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Gut Microbiota as a Superorganism

The human microbiota consists of the 10-
100 trillion symbiotic microbial cells
harbored by each person, primarily

bacteria in the gut; the human microbiome

consists of the genes these cells harbor
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Before the advent of molecular biology, only 4 phyla were known: Actinobacteria (Bifidobaterium)
Proteobacteria (E.coli), Firmicutes (Ruminococcus, Clostridium, Lactobacillus, Eubacterium,
Faecalibacterium, Roseburia) and Bacteroides (Bacteroides, Prevotella, Xylanibacter). Today we
know that 30 different phyla coexist: Verrucomicrobia (Akkermansia muciniphila, specialized in the
degradation of mucus)




Gut Microbiota as a Superorganism, but......

Bacterial microbiome

102 bacteria per gram

Mycobiome

1—2% of total microbial biomass, < 1% of total
genetic material

Includes ubiquitous colonizers such as Candida
species and transient passengers
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10%-10° virus-like particle per gram

Eukaryotic viruses i@

Phages, especially
Caudovirales

lliev DI, et al. Gastroenterology 2021;160:1050-1066



What is EUBIOSIS?

Eubiosis is the healthy relationship among commensal microbes of
the gut
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From EUBIOSIS to DYSBIOSIS

. . Dysbiosis
Healthy microbiota (Loss of eubiosis)
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Microbiota Composition and Parkinson’s Disease

Microbiota from PD patients induce increased a-synuclein (aSyn)-mediated motor

deficits, often resulting in motor dysfunction
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Gut Microbiota Regulate Alzheimer’s Disease Pathologies and Cognitive
Disorders via Poly-Unsaturated Fatty Acid-associated Neuroinflammation
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A complex gut microbiome is required for behavioural defects, microglia activation and AD pathologies, the gut
microbiome contributes to pathologies in an AD mouse model and that dysbiosis of the human microbiome might be a
risk factor for AD.

Chen C, et al. Gut. 2022 Nov;71(11):2233-2252



Microbiota Composition and Rheumatoid Arthritis

o 16S sequencing on 114 stool samples from RA patients and controls

o Prevotella copri strongly correlates with disease in new-onset untreated rheumatoid arthritis (NORA)
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Decreased Butyric acid-producing Bacteria in Gut
Microbiota of Children with Egg Allergy
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FIGURE 2 Compaosition of gut microbiota and abundance of BAPE and regulatory T cells in children with food allergy. Gut microbiota
representation of (A) a group or (B) an individual sample. {C) The relative abundance of BAPE was significantly lower in the FA group

[p = 0.013). (D) The median percentage of regulstory T cellz in CO4” cellz in the FA growp was lower than the reference range. The central
horizontal line represents the median value. The edges represent the minimum and maximum values. *p < 0.05. FA, food allergy; HC, healthy
control; BAPE, butyric acid-producing bacteria

This study revealed that children with egg allergies have less butyric acid-producing

bacteria and tendentially fewer circulating Treg cells

Yamagishi M, et al. Allergy. 2021 Jul;76(7):2279-2282



Intestinal Microbiota and Relapse After Hematopoietic-
Cell Transplantation
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Microbiota as Predictor of Mortality in Allogeneic
Hematopoietic-Cell Transplantation
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Identification of an Intestinal Microbiota Signature
Associated With Severity of Irritable Bowel Syndrome
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Differences in Gut Microbiota in Patients With vs Without
Inflammatory Bowel Diseases: A Systematic Review
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Pittayanon R, et al. Gastroenterology. 2020 Mar;158(4):930-946.e1



Gut Microbial Metabolism of 5-ASA Diminishes
Efficacy in Inflammatory Bowel Disease
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Microbiota Composition and Colo-Rectal Cancer

CRC-associated microbiota profiles differ from those in healthy subjects and are linked with distinct
mucosal gene-expression profiles. Compositional alterations in the microbiota are not restricted to

cancerous tissue and differ between distal and proximal cancers
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Microbiota Composition and Liver Diseases

Various liver disorders such as alcoholic liver disease, non-alcoholic liver disease and
primary sclerosing cholangitis have been associated with an altered microbiome.
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Rationale of Microbiota Modulation

Healthy microbiota Dysbiosis

(Loss of eubiosis)
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FMT As Treatment of Many Intestinal and Extraintestinal Diseases

Faecal microbiota transplantation (FMT) involves the engraftment of the gut microbiota of healthy
individuals into diseased recipients to reconstitute a normal intestinal microbial composition
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FMT in Real-Word
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FMT in Real-Word at Azienda Ospedale Universita PD
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FMT in Real-Word at Azienda Ospedale Universita PD

RICONOSCIMENTO DEL
CENTRO DI RIFERIMENTO
REGIONALE PER LO
SVILUPPO E L'APPLICAZIONE
DEL TRAPIANTO DI
MICROBIOTA INTESTINALE
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giunta regionale

Data 10/11/2022 Protocollo N° 0520882 Class: C.101.01.1 Fasc. Allegati N* 1 per tot.pag. 4

Oggetto: Deliberazione n. 1352 del 2 novembre 2022 “Riconoscimento del Centro di riferimento regionale per lo
sviluppo e lapplicazione del ftrapianto di microbiota intestinale presso 1Unitd Operativa Complessa
Gastroenterologia dell'Azienda Ospedale-Universita di Padova. Deliberazione n. 2707 del 29 dicembre 2014™.
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per lo sviluppo e l'applicazione del trapianto di microbiota intestinale presso 1'Unitd Operativa Complessa
Gastroenterologia dell'Azienda Ospedale-Universita di Padova.

S1 mnvia, pertanto in allegato, la citata deliberazione per gli adempiment: di competenza

Distinti saluti.
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FMT in Real-Word at Azienda Ospedale Universita PD




Evidence for Different Indications of FMT in 2022

Metanalyses RCTs Open label trials Case series/reports Efficacy data
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FMT in Clostridioides difficile Infection

Gram + bacterium ANTIBIOTIC RESISTANGE THREATS IN
spore-forming THE UNITED STATES, 2013

Resistant to common sterilization techniqu P
Cause 1\ 5 of diarrhea associated with antilt — G

Drug-resistant Neisseria gonorrhoeae ) b 10 I / 2018
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v
v
v
v
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# Diversity O Fluconazole-resistant Candida (a fungus)
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e e e 6 G th reatS in the U n Ited C— 0 Vancomycin-resistant Enterococcus (VRE)
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4 Inflammation of gut cpithclium

Cammarota G, et al. Gut. 2017 Apr;66(4):569-580



FMT in Clostridioides difficile Infection

* FMT recommended as a highly effective and safe treatment option for both
mild and severe recurrent CDI. Its implementation in clinical practice is
recommended

* FMT can be considered as a treatment orption for refractory CDI

Quality of evidence: high Strenght of recommandation : strong

Cammarota G, et al. Gut. 2017 Apr;66(4):569-580



Outstanding Efficacy of FMT in rCDI

Case Sarias
Aas 2003 [37]

2016 [44)
Allagrett 2014 [42]
Branit 2012 [88]
Costalio 2015 [£3]
Dutta 2014 [43]
Emmanusison 2014 [70]
Fischer 2016 [5]

Ganc 2015 [34]
Garborg 2010 [35]
Harmilton 2012 [0]
Kassam 2012 [E1]
Kelly 2012 [36]
Kely 2014 [30]
Khan 2014 [82]
Kronman 2015 [45]

Mattla 2012 [47]
Palel 2013 48]
Pathak 2014 [E5]
Ray 2014 [37]
Ruohike 2010 [38]
Rubin 2013 [39]
Satokar 2015 [40]
Tauwa 2016 [86]
Vigvan 2014 [72]
¥oan 2010 [41]

Youngster 2014 [28]
Zainah 201 [67]

Sublotal (14264 B2%, P-00}

RCT
Allagrettl 2018 [32]

Cammarota 2015 (FMT amj [23]

Kag 2016 [24]

Kely 2016 (donor FMT anm) [27]

Lea 2016 (Bof FMT arma of ACT) [24]
Van Nood 2013 (FMT am of RCT) [22]
Youngster 2014 (Both FMT ams) [71]
Subtotal {142-.00%, P-83)

Hateroganally Defwesn groups: P T80
Overdl [1*2=58.70%, P=00);




FMT Cuts the Need for C. difficile-related Surgery

Retrospective review of 901 patients with CDI

» The number of patients with this infection
increased gradually over time: 54 patients were

—Surgery (n°)

diagnosed in 2010, 116 in 2011, 200 in 2012, 212 in 4 22
2013, 268 in 2014, and 71 between January and April /’ Surgery/COI
2015 15 [ subjocts (%)

10 : w—fMT (1
» No more surgery after the establishment of a FMT 3
service f / e

2 ‘ procedures/'COI
> Relevant decrease in CDl-related mortality 2010 2011 2012 2013 2014 Aer 15 IS b

(surgical patients:83%; FMT patients 6%)

Cammarota G, et al. Ann Intern Med. 2015 Sep 15;163(6):487-8



FMT in Clostridioides difficile Infection in Padua

Patient  Age Gender  Total Risk factor  Previous Fresh or Full Efficacy Relapse
code number of for relapse antibiotics frozenstools colonoscopy post-FMT
relapse
1¢ 70 F 4 4 V. M Fresh YES YES YESH
2 L6 M 4 0 V, M Fresh RiES fES NO
3 87 F 3 3 V. F Fresh YES YES NO
4 69 F 3 2 V, M Fresh YES YES NO
5 52 M 2 2 V,F Fresh YES YES NO
6 77 F 5 2 V,F Fresh MES MES NO
7c 70 F 5 0 V, M Fresh YES? NO
8 T4 F 4 3 V. F Fresh RiES fES YESH
9 91 F 4 2 V, M Fresh YES YES NO
10 81 F 3 3 V, M, F Fresh RiES fES NO
1 22 F 3 1 \ Fresh YES YES NO
12 86 F 3 3 v Frozen HiES fES YEET
13 73 F 3 3 v Frozen YES YES NO
14 77 F 2 2 Vi Frozen YES YES NO
15 86 F 2 3 V,F Frozen YES YES NO
16 71 F 3 2 V.M Frozen NMESE NO NO
17 63 F 2 2 v Frozen YES YES NO
18 79 F 3 2 V.M, F Frozen RiES fES NO
19 78 F 3 2 V, M Frozen NO NO -2
20 52 F 2 2 v Frozen RiES fES NO

Reported Effectiveness

F, Fidaxomicin; FMT, faecal microbiota transplantation; M, Metronidazole; V, Vancomycin.

aPatients expelled the infused faecal material in the first hours following the procedure.

bPatient without subsequent follow up, due to inefficacy of FMT.

c1 and 7 were the same patient, treated with FMT twice.

dDifferent relative abundance of g_Bacteroides in donor faeces: donor of P(1):51.51%; donor of P(8): 56.61%; donor of P(12):50.82% versus a mean
value of 39.43%.

C. diff. Toxin Mean Days of

Hospitalization

7,40 65,79

Negativazation

85%

84% 14,6 613,14

Days of hopitalization with
Traditional Antibiotics

W PRE W 1Y 3 MM abundance (%)
o 3 2¥ @3 POST
00 493 986
Proteobacteria
| ] ] EEEEEER Firmicutes
. [ L] LU DL L L] O Bacteroidetes

Synergistetes
Lentisphacrae
Euryarchasota
Actincbacteria
Unclassified
Cyancbacteria
Tenericutes
Fusobacteria
Verrucomicrobia

MMMMMMMMMMMMMMMMMMMMMM

m

EFFECTIVENESS ON METAGENOMIC

Barberio B, et al. Therap Adv Gastroenterol. 2020 Jul 29;13:1756284820934315



FMT in Clostridioides difficile Infection in Padua

DURING HOSPITALIZATION

o Rialzo | Dolore Anfldn:rm& stipsi | Diarres Sin_tcrm_'l
Temp. | Addome | Disteso Urinari
1 +
2 +
3 +
4 +
5
b 1 -+ -+
7 M M M M M M
3
9 + +
10 + +
11
12
13 +
14 +
15 +
16 M M M M M M
17
18
19
20 + +
Totale 1 5 4 2 3 1
¥ 5% 25% 20% 10% 15% 5%
% Let 0.57% 479 % 9,3% 3.84% | 1423 % MO

Sintomatologia Numero Casi
Abdominal Pain 4
VU
Diarrhea

Requiring Hospitalization

Wik I N W

Recurrence C. Difficilis Infection

DURING FOLLOW-UP

~ B Other studies
have described histologic findings consistent with MC on
colonoscopic biopsies taken at the time of FMT, suggesting

its pathogenesis may be associated with C. difficile rather
than FMT."



Rationale of FMT for the Treatment of IBS

THE PROPOSED MECHANISM OF STRESS ACTING VIA BRAIN-GUT AXIS AFFECTING THE ENTERIC NERVOUS
SYSTEM (ENS) AND GUT MICROBIOTA THAT MAY LEAD TO DYSBIOSIS, INCREASED INTESTINAL
PERMEABILITY AND FUNCTIONAL GASTROINTESTINAL DISORDERS (FGID).

Stress

Intestlnal [:ue.hrmnamtzul|1:3,.Ir

.-'! "

. ' i - «n '
Changes <,

in sensory and — Probiotics @ | ® . . @

L o o

motor functions = Antibiotics (= Rifaximin) *®
\ — Fecal microbiota transfer

DYSBIOSIS
\

Intestlnal su bmucosa

(+) (+)
[
Functional Gl Disorders (FGID)

J

Konturek PC et al. J Physiol Pharmacol. 2015 Aug;66(4):483-91



Efficacy of FMT for the Treatment of IBS

FOREST PLOT OF RANDOMISED CONTROLLED TRIALS OF FAECAL MICROBIOTA
TRANSPLANTATION VS PLACEBO IN IRRITABLE BOWEL SYNDROME

®© RR of IBS symptoms not
improving was 0.98 (95% Cl 0.58-
1.66).

® Placebo capsules superior to
capsules containing donor stool
(RR =1.96; 95% Cl 1.19-3.20).

®© FMT from donor stool delivered
via colonoscopy was superior to
autologous stool (RR = 0.63; 95%
Cl 0.43-0.93).

FMT Placebo Risk ratio Risk ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.1.1 FMT via oral capsules
Aroniadis 2018 14 24 9 24 19.3% 1.56 [0.84, 2.88] 2018 T
Halkjaer 2018 18 26 7 26 18.2% 2.57[1.30, 5.09] 2018 -
Subtotal (95% Cl) 50 50 37.6% 1.96 [1.19, 3.20] >
Total events 32 16
Heterogeneity: 12 = 0.02; 32 = 1.16, df=1 (P=0.28);/12 = 14%
Test for overall effect: Z=2.67 (P = 0.008)
1.1.2 FMT via colonoscopy
Johnsen 2018 22 58 16 28 22.0% 0.66 [0.42, 1.05] 2018 —
Holster 2019 4 8 8 9 17.5% 0.56[0.27,1.17] 2019 -
Subtotal (95% CI) 66 37 39.4% 0.63[0.43, 0.93] <
Total events 26 24
Heterogeneity: 12 = 0.00; y2 = 0.14, df=1 (P=0.71);/2=0%
Test for overall effect: Z=2.30 (P =0.02)
1.1.3 FMT via nasojejunal tube
Holvoet 2018 21 42 16 22 23.0% 0.69[0.46, 1.02] 2018 —
Subtotal (95% CI) 42 22 23.0% 0.69[0.46, 1.02] P
Total events 21 16
Heterogeneity: Not applicable
Test for overall effect: Z=1.85 (P = 0.06)
Total (95% ClI) 158 109 100.0% 0.98 [0.58, 1.66] S
Total events 79 56
Heterogeneity: 2 = 0.27; 2 = 17.91, df= 4 (P= 0.001);/2 = 78% = = - =
0.01 0.1 1 10 100

Test for overall effect: Z=0.07 (P =0.94)

Test for subgroup differences: ¥2 = 14.27, df = 2 (P = 0.0008);/2 = 86.0%

Favours FMT Favours Placebo

laniro G et al, Aliment Pharmacol Ther. 2019 Aug;50(3):240-248



Efficacy of FMT for the Treatment of UC

4 RCTs

o Clinical remission 28% vs 9% placebo (OR 3.67- 95%Cl| 1.82-7.39, P<0.01)

o Endoscopic remission 14% vs 5% placebo (OR 2.89 — 95%Cl 1.07-6.74, P=0.04)

14 cohort studies
o Clinical remission 24%

Marked differences between FMT working protocols

Donor fransplant ~ Placebo Odds Ratio Odds Ratio
Study or Smgmup Events Total Events Total Weight IV, Random, 95% C| Year |V, Random, 85% ClI
Hossen 2015 7 23 h 25 2B.2% 1.75 {ﬂ.#ﬂ 6.57) 2015 &
Moayyedi 2015 9 38 2 37 19.0% 543(1.08,27.15) 2015 .
Paramsothy 2017 11 41 3 40 265% 4.52(1.16,17.70) 2017 "
Costello 2017 12 38 3 35 264% 4.02(1.25,19.31) 2017 =
Total (95% Cl) 140 137 100.0%  3.67(1.82, 7.39) -
Total events 34 13
Heterogeneity: 2 = 0.00; ¥ = 1.70, df = 3 (P=.64); I = 0% ——
Test for overall effect: Z= 3.63 (P=.0003) 005 02 1 5 20
Favours Placebo Favours Donor FMT

Costello SP et al, Aliment Pharmacol Ther. 2017 Aug;46(3):213-224



Microbiota Transplantation Influences Immunotherapy
against Epithelial Tumors

FMT of feces from C- Iso Ctrl @ a i e St
NON-RESPONDER or -8 oPD-1 2507 o |sg§t1r| K

-~ oPD-
RESPONDER 2 1soCir ] 2004 - isoCt -
patients in germ free mice | ¢PD-1 16| 2 oFD-1

:

PD-1 treatment is more effective
in mice receving feces from
RESPONDER patients 0 5 10 15

Days after tumor inoculation

MCA-205
Tumor size (mm?)

o
e
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20

o

PD-1 therapy response is
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characteristics T Mo AT . o — S aPD-1

= o_DOT o >
Frequency of patients with voo - — E 20| 85fh008 o Oao g .
detectable A. muciniphila in their s S8 4%5%* _?;jfzg_ -y
feces according to: % =g 1] - 2 “Bhaoe
PR: partial response g ¥ . g T
SD: stable disease AT i R BT NA '

1Sraa

PD: progressed or died
Routy B, et al. Science. 2018 Jan 5;359(6371):91-97



Fecal Microbiota Transplantation As a Treatment of Severe Steroid-Resistant
Acute and Chronic Graft Versus Host Disease

INTRODUCTION

50% of the patients with gut predominant acute graft-versus-host
disease (aGvHD) and chronic (c) GvHD, respond to corticosteroids.
MATERIAL AND METHODS

12 patients (26-67 years) underwent a total of 15 FMTs to decolonize
the gastrointestinal tract (Gl) from antibiotic-resistant bacteria (ARB).
In all of them steroid resistant GvHD (2 patients with cGvHD and 10
with aGvHD) coexisted. All patients with aGvHD had Gl tract
involvement (median grade: 3), 7 had skin (median grade: 3) and 5
had liver (median grade: 1) GvHD symptoms. FMT was performed as
two infusions by nasoduodenal tube of a 100g/200 ml solution of
feces, on following days.

OUTCOMES

10/12 patients (83%) ARB decolonization was observed.

Overall response rate (ORR) in the case of aGvHD reached 58% (7/12
performed FMTs), including CR in 4/12 (33%) cases.

Median duration of response to relapse or death was 168 days (10-
1080 days).

COMPLICATIONS

1 death in close relation with FMT (respiratory failure in the course of
pneumonia), 3 septic episodes, 2 subileus episodes and one case of
diarrhea.

CONCLUSIONS

The described results indicate that FMT may be an effective treatment
option for severe GvH disease.

PATIENT NUMBER

10

FMT IN ACUTE GUT GVHD
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time to seond FMT
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A T
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CR Complete Response
SD Stabilization

NR No Response

Bilinski J, et al. Blood (2019) 134 (Supplement_1): 5667



Is FMT Safe?
. e ® OnlJune 13, 2019, the FDA issued a safety alert concerning the risk of
FDA In BNEf: FDA warns abOUt pOteIﬂIEﬂ "5k Of serious adverse reactions due to transmission of MDRO by FMT

Serious mfeCtlons caused by mU“I'deg ® This was in response to transmission of an ESBL producing Escherichia coli

resistant organisms re|a[ed to the strain from a feces donor to two immunocompromised recipients, with one
death. For reasons not specified, the donor had not been screened for MDRO

investigational use of Fecal Microbiota for
Transplantation

® The FDA now requires inclusion of MDRO screening into all active and
future FMT-based study protocols

© All major stool banks have implemented screening protocols to detect MDRO, without SAEs (>45000
FMTs by OpenBiome since 2012)

®© Adherence to standard screening protocols used by major stool banks worldwide could have prevented
these incidences

@®© Specific donor screening for immunocompromised patients?

© Different quality control measures, mostly adapted from laws regulating blood transfusions and/or drugs
can be applied.

Kuijper EJ, et al Lancet Infect Dis. 2019 Nov;19(11):1161-1162



Disseminations Of FMT: Barriers

Despite methodological improvements of working protocols (frozen feces, capsules, etc.),
FMT has not yet experienced a comparable widespread dissemination because of

several obstacles, including:
® Lack of dedicated centres

® Complexity of bureaucratic steps
® Donor recruitment

®© Safety monitoring

As FMT represents a necessary treatment option to manage recurrent CDI and save human lives, therefore
its provision should be widely and rapidly available to most centres

Stool banks may guarantee a reliable, timely and equitable access to FMT for recurrent CDI, disseminate
FMT, drive further research



Stool Banks: the Time Is Now

Rome Il consensus meeting:

International working group:

Cammarota G, laniro G, Kelly CR, Mullish B, Allegretti JR, Kassam Z, Putignani L, Fischer M, Keller JJ, Costello SP,
Sokol H, Kump P, Satokari R, Khan S, Kao D, Arkkila P, Kuijper EJ, Vehreschild MJGT, Pintus C, Lopetuso LR,
Masucci L, Scaldaferri F, Nieuwdorp M, Kupcinskas J, Lopez Sanroman A, Khorutz A, Terveer EM, Hart A, Tilg H,
Gasbarrini A

Development of statements on key issues:

® Organization of the stool bank; - 28 experts

® Selection and recruitment of donors - GRADE System to address quality of
® Preparation and storage of faeces evidence and strength of

® Quality control recommendation

® Registries & monitoring of outcomes * Delphi process fo achieve consensus

® Evolvingrole of FMT in clinical practice

Cammarota G, et al Gut. 2019 Dec;68(12):2111-2121
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