
independent of geographical microbial differences (apanese, chinese)

\
Medicine |

Nagata .. Ng et al. Gastroenterology 2022 (in press) (CUHK, Tokyo Medical University)
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Outline

4. Impact of gut microbiome on MDRO
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Superbugs are
on the rise

The pandemic
might have
make it worse




COVID-19 CREATED A PERFECT STORM [/é M}

The U.S. lost progress combating antimicrobial resistance in 2020

Antimicrobal-resistant infections and
deaths increased in hospitals in 2020.

Patients hospitalized with COVID-19 who
received an antibiotic March-October 2020.

Delayed or unavailable data, leading
to resistant infections spreading
undetected and untreated.

INVEST IN Setbacks to fighting

antimicrobial resistance

PREVENTION. can and must be temporary.

Learn more: https://www.cdc.gov/drugresistance/covid19.html
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EDITORIAL

Combating antimicrobial resistance during the
COVID-19 pandemic

Edmond SK Ma'? *, FHKAM (Community Medicine), KH Kung?, MMedSc, FHKAM (Community Medicine),
Hong Chen?, MPH, FHKAM (Community Medicine)
" Epidemiology Adviser, Hong Kong Medical Journal
2 Infection Control Branch, Centre for Health Protection, Department of Health, Hong Kong SAR Government, Hong Kong

This article was
published on 17 Nov

, * Corresponding author: edmond_sk_ma@dh.gov.hk
2021 at www.hkmj.org.

Hong Kong Med J 2021;27:396-8

https://doi.org/10.12809/hkmj215124



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






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

Medicine |

Yeoh... Ng. Gut 2021
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ABSTRACT ARTICLE HISTORY
Dysbiosis of gut microbiota is well-described in patients with coronavirus 2019 (COVID-19), but the Received 24 May 2022
dynamics of antimicrobial resistance genes (ARGs) reservoir, known as resistome, is less known. Revised 18 August 2022

Here, we performed longitudinal fecal metagenomic profiling of 142 patients with COVID-19, Accepted 20 September 2022

characterized the dynamics of resistome from diagnosis to 6 months after viral clearance, and KEYWORDS

reported the impact of antibiotics or probiotics on the ARGs reservoir. Antibiotic-naive patients with COVID-19; gut microblome;
COVID-19 showed increased abundance and types, and higher prevalence of ARGs compared with antimicrabial resistance
non-COVID-19 controls at baseline. Expansion in resistome was mainly driven by tetracycline, gene; synbiotic formula;
vancomycin, and multidrug-resistant genes and persisted for at least 6 months after clearance of SIMo1

SARS-CoV-2. Patients with expanded resistome exhibited increased prevalence of Klebsiella sp. and

post-acute COVID-19 syndrome. Antibiotic treatment resulted in further increased abundance of

ARGs whilst oral probiotics (synbiotic formula, SIM01) significantly reduced the ARGs reservoir in
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Resistome maintained for at least
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with higher possibility of
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microbial translocation and bacteremia
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Role of Probiotics, Prebiotics in Combating MDRO

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

e No direct conclusions regarding the efficacy of these measures

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

e 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
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CU Medicine Develops a Probiotic Formula to Target
Imbalance in Gut Microbiota in COVID-19

HONG KOMNG, June 11, 2020 /PRNewswire/ -- The Faculty of Medicine of The Chinese
University of Hong Kong (CU Medicine) is the first to discover a series of good bacteria
missing in the gut of COVID-18 patients. The research team recently confirmed this
discovery with a large number of healthy subjects and COVID-19 patients. Using big data
analysis and machine learning, CU Medicine has successfully developed a probiotic formula
that aims to target gut dysbiosis, thereby offering hope to boost immunity against COVID-19
and other emerging viral infections. They anticipate that the formula will scon be turned
into 2 probiotic supplement to go with our daily diet tc improve cur defense against

infection.




Synbiotics (SIMO01) during acute infection or recovery phase
significantly reduced the ARGs reservoir in the gut

microbiota of COVID-19 patients
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Fecal Transplant : 2000 year of history

Zhang et al. AJG 2012

4th century hand book of emergency medicine
“Yellow soup” a slurry of stool ( =725 )
253ml human fecal suspension by mouth for patients  ceHong283-363 A0
With poisoning or severe diarrhoea

World war I
German soldiers used camel stool to treat dysentery
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Faecal microbiota transplantation for treatment
of recurrent or refractory Clostridioides difficile
infection in Hong Kong
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FMT for Eradicating MDRO

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

https://doi.org/10.1128/msystems.01510-21

1 o | 0 si-e RESEARCH ARTICLE
L SOCIETY FOR y ms May/June 2022 Volume 7 Issue 3 e01510-21
4 MICROBIOLOGY

Longitudinal Evaluation of Gut Bacteriomes and Viromes
after Fecal Microbiota Transplantation for Eradication of
Carbapenem-Resistant Enterobacteriaceae

Qin Liu () 3264 Tap Zuo@P:¢d Wenqi Lu®P:¢4 yun Kit Yeoh®€, Qi Su@P:¢:d, Zhjlu Xua:P:c:d,
Whitney Tang®P?:%9, Keli Yang®P, Fen Zhang?P:%9, Louis H. S. Lau®, Rashid N. S. Lui®, Miu Ling
Chin®, Rity Wong®, Chun Pan Cheung®?:%:9 Wenyi Zhu®?:¢9 Paul K. S. Chan (*) 2, Francis K. L.
Chan®P:¢:d Grace C. LuiP, Siew C. Ng?P:¢:d

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

Last negative
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Similarity of Bacteria composition towards donor after FMT

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

1.0

Bray—Curtis distance
[=]
(o]

Recipient 1

Recipient 2

Recipient 3

o
@
L

o
'S
1

Increased similarity of bacterial composition to

that of donor following FMT

PCoA 2 (23.13%)

Recipient 1 and Recipi 2
R1_Post5 Rz;P"“
° o R2 Pre2
0.2 R1_Posté R2_Postie
R1_Post” )
= R2_Post3
<)
R1.
X R2_Post2
0.01 R1_Pre R1_Pos, R2_Post5 *
o = 8
©
3 ,
RU’“'; —_— R2_ Postd
-0.2 -
-0.4
Donor 4
Donor 4

-0.4 -0.2 0.0 0.2 0.4

0.2

- 0.0

PCoA 1 (41.17%)

Recipient 3
: R3_Post3
R3_Post2
_ Donor 8 R3_Pre
%) Donor 8 >

R3_Post1

025 0.00 025
PCOA 1 (53.41%)



Repopulation of bacteriome in recipients by FMT

-
=

U

Medicine

Marked shift towards an
increased Firmicutes after FMT
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Tight connection between gut bacteriome and virome in donor and post-FMT

FMT impacts the trans-kingdom interactions of gut microbiome composition
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Alterations of Gut Virome after FMT
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Alterations of Gut virome after FMT
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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)
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How does microbiota modulation help in
MDRO, COVID-19 Patients and General Public?
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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 (§IM01) 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

GUT CHECK PROVIDES
JABS A POWER BOOST
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