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Gut-Liver Axis

Probiotics/Prebiotics
• Type 2 DM

• Obesity

• Probiotics
• Prebiotics

Integration 

of wet lab and 
bioinformatics

Fecal microbiota 

Transplantation (FMT)/ 
Antimicrobial resistance



Introduction to microbiome 
Research

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

Natthaya Chuaypen, PhD.

Department of Biochemistry, Faculty of Medicine, Chulalongkorn University

How the microbiome forms, How it can affect 
your health and how to fix it???



Gut microbiota: Old wine in new bottles 

Carbohydrate
Protein, fat, water
Vitamin, mineral

Undigestible fiber

Vitamin

Gut microbiota
• Modify certain nutrients
• Synthesize more metabolites

“Enhance metabolism”



Gut microbiota: Old wine in new bottles 

“Prevent pathogen colonization & growth”

Holger S. Front. Microbiol., 10 April 2018



Gut microbiota: Old wine in new bottles 

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

“Regulate toxin production & absorption”



Gut microbiota: Old wine in new bottles 

Galazzo G. Gastroenterology 2020;158:1584–1596

“Immunomodulation”





Gut microbiota metabolites and toxins

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



Fecal 
transplant

Obesity is transmittable



Alan W. Walker, and Julian Parkhill Science 2013;341:1069-1070
Copyright © 2013, American Association for the Advancement of Science

Fecal transplant from 
Kwashiorkor donor



Yong F. Nature Review (2020)

Kasai C. BMC Gastroenterology (2015)



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

Probiotic treatment on obesity and diabetes mellitus

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



Drug factory probiotics for obesity and diabetes

Obesity T1DM

T2DM
NAFL



Research focus for today!
What and How?

• 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.



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)

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

Remission of ulcerative colitis after 14 days of FMT
FMT in 

Thailand?



How Probiotics Affect the Microbiota and Health?

How to do in vivo test for 
the probiotics?

How to identify pathogen 
and AMR?Wieërs G, et al. How probiotics affect the microbiota. Frontiers in cellular and infection microbiology. 2020 Jan 15;9:454.



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

How to identify pathogen based-on 
sequencing?



https://i.ytimg.com/vi/ODCbR5KD9lY/maxresdefault.jpg

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



Dysbiosis
• Imbalance in the microbial community associated with diseases

• ↓ beneficial flora (Firmicutes, Bacteroides)
• ↑  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 
decontamination
• Aminoglycosides, colistin

• Protection
• Ribaxamase
• Activated charcoal

• Other manipulations
• Phage
• Parasite ova
• MicroRNA

• Restoration
• Waiting 

• 1-3 mo, but up to a year for MDR 
organisms to be eradiated

• Appendix as a shelter for original 
microbiota

• Probiotics (work in animal models but 
mostly inconclusive in humans)
• Prebiotics: Human milk oligosaccharide
• Probiotics: Lactobacillus, 

Bifidobacterium
• Postbiotics: Butyrate, Indole
• Synbiotics: Pre+Pro

• Fecal microbiota transplantation 
(FMT)



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

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

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

https://yt3.ggpht.com/a/AG
F-l7-
RhPiKbvImz1REl86vNZtlmpls
gES_Tiz5tA=s900-mo-c-
c0xffffffff-rj-k-no

https://www.bragard.com/3
047/chef-s-jackets-grand-
chef-white.jpg

Same jobs, different kinds of microbes



Sean M. Gibbons. Nature Microbiology | VOL 5 | SepTeMber 2020 | 1067–1068 

complex polysaccharide 
degraders

short-chain fatty acid 
producers

Banerjee, et al. NATuRe RevIeWS | MiCRobiology
volume 16 | SePTemBeR 2018 | 567 

Non-dominant 
keystone species 

Phages? 
Fungi? 
Worms? 



Fecal Microbiota Transplantation (FMT)

History

• 4th Century China – “Yellow 
Dragon Soup”

• 1958 1st report of FMT for 
pseudomembranous colitis

• Transfaunation – healthy animal 
donor → sick animal recipient

• 2013 1st RCT – FMT for 
recurrent CDI

FMT in Nature

- Mouse

- Panda

- Dog

- Bird

- Insect

Good source of B12!

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



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

Highly effectiveSomewhat effective Variedly effective Little or ineffective

Donor independent Donor dependent



Fecal transplantation in CDI

• 2050 CDI cases

• Overall efficacy 84%

• Safety
• 42 AEs reported

• No definitely related

• 3 possibly related

• 39 unrelated

• Capsule = NG = NJ = colonoscope > enema

• Non-related donor = related donor > auto

• Volume varies

• Frozen = fresh > spore

• Aerobic = anaerobic condition

• Sterile fecal filtrate? (no bacteria)

2120. Safety and Efficacy of Fecal Microbiota Transplantation for 
Recurrent Clostridium difficile Infection From An International 
Public Stool Bank: Results From a 2050-Patient Multicenter Cohort

เครดิตภาพ: Gregory Ginsberg, MD, University of Pennsylvania ที่มา: 
https://emedicine.medscape.com/article/193031-workup#c7



No need for bacteria?

• Components of stool  
• Bacteria, protozoa, fungus, epithelium

• Phage, miRNA, antibody, food, bile, host & microbial proteins, metabolite, etc.

In some patients with CDI after FMT

Virome (phageome) recovery
⇩

Clinical recovery
⇩

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



Questionnaire (n~60)

Interview & physical exam (n~20)

Blood & stool tests (n~10)

Microbiome (n~5)

FMT donors (n~2)

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

Repeat the screening 
every 4 weeks

Frozen and quarantine until passing the 2nd screening

Fecal Transplantation

- ATB, obesity, diarrhea

- MDR, GI pathogen, inflammatory markers

Screen pass but ESBL+: 4/189 (2.12%) 
3/43 (6.98%) in 2019 VS 1/189 (0.53%) in 2020



FMT Donation: แบบสอบถาม
• ไม่มีโรคประจ าตวั

• ไม่มีประวตัิของโรคทางเมตาบอลิก, เคยหรอืก าลงัเป็นมะเรง็, โรคภมิูแพ,้ 
โรคปวดเรือ้รงั, โรคล าไสแ้ปรปรวน (irritable bowel 
syndrome), ทอ้งอืด, ทอ้งผกูเรือ้รงั, ใชย้าระบายเป็นประจ า, 
ทอ้งเสียเรือ้รงั, โรคทางเดินอาหารท่ีไม่ทราบสาเหตุ

• ไม่ป่วยหรอืมีสมาชิกครอบครวัป่วยดว้ยโรค inflammatory 
bowel disease

• ไม่ใชย้า ยกเวน้ยาคมุก าเนิด

• ไมไ่ดร้บัโปรไบโอตกิ หรอืยาช่วยย่อย

• ไมไ่ดใ้ชย้าปฏิชีวนะในช่วง 6 เดือนก่อน
• ไม่ทานอาหารท่ีท าใหเ้กิดอาการแพไ้ดบ้อ่ย

• ไม่เป็นบคุลากรทางการแพทย์

• ไม่เดินทางไปยงัประเทศท่ียงัไม่พฒันาภายใน 1 ปีท่ีผ่านมา

• BMI ปกติ (18.5-25)

0 10 20 30 40 50 60

High BMI

Diarrhea

Antibiotics

Travel

History of chronic diseases

Underlyings

Medications

Admission

Transfusion

STD risk

GI surgery

Reasons for exclusion

Pass 17.6%



Initial labs (repeat at the end) 

• Repeat tests → more positive results

Tests %found

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 
shigelloides)

Stool exam for ova and parasites

Stool stain for microsporidium

Stool screen for VRE 3.7%

Nasal screen for MRSA 0%



Further labs
General blood test

• High-sensitivity CRP, Lipid panel (Chol, HDL, LDL, TG)

• Comprehensive metabolic panel (BUN, Cr, Electrolyte, LFT)

• CBC, ANA

• HCG pregnancy test ส าหรบัผูห้ญิง

Test for pathogens (repeat at the end)

• Stool Clostridioides difficile GDH test

• Stool AFB

• Stool stain for cryptosporidium

• Stool agar plate for Strongyloides

• Stool gastroenteritis panel

• Anti-HAV IgG/IgM

• HBsAg, Anti-HBS, Anti-HBc

• Anti-HEV IgG/IgM

• Anti-HCV

• Anti-HIV

• CMIA for syphilis

• Blood PCR for EBV viral load

• Blood PCR for CMV viral load

• Nasopharyngeal & throat swab for SARS 
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1. ผูบ้รจิาคนั่งบนเกา้อีน้ั่งถ่ายส าเรจ็รูป ถ่ายลงบนถาดฟอยลส์  าหรบัอาหารซึง่ผ่านการนึ่งความดนั 
ซอ้นอยู่ในถงัรองพลาสติกซึง่สามารถถอดเขา้ออกจากเกา้อีไ้ดโ้ดยง่าย ในหอ้งน า้แยกเฉพาะ
ส าหรบัผูบ้รจิาค เม่ือถ่ายเสรจ็ ผูบ้รจิาคท าการปิดฝาถาดฟอยลแ์ละปิดฝาถงัพลาสติกอีกชัน้ แลว้
น าถงัพลาสติกมาวางไวห้นา้หอ้งปฏิบตัิการท่ีอยู่ติดกนั ตวัถงัพลาสติก จะถูกเช็ดดว้ย 70% 
ethanol และรอใหแ้หง้ ก่อนน าเขา้สูห่อ้งปฏิบตัิการและ biosafety cabinet ตามล าดบั

2. ท าการเตรยีม fecal microbiota ใน biosafety cabinet class IIa2 ซึง่มี 
charcoal filter ส าหรบัดดูซบัปอ้งกนักลิ่นรบกวน ในหอ้งปฏิบตัิการ BSL-2 ซึง่ทัง้ 
cabinet และหอ้งนีจ้ะไม่น าไปใชง้านดา้นอ่ืนเลย เพ่ือความปลอดภยั ของผูร้บัการปลกูถ่าย

3. แบง่ fresh stool เลก็นอ้ยเก็บท่ี -80OC เผ่ือการตรวจสอบในอนาคต

4. ชั่งน า้หนกัและผสมอจุจาระกบั sterile normal saline ในอตัราสว่น 1:1

5. กรองกากออกดว้ยผา้ก๊อสปลอดเชือ้ 2 ชัน้

6. เก็บของเหลวท่ีผ่านการกรองปรมิาณ 45ml ใน conical tube ขนาด 50ml ชนิดทน
ความเย็นจดัได้

7. เก็บ conical tube ท่ีมี fecal microbiota ท่ี -80OC ส าหรบัใชง้านไดไ้ม่เกิน 6 เดือน 
และน ามาละลาย ท่ี 37OC เม่ือถึงเวลาท่ีจะใชป้ลกูถ่าย



Contraindication

Neutropenia

GI surgery

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

• Defecation (Colonoscope, enema)

• 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
• ฿30,000/treatment

• ฿10,000/week for the donor

• UK: Taymount Clinic

• Thailand?

เครดิตภาพ: Dishant Bhasin

น า้จากแหล่งเดียวกนั  ในตูซ้า้ยท่ีไม่มีหอยนางรม  จะขุ่นกว่า
เม่ือเทียบกบัตูข้วาท่ีมีหอย  ท่ีมา : www.mbl.edu



Non-published data

Common confounders

Age
Sex
Genetics
Environments 

Microbiota



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 → inflammasome → Casp11 → 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



Host

Microbiota

Pathogen

Drug

Environment

Germs, tumors

Davar et al., Science 371, 595–602 (2021) Baruch et al., Science 371, 602–609 (2021) 



Other sites of microbiota Tx

• Sinonasal → chronic rhinosinusitis

• Oral → gingivitis, dental caries, halitosis

• Vaginal → leukorrhea 

https://pantip.com/topic/38792689

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
• Herd Microbiota?
• Precision microbiota
• Modification of immunotherapy and other treatments

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



In vivo test for the probiotics

Asada Leelahavanichkul, MD., PhD.
รศ. นพ. ดร. อษัฎาศ์ ลีฬหวนิชกลุ

Department of Microbiology, Faculty of Medicine, 
Chulalongkorn University 



Objective

1. Introduction on 
studies of probiotics

2. Importance of in vivo 
test.

3. How to test?



Discovery of the new strains of probiotics

• Isolated interesting bacteria (mostly anaerobes) from healthy volunteers 

• Test genome or not (new strains?)

• SELL! → health supplement without health claims!  (หากอยูใ่น list อย.). 

• TEST! → aim heath claim
• In 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



Old model 
with new 
mechanisms

• Standard obese 
model 

• Work through 
other bacteria



New model 
with old 
mechanisms

• Candida in a standard 
obese model 

• Work through old 
mechanism (reduction 
of gut pathogenic 
bacteria) eg. total 
abundance of gram 
neg bacteria



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?). 



Thank you for your attention

Translational Research in Inflammation and Immunology Research Unit (TRIRU) 



• In human = 1010‐1014 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

ii) nutrient metabolites (eg. Indole from Tryptophan) -passTJ

•Controlled (in part) by “gut permeability”

•Molecules from Probiotics low+high MW

Gut microbiota; a neglected organ 



Indole-3-aldehyde
induce IL-22

Indoxyl sulfate 
gut derived uremic toxin

Indoxyl proprionic
acid
neuro-protection

Wikipedia

Metabolites 
:freely pass through 
tight junction 

• Gut bacteria turn 
amino acid →
small molecules 
→ pass gut tight 
junction



Sequencing-based 
pathogen identification

Thidathip Wongsurawat (Tip)
Piroon Jenjaroenpun (Man)

Instructor



Nut

Man Tip

PangNamNay

11th SiMRAssist.Prof. Prapat 
Suriyaphol



Goal

• 70% ของงานทั้งหมด -> ตอบโจทย์ clinician และ user 
• ถูก (cost) 

ดี (simple method)
เร็ว (fast turnaround time)

clinician me



Sequencing-based pathogen identification

Targeted-seq

Metagenome

Whole genome 
sequencing

Microbiome
-genus level

-species level



Microbiome

Which microbes are present 
and in what proportions?



Microbiome

16S gene sequencing

Short read sequencer

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

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

Long read sequencer

16S rRNA gene
genome



Microbiome

• Differenct microbial profile
• Pathogen identification



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

Metagenomic Next-Generation 
Sequencing (mNGS) 

<

Metagenome (microbial-rich samples)



• Blood

• Cerebrospinal fluid

• Respiratory samples

• Gastrointestinal fluid

• Ocular fluid

• Pathogen identification and  

discovery

• Diagnosis of infectious diseases

• Outbreak tracking

Clinical applications Clinical samples

Metagenome (pathogen identification)





Full-length 16S / 16S-ITS-23S

ตา่งประเทศ ในประเทศ

11,500 (?)

3,600-4,800 (28 days)

5,000-9,500 (21 days)

2,550-3,470 (varies)
9,000 (?)

Bacterial chromosome & plasmid

1,000-4,800* (2-4 months)
*w/o Bioinformatics

4,800 – 10,000 (21-30days)

5,300 – 5,900 (45 days)

R
ed

 o
ce

an
B

lu
e 

o
ce

an 3,000-11,500
1-7 days

Genus level

Species/ strain levelGut, saliva, blood, wastewater, etc.



Whole genome sequencing



Long reads improve de novo assemblies for large genomes

Illumina only Illumina    +    Nanopore



Dr. Sissades Tongsima
CEO National Biobank 
of Thailand

Assoc.Prof. Chanwit
Tribuddharat

Probiotics

Bioinformatics + report

Bacterial chromosome and plasmid sequence

vv

+

Library prep

High quality 

chromosome 

& plasmid

High quality DNA

v



Targeted-seq
Cutting edge technology



2048 nanopores

Oxford Nanopore Technologies (ONT)
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Odd-numbered chromosomes are enriched
(green) and even-numbered chromosomes are 

depleted (red)



Pathogen DNA enrichment
Human DNA depletion  

+
-

pathogen human

Nay

Iyarace Khampakdee



Streptococcus sp.

Microbial DNA sample

Assist. Prof. 

Anusak 

Kerdsin

Escherichia coli Aspergillus sp.

Candida sp.

Plasmodium falciparum

Assoc. Prof. Ariya 

Chindamporn

Dr. Navaporn 

Worasilchai

Prof. Mallika 

Imwong

Dr. Suganya

Yongkiettrakul

Bacteria Fungi

Protozoa



Q&A
Microbiome

Metagenome
Whole genome sequencing

Targeted-seq

longreadlab.com
Activity & Publications



Metagenomic profiling of 
gut microbiota in head and 
neck cancers

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

2019

The longer read lengths, the better 
classification recalled

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

77

The closer the dots,
the more similar profiling



• Our findings would have 
been impossible using short 
reads only. We illustrated the 
added value of long read 
sequencing in addressing the 
challenges of plasmid 
reconstruction within the 
context of evaluating the risk 
of AMR spread.



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.



EUROPEAN FOOD SAFETY AUTHORITY (EFSA)

• EFSA statement on the requirements for whole genome sequence 
analysis of microorganisms intentionally used in the food chain







•Q and A session??



▪ Gut microbiota in elderly

(Assoc. Prof. Kanitha Patarakul, M.D. PhD.)

▪ Gut-Brain Axis 

(Assoc. Prof. Saknan Bongsebandhu-phubhakdi, PhD.)         

▪ Gut microbiota in patients with liver cancers

(Assoc. Prof. Boonchoo Sirichindakul, M.D.)

▪ Gut microbiota in patients with bariatric surgery

(Assoc. Prof. Suthep Udomsawaengsup, M.D.)

▪ Gut microbiota in pregnancy

(Prof. Vorapong Phupong, M.D.)

Contact our poop lab: 
Center of Excellence in Hepatitis and Liver Cancer, Department of Biochemistry, 

Faculty of Medicine, Chulalongkorn University
Tel: 02-256-4482 ex. 4724, Email: Natthaya.c@chula.ac.th


