Faecotherapie
,Stuhltransplantation”

— Perspektiven —

' Théi‘has GfUBQWaId

SachsischesSompetenzzentrum flr
Infekstionskrankheiten dnd Ti@p@nmedizin

Zentram, furlnnere Medizin
- dAShinilsum St. Georgrleipzig
WHQ EDCAIAN advisory.expert

a
“y




Faecotherapie
Timeline (1)

= Erstbeschreibung der Prozedur im 4.
Jahrhundert n. Chr. (Ge Hong, China)

= orale Therapie mit sog. ,gelber Suppe*
Im Buch ,Kleine Therapie der Notfalle*

Ge H. Zhou Hou Bei Ji Fang. Nachdruck: Tianjin Press2000

= systematische Beschreibung durch LI
Shezhen im 16. Jahrhundert

» verschiedene Praparationen angewandt

Le S. Ben Can Ga Mu. Nachdruck: Huaxia Press, Bejing@.1




Faecotherapie
Timeline (1)

= Anwendung bei Pferden mit Diarrhoe
durch Fabricius Adquapendente
(Italien, 17. Jahrhundert)

= Therapie mittels Einlaufen

Borody TJ et al. Nature Rev Gastroenterol Hepatol 20119:88

= erste Anwendung bel vier CDI-Patienten
durch Eisenman (1958, USA)

= promptes Ansprechen und Ausheilung

Eisenman B et al Surgery 1958; 44:854




Lee YK et al. Science 2010; 330: 1768
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Humanes Microbiom
Im Verlauf der Lebensalter

solid food

65 to 80 years

©

formula-fed

malnutrition

antibiotic . >100 years
treatment y

' Firmicutes

N Bacteroidetes

B Actinobacteria

B Proteobacteria
others

Toddler




Humanes Microbiom

INTESTINAL MICROFLORA

10" micro-organisms, >500 differentes species

Stomach 10° to 10°

Lactobacilli s - - g
' Duodenum <10

Streptococci

Lactobacilli Jejunum

Enterobactena ’ 3 S
Enterococcus : lleum 10°to 10

Faecalis :
Bacteroides Colon
Bifidobacteria 9 12
PeONIEO0E08 with 10°t0 10
Peptostreptococe appendix
Ruminococcus
Clostridia
Lactobacilli e Eckburg PB et al. Science 2005; 308: 1635




Krankheiten mit gestortem
Intestinalen Mikrobiom — |

m Gl Trakt

kolorektales Carzinom
Magenkarzinom

Intestinales Lymphom

CED*

Colon irritabile*

Hepatische Enzephalopathie
Cholelithiasis

Gastroenteritis (insbesondere CDI)**




Krankheiten mit gestortem
Intestinalen Mikrobiom — i

= extraintestinal
Adipositas per magna*
Diabetes mellitus*
metabolisches Syndrom / Insulinresistenz**
KHK
rheumatoide Arthritis*
Autismus*, M. Parkinson*, Multiple Sklerose*
Akne*, atopische Dermatitis*
etc., etc., etc.




C. difficile

— understanding
IS a three -edged sword

» Subclinical infection

| Antibiotic use
.y and exposure

Clinical illness

—» Diarrhea
— Severe diarrhea and colitis

— Fulminant colitis

— Systemic complications

Hunt J et al. Microbiol Mol Biol Rev 2013; 77: 567

o

o

I_} d Resolution

Rehydratlon
" and antublotncs




Clostridium difficile
Fakten (1)

= Inzidenz steigend

= Verdopplung der Fallzahl im eigenen
Patientengut

B LEtal |ta_t an Ste|gend Morris et al., Arch Surg 2002;137:1096

Grunewald et al. CMI 2011

= 3.5% (1985) vs. 12.1% (2010)

= substantieller Kostenfaktor Kyne et al., CID 2002;34:346

m 3.6 Tage verlangerter Krankhausaufenthalt
= 2500 - 3500 € Menhrkosten




Clostridium difficile
Letalitat global

weltweit deutlicher Anstieg seit 1985

70

Leipzig
Leipzig sCDI (RKI)

Leipzig sCDI (ECSMID)
—ill— USA

Canada
——c— UK

RKI (sCDI)

Letalitat
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C. difficile
Hypervirulenz — warum ?

Aggregation (+) Mot (+) &J at{-)
| 1

Aggregation (-) 2 \ HV [E% Hist

HV/Ep W =~ Flagella
CwpV

CDT: Binary toxin

ZcdtR

3247 core genes
505 variant genes

Hunt J et al. Microbiol Mol Biol Rev 2013; 77: 567



C. difficile — Ribotypen
027, 078, 017 als Risiko ?

m 027
m Erstbeschreibung in Canada und USA 2002
s TcdA+, TcdB+, CDT+, TcdC A18bp
= Toxinproduktion 1
= Sporulierungsrate 1
= Nnahezu immer FQ (MXF)-Resistenz

s klinische Verlaufe schwerer und Letalitat
hoher

Gorbach SL. FDA-Lecture 2011-10




C. difficile — Ribotypen
027, 078, 017 als Risiko ?

m 0/8

s Vorkommen In ltalien, Irland und Canada
s TcdA+, TcdB+, CDT+, TcdC A38bp

= Toxinproduktion 1

= 017
= Vorkommen in Polen, Irland, NL und Canada
s TCdA-, TcdB+, CDT -, TcdCA38bp
= Toxinproduktion ( 1)
= Schwere Venlaufe (biszu.40% L etalitat)

Gorbach SL. FDA-Lecture 2011-10




Clostridium difficile
Epidemiologie (lIl)

Erkrankte Inzidenz
5000 250

4500 - —{>— Erkrankungen
—ll— Inzidenz (pro 100000)
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Grunewald et al., Intern Prax 2016; 56: 363




Risk assessment
ABX exposure

= cumulative dose

Adjusted OR

|

! DDD=0 DDD<3 DDD3-6 DDD7-13 DDD214
1 reference

Hensgens MPM et al. J Antimicrob Chemother 2012;67:72



Clostridium difficile
Diagnostik

DIAGNOSTICTEST

TURN-
AROUND TIME

SENSITIVITY

ADVANTAGES

DISADVANTAGES

Endoscopy
Anaerobic culture

Tissue cytotoxic assay

Common antigen

Enzyme-linked
immunosorbent assay
(ELISA)—toxin A

ELISA—toxin A + B

Immunochromatographic

toxin A

2 hours

72 hours

48 hours

15-45 minutes

2 hours

2 hours

< 1 hour

51%

89%~100%

94%-100%

58%—92%

80%-95%

60%-85%

Diagnostic of

pseudomembranous colitis

Results useful for
molecular typing

Detects A-B+ strains
Gold standard

Detects A-B+ strains
Easy to use

Easy to use

Detects A-B+ strains

Simple to use
Rapid

Sunenshine et al., Clevel Clin J Med 2006;73:187

Low sensitivity

Does not distinguish
toxin-producing strains

False-positives

Results vary with
experience of
the technologist

Does not distinguish
toxin-producing strains
Cross-reacts with
other anaerobes

Does not detect
A-B+ strains

Increased sensitivity
for low-level toxin
production

Does not detect
A-B+ strains




PMC - Endoskopie




Therapie der CDI - das
antimikrobielle Armamentarium

Substanz Tagesdosierungen

Standardtherapieregime
Metronidazol 2x400 mg -4 x 500 mg
Vancomycin 4 x 125 mg - 500 mg

Fidaxomycin

*experimentelle und/oder Sin D nicht zugelassene Therapieregime
Rifaximin® 3 x 200 mg -3 x 550 mg
Tigecyclin’ 2 x50 mg
Teicoplanin® 2 x 100 mg - 3 x 200 mg
Nitaxozanid* 2-3x500mg
Bacitracin® 4 x 25000 IE
Fusidinsaure* 3 x250 mg -3 x 500 mg
Daptomycin® 1 x 6 mg/kg KG

Griinewald et al. DMW 2010, Griinewald & Ruf. Intern Prax 2013




,Standard“therapie
Erfolgsraten

Studics Treatment failures  Recummences Duration of Percentage failure
[Wtotal (%)] | ntotal (%)) follow up (days) plus recumence

Netronidazcle

Cherry etal 1982" 013 213(15%) 15%
Teasksy et al 1983¢ 2/42(5%) 239(5%) 10%
Olson etal 1994 14632 (2%) 39/632 (6%) 8%
Wenischet al 1996+ 2131 (6%) S/31(16%) 22%
Kyne etal 2001° .. 22/44(%0%)

Fermandez etal 2004 38/99 (38%) -
Musher etal 2005" 460207 (22%) 58/207 (28%)
Pepinet al 2005 178/1123(16%) 243/845 (29%)
Vancomycin

Bartlett et al 1980" 379 (4%) 11/79(14%)
Sibvaetal 1981 0/16 216(13%)
Teasky et al 1983¢ ws2 G/51(12%)
Bartlett, 1984 6/189(3%) 46/189 (24%)
Young etal 1985* 8/42(19%) 11/30(37%)
Dudley et al 1986 /15 315Q20%)
delallaet al 1989" 225 (8%) 325(12%)
Fekety et al 1989 0/ 46 9/46(20%)
delallaet al 1992 w20 4/20(20%)
Olson etal 1994 Y122 (1%) 12/122(10%)
Wenischet al 1996 2131 (6%) 5/31(16%)
Pepinet al 2008 " 11/112(28%)
Metronidazcle and vancomyain

McFarland et al 1994+ 8/33(24%) 8/33(24%)
Nair et al 1998+ 936 (25%) 7136(19%)
Noren et al 2004" 687267 (25%)

Aslam et al., Lancet Infect Dis 2005;5:549




was sagen die Leitlinien ?
update 2014

———

Non-severe

CDI

Oral
antibiotic
treatment

g -

Non-
antibiotic
treatment
regimens

e

(Risk of) first
recurrence

Oral
antibiotic
treatment

Multiple
recurrences

Oral
antibiotic
treatment

Non-
antibiotic
treatment
regimens

/f;—\
Severe
disease or
complicated

| course!
—
Voire——— Y

Oral
antibiotic
d treatment

R

Oral
treatment

not possible

-

Metronidazol 500 mg
tid 10 days A-|

Vancomycin 125 mg
qid 10 days B-1

Fidaxomicin 200 mg
bid 10 days B-I

N

(7 A

(7

Stop inducing
antibiotic(s) + 48hrs
clinical observation
C-l

Immunotherapy with
human monoclonal
antibodies C-I or
mmune whey C-lI
Probiotics D-I

Toxin binding D-I
A

(r

' Vancomycin 125 mg
gid 10 days B-I|

Fidaxomicin 200 mg
bid 10 days B-I

tid 10 days C-I

Metronidazole 500 mg

/

/
Pulse/taper therapy
vancomycin B-ll

Fidaxomicin 200 mg
bid 10 days B-II
Vancomycin 500 mg
qid 10 days C-lI
Metronidazole 500 mg
tid 10 days D-II

s

-

Faecal transplant
(combined with oral
antibiotic treatment)
A-l

Probiotics D-I

Passive
immunotherapy with
immune whey D-|

.

e

Vancomycin 125 mg
gid 10 days A-I?

Fidaxomicin 200 mg
bid 10 days B-I°

Metronidazole 500 mg
tid 10 days D-I|

A

Debast SB et al. Clin Microbiol Infect 2014; 20 (Suppl 2): 1-26

/Non-severe CDI:

Metronidazole 500 mg
tid iv 10 days A-lI

Severe CDI:
Metronidazole 500 mg
tid iv 10 days A-ll +
vancomycin 500 mg
qid enteral 10 days B~
1]

Tigecycline 50 mg bid
iv 14 days C-1lI




Faecotherapie — Effektivitat
Fallserien

Rectal enema Eiseman B et al., 1958 (12)
Rectal enema/jejunal tube Bowden TA et al., 1981 (25)
Rectal enema Borody TJ et al., 1989 (24)
Rectal enema Paterson DL et al., 1994 (e20)
Rectal enema Gustafsson A et al., 1998 (e19)
Nasogastric tube Aasetal , 2003 (e18)
Nasogastric tube MacConnachie AA et al., 2009 (29)
Nasogastric fube Rubin TA et al., 2009 (32)
Colonoscopy Rohlke F et al., 2010 (31)
Colonoscopy Yoon SS et al, 2010 (33)
Duodenal tube/colonoscopy | Garborg K et al., 2010 (26)
Rectal enema Silverman MS et al., 2010 (15)
Colonoscopy Brandt LJ et al., 2012 (14)
Colonoscopy Hamilton MJ et al., 2012 (27)
Colonoscopy Kelly CR et al., 2012 (28)
Colonoscopy Mattila E et al., 2012 (30)
Nasojejunal tube Polak P et al., 2011 (e21)
Colonoscopy Nieuwdorp M et al., 2008 (e22)

Kleger A et al. Dtsch Aerztebl 2013; 110: 108




Faecotherapie — Effektivitat
Meta-Analyse

Garborg et al., 2000 0.83 (0.67, 0.93)

MacConnachie et al, 2009 0.73 (0.45, 0.92)

Polak et al, 2011 0.87 (0.60, 0.98)

Lund-Tonnesen et al, 1998 0.83 (0.59, 0.96)

Kassam et al, 2010 0.93 (0.76, 0.99)

Kelly et al, 2012 . 0.92 (0.75, 0.99)

Mellow and Kanatzar, 2011 0.92 (0.64, 1.00)

Mattila et al, 2012 0.94 (0.86, 0.98)

Rohlke et al, 2010 1.00 (0.82, 1.00)

Yoon and Brandt, 2010 1.00 (0.74, 1.00)

Aas et al,, 2003 : 0.83 (0.59

Combined 0.89 (0.84

(— - - ‘ 1
0.4 06 0.8 1.0 1.2

Clinical resolution rates (95% confidence interval)
Kassam Z et al. Am J Gastroenterol 2013; 108: 500




biologische Therapie
Faecotherapie

Empfanger-Konditionierung

Procedere:

Absetzen aller ABx

2 x 100 ml Actimel oder gleichwertigen pra-/pro-
biotischen Drink

Gastroskopie mit Anlage einer distal duodenal
platzierten nasalen Ernahrungssonde

Stuhlgewinnung von Donor und Recipient flir Stuhlbank
und zur Bestimmung von Lactoferrin sowie zur
Aufbereitung* des Donorstuhls

vor und nach Applikation des aufbereiteten Donorstuhls*®
Uber die liegende Sonde in das distale Duodenum Gabe
von Prokinetika (vorzugsweise Domperidon)
Stuhlprotokoll

taglich Stuhlkulturen, Toxin-Diagnostik und Lactoferrin
im Stuhl sowie Stuhl abfrieren, Bristol Stool Chart
Stuhlprotokoll




biologische Therapie
Faecotherapie

Stuhl-Aufbereitung

Aufbereitung des Donorstuhls

. von frischem Donorstuhl werden 70 — 80 g gewonnen
Durchfiihrung Testung auf okkultes Blut im Stuhl => wenn negativ, dann
Homogenisieren und Aufschwemmen von 50 g Donorstuhl unter sterilen Bedingungen mit
isotonischer Salzlosung (Volumen 550 ml)
Filterung durch eine Lage steriler Gaze zur Retention fester Bestandteile
500 ml werden zur Instillation in sterile Blasenspritzen verbracht und gekuhlt bis gelagert.
Eine Stunde vor Applikation Erwarmung der Bakterien-Suspension im Plasmawarmer
25 ml werden zur quantitativen Bakteriologie eingesandt (CFU)
25 ml werden fir die Stuhlbank abgefroren




biologische Therapie
Faecotherapie

Intervention

Einbringen der Donorstuhlsuspension

. 10 min. vor Instillation Gabe von 20 mg Domperidon

. fraktionierte Instillation (jeweils 100 ml im Abstand von 5 Minuten) der
Donorstuhlsuspension via nasoduodenaler Sonde

. danach Okklusion der Sonde

. 60 min. nach Instillation erneute Gabe von 20 mg Domperidon




Prophylaxe mit Prabiotika
- essen Sie mehr Joghurt ! -

227 g Joghurt vs. Placebo zur Pravention
der AAD Cumulative Proportion of Patients Diarrhea Free

4
Time to Diarrhea (days)
Beniwal et al., Dig Dis Sci 2003; 48:2077




Prophylaxe mit Prabiotika
- essen Sie mehr Joghurt !

2 X 100 g Lactobacillus Emulsion vs.

Placebo zur Pravention der AAD
Control

19 (34)
37 (66)
561

0 9(17)
56 (100) 44 (83)

Hickson M et al., BMJ 2007; 348: 80



CDAD-Prophylaxe
- Meta-Analyse -

.. i Risk rafio

Sy Risikoreduktion = 60% (%0

Adam_1977_58 —B— 0.26(0.13,0.59)
Surawicz 1989 S8 043(021,090)
MeFarand_1985_58 049(021,1.17)
Kotowska_2005_SB 0.19( 0.7, 0.55)
Lewis_1998_SB : 153(054,4.%5)
Cremonini_2002_SB 0.16(0.02,1.21)
Arovala_1999 LGG 0.32(0.08,1.11)
Vanderhoof 1999 LGG ‘ 0.29(0.13, 063}
Szajewska_2001_LGG : 0.20( 0,05, 0.66)
Thomas 2001 LGG 0.98(0.68, 142)
Cremonini_2002.L : 0.17(0.2,127)
Amuzzi 2001 L66 ————f———— 0.13(0.03,0.82)
Nista_2004_BC ' 0.88(0.50,157)
Orthage_1994 BL j 057(024,1.3)
Seid_2003.C8 0.12(0.05,0.28)
Wunderich_1969_EF : 0.32(0.07, 141)
Borgia,_1982_EF 028(0.11,072)
Writsell_1995_LA | 125(081,194)
Gotz_1979_LALB 0.40(0.12, 1.36)
Tankanow_1990_LALB | 0.96(0.61,150)
Orthage_1994_LABL 0.29(0.08, 1.06)
Cremonini_2002_ 0.17(0.02,1.27)
Correa_ 2005 BLST : 051(021,123)
LaRosa_2003_ LSFOS 048(028,077)
Jirapinyo 2002 LABI 0.47(0.18,121)
Overal 043(031,0.58)

/2 ‘ST -600¢ 9g0Jseuy A7 puelied4oN

Favors probiotic Favors placebo




CDAD-Prophylaxe
- Meta-Analyse -

Statistics for each study Risk ratio and 95% CI

Risk L U .. .
rals;o Ici’n‘:';:r Iﬁnpl‘:r P-value Risikoreduktion

Surawicz et al (1989)* 0.331 0.082 1.240 0.121 =
McFarland et al (1995)% 0.742 0.171 3.229 0.691 —_—m—

~ Relative
= 60% weight
448

4.06
1.16

Arvola et al (1999)® 0.951 0.081  14.850 0.971 »
Thomas et al (2001) 0672  0.114 3.955 0.660
Plummer et al (2004) 0.400 0.080 1.002 0.263
Duman et al (2005)2 0306  0.013 7.470 0.468

Kotowska et al (2005)% 0.320 0.090 1.135 0.078
Can et al (2006)% 0214 0.010 4374 0.316
Beausoleil et al (2007)* 0.146 0.019 1.139 0.066
Hickson et al (2007)> 0.052 0.003 0.868 0.040
Rafig et al (2007)% 0.278 0.114 0.675 0.005
Miller ot al (2008; a)* 0565  0.171 1.868 0.350
Miller et al (2008; b)= 5.063 0.245 104.628 0.204

279
340
0.86

0.96
208

Ruszczynski et al (2008)% 0429 0.114 1.618 0.211
Safdar et al (2008) 0.250 0.011 5.786 0.387

Wenus et al (2008)% 0.286 0.012 6.756 0.438
Gao et al (2010)® 0.221 0.105 0.464 0.000

Lonnermark et al (2010 3111 0.129 75.264 0.485
Sampalis et al (2010)** 0.256 0.029 2.270 0.221
Pozzoni et al (2012)% 1.387 0.237 8.125 0.717

Allen et al (2013)" 0.706 0.339 1.474 0.354
Shan et al (2013)® 0.129 0.016 1.022 0.052

Wong et al (2013)* 0.350 0.015 8.688 0.529

Quwehand et al (2014 0.360 0.127 1.019 0.054
Overall 0.395 0.204 0.531 0.000

0.1

10 100

Lau CSM et al. Int J Gen Med 2016; 9: 27 Favors probiotics Favors no probiotics




biologische Therapie
die Zukuntft

= ,echte” Bacteriotherapie

Targeted Restoration of the Intestinal Microbiota with a
Simple, Defined Bacteriotherapy Resolves Relapsing
Clostridium difficile Disease in Mice

Abstract

Relapsing C. difficile disease in humans is linked to a pathological imbalance within the intestinal microbiota, termed
dysbiosis, which remains poorly understood. We show that mice infected with epidemic C difficile (genotype 027/BI)
develop highly contagious, chronic intestinal disease and persistent dysbiosis characterized by a distinct, simplified
microbiota containing opportunistic pathogens and altered metabolite production. Chronic C. difficile 027/Bl infection was
refractory to vancomycin treatment leading to relapsing disease. In contrast, treatment of C difficile 027/Bl infected mice
with feces from healthy mice rapidly restored a diverse, healthy microbiota and resolved C. difficile disease and
contagiousness. We used this model to identify a simple mixture of six phylogenetically diverse intestinal bacteria, including
novel species, which can re-establish a health-associated microbiota and clear C. difficile 027/BI infection from mice. Thus,
targeting a dysbiotic microbiota with a defined mixture of phylogenetically diverse bacteria can trigger major shifts in the
microbial community structure that displaces C. difficile and, as a result, resolves disease and contagiousness. Further, we
demonstrate a rational approach to hamess the therapeutic potential of health-associated microbial communities to treat C.
difficile disease and potentially other forms of intestinal dysbiosis.

Citation: Lawley TD, Clare S, Walker AW, Stares MD, Connor TR, et al. (2012) Targeted Restoration of the Intestinal Microbiota with a Simple, Defined
Bacteriotherapy Resolves Relapsing Clostridium difficile Disease in Mice. PLoS Pathog 8(10): e1002995. doi10.1371/journal ppat.1002995




biologische Therapie
die Zukuntft

= Phagentherapie

Anasrcie |6 Q010) 509554

Corants ‘M sve sbe & Scacellres

Anaerobe

journe homepage waww.eheviercomiocste/snserobe

Clinical Microbiology
Bacteriophage treatment significantly reduces viable (ostridium difficile and
prevents toxin production in an in vitro model system

Emma Meader*®, Melinda |. Mayer**, Michael | Gasson*, Dietmar Steverding”®, Simon R Carding *,
Arjan Narbad*
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Faecotherapie
alles wird gut ?

Tumorgenese/-wachstum 1

Baxter et al Microbiome 2014, 220
http/ Avwwmicrobiomejournal.comy/content/2/1/20 3 . -
Microbiome
1]

RESEARCH Open Access

Structure of the gut microbiome following

colonization with human feces determines
colonic tumor burden

Nielson T Baxter'', Joseph P Zackular'!, Grace Y Chen? and Patrick D Schloss'

Conclusion: Our results suggest that the initial structure of the microbiome determines susceptibility to colonic
turmorigenesis. There appear to be opposing roles for certain Gram-negative (Bacteroidales and Verrucomicrobia)

and Gram-positive (Clostridiales) bacteria in tumor susceptibility. Thus, the impact of community structure is potentially
mediated by the balance between protective, butyrate-producing populations and inflammatory, mucin-degrading
populations.




Faecotherapie
alles wird gut ?

Transfer von Resistenzsignaturen !

Parhogens 2014, 3. 238-248: doi:10.3390/pathogens3020238

OPEN ACCESS

pathogens

ISSN 2076-0817
www.mdpi.com/journal/pathogens

Review

Integrons in the Intestinal Microbiota as Reservoirs for
Transmission of Antibiotic Resistance Genes

Anuradha Ravi 1, Ekaterina Avershina 1, Jane Ludvigsen 1, Trine M. L’Abée-Lund ° and
Knut Rudi *




Faecotherapie
alles wird gut !

Verdrangung von MRE

Pre-antibiotic Antibiotic- Expansion of antibiotic-
diverse microbiota depleted microbiota resistant bacterial species

Pamer EG. Science 2016; 352: 535

Elimination of resistant
species by microbiota repair




Take-home messagesy.

= die Faecotherapie Ist immer noch eine
experimentelle Therapie !

= hach Evidenz-basierten Mal3staben ist
nur die rezidivierende CDI eline sichere
Indikation |

= Langzeiteffekte fur Rezipient und Umwelt
sind (noch) ungeklart !




