Therapeutics

» Introduction to
microbiome research

> Fecal microbiota
transplantation

» In vivo validation of the
discovered probiotics

> Sequencing-based
pathogen identification
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Gut-Liver AXis

The Journal of Infectious Diseases

Coinfection

Natthaya Chuaypen,' Thananya Jinato,' Anchalee Avihi 2 sakkarin Chi ¥ Supapon
Yasuhito Tanaka,’ and Pisit Tangkijvanich'

Fecal microbiota

Transplantation (FMT)/

<) Antimicrobial resistance

Germ Line IgM Is Sufficient, but Not Required, for Antibody-
Mediated Alphavirus Clearance from the Central Nervous
System

Voraphoj Nilaratanakul,2®* Jie Chen,» Oanh Tran,®* Victoria K. Baxter,®?* Elizabeth M. Troisi,> Jane X. Yeh,? Diane E. Griffin2

Improvement of Gut Diversity and Composition After
Direct-Acting Antivirals in Hepatitis C Virus-Infected
Patients With or Without Human Immunodeficiency Virus

** Intawat Nookaew,”

Probiotics/Prebiotics

Type 2 DM  gcientific reports
Obesity

Probiotics
Prebiotics

OFPEN [ actobacillus acidophilus LA5
improves saturated fat-induced
obesity mouse model

S—

through the enhanced intestinal
Akkermansia muciniphila

Thunnicha Ondee’, Krit Pongpirul'-* """, Peerapat Visitchanakun®, Wilasinee Saisom®,
Suthicha Kanacharoen”, Lampet Wengsarej™’, Chitrasak Kullapanich™,

it*, Sam Settack

Asada Leelahavanichkul®*1

Integration

of wet lab and
bioinformatics

Journal of Microbiological Methods 166 (2019) 105739

—~

L
~

s 7.

Contents lists available at ScienceDirect

Journal of Microbiological Methods

journal homepage: www.elsevier.com/locate/jmicmeth

Note

An assessment of Oxford Nanopore sequencing for human gut metagenome

profiling: A pilot study of head and neck cancer patients

Thidathip Wongsurawat®, Mayumi Nakagawa”, Omar Atiq““, Hannah N. Coleman”,
Piroon Jenjaroenpun®, James I. Allred®, Angela Trammel®, Pantakan Puengrang’,
David W. Ussery™*®, Intawat Nookaew™*'

Y, Maraporn b 7

)

SCIENTIFIC
REPORTS

natureresearch

Combining short and long read
sequencing to characterize
antimicrobial resistance genes

on plasmids applied to an
unauthorized genetically modified
Bacillu

arcia-Graells?, Patrick Philipp*, Fabrice Arella®,
nVanneste!, Nancy H. C. Roosens® &



Introduction to microbiome
Research

Assoc. Prof. Thasinas Dissayabutra, M.D., PhD.
Natthaya Chuaypen, PhD.

Department of Biochemistry, Faculty of Medicine, Chulalongkorn University



Gut microbiota: Old wine 1n new bottles

Carbohydrate
Protein, fat, water
Vitamin, mineral

Gut microbiota
* Modify certain nutrients
* Synthesize more metabolites

Vitamin

A )
\ 3“'-fj-f~)v ' Undigestible fiber
“Enhance metabolism” Q) )7)
| @'Jj



Gut microbiota: Old wine in new bottles
\ QX ]
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Y lgA - of” bile acids C. difficile toxin
Y Y A receptor
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Gastric Acid

Asymptomatic colonization ijl

... C. difficile spores
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Y

Factors controlling C. difficile
- Colonization resistance

- Bacteriocin secretion

- Bile acids composition

- Increased IgA levels

Stomach SmaII Intestme Colon

Risk Factors
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“Prevent pathogen colonization & growth”  stomach

Colon

Holger S. Front. Microbiol., 10 April 2018



Gut microbiota: Old wine 1n new bottles
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“Regulate toxin production & absorption”

Tranah T.H. Clinical Liver Disease, Vol 5, No 3, March 2015



Gut microbiota: Old wine 1n new bottles

S

Alopic dermatitis
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Galazzo G. Gastroenterology 2020;158:1584-1596
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THE ROLE OF THE INTESTINAL MICROBIOTA

Nutrients

1 Metabolic role

Promote digestion:
fermentation of non-digestible
foods, absorption of nutrients
(amino acids, sugars, vitamins,
etc.) by intestinal cells.
Participation in the synthesis
of metabolites (short-chain
fatty acids, vitamins K, B12, B8)

* X —— . Toxins,
microbes

2 Barrier role

Shield against microbes, toxins,

etc. Production of protective
mucus by intestinal cells.

Intestinal defense

cells

@i) ®

3 Defensive role

Development of the intestinal
immune system

Intestinal mucosa

Intestinal
microbiota

Intestinal
cells

4 Maintenance role

Maturation of the gastrointestinal
tract, maintenance of intestinal
mucosa, production of mucus,
enzymatic activity by the mucosa.

(V2]
B10CODEX™

/// (/‘//H*,'f( Lfratiticle



Gut microbiota metabolites and toxins

Brial F. Cellular and Molecular Life Sciences (2018) 75:3977-3990



Vol 444|21/28 December 2006/ doi:10.1038/nature05414 namre

ARTICLES

An obesity-associated gut microbiome
with increased capacity for energy harvest

Peter J. Tumbaughl, Ruth E. Leyl, Michael A. Mahowald', Vincent Magriniz, Elaine R. Mardis'* & leffrey | Gordon'

Fecal
transplant




The NEW ENGLAND JOURNAL of MEDICINE

A
A LT S, - W < CLINICAL IMPLICATIONS OF BASIC RESEARCH
> <w = 0?& * 7" nigh-fiber diet o
s/ ‘ >
-~ . P Increased adiposity
& 1Crobiota R 1D1 t 1 " . .
Obesetwin transplant Kwashiorkor and the Gut Microbiota
Wendy S. Garrett, M.D., Ph.D.
= el " Vo>
~ SURNG = . e R Fecal transplant from
o e Kwashiorkor donor
B

Low-fat, high-fiber diet
Ineffective

microbiota”
transmission (¢

P Vg oy

High-fat,low-fiber diet
Ineffective
microbiota

transmission

Alan W. Walker, and Julian Parkhill Science 2013;341:1069-1070

Copyright © 2013, American Association for the Advancement of Science
Scl
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. nutrients

Review

Type 2 Diabetes Mellitus Associated with Obesity
(Diabesity). The Central Role of Gut Microbiota and
Its Translational Applications

Miguel A. Ortega 1234

Natalio Garcia-Honduvilla 12
6,7,1

, Oscar Fraile-Martinez (2, Trene Naya 1

, Melchor Alvarez-Mon 1245 Julia Bujan L3300,

6,81

Angel Asunsolo and Basilio de la Torre

Energy imbalance

e

Diabesity

Il —
SRGRREaE

Bacteroidetes ratio
. sl Low grade chronic inflammation
. e . ]mmm _
® '. @ P, I ’ Low microbial
®® o @ (i ) we==p |ncreased adipasity
el . o lﬁmn‘iﬂmﬁh Dysbiosis
Other altered communities

el parmas by . '.".';i Systemice Microbiota-gut-brain axis

by

Synergistetes Unclassified
8.54% Actinobacteria

Actinobactena

Enofachacine 5.02% Synergistetes - 3 55%
1.20% o
Fusobacteria Proteobacteria|
0.07%

Low production of
SCFAs
TLRA receptors
Intestinal peptides
dysregulation
Endecannabinoid
system

Fusobacteria
1.58%

obese

non-obese

Kasai C. BMC Gastroenterology (2015)

Taxa features Function features

» | Bacteroidetes to Firmicutes ratio = T LGC: degradation of B-glucuronide
» | Akkermansia muciniphila and aromatic amino acids

+ | Bacteroides thetaiotaomicron » THGC: production of organic acids
« | Clostridium histolyticum and H,

« | Clostridium coccoides « TPhosphotransferase system

«+ T Dorea longicatena * | Glycosaminoglycan degradation

« T Eubacterium verntriosum » T Glutamine or glutamate transport
« | Faecalibacterium prausnitzii
» | Methanobrevibacter smithii
+ T Roseburia intestinalis

» T Ruminococcus gnavus

+ T Ruminococcus torques

stem
. ?‘I”hnan',rlallannimla+ tyrosine and
tryptophan biosynthesis
« | Valine, leucine and isoleucine
degradation

s | Superoxide reductase

Yong F. Nature Review (2020)



Probiotic treatment on obesity and diabetes mellitus

A) B)
Populsiion Outcome  Siudies Subjects Estmate (55% C) Population Outcome  Studies Subjects Estimate (95% C1)
ALL
BW[kg] 58 3422 - 0.39 (0.57,-0.21) ALL
BMI [kg/m®] 68 4015 - 033 (-0.53,-0.12) FG[mmolt] 83 5188 . -0.12 (-0.18, -0.07)
BFM[kg] 27 1562 - 062 (-0.91,-0.34) HbA 1o [%] 28 1796 - 0.14 (-0.22, -0.06)
WChm 1583 — 491 (155, -049) INS[mUN 63 3854 —— 0.80 (-1.08, -0.52)
NW HOMA-IR 52 3513 - 0.27 (041,012
BWkgl 7 280 e 0.17 (-0.38, 0.72)
BMI [kg/m®] 16 712 - 0.08 (-0.10, 0.25) FG
BFM kgl 3 109 1.1 (-3.41,1.20) FG [mmol] 18 868 - -0.09 (-0.23, 0.06)
oW HbA .. [%] 6 439 - -0.15 (-0.31, 0.00)
BWkg 25 1644 - 0.94 (-1.17, -0.70) INS[mUA] 17 878 o o Q.77 (-1.01,-052)
BMI [kgim?] 32 2196 - -0.55 (-0.86, -0.23) HOMA-IR 13 683 - 0.03 (-0.13, 0.19)
BFMkg] M 784 - 0.96 (-1.21,-0.71)
WCfem] 13 ™ —.— -1.31 (-1.79, -0.83) YI0M
0B FG[mmolt] 19 1103 . 0.66 (-1.00, -0.31)
BWkg] 20 1084 <033 (-0.85, 0.18) HbA . [%] 13 713 - 0.28 (-0.48, -0.11)
BM o] 16 a7 ™ 0.03(-0.13,0.19) INS[mUY] 13 795 —_— -1.66 (-2.70, -0.61)
BFM (kg 14 696 e 0.38 (-0.09, 0.85) HOMA-R % " 4.08 €1 s
WClem] 12 "2 —_— 0.77 (-2.05, 0.52) ® nerl o s
' ' ) ' ' T T T 1 1
4 3 2 4 0 1 2 3 2 1 0 1 2
In favour of probiotics  In favour of control In favour of problotics  In favour of control
Difference in mean change from baseline Difference in mean change from baseline

Clinical cohorts consisted of relatively small sample size, and focused on short-term
physical parameters, or inflammatory markers, making long-term follow up studies
highly desired in future work

Koutnikova H. BMJ (2019)
Marzloom K. Nutrient (2019)



Drug factory probiotics for obesity and diabetes

[FIC REP{g}RTS

OFEN Administration of N-Acyl-
Phosphatidylethanolamine
Expressing Bacteria to Low
Density Lipoprotein Receptor—/~
Mice Improves Indices of
Cardiometabolic Disease

Linda 5. May-Zhang’, Zhongyi Chen’, Moura 5. Dosoky (0, Patricia G. Yancey”, Kelli L. Boyd®,
Alyssa H. Hasty®, MacRae F. Linton® & Sean 5. Davies®

Reveived: 31 May 2018
Accepied: |3 Novemher M8
Published anline: 23 January 2019

Pharm Res (2014) 31:3404-341 4
DOl 10.1007/51 1095-014-1430-3

RESEARCH PAPER

Oral Delivery of Glucagon Like Peptide-l by a Recombinant
Lactococcus lactis

Payal Agarwal » Pulkit Khatri » Blasé Billack » Woon-Ka Low » Jun Shao

T1DM

JEI The Journal of Clinical Investigation

Reversal of autoimmune diabetes by restoration of antigen-
specific tolerance using genetically modified Lactococcus lactis
in mice

Tatiana Takiishi, ... , Conny Gysemans, Chantal Mathieu

J Clin Invest. 2012;122(5):1717-1725. https://doi.org/10.1172/JCIB0530.

RESEARCH ARTICLE
Therapeutics and Prevention

L)

Check for
updates |

i, | MSphere

Secretion of Recombinant Interleukin-22 by Engineered
Lactobacillus reuteri Reduces Fatty Liver Disease in a Mouse
Model of Diet-Induced Obesity

“ Jee-Hwan Oh,* Kathryn L. Schueler,® Donnie S. Stapleton,” Laura M. Alexander,* Chi-Liang Eric Yen,© Mark P. Keller,®
Alan D. Attie,® ©Jan-Peter van Pijkeren®



Research focus for today!

 Fecal Microbiota Transplantation (FMT)?
Voraphoj Nilaratanakul, MD, PhD

 In vivo test for the probiotics?

Assist. Prof. Asada Leelahavanichkul, MD., PhD.

* Sequencing-based pathogen identification and clinical application?
Thidathip Wongsurawat, PhD./ Piroon Jenjaroenpun, PhD.



Microbiome-directed interventions

{

o

Prebiotics

o

L&t

Exercises

Untargeted

=

Individualized Faecal microbiota

nutrition transplantation
oo . o
- o 1{
oo s E .
Probiotics Synbiotics Postbiotics

l

General improvement in
microbial composition and functions

'

Targeted

-

Bio-engineered Drugs targeting selected

-,
i
(S
v

commensals microbial metabolism
Phage therapy =~ CRISPR-Cas9-based

therapy

l

Specific modification in
metabolism-related gut microbiota

Fan Y, Pedersen O. Gut microbiota in human metabolic health and disease. Nature Reviews Microbiology. 2020 Sep 4:1-7.



Patients with Clostridium difficile infection
(CDI) in Inflammatory Bowel Disease (IBD)

(a)
L,
(b)

e

FMT in
Thailand?

Remission of ulcerative colitis after 14 days of FMT

Borody TJ, Peattie D, Mitchell SW. Fecal microbiota transplantation: expanding horizons for Clostridium difficile infections and beyond. Antibiotics. 2015 Sep;4(3):254-66.



How Probiotics Affect the Microbiota and Health?

Clostridium spp.
Enterococcus faecium
Barnesiella

\ Antibiotic ©
resistance

Lactobacillus o > ,\:..

Lactobacillus
Bifidobacterium
S. boulardii
Akkermansia muciniphila
Faecalibacterium prausnitzii

. * - Gene
£ 2% \\I\\_E transcription
w;O_)—E? — OlP1

" GPR41/43 ;““‘[‘_‘:‘ce||~ : GLP-2

Wieérs G, et al. How probiotics affect the microbiota. Frontiers in cellular and infection microbiology. 2020 Jan 15;9:454.

Host

\ Antibiotic resistance

c#d&@
Modulation of the
Jmmune response 3

o

Behaviour &
Psychopathology

In Vivo

How to do in vivo test fu.
the probiotics?

-
o

1
L 973

How to identify pathogen
and AMR?




Current technigues in human microbiome profiling

16S rRNA gene
sequencing

Which organisms

Nesal = Human microbiome sample
Skin ‘ N
Gastrointestinal ——— '*:‘..}
Urogenital *‘ % oo
Major ecological ¢

areas within the Extract DNA

Shotgun metagenomic
sequencing

are present?

Amplify 165 rRNA gene
by PCR and sequence

l

Bin similar sequences
into OTUs

Compare OTUs

to databases

microbiome .
—_———— . What are the functions
— . of the community?
= g —==——=_Sequence total DNA
—— —_—
4
M
Rimg/hmp Y -\ 0 BLAST
Compare sequences PO vl
=4 ®

to reference genomes

ilva¥

(]

Y
@
o
2|
&
3|
=
S|
2
oTuU

Identify OTUs in sample

and relative frequencies community composition

Rimg/hmp Y -\
MG- o7

Abundance

Functions

How to identify pathogen based-on

sequencing?
a. First Generation Sequencing
.Rindor_n‘Ge.anei
IGSGeneI}CRAmpIiﬁcaﬁon O O GCTATC

L

=" 00

Full-lenght 16S V1-V9 regions (~ 1600 bp)

16S Clones Overexpression

i

Sanger Sequencing

b. Second Generation Sequencing

Random Genomes
gV

i

Directed 16S Gene PCR Amplification

—

=
——

— } (~300 bp)
Vi1-v2

V3-v4

c. Third Generation Sequencing

Random Genomes

16S Gene PCR Amplification
¥

Library preparation

:

*=

p—

= (il

Phylogenetic view of Identify microbial sequences, variants Identify genes, pathways and
and polymorphisms in sample

relative frequencies in sample

Quick library preparation

\

Illumina MiSeq sequencing|

MinlON sequencmg

—
K Full-lenght 165 V1 -V9 regions (~ 1600 bp)

Morgan XC, Segata N, Huttenhower C. Biodiversity and functional genomics in the human microbiome. Trends in genetics. 2013 Jan 1;29(1):51-8
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Fecal Microbiota Transplantation (FMT)

/

Voraphoj Nilaratanakul, MD, PhD



Dysbiosis

* Imbalance in the microbial community associated with diseases
* | beneficial flora (Firmicutes, Bacteroides)
e I pathobionts (Proteobacteria)
* Loss of diversity

* Factors
* Infections and illnesses
* Food and drugs, esp. ATB
 Stress, environment
* Genetic, sex, age, BMI
* Formula feeding, cesarean section, smoking, etc.
* Hygiene hypothesis: worm therapy for allergy/autoimmune

* Sometimes imbalance can provide health benefits
* Cyclophosphamide



Dysbiosis prevention & treatment

* Selective digestive * Restoration
decontamination * Waiting

* Aminoglycosides, colistin  1-3 mo, but up to a year for MDR

. p . organisms to be eradiated
rotection * Appendix as a shelter for original
* Ribaxamase microbiota
e Activated charcoal

* Other manipulations * Probiotics (work in animal models but
« Phage mostly inconclusive in humans)

: * Prebiotics: Human milk oligosaccharide
* Parasite ova L :
: : § x; * Probiotics: Lactobacillus,

* MicroRNA vu \ Bifidobacterium

* Postbiotics: Butyrate, Indole
* Synbiotics: Pre+Pro

%5¥ « Fecal microbiota transplantation
(FMT)




Same jobs, different kinds of microbes

1 probiotic for any diseases, any
otics, and any patients?

https://yt3.ggpht.com/a/AG https://www.bragard.com/3
F-17- 047/chef-s-jackets-grand-
RhPiKbvimz1REI86vNZtimpls chef-white.jpg
gES_Tiz5tA=s900-mo-c-

cOxffffffff-rj-k-no

https://www.mintpressnews.com/wp- —_
content/uploads/2014/11/AP450907056.jpg |

L=

https://www.volunteeringsolutions.com/asset/uploads/img/photo_gallery/thailand/613__dsc5436.jpg



Non-dominant
keystone species

Phages?
Fungi?
Worms?

Human oral microbiome Porphyromonas gingivalis

Human gut microbiome * Helicobacter pylori

* Methanobrevibacter smithii

* Actinobacteria

* Bacteroides fragilis

e Bacteroides stercoris

* Bacteroides thetaiotaomicron
* Ruminococcus bromii

Banerjee, et al. NATuRe RevleWS | MiCRobiology Klebsiella pneumom‘ae

volume 16 | SePTemBeR 2018 | 567 [ Proteus mirabﬂis

Ll

Fire Pioneer species

Intermediate species Climax species

> >

Primary species

P °

Tertiary species

Antibiotics

Secondary species

short-chain fatty acid
producers -{ , 4

complex polysaccharide
degraders

Sean M. Gibbons. Nature Microbiology | VOL5 | SepTeMber 2020 | 1067-1068



Fecal Microbiota Transplantation (FMT)

History FMT in Nature
e 4th Century China — “Yellow - Mouse
Dragon Soup” - Panda
e 1958 1st report of FMT for - Dog
pseudomembranous colitis Bird
- Bir
* Transfaunation — healthy animal
donor = sick animal recipient - Insect
e 2013 1st RCT — FMT for
recurrent CDI Good source of B12!

Journal of the Formosan Medical Association (2019) 118, S23eS31



Dysbiosis

Type of study Comments and important
Disorder (references) Outcome unresolved questions
Recurrent CDI RCT (30-32) Highly effective, cure rate single Advised in guidelines for recurrent
Meta-analysis (3) infusion >80% rCDI (1, 2)
Y Severe CDI Case series (34) Effective, probably safe May be lifesaving
ucC RCT (47-50) Pooled response rate of 29% for Optimization of protocol required:
Meta-analysis (51, 52) achieving endoscopic remission Is rational selection of donors
required?
Is it possible to select patients who are
more likely to respond?
Direct Indirect Should FMT be offered as induction
pathway pathway or maintenance treatment?
CD Cohort studies (53, 54) Pooled clinical response rate of RCT needed
Meta-analysis (52) 53%. No endoscopic remission Rational donor selection needed
achieved
IBS RCT (59) Improvement of symptoms in 65% | Larger RCT’s needed
of patients after FMT versus 43% | Which patients may benefit?
v in controls Is repeated FMT required?
B No sustained effect after 1 year How should patients be pre-treated
Bacteriophages Cheavonerer Nutrient Bile acid SCFA before EMT?
Bacteriocins (So CI?\?::?Ieoa'ctizss) competition metabolism metabolism HE RCT (65) Safe, no SAEs related to FMT, no | Confirmative study needed
new episodes of HE 150 days Rational donor selection needed
post-FMT
MDRO Cohort studies (72-75) Suggestive of some effectivity Rational donor selection needed
eradicating VRE and ESBL RCT needed
Immunomodulation - bacteria — - - -
Mechanical barrier function Metabolic . RCT (78, 79) No cfflccr on chmcal.cndplomts Strictly experimental
syndrome/hepatic Transient increased insulin
steatosis sensitivity
Autism Open-label trial (84) Effect noted on psychiatric and GI | Further studies are needed
y Y \4 symptoms
. GVHD Case series (68, 69) Steroid-refractory GVHD: Further studies are needed
Eradication of MDROs Clostridioides difficile infection Lol Mutahple decreased symptoms
hepatic encephalopathy syndrome

Somewhat effective  Highly effective

Donor independent

Variedly effective Little or ineffective

Donor dependent

Ooijevaar et al. Annu. Rev. Med. 2019. 70:335-51



Fecal transplantation in CDI

e 2050 CDI cases * Capsule = NG = NJ = colonoscope > enema
* Overall efficacy 84% * Non-related donor = related donor > auto
e Safety * VVolume varies

* 42 AEs reported * Frozen = fresh > spore

* No definitely related

* 3 possibly related
e 39 unrelated e Sterile fecal filtrate? (no bacteria)

* Aerobic = anaerobic condition

2120. Safety and Efficacy of Fecal Microbiota Transplantation for

Recurrent Clostridium difficile Infection From An International - . .
) . . wsannw: Gregory Ginsberg, MD, Universi

Public Stool Bank: Results From a 2050-Patient Multicenter Cohort https://emedicine.medscape.com/articl

¥ |
Rf Pennsylvania 7aa
3b31—workup
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No need for bactena? " ” 6 |

e Components of stool

* Bacteria, protozoa, fungus, epithelium
* Phage, miRNA, antibody, food, bile, host & microbial proteins, metabolite, etc.

FULL TEXT ARTICLE Gut epithelial cells

Efficacy of Sterile Fecal Filtrate Transfer for
Treating Patients With Clostridium difficile
Infection N 3

Stephan J. Ott, Georg H. Waetzig, Ateequr Rehman, Jacqueline Moltzau-Anderson

Richa Bharti, Juris A. Grasis, Liam Cassidy, Andreas Tholey, Helmut Fickenscher, Dirk

Seegenrt, Philip Rosenstiel and Stefan Schreiber
Gastroenterology, 2017-03-01, Volume 152, Issue 4, Pages 799-811.e7, Copyright @ 2017 AGA Institute

In some patients with CDI after FMT

Virome (phageomE) recovery i A i \M/ Normal microbiota
4

Clinical recovery

4 ///\5 1?%\

Bacteriome recovery Dystioss
Shirong Liu, et al. The Host Shapes the Gut Microbiota via Fecal MicroRNA. Cell Host & Microbe 2016.




Questionnaire (n~60)

- ATB, obesity, diarrhea

Repeat the screening
every 4 weeks

Interview & physical exam (n~20)

Blood & stool tests (n~10)

Microbiome (n~5)

FMT donors (n~2)

FDA In Brief: FDA warns about potential risk of
serious infections caused by multi-drug

resistant organisms related to the

investigational use of Fecal Microbiota for

Transplantation

Screen pass but ESBL+: 4/189 (2.12%)

3/43 (6.98%) in 2019 VS 1/189 (0.53%) in 2020

- MDR, Gl pathogen, inflammatory markers

Stool collection and processing (1 sample/donor/day)

Frozen and quarantine until passing the 29 screening

¥

Fecal Transplantation




Reasons for exclusion

Gl surgery
STD risk
Transfusion

Admission

|
|
|
|
Medications | IIIEINGEGEEEE
Underlyings [ INNNEGGE
History of chronic diseases |
I

Travel

Antibiotics

Diarrhea

High BMI

o
=
o
N
o
w
o
N
o

50 60

Pass 17.6%

FMT Donation: uuuaesuoiu

1R T9Al 3250

VLNN‘]J?V')B‘I?J@\TI?WWNLﬁ\lﬁﬁ‘l_l'ﬂ@ﬂ imeviranaaiunzids, Taaniuw,
TsntanEess, Tsnanldutlslsou (Irrltable bowel
Syndrome) Viavan, Naeynsedy, Tdesruneduilszan,
VNGHIEEES ‘EmmqLmummiwiummmw

Tdthevsalanninasauniathasialsa inflammatory
bowel disease

Tdlden anduegnanniin
TlesuTuslulasmn visasngdqusias

Llaldendgaausludoe 6 iauneu
TanuatuI Witniaanisun ladas
Tdifuyaananienisunmel

Tumne i gatsemangs luwmunnigle 1 dneinieun

BMI 1n# (18.5-25)



Initial labs (repeat at the end)

Stool screen for ESBL+ bacteria 100%
Stool screen for CRE 40.74% (0% in 2019 VS 64.29% in 2020)
Stool culture (repeat every week) 30.77%

(Vibrio cholerae, Salmonella, Blastocystis

hominis, Microsporidium, Pleisiomonas
Stool stain for microsporidium shigelloides)

Stool exam for ova and parasites

Stool screen for VRE 3.7%
0%

* Repeat tests 2 more positive results



Further labs

General blood test Test for pathogens (repeat at the end)

* High-sensitivity CRP, Lipid panel (Chol, HDL, LDL, TG)  Stool Clostridioides difficile GDH test
* Comprehensive metabolic panel (BUN, Cr, Electrolyte, LFT) ¢ Stool AFB

* CBC, ANA  Stool stain for cryptosporidium

* HCG pregnancy test 415UV e Stool agar plate for Strongyloides

» Stool gastroenteritis panel
* Anti-HAV IgG/IgM
* HBsAg, Anti-HBS, Anti-HBc

95%
90%
85%
80%

75% Other

70% Lachnospiraceae, [Ruminococcus]

Abundance

65%

60%

55%

50%

45%

40%

35%

30%

25%

20%

15%

10%

5%

0%

torques group

Barnesiellaceae, Barnesiella
Ruminococcaceae, Subdoligranulum
Muribaculaceae, uncultured bacterium
Ruminococcaceae, Faecalibacterium
Ruminococcaceae, Ruminiclostridium 6
Prevotellaceae, Prevotella 2
Lachnospiraceae, Agathobacter
Lachnospiraceae, Roseburia

Lachnospiraceae, Lachnospiraceae
NK4A136 group

Tannerellaceae, Parabacteroides
Rikenellaceae, Alistipes

Ruminococcaceae, Ruminococcaceae
UCG-002

Burkholderiaceae, Sutterella

Acidaminococcaceae,
Phascolarctobacterium

Lachnospiraceae, Butyrivibrio
Prevotellaceae, Prevotella 9
Succinivibrionaceae, uncultured
{Unknown Family}, {Unknown Genus}
Bacteroidaceae, Bacteroides

Anti-HEV 1gG/1gM

Anti-HCV

Anti-HIV

CMIA for syphilis

Blood PCR for EBV viral load

Blood PCR for CMV viral load
Nasopharyngeal & throat swab for SARS



1 E. coli ESBL
E. coli ESBL
. Acinetobacter baumannii Carbapenem-resistant
3 E. coli ESBL
E. coli ESBL
4 K. pneumoniae ESBL
Pseudomonas putida Carbapenem-resistant
5 E. coli ESBL
K. pneumcniae ESBL
Enterobacter cloacae complex CRE
. Aeromonas sobria/veronii Carbapenem-resistant
Acinetobacter baumannii Carbapenem-resistant
E. coli ESBL
‘ Enterococcus faecalis Vancomycin-intermediate
8 E. coli ESBL
E. coli ESBL
9 E. coli CRE
Pseudomonas putida Carbapenem-resistant
E. coli ESBL
- E. coli CRE
E. coli ESBL
! E. coli CRE
E. coli ESBL
12
E. coli CRE
E. coli ESBL
K. pneumoniae CRE
- Aeromonas sobria/\veronii Carbapenem-resistant
Shewanella algae Carbapenem-resistant
E. coli ESBL
14
K. pneumoniae ESBL
E. coli ESBL
15

Pseudomonas putida

Carbapenem-resistant

nemzaauide ESBL i FMT donor fitinlulvin transplant

Donor Screen 1st collect Last collect
Date 6/10/20 19/10/20 23/11/20
Stool Fresh Fresh Glycerol Frozen FMT left over Fresh | Glycerol
ESBL+ KP EC

Screen EC E. cloacae EC EC | EC| EC | EC | EC EC KP EC EC
Ampicillin R R R R R R R R R R
Cefazolin R R R R R R R R R R
Amoxi/clav R R S I I R I S R R
Piper/tazo S S S| S ) ) S S ) S
Cefoxitin S S I S S R S S S S
Cefotaxime R R R R R R R R R R
Ceftriaxone R R R R R R R R I R
Ceftazidime R R R | R R R R R R R
Cefepime R SbD| R | R R | SDD | SDD | SDD S sDD
Doripenem S S S S S S S S S S
Ertapenem S S S S S S S S S S
Imipenem S S S S S S S S S S
Meropenem S S S S S S S S S S
Amikacin S S S| S S S S S ) S
Gentamicin R R R S S R R S S S
Cotrimox S S R R R S S | S S
Ciprofloxacin R S S| S S S S | S |
Levofloxacin R R R | R R R R R S |
Tetracycline R I S I I S S R R |
ESBL genes

CTX-M 1 0 1 1 0 0 1 1 0
TEM 0 1 1 1 1 1 1 1 1
SHV 0 0 0 0 0 0 0 1 0

KP — Klebsiella pneumoniae, EC — Escherichia coli
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Neutropenia

Gl surgery

Contraindication Aspiration risk (NG, NJ, oral capsule)

Perforation risk (Colonoscope, enema)

Pressure sore at sacrum/coccyx, loose
anal sphincter (enema)




Recipient Preparation
* Hold offending antibiotics > 24-48 h

e Defecation (Colonoscope, enema)
e Urination (enema)

* Antibiotic pretreatment (may improve engraftment of specific taxa)
* Bowel lavage

* Proton pump inhibitor (NG)

Freitag et al., Front Microbiol. 2019: 10: 2685.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6881239/

Conceal the Yuck factor!

* Example: Toilet-to-tap water - Adding an unnecessary reservoir
makes people feel beter.

* Encapsulated lyophilized FMT

* Fecal microbiota = probiotic cocktail



Commercial Fecal Microbiota

* US: OpenBiome
* 830,000/treatment
* 310,000/week for the donor

e UK: Taymount Clinic

 Thailand?

% 1 = o vy dl S 1 1
UNAINNLLUAILA LN Eluqemﬂwimmaﬂmqm ACYUNIN

WaauAugannvaes nu: www.mbl.edu

m3sann: Dishant Bhasin



Log pfu/g brain

104

Germ Line IgM Is Sufficient, but Not Required, for Antibody-
Mediated Alphavirus Clearance from the Central Nervous

System

Voraphoj Nilaratanakul,2®* Jie Chen,2 Oanh Tran,?* Victoria K. Baxter,2** Elizabeth M. Troisi,® Jane X. Yeh,? Diane E. Griffin®

Plaque assay Plaque assay: Left hemisphere

15t exp: Left front quarter . 2nd exp: Left half

£
o
e
D
- B6WT 2 —=-B6WT
= AD-/- 2 == AID-/-
-
= — = = B
= = [ = - a
5 10 15 20 25 40 60 80 100 %07 . ' Y y S A S S A A A A
0 5 10 15 20 2530 40 50 60 70 80 90 100
Day day

Non-published data

March 2018 Volume 92 Issue 6 e02081-17

Common confounders

Age

Sex

Genetics
Environments

Microbiota

Journal of Virology



E. coli to the rescue

* C57BL/6 mice from UC tolerated infection/gut leakage better than
from Jackson Lab.

* During infection, E. coli O21:H*in UC mice translocated from leaky gut
to colonize on white adipose tissue.

* Flagella =2 inflammasome = Caspll - IL-18 = IGF-1

* IGF-1/PI3K/AKT pathway inhibits Atrogin-1 and Murf1 expression,
preventing muscle wasting

ALEXANDRIA M. PALAFERRI SCHIEBER, YUJUNG MICHELLE LEE, MAX W. CHANG, MATHIAS LEBLANC, BRETT
COLLINS, MICHAEL DOWNES, RONALD M. EVANS, JANELLE S. AYRES. SCIENCE 30 OCT 2015 : 558-563



CLINICAL TRIALS CLINICAL TRIALS

Fecal microbiota transplant overcomes resistance to Fecal microbiota transplant promotes response in
anti-PD-1 therapy in melanoma patients , ) immunotherapy-refractory melanoma patients
Davar et al., Science 371, 595-602 (2021) Microbiota Baruch et al., Science 371, 602—609 (2021)

(&)

X

Pathogen | Germs, tumors

\/ Environment




Other sites of microbiota Tx

e Sinonasal = chronic rhinosinusitis
* Oral = gingivitis, dental caries, halitosis

* Vaginal = leukorrhea



https://pantip.com/topic/38792689

Take home messages

Complex interactions between hosts, pathogens, microbiota, and treatments determine
the outcomes

Subdominant species may play a crucial role. (keystone species)
Finding proper donors will be harder and harder.
FMT is still the most effective way to manipulate microbiota.

Future trend in the manipulation of microbiota.
* AutoFMT
* Probiotics — cocktail, sequential
* FMT/probiotics in infants

* Phage therapy .,-;.fj"

* Herd Microbiota? ‘w;

* Precision microbiota
* Modification of immunotherapy and other treatments \ C

ps://www.simplyrecipes.com/recipes/lime_mango_sorbet/



In vivo test for the probiotics

Asada Leelahavanichkul, MD., PhD.

3. UN. A3, BEIA AUANINA

Department of Microbiology, Faculty of Medicine,
Chulalongkorn University



Objective

Introduction on

studies of probiotics

Importance of in vivo

test.
How to test?
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Candida Administiration Worsens
Cecal Ligation and Puncture-Induced
Sepsis in Obese Mice Through Gut
Dysbiosis Enhanced Systemic
Inflammation, Impact of
Pathogen-Associated Molecules
From Gut Translocation and
Saturated Fatty Acid
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Lactobacillus acidophilus LA5 improves saturated fat-induced obesity mouse
model through the enhanced intestinal Akkermansia muciniphila.
Ondee T, Pongpirul K, Visitchanakun P, Saisorn W, Kanacharoen S, Wongsaroj |, Kullapanich C,
Ngamwongsatit N, Settachaimongkon 5, Sombeonna N, Leelahavanichkul A.
i 2021 Mar 18:11{1):6367. doi: 10.1038/541598

SCI Rep

)21-85449-2
PMID: 33737543 Free PMC article

However, data on the correlation between a single administration of LAS versus microbiota alteration
might be helpful for the probiotic adjustment. LAS was administered daily together with a high-fat diet

(HFD) for 8 weeks in mice. ...In conclusion, LAS attenuated obesity ...

Fluorometric Paper-Based, Loop-Mediated Isothermal Amplification Devices for
Quantitative Point-of-Care Detection of Methicillin-Resistant Staphylococcus
aureus (MRSA).

- scientific reports

W) Crack far updsbae

OPEN L actobacillus acidophilus LA5
improves saturated fat-induced
obesity mouse model
through the enhanced intestinal
Akkermansia muciniphila

Thunnicha Ondee', Krit Pongpirul' ", Peerapat Visitchanakun®, Wilasinee Saisom®,
Suthicha Kanacharoen®, Lampet Wongsarcj™’, Chitrasak Kullapanich™,

Matharin Ngamwengsatit®, Sam Settachaimongkon™®, Naraporn Somboonna®” &
Azada Leelahavanichkul%1=



Discovery of the new strains of probiotics

* |solated interesting bacteria (mostly anaerobes) from healthy volunteers

* Test genome or not (new strains?)
* SELL! = health supplement without health claims! (wnaglu list a2.).

 TEST! = aim heath claim

* |n vitro test (tolerability against acid, bile, attachment, antibiotics, hydrolase,
lactate, toxin producing)

* In vivo test (support the in vitro test) +
* Human test

* Microbiome analysis service: Omics center faculty of Science
(Should we have such a center in MDCU?)



Oral gavage vs
anal gavage
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(Hepatocyte)

Blood D.D 0 (P4)
circulation : (LPS)

‘

(Gram negative
Gut contents Bacteria)

eeisee

Obese mice

Very severe sepsis after induction!

Obese mice + Candida

Obese mice + Candida + Lactobacilli

Enhanced
the model
complexity



Conclusion

* Probiotics is an emerging topics that is very easy to get a product
(following a direction of the current research grants)

* Test in animal model and in patients to put a health claim on the
products will be helpful for the competition

* The specific property of some specific probiotics is controversial (class
effect?).
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Gut microbiota; a neglected organ

* In human = 101%-10'4 cells (2kg) > liver wt;

i) nutrients digestion/ uptake, synthesis

ii) intestinal integrity (permeability) vs gut leakage

iii) enteric immunity (vs. hygiene hypothesis)

* Connect to host systems through

i) organism productions/ compositions (eg. LPS)-not TJ
i) nutrient metabolites (eg. Indole from Tryptophan) -passT)

 Controlled (in part)
* Molecules from Pro

oy “gut permeability”

niotics low+high MW



OTryptophan e Gut bacteria turn
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thé.l"' " N

:freely pass through ... N Jopeererese small molecules
tight junction Spomgeny l;gg}ﬁ}' bacteria = ngss gut tight

IPA

. o— ¥ O8N, Junction
'OJ\/T:Q }l N4
N N
, . )
Intestinal | ‘
epithelium X L cell é‘éﬂ

Mucosal homeostasis: * v Indoxyl
L TNF-a GLP-1
tJunction protein- v Indole sulfate
coding mRNAs : Associated with vascular
|I3A Intestinal disease:
'mcn;h]sne AST-120 TOxidative stress
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Sequencing-based
pathogen identification

Thidathip Wongsurawat (Tip)

Piroon Jenjaroenpun (Man)

Instructor
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Sequencing-based pathogen identification

Microbiome

-genus level

-species level

Whole genome
sequencing

Metagenome

Targeted-seq



Microbiome

g%
VNN

Which microbes are present
and in what proportions?

% r
* @ ésfp{



Micro biome 16S rRNA gene

\/\/\/\ genome
N

16S gene sequencing

1) Partial 16S genes -> Genus level (< 1000 bp)

2) Full-length 16S genes -> Species/Strains level (~1500 bp)

> ¥ £

Long read sequencer




Microbiome
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Metagenome (microbial-rich samples)

Metagenomic Next-Generation
Sequencing (MNGS)

= -

Bacterial species/strains level
 Non-bacterial species
 Metabolic function profiling
* Antibiotic resistance gene profiling




Metagenome (pathogen identification)

> 2&

© . X In

Clinical applications Clinical samples
« Pathogen identification and * Blood

discovery * Cerebrospinal fluid
- Diagnosis of infectious diseases * Respiratory samples
e Qutbreak tracking * Gastrointestinal fluid

e QOcular fluid



IDseq

& C @& idseq.net

Chan Zuckerberg In... @ mouse_lung.ipynb -... ﬂ Viruses | Free Full-T... = e &* [v1] CG Bulk Downl...

§) IDSEQ

CHAN ZUCKERBERG B

Host

N

Human

Sample Type

Bronchoalveola 1

[Dseq: An Open Source Platform  “=°

fluid

Mini 1
Bronchoalveola

for Infectious Disease Detectives =

webinar testing 2020-08-11 0 Location

' rebinar 6 months ago
https://idseq.net/my_data @ e California, USA

~N



Blue
ocean

Red ocean

DN ESAN I Tutlszine

o \ Bumrungrad

oo % International
ZYMO RESEARCH s.Mm.CHEmICAL Omics Sciences & Bioinformatics Center HOSPITAL

5,300 — 5,900 (45 days) 2,550-3,470 (varies)

| O ME MO PANACURA xxwrg-\Tn

9,000 (?)

4,800 — 10,000 (21-30days) 5’000_9'500:(21 days) 11,500 (?)

2 GenomeQuébec
€ 1,000-4,800* (2-4 months) '8‘5”'&"?
3,60

*w/o Bioinformatics 0-4,800 (28 days) Genus level

Full-length 16S / 16S-ITS-23S 3,000-11,500
LT _—= Bacterial chromosome & plasmid 17 days

Gut, saliva, blood, wastewater, etc. Species/ strain level



Whole genome sequencing



i

lllumina only

Long reads improve de novo assemblies for large genomes



Bacterial chromosome and plasmid sequence Probiotics
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Targeted-seq
Cutting edge technology
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nature sl | \VOL 39 | APRIL 2021| 442-450 |

blOtCChﬂOl()gy https://doi.org/10.1038/541587-020-00746-x

’-) Check for updates

Readfish enables targeted nanopore sequencing
of gigabase-sized genomes -

Alexander Payne®, Nadine Holmes, Thomas Clarke, Rory Munro, Bisrat J. Debebe and
Matthew Loose® &

Target sequence

0.4 sec 5 ¢




Odd-numbered chromosomes are enriched
(green) and even-numbered chromosomes are
depleted (red)

NATURE BIOTECHNOLOGY | VOL 39 | APRIL 2021| 442-450 |



Pathogen DNA enrichment
Human DNA depletion

’.§ pathogen




Microbial DNA sample
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Q&A

Microbiome
Metagenome
Whole genome sequencing
Targeted-seq
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Metagenomic profiling of
gut microbiota in head and

neck cancers

The closer the dots,

the more similar profiling

.
. ¢
;
W
J
/

Sequencing

®IT
@ ONT

Journal of Microbiological Methods

Volume 166, November 2019, 105739

ELSEVIER

Note

An assessment of Oxford Nanopore
sequencing for human gut metagenome
profiling: A pilot study of head and neck
cancer patients

Thidathip Wongsurawat 2, Mayumi Nakagawa °, Omar Atiq © 4, Hannah N. Coleman ®, Piroon
Jenjaroenpun ?, James . Allred ¢, Angela Trammel ¢, Pantakan Puengrang f, David W. Ussery * &, Intawat

Nookaew # 8 & &

“Taxonomic profiling using long-read and
short-read sequencing are comparable”

“Potential usage of MinlON on rapid clinical
screening of metagenome”

The longer read lengths, the better
classification recalled

77



e Our findings would have

SCIENTIFIC been impossible using short
REPORTS reads only. We illustrated the
| | added value of long read
sequencing in addressing the
challenges of plasmid

natureresearch

Combining short and long read reconstruction within the
sequencing to characterize context of evaluating the risk
of AMR spread.

antimicrobial resistance genes

on plasmids applied to an
unauthorized genetically modified
Bacillus

Bas Berbers’?, Assia Saltykova'?, Cristina Garcia-Graells®, Patrick Philipp®, Fabrice Arella®,
Kathleen Marchal(%%*, RafWinand?, Kevin Vanneste?, Nancy H. C. Roosens™® &
Sigrid C. J. De Keersmaecker(%®"



Food Chemistry xxx (xXxxx) xxx

T s S o Contents lists available at ScienceDirect -
FOOD
: H i .!.-' ol e

Gy Food Chemistry SHEEIY

EI SEVIEFE journal homepage: www.elsevier.com/locate/foodchem B

RE: Letter to the Editor — Analytical strategy for EU control laboratories to detect the presence
of rDNA

Fraiture et al. (2020b) claim that “genetically modified microorganisms (GMM), harbouring
commonly antimicrobial resistance (AMR) genes as selection markers, are frequently used to
produce food and feed enzymes, additives and flavourings.” It is true that in the early days of
genetic engineering, AMR genes were used as selection markers and were retained in the
production strains. However, state-of-the-art genetic engineering techniques now allow it either not
to use AMR genes at all during strain construction or to remove the AMR gene(s) from the final
production strains. Therefore, the majority of production strains on the EU market do not contain
introduced AMR genes, and the remaining strains are in the process of being phased-out.
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Annex A — List of information and data to be provided

The below table lists the information and data that should be submitted by the applicants in the technical
dossiers in those cases in which WGS-based data analysis needs to be submitted. This form should be
duly completed and signed by the applicants at the time of submission.

Section

Item

Provided

Yes | NA

Comments

Reporting of methodologies and outcomes

3.1

Microorganism and DNA extraction

Identifier for the microorganism subject of the application for
authorisation (same used in other sections of the dossier)

O

Confirmation of the correspondence of the samples used, WGS and
results reported with the microorganism subject of the application

O

3.2

Sequencing and FASTQ data quality control

3.2.1

Library construction

Library construction method including the fragmentation method

Threshold fragment size, where applied

3.2.2

Sequencing strategy and quality control

Sequencing strategy and instrumentation used (base-calling
method, where relevant)

Trimming and adaptor removal criteria applied, software, software
version and parameters used

Average read depth coverage

Contamination in the sequencing data — Percent of reads assigned
to the expected organism

Tool used, the software version and parameters used, the genomes
in the database used for classification should also be reported or
database name and date of access

oo O O (OO

3.3

Assembly and annotation

Software version and parameters (including those applied in post-
accamhblv nrncraccinay




3.5

Use of whole genome sequence data for the characterization
of the microorganism

3.5.1

Identification and characterization of the microorganism

Methodology used, sequences used for comparison, results of the
comparison including sequence identity or phylogenetic tree (where
relevant)

For read-mapping approach, the software used, including version
number, and parameters related to the reads (including minimum
length of mapping and percent coverage of the reference genome)
should be reported.

3.5.2

Identification of genes of concern

Assembly and BLAST approach

Strategy, software and parameters used to identify genes of interest
and database/s used (including version or accession date)

OO

a0

For each hit:
- Subject sequence (including name accession and encoded protein)
- E-value
- BLAST score
- Sequence similarity
- Sequence coverage
- Query sequence start and stop

Reference-based read mapping approach

Strategy and software used and information on the subject
sequences used

OO

a0

For each hit:
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