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Participating in the Webinar

All attendees will be muted and 
will remain in “Listen Only Mode” 

Type your questions here so that the moderator 
can see them. 
Not all questions will be answered but we will get 
to as many as possible. 

A handout with the slides and room to take notes can be 
downloaded from your control panel. 

Moderator:
Neil H. Stollman, MD, FACG
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ACG Virtual Grand Rounds
Join us for upcoming Virtual Grand Rounds!

Visit gi.org/ACGVGR to Register 

Week 17 – Thursday, April 25, 2024
Best of ACG 2023! Outstanding Science, Expert Discussions
Faculty: Laith Jamil, MD, Jean Chalhoub, MD, Alyssa Choi, MD , Adam
Bucholtz, MD, and Amer  AlSamman, MD 
Moderators: Vladimir Kushnir, MD, FACG, and Daniela Guerrero Vinsard, MD
At Noon and 8pm Eastern

Week 16 – Thursday, April 18, 2024
A Practical Approach to Pouch Disorders
Faculty: Laura E. Raffals, MD, MS, FACG
Moderator: Shannon Chang, MD, MBA
At Noon and 8pm Eastern

Virtual Grand Rounds universe.gi.org

Visit gi.org to purchase your copy! 
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Disclosures

*All of the relevant financial relationships listed for these individuals have been mitigated

Ari Grinspan, MD, FACG : Seres Therapeutics: consultant; Ferring 
Therapeutics: consultant.

Olga Aroniadis, MD, MSc, FACG: No relationships 
with ACCME defined commercial interests. 

Neil H. Stollman, MD, FACG:
Amsurg: Advisory Board; Doximity: Stockholder; Ferring Pharma: Consultant; 
Nestle Health Sciences: Speakers Bureau; Phathom Pharmaceuticals: 
Speakers Bureau; Provation Medical: Advisory Board; UpToDate: Royalties
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An Introduction to the Microbiome

Ari Grinspan, MD 
Associate Professor of Medicine
Director, Microbial Therapeutics Program
The Dr. Henry D. Janowitz Division of Gastroenterology
Icahn School of Medicine at Mount Sinai

Olga C. Aroniadis, MD, MSc
Svetlana Koroleva Endowed Professor in Gastroenterology
Associate Professor of Medicine
Chief, Division of Gastroenterology and Hepatology
Stony Brook University Hospital

Virtual Grand Rounds universe.gi.org

Outline

• Characterization of microbial communities 

• The role of dysbiosis
• C. difficile infection 
• Inflammatory Bowel Disease (IBD)
• Irritable Bowel Syndrome (IBS)

• Introduction to manipulation of the microbiome
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Characterization of Microbial Communities
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Definitions

Microbiome
The collective genomes of all the 
microorganisms inhabiting a particular 
environment

Microbiota
The microorganisms inhabiting a particular 
environment 
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Kingdom

Domain

Phylum

Class

Order

Family

Genus

Species

4 predominant phyla of the GI tract:

1) Bacteroidetes
2) Firmicutes
3) Actinobacteria
4) Proteobacteria

Microbial Hierarchy
20% 

Cultured

Virtual Grand Rounds universe.gi.org

20% 
Cultured

20% 
Cultured

80% 
Uncultured

Microbe gene sequencing
3.9x1013 bacteria/person 

200-400 bacterial species/person
# bacteria = # human cells

Sender, et al. PLOS, 2016
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16s DNA Sequencing
20% 

Cultured

16S gene
• Part of all bacteria 
• Found only in bacteria
• Conserved and variable regions (V1-V9)
• Closely-related bacteria have more similar variable 

regions
• Amplicon sequencing of a section of the 16S gene
• Sequence similarity distinguishes microbes from each 

other 
o OTUs – fundamental unit used in 16s sequencing

Virtual Grand Rounds universe.gi.org

Intestinal Microenvironment
20% 

Cultured
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Intestinal Microenvironment
20% 

Cultured

Virtual Grand Rounds universe.gi.org

Vincent B Young BMJ 2017;356:bmj.j831

Our microbes matter

Metabolism:
• Deconjugate bile acids
• Degrade fiber  SCFA
• Folate, B vitamins, Vit K
• Regulate fat/cholesterol
• Drugs

Immunity:
• GALT development
• Pro and Anti inflammatory cascades

• Treg, Th17, Il-10, Il-22, NOD2
• Tolerance to luminal flora and antigens

Colonization Resistance:
• Defend against pathogens
• Bacteriocins
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C. difficile infection
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Patients with recurrent C. difficile have 
decreased phylogenetic richness

Chang, et al. J Infect Dis, 2008

Bacteroidetes and Firmicutes are reduced in 
patients with recurrent C. difficile but not in 
patients with just one episode of C. difficile 
infection

Recurrent C. difficile infection is characterized by dysbiosis
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Fecal microbial richness and diversity increase with FMT 

Seekatz, et al. mBio, 2014

Virtual Grand Rounds universe.gi.org

FMT proposed mechanisms of action

• Direct competition of the donor microbiota with C. difficile
• Metabolic output of the microbiota

o Activation of host immune defenses 
o Restoration of barrier function
o Inhibition of the vegetative growth of C. difficile as a result 

of increased secondary bile acids and short-chain fatty 
acids (SCFAs)

o Production of anti-bacterial compounds (bacteriocins) by 
bacteria 

• Restoration of the host gut virome and fungome

Allegretti et al, Lancet 2019
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Adapted from:
Kang et al, Cell Chem Biol 2019

Savidge and Sorg, Cell Chem Biol 2019

10 bile acids 
(CA, CDCA)

Tryptophan

7α-DeOH bacteria
C. scindens 
C. sordellii

Unchecked growth

Antibiotics

X

Antibiotics and secondary bile acids inhibit C. difficile

7α-dehydroxylation

20 bile acids 
(DCA, LCA) C. difficile

+

Endogenous Antibiotics
1-acetyl-β-carboline 
Turbomycin A

Virtual Grand Rounds universe.gi.org

Kelly, et al, Gastroenterol 2015

10 bile acids 
(CA, CDCA)

FMT 

Increase in 20 bile acids and bacterocins following FMT

7α-dehydroxylation

20 bile acids 
(DCA, LCA) C. difficile

+

Anti-bacterial compounds
(Bacteriocins)
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1Khoruts et al, J Clin Gastroenterol 2010; 2Van Nood E et al, NEJM 2013; 3Kelly et al, Ann In 2013; 4Zuo et al, Gut 2017; 5Draper et al, Microbiome 2018
6Ott et al, Gastroenterol 2017; 7Zuo et al, Nature Communications 2018 
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FMT efficacy for recurrent CDI (RCDI) 

• Multiple case-reports and case-series 
• Meta-analyses & systematic reviews
• >10 clinical trials 

Bottom-line: FMT has been shown to be an effective treatment for 
halting the RCDI cycle

van Nood, et al. NEJM, 2013
Kao, et al. JAMA, 2017

Kelly, et al. Ann Int Med, 2015 
Tariq, et al. CID, 2019

Ianiro, et al. United European Gastroenterol J, 2018
Quraishi, et al. Aliment Pharmacol Ther, 2017
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FMT is successful for RCDI 
FMT vs vancomycin - via duodenal infusion Fresh vs Frozen FMT- via enema

FMT vs placebo - via colonoscopy

Lee 2016 

91% 90% 92%

63%

43%

90%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Overall Rhode Island New York

Cure with Donor FMT Cure with Placebo

P=0.024 P=0.019 P=0.89

Van Nood 2013

Kelly 2016

Encapsulated FMT

- Fresh (Louie 2013)
- Frozen  (Youngster 2014, Kao 2017)
- Microbial Emulsion Matrix (Fischer/Openbiome 2015)
- Freeze-dried (Khoruts 2017)

80% 60%

90%
70-90%
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Stool Buffer Enema

Stool Ethanol CapsulesSuspension

FDA-approved Microbiome Products

Efficacy vs PlaceboDeliveryDosingBowel 
PrepCompositionProduct Overview

70.6% vs 57.5%Enema1 doseFull-Spectrum
Fecal microbiota 

live-jslm

87.6% vs 60.2%Capsule
4 capsules daily 

for 3 consecutive 
days 

Fractionated
Fecal microbiota 
spores live-brpk

86.2% vs 54.5%
(CONSORTIUM)

Capsule
10 capsules 
daily for 14 

days
DefinedVE303

Cell Bank
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Inflammatory Bowel Disease (IBD)

Virtual Grand Rounds universe.gi.org

IBD is characterized by “Dysbiosis”

Frank DN, et al. Proc Natl Acad Sci U S A. 2007;104(34):13780-13785. 
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Enteric bacteria are essential in pathogenesis of intestinal inflammation

KO = knock out; HLA = human leukocyte antigen; TG = transgenic.
Adapted from Sartor AGA Teaching Slides. 

No immune 
activation

Macrophage 
and TH1/TH17

immune 
activation

No colitis Colitis

Resident bacteriaNo bacteria Mice

IL-2 KO ()
IL-10 KO
TCRa KO

CD3e26TG
MDR1 KO

SAMP1/Yit ()
CD45RBhi SCID

Rats
HLA-B27 TG

Indomethacin

Guinea pigs
Carrageenan

Primate
Cotton-top tamarin

Virtual Grand Rounds universe.gi.org

IBD = Multifactorial pathogenesis
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Clinical trials of induction of remission in UC

5 published RCT (>300 subjects; 4 positive studies) 
30.7% active, 9.6% placebo

Virtual Grand Rounds universe.gi.org
Figure 2 
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Haifer et al. Lancet Gastroenterol Hepatol 2021
Haifer et al. Gut 2021;70:2210-2211

FMT leads to fast, but not durable, change in microbiome

FOCUS post-FMT relapse
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Irritable Bowel Syndrome (IBS)
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Drossman, et al. Rome IV 2016

Clinical scenarios linking IBS to microbiota

Virtual Grand Rounds universe.gi.org

Mutual reinforcement of host dysfunction and gut microbiota may 
underlie functional GI disorder symptoms
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Common microbiome and metabolomic profiles have not been 
clearly identified in IBS  

1Pittayanon, et al. Gastronterol 2019 
2Bennet, et al. Neurogastroenterol Motil 2020 

3Sun, et al. Medicine 2019

• Marked heterogeneity with no 2 studies reporting exactly the same differences1

o Different methods were used to assess the microbiota
o Statistical methodological flaws

• No common metabolomic profile identified in IBS patients compared with controls2

• IBS patients displayed differences in SCFA production when compared with controls3

Virtual Grand Rounds universe.gi.org

Although no consistent microbial or metabolomic signatures have 
been identified in IBS patients, phenotype can be transferred by fecal 
microbiota

Crouzet, et al. Neurogastroenterol Motil 2013

Conventional Mouse

Germfree Mouse Healthy Mouse ModelHealthy 
Volunteer

Germfree Mouse IBS Mouse ModelIBS, colonic 
hypersensitivity

Visceral hypersensitivity of 
IBS patients can be 

transferred to recipient mice
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IBS supernatant increases permeability and visceral pain

Drossman, et al. Rome IV 2016

Virtual Grand Rounds universe.gi.org

Probiotic Bifidobacterium longum reduces depression scores and 
alters brain activity in IBS

Pinto-Sanchez, et al. Gastroenterology, 2017

After treatment
Lesser 

engagement of the 
amygdala 

(involved in mood 
and anxiety 
regulation)
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Data do not support the use of FMT for IBS

1Ianiro et al, AP&T 2019
2El-Salhy et al, Gut 2020

0.93 (0.48; 1.79)

• Discordant data secondary to heterogeneous patients and different study methodologies1

• FMT is successful using a ”super donor” with a favorable microbial signature2

• Rational donor selection for IBS clinical trials may be important2

Virtual Grand Rounds universe.gi.org

Conclusions
• The human gut harbors a diverse array of microbiota

o Important biological functions 
oDiversity is good!

• Alterations in gut bacteria are associated with disease
oBut association does NOT mean causation

• Clostridioides difficile infection
o FMT works
o Fecal microbiota live-jslm
o Fecal microbiota spores live-brpk

• Therapeutic manipulation of gut microbiota is promising
o Insufficient data to recommend FMT for conditions other than C difficile
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Questions

Ari Grinspan, MD, FACG 

Olga Aroniadis, MD, MSc, FACG

Neil H. Stollman, MD, FACG
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