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Definitions Microbiota and Microbiome

Microbiota: types of all microorganisms that live=rr
particular environment, eg the human body;
bacterial microbiota, viral microbiota, fungal micobiota

Microbiome: collections of micoorganism and genes of
the microbiota in a particular environment of the human

body
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“Culteromics” /

Culturing ot ‘unculturable’ human microbiota
reveals novel taxa and extensive sporulation

Hilary P. Browne'*, Samuel C. Forster>%#, Blessing O. Anonye!, Nitin Kumar!, B. Anne Neville', Mark D. Stares!,

David Goulding®* & Trevor D. Lawley!
26 MAY 2016 | VOL 533 | NATURE | 543

“Applying this approach to healthy individuals, we isolated 137 bacterial
species from characterized and candidate novel families, genera and species
that were archived as pure cultures. Whole-genome and metagenomic
sequencing, combined with computational and phenotypic analysis, suggests
that at least 50-60% of the bacterial genera from the intestinal microbiota of a
healthy individual produce resilient spores, specialized for host-to-host

transmission.
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New bacterial species
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Integrated ‘meta-omics’ approach

*Meta-omics”
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Van den Bogert and Leimena et al. 2011. Handbook of Mol. Micr. Ecol. Chapter 18
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INTESTINAL MICROBIOTA /

Obesi
Loy ] \\ /
Bad slee

Kidney disease L
Rheumatic disease
Chronic heart disease Inflammatory bowel disease

[ Clostridium difficile ]

Infection

Sivan et al., Science November 2015 Zhang et al., Int. J. Mol. Sci. 2015 23/05/2017
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The good, bad and ugly bacteria




How to change the microbiome? //

»Probiotics: beneficial microbes

»Prebiotics: compounds supporting the growth of
benefical microbes

»>Feces transplantation
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Diff: Treatments
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Design of the van Nood et al (2013) trial

Van Nood et al trial

Oral vancomycin

: Oral vancomycin :
Oral vancomycin 500 mg qid, 14 days 500 mg qid, 4 days
500 mg qid, 14 days Bowel lavage 1x
Bowel lavage 1x
Donor faeces 1x

Endpoints!-?
Diarrhoea (23x/day) and C. difficile toxin on Days 35 and 70

Quality of life, days spent in isolation, days admitted to the hospital, attributable costs
Psychological analysis of effect of faecal transplant

Follow-up 10 weeks, cross-over if failure in antibiotic group

gid, four-times daily
1. van Nood et al. N Engl J Med 2013;368:407-15; 14

2. Protocol to: van Nood et al. N Engl J Med 2013;368:407-15.



van Nood et al. N Engl J Med 2013;368:407-15
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Conclusion and how to proceed? /

* FMT is the preferred treatment for patients with (multiple) rCDI
* Gastro-duodenal route has less risks than by colonoscopy

* The Netherlands: approximately 300 patients with rCDI annually in 100
hospitals

* Should each hospital develop his own protocols and donor screening
programs?

* Fresh stool samples can be replaced with froozen sample
* Long term follow up should be offered

* Other diseases than rCDI

* Research oportunities
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The POWER of POOP

promoting safe, accessible fecal microbiota transplant

for all who need it

Search

ABOUT ~ SUCCESS STORIES E-PATIENTS ~ RESOURCES ~ FACEBOOK FECAL TRANSPLANT GROUP

Fecal Transplant At Home — DIY Instructions

1886

Email

Share
33

fecal transplant at home

W Tweet

DISCLAIMER:

These “Fecal Transplant At Home — DIY Instructions” are based on the experiences of one person, the anecdotal reports of others and questions
most frequently asked by e-Patients. They are not medical advice. Please read the disclaimer and discuss your options with your doctor before
doing fecal microbiota transplant (FMT). It is critical that your doctor test your donor before FMT. An outwardly healthy person could carry an
asymptomatic parasite or blood borne illness that could wreak havoc in your fragile system.

Introduction
These instructions are for fecal transplant at home using an enema bag or bucket hung on a wall. which will maximise flow up the colon from the force of gravity. If you are in a

/2013/03/poop-in-blender. jpg
Introduction

These instructions are for fecal transplant at hame 56 flow up the colon from the force of gravity. If you are in &

burry. s ema battles can also be used le. for maximum effect. These are solo DIY instructions and do not

require ass ce from another person

Shopping List
» Plastic food containers or zip lock bags (for donor sample)
* Anenema bag, bucket or bottle { can be bought and and and and and
.

* Acheap blender or 2ip lock bag

Kachen strainer

Kitchen funnel

Distiled water

23/05/201 7= -

Sibcon gloves f you are squeamish

1= or a dishwashar

in also be used but do try to use the enema bag method as often as possible. for maximum effect. These are solo DIY instructions and do not

Q

.

.

On the Big Day

Prepars your FMT area

nema bag. lubncant. tissues, paper towels, plastic

bag, diagram of colon & timer within e. ach together with anything you need

to be comfortable eg rug and pillow The shion should go underneath the towel

$0 that it raises your rear end This will use gravty to keep the FMT in

Assume you will have a spil and make sure paper towels and plastic bag are

dispose of clean-up items A bath is easie you can wash the

Take Imodium upen waking
Callect sample

Do not use sample if it does not look healthy. Sample should look like 2, 3 or 4

on the
Keep sample at room temperature and use within 2 hours unless freezing
If you are going 1o freeze some sample, separate it and put it in the freezer

Haat distilled water in microwave so that it 15 teped (the temperature of a baby's

bottle). Too hot will kill the FMT and too cold will be uncomfortable for you to hold

n
To make saline add % tsp. sea salt 1o 1 cup distilied water. Do not use table salt with additives
Put sample i blender or zip lock bag and kghtly mush/blend with water. If using a blender don't overdo it as toa much air will reduce the potency of the sample

Add as much water as necessary 1o make the FMT the consistency of paint or pumpkin soup Too thick will biock the nozzle and too runny will be harder 1o hold in and

reduce the potency of the FMT

Take care not to s¢ the 53

any more auf of water than absolutel

y necessary as this will reduce its quality
Make sure enema nozzle switch 1s shut

Pour FMT slurry into enema bag using kitchen strainer & funnel

Hang enama bag on hook

Prapare for entry with a little lubricant

Lie down on your le& side making sure your rear is raised on the cushion

Lift up your nght leg and slowly, gently insert enema nozzle. A little discomfort is normal but do not continue if it is painful it can help to dilate the entry with a finger

before insertion
Open the enama nozzle switch

Feel the FMT flowing ¥ it's not flowing sit up, carefully holding the nozzle in place and shake the enema bag to get it flowing

17



NDFB in Leiden University Medical Centre (2016)

s

% NDFB

.

donoren gezocht
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Poepbank gaat goed, maar meer donoren nodig
R

'Poepbank’ kan de vraag niet aan en
zoekt donoren

De Nederlandse Donor Feces Bank, makkelijker gezegd de "poepbank’, is ruim
Foto: ANP een jaar open en is een succes. De bank die gezonde ontlasting inbrengt bij
mensen die een darmbacterie hebben opgelopen, kan de vraag niet aan. Er zijn
meer donoren nodig, die hun gezonde poep ter beschikking willen stellen.

LEIDEN - ‘Patiénten zijn vaak radeloos, ze hebben verschrikkelijke last van diarree. Een
poeptransplantatie kan dan helpen, vertelt arts-microbioloog prof. Ed Kuijper enthousiast. De

Nederlandse Donor Faeces Bank (NDFB) - ofwel Poepbank in de volksmond- in het LUMC bestaat m m m

Microbioloog Ed Kuijper is een van de oprichters van de Nederlandse Donor Feces Bank I
(NDFB) in het Leids Universitair Medisch Centrum. , Het begon als projectje”, zegt |
Kuijper luchtig, ,,maar het is een meer dan groot succes. De vraag van patiénten is veel

groter dan we hadden voorzien.” |
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Aims NDFB

* Non-profit
* Provide ready-to-use donor feces samples

 Widely available, treatment in local hospital

* Improve safety and quality of FMT
 Central donor pool of well screened donors
 Uniform and standardized procedures

e Storing of feces quality controls in case of adverse event
* |ncrease cost-effectiveness = budget impact analysis (ZonMw grant)
e Research & innovation

Feces sample Ready to use fecal suspension

23/05/2017



Donor screening ‘5t NDFB

Nederlandse Donor Feces Bank

Questionnaire: Risk assessment
1. transmissible diseases
2. illnesses associated with disturbed microbiota

Exclusion criteria: Age <18 or > 50, BMI <18.5 or > 25, high risk fecal- and or blood transmittable diseases, recent antibiotic use
(<6 months), gastrointestinal complaints, recent travel to endemic areas of Gl pathogens, (close relative with) inflammatory
bowel disease or Gl malignancy, substantial comorbidity, various medication

Laboratory screening serum Laboratory screening feces

Hepatitis A (IgM + 1gG) e Clostridium difficile (TcdB PCR)
Hepatitis B (HBsAg + anti-Hbcore) * Helicobacter pylori (antigen test)
Hepatitis C (anti-HCV) * Bacterial gastro-enteritis (PCR + culture: Salmonella spp. Campylobacter
Hepatitis E (IgM + 1gG) jejuni and C. coli, Shigella spp., Yersinia enterocolitica and Y.
HIV (anti-HIV, type 1 and 2) pseudotuberculosis, Aeromonas spp. and Plesiomonas shigelloides) Shiga-
Lues (Ig) toxin producing E.coli (Stx1/Stx2/EscV)
Cytomegalovirus (IgM + IgG Multidrug-resistant micro-organisms; ESBL and/or carbapenemase
Epstein Barr Virus (IgM + 1gG producing and/or quinolone and aminoglycoside resistant Gram negatives,
Strongyloides (1gG1/1gG4)?! VRE, MRSA
Virus: Norovirus serotype I+ll, Astrovirus, Sapovirus, Rotavirus, Adenovirus
LIf travel history to South America, Africa or 40/41, Adenovirus non-40/41, Enterovirus, Parechovirus
Asia Parasites: Giardia lamblia, Entamoeba histolytica, Cryptosporidium parvum
and C. hominis, Microspiridium, Dientamoeba fragilis, Blastocystis hominis,
Strongyloides?

Short questionnaire every donation: Recent health-related issues:

Stool frequency/pattern, general health, use of antibiotics, travel history, sexual behaviour

Terveer et al., ECCMID 2016&2017
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Results donor selection

! NDFB

Nederlandse Dor s Bank

3
.

165

e Email: 94 excluded via email (57%)
® 62% Age > 50 years - 6% BMI > 25
® 26% Inability to deliver feces within 2h - 6% other

v e Questionnaire: 50 excluded (71%) )
e 27% obesity - 9% substantial comorbidity - 7% (close relative with) IBD
71 e 17% age > 50 years - 7% profession of health care worker - 4% anorexia
\Q/ ® 14% (history of) depression - 7% inability to deliver feces < 2h - 3% autism )
* Feces screening: 11 excluded (59%)
e 44% D. fragilis -5% D. fragilis + C. jejuni
21 ® 5% D. fragilis + B. hominis - 5% E. histolytica
feces
e Serum screening: 0 excluded (0%)
10
serum
\
e Repeated stool testing: 6 excluded (60%)
10 e 2 B. hominis - 2 temporarily excluded (acute gastro-enteritis, for 3 months)
repeat e 1 ESBL positive E. coli - 1 donor withdrawel

J

<

FMT
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Preparation of fecal suspensions

e Donor feces < 2h after defecation
e Homogenization: saline, mortar, pestle, sieve

 Centrifugation
 10% end concentration glycerol (cryoprotectant)

e 200 cc feces suspension

* Storage -80°C
* Quality control: suspension 2cc
 (Quality control: feces

 Fecal suspension: 200cc
e (Quarantaine for 2 months
* Evaluation of patients by NDFB working group

* Training, treatment protocol and follow-up

23 FMT 23/05/2017




Selection of patients y

* Patients are treated in their local hospital

* Clinical data are evaluated by a committee with
gastroenterologist, infectious diseases physician and medical
microbiologist

Important:

* at least 3 episodes of well documented and appropriate treated
CDI

* microbiologically confirmed with free toxin tests in stool samples

* at least one episode treated with fidaxomicin

24 FMT 23/05/2017



*23-years old patient with Crohn disease developed severe
diarrhea and is admitted to the hospital

* PCR and toxin tests are positive for C. difficile

* Treated with vancomycin 4 dd 125 mg orally

* After 1 week: develops abdomen pain and fever: colonoscopy

* Pseudomembraneous colitis and negative PCR for Cdiff

Options:
* Surgeon in consult for colectomy

* Tigecyclin and metronidazol intraveneously
* FMT?

25 FMT 23/05/2017




Preparation of patient

4 days before FMT; start vancomycine until FMT
e 2ltr Klean-prep (darm lavage)
 Naso-duodenum sonde = confirm with X-foto

* 50cc/syringe slowly infusion (2min) = short break
e 200cin 20 min

e Remove naso-duodenum sonde after 30 min
* Observe patient for 2 hours (p/RR/T)
e Voor NH = toilet 2 i.v.m. vaak diarree na FMT

26 FMT 23/05/2017




Results NDFB

May 2016 — April 2017: '“‘75
e 30 FMT recurrent CDI > L
V. . L
, 7 Y,
* 17 hospitals A
e 11x FMT research (MDRO/IBS) N
I l'-lll w-"‘_.k- r f
a"fl:'ﬁ':# rﬁ”;
4 recurrences (13%) = cure rate 87% MY
2 explained by antibiotic use TS
All treated successful with vancomycin/fidaxomicin| £
W

Adverse events:

e 1x regurgitation donor feces N

e 1x death 1 week after FMT due to HAP
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»>Effects on long term

»irusses and prions

»Resistance genes

»Disruption of networks involved in the immune defense
against immune diseases and malignancies

>role of unculturable microorganisms”
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Microbiota analysis using metagenomics /

 Shotgun sequencing

 DNA extracted, unprocessed stool, MoBio PowerSoil kit

* Sequencer: NextSeq (lllumina), 10 million reads per sample
e Library construced NexteraXT protocol

* Trimmed to remove adapters + low quality sequences

e Species assigned: One Codex database
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Microbiota analysis — time frame collected samples .}

ederlandse Dor s Bank

' VEDANTA

Leiden — Collection Timeline with Species Richness BIOSCIENCES

— ‘ ._ Species Richness

Group

Sample type
® Donor_FMT

@ Donor_other

¢ Recipient_post

‘ e Recipient_pre

Group1 B

05-2016 06-2016 07-2016 08-2016 09-2016 10-2016 11-2016 12-2016

Collection Date
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Microbiota analysis — diversity index

Increased species richness

FMT associated with:

increased Shannon diversity index

Leiden — OneCodex Diversity All

Group1

Group2

N w

Shannon diversity
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NDEFB

MNederlandse Donor Feces Bank

VEDANTA

BIOSCIENCES

Group1

Group3

Sample_type

[l ooror_Fur
- Donor_other
. Recipient_post
. Recipient_pre

D16006.06.04.2016_S2

P16002.11.05.2016_S3

P16002.29.09.2016_S11
D16011.31.05.2016_S51
P16017.27.10.2016_S6
P16017.18.11.2016_S71
D16001.28.07.2016_S8

¢ D16011.19.04.2016_S41

P16023.30.11.2016_S9
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Microbiota analysis — Top 30 species

Leiden — One Codex top 30 species

Group1

Group2

Group3

1.00+

0.75-

Est. Abundance
o
3

0.25+

0.004

D16006.06.04.2016_S2 -
P16002.11.05.2016_S3 -
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P16002.29.09.2016_S1 1

D16011.31.05.2016_S5 -

D16011.19.04.2016_S4 -

Sample

P16017.27.10.2016_S6 A

P16017.18.11.2016_S7 1

D16001.28.07.2016_S8 4

P16023.30.11.2016_S9 -

, [
.. ,. MNederlandse Donor Feces Bank

/A VEDANTA

BIOSCIENCES

Species
Other Faecalibacterium_prausnitzii

I Agathobacter.rectalis l Firmicutes_ bacterium.CAG.65

. Akkermansia.muciniphila . Klebsiella.oxytoca

. Alistipes.putredinis . Klebsiella.pneumoniae

. Bacteroides.caccae.CAG.21 . Lactobacillus.salivarius

. Bacteroides.dorei . Morganella.morganii

. Bacteroides.fragilis . Parabacteroides.distasonis

[T Bacteroides fragiis.cAG 47 [ Pediococcus acidilactic

Bacteroides.uniformis

. Bacteroides.vulgatus

Bifidobacterium.longum

Clostridium.sp..CAG.127

Clostridium.sp..CAG.217

Clostridium.sp..L2.50

Prevotella.buccalis
- Prevotella.copri
Prevotella.copri. CAG.164
Roseburia faecis
Roseburia.sp..CAG.18
Ruminococcus.bicirculans
Enterococcus faecalis Veillonella.parvula

Escherichia.coli
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Conclusions

33

NDFB up and running
2.5% qualified donors of 165 tested individuals
Cure rate FMT: 87%

Pilot microbiota analysis: confirms prior research:

* FMT associated with increase in diversity and species richness

1 swallow doesn’t make a summer: Faecalibacterium prausnitzii

Further research: microbiota analysis of:

* Donors and patients: successful/unsuccessful — C. diff carriers
e Culturomics

e Metabolomics: FUNCTION of bacterial

FMT

ederlandse
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Future targets for therapy? /

e C. difficile cure

e metabolic syndrome effect surrogate endpoint

no clinical application

e |IBD active colitis ulcerosa

response compared to controles;
16-19%

more studies needed

e [BS (post infectious) anecdotal reports, pilot in the
Netherlands
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Working group NDFB

Daily board:
Dr. JJ Keller
Prof. dr. EJ Kuijper

Working group:

Drs. EM Terveer

Prof. dr. Ir. HW Verspaget
Dr. MP Bauer

Drs. YH van Beurden
Prof. dr. CMJE Vandenbroucke-Grauls
Prof. dr. CJJ Mulder

Dr. E van Nood

Dr. A Goorhuis

Dr. MGW Dijkgraaf

Dr. J Seegers

Prof. dr. WM de Vos

Medical advisory board:

Em. prof. dr. JE Degener
Em. prof. dr. P Speelman

www.ndfb.nl
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FMT = Eradication MDR Pseudomonas

* Patient X. Waiting list for Kidney transplantation
 Recurrent UTI with MDR Pseudomonas (feb ’15- juni "15)
 Pseudomonas colonization only in feces

e C(Colistin i.v. + gentamicin bladder instillments

e 11-08-"15: Feces culture: no MDR Pseudomonas, ESBL+ E.coli
e 12-08-"15: FMT
* Cultures August-October “15: ESBL+ E.coli, NO MDR Pseudomonas

—Clinical success, microbiological failure
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Innovation & Research

Preliminary Communication

Oral, Capsulized, Frozen Fecal Microbiota Transplantation
for Relapsing Clostridium difficile Infection

llan Youngster, MD, MMSc; George H. Russell, MD, MSc; Christina Pindar, BA; Tomer Ziv-Baran, PhD;
Jenny Sauk, MD; Elizabeth L. Hohmann, MD

Inovatie:

- Lange termijn follow-up

Petrof et al. Microbiome 2013, 1:3

http:/fwww.microbiomejournal.com/content/1/1/3 ﬁ MicrObiome
|
METHODOLOGY Open Access

Stool substitute transplant therapy for the
eradication of Clostridium difficile infection:
‘RePOOPulating’ the gut

Elaine O Petrof' ', Gregory B Gloor”, Stephen J Vanner', Scott J Weese®, David Carter”, Michelle C Daigneaults, FMT CAPSULE G3
Eric M Brown”, Kathleen Schroeter’ and Emma Allen-Vercoe® microbiota preparation
with MEM technoloy

Clin Infect Dis. 2016 Mar 1,62(5):395-602. doi: 10.1093/cid/cvG38. Epub 2013 Now 12.

Safety and Durability of RBX2660 (Microbiota Suspension) for Recurrent Clostridium difficile Infection: Results
of the PUNCH CD Study.

Orenstein R'. Dubberke E2, Hardi R®, Ray A* Mullane K°, Pardi DS® Ramesh MST: PUNCH CD Investigators.

J Infect Dis. 2016 Feb 8. pii jv785. [Epub ahead of prini] - ' ' i T T ]::;g:
A Novel Microbiome Therapeutic Increases Gut Microbial Diversity and Prevents Recurrent Clostridium difficile ., Mp+
Infection. , PhD*
) . PhD+

Khanna S', Pardi DS, Kelly CR*, Kraft CS®, Dhere T°, Henn MR*, Lombardo MJ*, Vulic M*, Ohsumi T*, Winkler J*, Pindar C°, McGovern BH*, Pomerantz ~_ ppp*
RJ* Aunins JG* Cook DN* Hohmann EL®. Jinling
Nanjing

# Author infoermation Ser-109 v China

TURepariment ol MedQicinal Lnemistry
University of Washington, Seattle WA

| Clin Gastroenterol » Volume 49, Number &, July 2015
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New agents currently tested

FMT

Table 1| Selected agents for the treatment and prevention of CDl in clinical trials

Agent (manufacturer)

Phase Il

Actoxumab and
bezlotoxumab alone or
in combination (Merck)

Surotomycin (Merck)

Cadazolid (Actelion)

Cdiffense (Sanofi
Pasteur)

Phase Il

IC84 vaccine (Valneva)

LFF571 (Nowvartis)

SER-109 (Seres
Therapeutics)

SMT19969 (Summit
Pharmaceuticals)

C. difficile vaccine

(Pfizer)

SYN-004 (Synthetic
Biologics)

VP20621 (Shire)

Phase |
PolyCAb (Micropharm)

CRS53123/REP3123

(Mational Institute of
Allergy and Infectious
Diseases) [Au: ok?]

Indication

Prevention of

recurrent CDI

Treatment

Treatment

Prevention

Prevention

Treatment of
moderate CDI

Treatment of
recurrent CDI

Treatment

Prevention

Prevention

Prevention of
recurrent CDI

Treatment of
sayvera CDI|

Treatment

Note:z

Anti-toxin A (MK-3415) and anti-toxin B (MK-6072)
monoclonal antibodies given intravenously as adjuncts
to standard treatment

Cyclic lipopeptide antibiotic related to daptomycin but
administered orally

Hybrid antibiotic molecule, comprising fluoroquinolone
and oxazolidinone moieties, for oral administration.

Vaccine containing toxoids of TedA and TedB from
C. difficile

Vaccine comprising recombinant protein of the two
truncated toxins TcdA and TedB from C. difficile

Semi-synthetic thiopeptide

Oral microbiome therapeutic (mixture of bacterial
spores) granted orphan drug designation by the US FDA

Oral non-absorbable antibiotic with a narrow spectrum

of activity and high selectivity for C. difficile

Bivalent toxin vaccine

Class A p-lactamase designed to protect gut microbiota
from the action of systemically administered p-lactam
antibiotics that might otherwise predispose for CDI

Orally administered non-toxigenic C. difficile

Polyclonal antibodies against C. difficile given
intravenously

Methionyl-tRNA synthetase inhibitor oral antibiotic

CD!, Clostridium difficile infection: TcD, C. difficile toxin; FDA, food and drug administration.

Clinical trial
identifier

NCT01241552,
NCT01513239

NCT01598311,

NCT01597505

NCT019587895,
NCT01983683

NCT01887912

NCT02316470
NCT01232595
NCT02437500
NCT02092935
NCT02561195,

NCT02117570
NCT02563106

NCT01259726

Mot available

NCT02106338,
NCT01551004
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