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Definition nach S3-Leitlinie  der DGVS und  DGNM  
 
• einzelne oder kombinierte chronische (>3 Monate) Darmsymptome 
• eine relevante Einschränkung der Lebensqualität ̈
• keine andere im Rahmen der klinischen Untersuchung erhobene 

Ursache/Erkrankung für die Beschwerden 
 

 
Epidemiologie 
 
• Prävalenz  zwischen 2,5 und 25% . In Deutschland 12%. 
• Frauen : Männer 2:1 
 
 

Sozioökonomische Folgen 
 
• direkte Kosten: 9 Milliarden$ jährlich (USA) 
• indirekte Kosten: 16 Milliarden$ jährlich (USA) 

 
 
 

Reizdarmsyndrom: Definition, Epidemiologie und 
soziökonomische Folgen 
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• Funktionelle Störungen verändern das Mikrobiom – das Mikrobiom verändert die Darmfunktion 
• Persistierende Beschwerden nach akuten Infekten 
• Modulation der Signalübertragung vom Darm zum ZNS (Hypersensitivität) 

antibiotic therapy of C. difficile, the effectiveness of the

antibiotic therapy after its each refractory episode decreases

dramatically (up to 30%). In patients with multiple relapses, the

effectiveness of all antibiotic approaches including fidaxomycin

is significantly reduced and other treatment modalities are

definitely needed (44).

The majority of data indicating that healthy microbiota is

required for human health and protects against disease, have

focused so far on microbiota-induced therapeutic potential and

possible clinical interventions based on delivery of probiotic

microbiota and compounds containing probiotics. Moreover, the

fecal microbiota transplantation (FMT) has been shown to be

much more effective than antibiotics against recurrent or

refractory C. difficile colitis (45). FMT refers to the transfer of

feces obtained from the healthy donor into the patient’s

gastrointestinal tract via different routes (gastric, jejunal or

colonoscopic route) (Fig. 4). Currently, there is no consensus

which is the best delivery method for the infusion of feces. In

contrast to antibiotics, FMT is the only method that has been

reported to restore the intestinal homeostasis and prevent the

recurrence of C. difficile infection (46, 47).

The first published evidence on introducing FMT was

published by Eiseman et al. (48), but historically this method

was already known in the ancient China. Despite effectiveness of

this method, fecal material has potential risks for the recipient as

a treatment with the use of an active biological material, so this

treatment is still considered as premature in terms of mechanism

of action and the consequences that it may cause. Each donor

must be screened for infectious diseases (HIV, hepatitis, C.

difficile. etc). Besides laboratory screening, each donor is

additionally screened based on history including recent

antibiotic therapies, use of immunosuppressive drugs, exposure

to HIV or hepatitis, history of allergic, inflammatory, metabolic

or malignant disease. It is of great importance that donor of feces

should be as healthy as possible. There is a hope that FMT may

eventually prove beneficial for the treatment of other diseases

associated with alterations in gut microbiota such as IBD,

irritable bowel syndrome (IBS) and metabolic syndrome.

Although the basic principles that underlie the mechanisms by

which FMT shows therapeutic efficacy in CDI are becoming

apparent, further research is still needed to understand the

possible role of FMT in the therapy of not only CDI patients but

also other GI and non-GI disorders (49).

There are numerous routes available by which FMT can be

administered (Fig. 4). The advantage and disadvantage of each

method of application is different. The FMT via
nasogastric/nasojejunal tube is minimally invasive and

considered as a low cost procedure. The disadvantage for the

patients is the increased risk of aspiration and vomiting. The use

of gastroscopy or enteroscopy may overcome some of these

problems, but these methods are invasive, require sedation and

are associated with higher costs. The most common way to

application the FMT is colonoscopy. The main advantage of this

method is the fact that it is more appealing to patients and

probably more effective in the therapy of CDI. In addition, the

colonoscopy enables the direct evaluation of the lower tract and

exclusion of other pathologies (Fig. 4). The disadvantage of this

method are higher costs, need of sedation and risks of
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Das Mikrobiom: ein „neu-entdecktes“ Organ 

Die Gesamtheit aller nicht-
menschlichen DNA bzw. allen nicht-
menschlichen Lebens (Mikrobiota/ 

Mikroflora) am menschlichen Körper.  
 

• ca. 1014-1018 unterschiedliche 
Organismen (Bakterien, Viren, 
Protozoen, ...) 

• ca. 1000 bakt. Spezies 
• unser „Hauptaugenmerk“ gilt dem 

„gut-microbiome“ , insbesondere 
dem Colon-Mikrobiom 

Die Mehrheit aller Bakterien des Mikrobioms kann 

(noch) nicht kultiviert werden.

1-2 kg
wiegt das Mikrobiom des Menschen

10x
mehr Mikrobiota als menschliche Zellen

100x
mehr mikrobielle als humane Gene

10.000
verschiedene Mikrobiota-Spezies

Komplexität des Mikrobioms

Marchesi et al., 2016 



oral FMT from control rats [13]. Transplanting fecal mat-

ter from twins discordant for obesity into germ-free mice

was recently examined [35]. Mice populated with the mi-

crobiome from the obese twin had increased adiposity and

decreased bacterial diversity compared to mice populated

with the microbiome from the lean twin. These results

demonstrate the ability of the microbiome to alter the

metabolic phenotype of the host.

To date there has only been one published study test-

ing the efficacy of FMT specifically for treatment of meta-

bolic disorders in humans. The hallmark characteristic of

metabolic syndrome is insulin resistance, where cells are

hypo-responsive to insulin and therefore cannot maintain

glucose homeostasis. Fecal microbiota from healthy, lean

donors transferred through a duodenal tube to obese indi-

viduals diagnosed with T2D affected host metabolism

[12]. The study compared patients who received allogenic

transplant (n = 9) (i.e. stool from a healthy donor) to au-

tologous transplantation (n = 9) (i.e., their own stool). Al-

though there was no reported difference in body mass

index six weeks after transplantation, there was a signifi-

cant increase in insulin sensitivity (as measured by the me-

dian rate of glucose disappearance) and fecal microbiota

diversity, and decrease in fecal SCFA in the allogenic ver-

sus autologous group. These promising results have been

widely cited and inspired multiple clinical trials (discussed

below). Although FMT can induce microbiome alteration

towards the donor population for up to 24 weeks post-

FMT [29], further studies are need to determine whether

FMT can have long-term effects on insulin sensitivity or

weight.

Additional clinical trials are necessary to validate the

effects of FMT in those with obesity or metabolic syn-

drome. Importantly, these studies should be randomized,

include autologous controls, contain meticulous metadata

and track long-term microbiome and patient outcome data.

ClinicalTrials.gov lists four ongoing clinical trials testing

FMT for metabolic syndrome treatment. A phase 2 clini-

cal trial at Massachusetts General Hospital is evaluating

the impact of FMT capsules on a primary outcome of body

weight reduction over 18 weeks [ClinicalTrials.gov ID

NCT02530385]. An Italian phase 3 clinical trial is track-

ing glucose homeostasis over a 6-month period following

FMT in combination with diet and exercise [ClinicalTri-

als.gov ID NCT02050607]. Researchers from China’s

Nanjing Medical University are evaluating the results of a

phase 3 clinical trial on a single, nasogastric-delivered

FMT on T2D over a two-year period [ClinicalTrials.gov

ID NCT01790711]. A Canadian double-blind pilot study

is testing FMT efficacy in both metabolic syndrome and

non-alcoholic fatty liver disease, which is closely associ-

ated with obesity [ClinicalTrials.gov ID NCT02496390].

The results from these clinical trials should give us a

better idea of the microbiome’s functional role in human

metabolic disorder. Future studies must be designed to

identify which bacterial populations or functional mi-

crobe-host relationships underlie this phenomenon.

SUPER-DONORS

The selection of a donor for FMT is not standardized,

although there is general consensus for the need to do so

[36]. Initially, donors were typically family members

identified by the patient. However, recent studies high-

light the practical advantages of using standardized vol-

unteer donors and creating screened biobanks [31,34]. In

385Marotz and Zarrinpar: FMT for obesity and metabolic disease

Figure 1. Fecal Microbiota Transplantation schematic. A) Donor fecal matter is blended with saline so-

lution and pushed through a metal sieve to achieve a homogenous liquid solution. B) Processed fecal mi-

crobiota is either delivered via a duodenal tube or colonoscopy. C) Representative data showing

metagenomic diversity increases following FMT from lean donor to obese recipient.

Komplexität des Metagenoms und damit des  
„Stuhltransplantats“ 

Bojanova DP, Bordenstein SR (2016) Fecal Transplants: What Is Being Transferred? PLoS Biol 14(7) 



Stuhlübertragung – was hilft?  

oral FMT from control rats [13]. Transplanting fecal mat-

ter from twins discordant for obesity into germ-free mice

was recently examined [35]. Mice populated with the mi-

crobiome from the obese twin had increased adiposity and

decreased bacterial diversity compared to mice populated

with the microbiome from the lean twin. These results

demonstrate the ability of the microbiome to alter the

metabolic phenotype of the host.

To date there has only been one published study test-

ing the efficacy of FMT specifically for treatment of meta-

bolic disorders in humans. The hallmark characteristic of

metabolic syndrome is insulin resistance, where cells are

hypo-responsive to insulin and therefore cannot maintain

glucose homeostasis. Fecal microbiota from healthy, lean

donors transferred through a duodenal tube to obese indi-

viduals diagnosed with T2D affected host metabolism

[12]. The study compared patients who received allogenic

transplant (n = 9) (i.e. stool from a healthy donor) to au-

tologous transplantation (n = 9) (i.e., their own stool). Al-

though there was no reported difference in body mass

index six weeks after transplantation, there was a signifi-

cant increase in insulin sensitivity (as measured by the me-

dian rate of glucose disappearance) and fecal microbiota

diversity, and decrease in fecal SCFA in the allogenic ver-

sus autologous group. These promising results have been

widely cited and inspired multiple clinical trials (discussed

below). Although FMT can induce microbiome alteration

towards the donor population for up to 24 weeks post-

FMT [29], further studies are need to determine whether

FMT can have long-term effects on insulin sensitivity or

weight.

Additional clinical trials are necessary to validate the

effects of FMT in those with obesity or metabolic syn-

drome. Importantly, these studies should be randomized,

include autologous controls, contain meticulous metadata

and track long-term microbiome and patient outcome data.

ClinicalTrials.gov lists four ongoing clinical trials testing

FMT for metabolic syndrome treatment. A phase 2 clini-

cal trial at Massachusetts General Hospital is evaluating

the impact of FMT capsules on a primary outcome of body

weight reduction over 18 weeks [ClinicalTrials.gov ID

NCT02530385]. An Italian phase 3 clinical trial is track-

ing glucose homeostasis over a 6-month period following

FMT in combination with diet and exercise [ClinicalTri-

als.gov ID NCT02050607]. Researchers from China’s

Nanjing Medical University are evaluating the results of a

phase 3 clinical trial on a single, nasogastric-delivered

FMT on T2D over a two-year period [ClinicalTrials.gov

ID NCT01790711]. A Canadian double-blind pilot study

is testing FMT efficacy in both metabolic syndrome and

non-alcoholic fatty liver disease, which is closely associ-

ated with obesity [ClinicalTrials.gov ID NCT02496390].

The results from these clinical trials should give us a

better idea of the microbiome’s functional role in human

metabolic disorder. Future studies must be designed to

identify which bacterial populations or functional mi-

crobe-host relationships underlie this phenomenon.

SUPER-DONORS

The selection of a donor for FMT is not standardized,

although there is general consensus for the need to do so

[36]. Initially, donors were typically family members

identified by the patient. However, recent studies high-

light the practical advantages of using standardized vol-

unteer donors and creating screened biobanks [31,34]. In
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Figure 1. Fecal Microbiota Transplantation schematic. A) Donor fecal matter is blended with saline so-

lution and pushed through a metal sieve to achieve a homogenous liquid solution. B) Processed fecal mi-

crobiota is either delivered via a duodenal tube or colonoscopy. C) Representative data showing

metagenomic diversity increases following FMT from lean donor to obese recipient.

Efficacy of Sterile Fecal Filtrate Transfer for Treating Patients With Clostridium difficile Infection 
Stephan J. Ott, Gastroenterology 2017;152:799–811  

AMR, Indikation: C. diff. Colitis 



oral FMT from control rats [13]. Transplanting fecal mat-

ter from twins discordant for obesity into germ-free mice

was recently examined [35]. Mice populated with the mi-

crobiome from the obese twin had increased adiposity and

decreased bacterial diversity compared to mice populated

with the microbiome from the lean twin. These results

demonstrate the ability of the microbiome to alter the

metabolic phenotype of the host.
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sus autologous group. These promising results have been

widely cited and inspired multiple clinical trials (discussed
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towards the donor population for up to 24 weeks post-

FMT [29], further studies are need to determine whether

FMT can have long-term effects on insulin sensitivity or

weight.

Additional clinical trials are necessary to validate the

effects of FMT in those with obesity or metabolic syn-
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and track long-term microbiome and patient outcome data.
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cal trial at Massachusetts General Hospital is evaluating

the impact of FMT capsules on a primary outcome of body
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The results from these clinical trials should give us a

better idea of the microbiome’s functional role in human

metabolic disorder. Future studies must be designed to

identify which bacterial populations or functional mi-

crobe-host relationships underlie this phenomenon.

SUPER-DONORS

The selection of a donor for FMT is not standardized,

although there is general consensus for the need to do so

[36]. Initially, donors were typically family members

identified by the patient. However, recent studies high-

light the practical advantages of using standardized vol-

unteer donors and creating screened biobanks [31,34]. In
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Figure 1. Fecal Microbiota Transplantation schematic. A) Donor fecal matter is blended with saline so-

lution and pushed through a metal sieve to achieve a homogenous liquid solution. B) Processed fecal mi-

crobiota is either delivered via a duodenal tube or colonoscopy. C) Representative data showing
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Efficacy of Sterile Fecal Filtrate Transfer for Treating Patients With Clostridium difficile Infection 
Stephan J. Ott, Gastroenterology 2017;152:799–811  

AMR, Indikation: C. diff. Colitis 
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ter from twins discordant for obesity into germ-free mice

was recently examined [35]. Mice populated with the mi-

crobiome from the obese twin had increased adiposity and

decreased bacterial diversity compared to mice populated

with the microbiome from the lean twin. These results

demonstrate the ability of the microbiome to alter the

metabolic phenotype of the host.
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ing the efficacy of FMT specifically for treatment of meta-

bolic disorders in humans. The hallmark characteristic of
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hypo-responsive to insulin and therefore cannot maintain

glucose homeostasis. Fecal microbiota from healthy, lean

donors transferred through a duodenal tube to obese indi-

viduals diagnosed with T2D affected host metabolism

[12]. The study compared patients who received allogenic

transplant (n = 9) (i.e. stool from a healthy donor) to au-

tologous transplantation (n = 9) (i.e., their own stool). Al-

though there was no reported difference in body mass
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sus autologous group. These promising results have been
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FMT [29], further studies are need to determine whether

FMT can have long-term effects on insulin sensitivity or

weight.

Additional clinical trials are necessary to validate the
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drome. Importantly, these studies should be randomized,

include autologous controls, contain meticulous metadata

and track long-term microbiome and patient outcome data.

ClinicalTrials.gov lists four ongoing clinical trials testing

FMT for metabolic syndrome treatment. A phase 2 clini-

cal trial at Massachusetts General Hospital is evaluating

the impact of FMT capsules on a primary outcome of body

weight reduction over 18 weeks [ClinicalTrials.gov ID

NCT02530385]. An Italian phase 3 clinical trial is track-

ing glucose homeostasis over a 6-month period following

FMT in combination with diet and exercise [ClinicalTri-

als.gov ID NCT02050607]. Researchers from China’s

Nanjing Medical University are evaluating the results of a

phase 3 clinical trial on a single, nasogastric-delivered

FMT on T2D over a two-year period [ClinicalTrials.gov

ID NCT01790711]. A Canadian double-blind pilot study

is testing FMT efficacy in both metabolic syndrome and

non-alcoholic fatty liver disease, which is closely associ-

ated with obesity [ClinicalTrials.gov ID NCT02496390].

The results from these clinical trials should give us a

better idea of the microbiome’s functional role in human

metabolic disorder. Future studies must be designed to

identify which bacterial populations or functional mi-

crobe-host relationships underlie this phenomenon.

SUPER-DONORS

The selection of a donor for FMT is not standardized,

although there is general consensus for the need to do so

[36]. Initially, donors were typically family members

identified by the patient. However, recent studies high-

light the practical advantages of using standardized vol-

unteer donors and creating screened biobanks [31,34]. In
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Figure 1. Fecal Microbiota Transplantation schematic. A) Donor fecal matter is blended with saline so-

lution and pushed through a metal sieve to achieve a homogenous liquid solution. B) Processed fecal mi-

crobiota is either delivered via a duodenal tube or colonoscopy. C) Representative data showing

metagenomic diversity increases following FMT from lean donor to obese recipient.

Komplexität des Metagenoms und damit des  
„Stuhltransplantats" 

Bojanova DP, Bordenstein SR (2016) Fecal Transplants: What Is Being Transferred? PLoS Biol 14(7) 



• IBS Patienten können über die 

intestinale Bakterienflora 

differenziert werden 

• IBS Patienten unterscheiden sich im 

Firmicutes : Bacteroides Verhältnis 

von der Referenzpopulation  

• Heterogene Studienlage in 

Abhängigkeit von 

• Methodik 

• Studienpopulation 

Paul J Kennedy, WJG 21:14105-14125; 2014 

Allogene Mirkobiota Rekonstitution  bei IBS-D 
– Rationale 2014 



• IBS Patienten können über die 

intestinale Bakterienflora 

differenziert werden 

• IBS Patienten unterscheiden sich im 

Firmicutes : Bacteroides Verhältnis 

von der Referenzpopulation  

• Heterogene Studienlage in 

Abhängigkeit von 

• Methodik 

• Studienpopulation 

• Aus aktueller Sicht differenzieren 

(bakterielle) Signaturen zwischen 

• Klinischer Ausprägung 

• Schwere der Symptomatik 

J. Tap, Gastroenterology, 152:111-123; 2017 

Allogene Mirkobiota Rekonstitution  bei IBS-D 
– Rationale 2018 



Fragen: 

 

• Patienteninteresse? 

  kurzfristig hohes Interesse von > 20 Patienten mit IBS-D in der gastroenterologischen 

Ambulanz (aktuelle „Warteliste“ von 30 Patienten!) 

•  Sicherheit? 

•  Gesetzliche Regularien einer Allogenen Mikrobiota Rekonstitutionsstudie? 

  umfangreiche Konsultation BfArM, PEI und RKI 

  keine Festlegung der BOB 

  Entscheidung zur Konzeption einer „MPG“ Studie mit umfangreichen Monitoring, DSMB, 

Pharmakovigilanz, Verblindung, .... 

•  Finanzierung? 

Programm Klinische Studien der DFG 

SE 676/13-0  

AMIRA Studie – Konzeption 2014 



Publizierte Nebenwirkungsrate 

M. Baxter, JHospitalInfec 92: 117-127; 2016 

Allogene Mirkobiotarekonstitution 
- Sicherheit 



• Arzneimittel gemäß AMG §2 

• BOB: BfArM 

• Erlaubnisfreie Herstellung (AMG §67) nur im 1:1 individuellem Heilversuch durch Ärzte und 
zur Ausübung der Heilkunde bei Menschen befugten Personen gemäß § 13 Abs. 2b AMG und 
§ 20d AMG  

 

• Indikationsstellung  

 

• Studien entsprechend den Regularien der Arzneimittelprüfung 

 

• Herstellung entsprechend den (Industrie-) Standards der Arzneimittelproduktion 

 

• Herstellungserlaubnis durch die zuständige Bezirksregierung 

 

• Qualitätssicherung entsprechend den Regularien der Arzneimittelherstellung 
 
 

Regulatorische Festlegung Faezes als „Arzneimittel“ 



• Stuhlsuspension ausdrücklich nicht als Arzneimittel eingestuft! 
 

AMR im europäischen Umfeld –  
Glückliches Österreich  



Herstellungserlaubnis 
• Herstellungserlaubnis der Universitätsapotheke Ulm vorliegend, doch: 

 

 

 

 

 

 

 

 

• Anforderungen Herstellungserlaubnis  

• Detaillierte Angaben zum Ablauf  

• Nachweis der gemäß § 15 AMG erforderlichen Erklärung  der sachkundigen Person  

• Als Arzt nicht zur Herstellung qualifiziert 

• Neueinrichtung der Produktionsräume mit Spezifikation „kontrollierter Bereich C“ einschließlich 
Schleuse 

• Angaben und Spezifikation des herzustellende Arzneimittel  

 

• Begehung und Audit durch das Regierungspräsidium 

 
 
 

Fäzes als „Arzneimittel“ – Probleme im Beispiel 
 



Investigator Brochure (IB) für eine Stuhlsuspension nach AMG 

 

 

 

 

 
 
 

Auszug GCP, INTEGRATED ADDENDUM TO ICH E6(R1) 
GUIDELINE FOR GOOD CLINICAL PRACTICEE6(R2) 
 

Fäzes als „Arzneimittel“ – Probleme im Beispiel 
 



Investigational Medicinal Product Dossier nach AMG für 

 die Stuhlsuspension und  

 das Placebo (NaCl 0.9% / Glycerol 25% w/w) 

 

 

 

 

 
 
 

Auszug GCP, INTEGRATED ADDENDUM TO ICH E6(R1) 
GUIDELINE FOR GOOD CLINICAL PRACTICEE6(R2) 
 

Fäzes als „Arzneimittel“ – Probleme im Beispiel 
 



Einschlusskriterien Ausschlusskriterien Voruntersuchungen 
Alter 21-35 Jahre 
Body Mass Index 19-25 kg/m² 
ausgefüllter Screeningfragebogen 
und unterschriebene Einwilligung 
 
 

Alter > 35 Jahre, Übergewicht/Adipositas (BMI > 25) oder 
Mangelernährung, Raucher 
Regelmäßige Dauermedikation (ausgenommen Kontrazeptiva) 
Vorliegen einer Hepatitis-, HIV-Infektion; frische, aktive EBV/CMV-
Infektion,infektiöse Darmerkrankungen (Viren, Bakterien, Würmer, …) 
akute Diarrhoe in den letzten 4 Wochen  
frühere Typhus- oder Salmonelleninfektion  
in den letzten 6 Monaten stattgefundene Reise in Länder mit niedrigem 
Hygienestandard und/oder erhöhtes Risiko für infektiöse 
Darmerkrankungen  
Erhalt von Bluttransfusionen in der Vergangenheit 
Risikoverhalten wie häufig wechselnde Geschlechtspartner, kürzliche 
Tätowierung oder Piercings, Drogenkonsum, Gefängnisaufenthalt, … 
Anamnestisch bestehende Risikofaktoren für vCJD (Variante der 
Creutzfeld-Jakob-Krankheit), Antibiotische Therapie in den letzten 3 
Monaten, Anamnestisch regelmäßige abdominelle Beschwerden, 
Anamnestisch Stuhlunregelmäßigkeiten in den letzten 6 Monaten, 
Chronische Diarrhoe oder chronische Obstipation, Sprachliche Barriere bei 
der Einwilligung 
Bei Frauen: bestehende Schwangerschaft 
Jegliches Vorliegen einer gastrointestinalen Erkrankung, z.B. chronisch-
entzündliche Darmerkrankung, Sprue, Darmpolypen, Vorliegen eines 
Malignoms aktuell oder in der Vorgeschichte 
Vorliegen eines Reizdarmsyndroms 
Vorliegen von Diabetes mellitus, Übergewicht (BMI >25) oder 
Metabolischem Syndrom 
Vorliegen einer neurologischen oder psychiatrischen Erkrankung 
Vorliegen eines chronischen Schmerzsyndroms (z.B. Fibromyalgie, 
Fatigue-Syndrom, ...) 
Vorliegen einer autoimmunen Erkrankung  
Vorliegen von Allergien und atopischen Erkrankungen 

 

Blutuntersuchungen: 
Differentialblutbild, Elektrolyte (Natrium, Kalium, 
Calcium), Kreatinin und Leberfunktionsparameter 
(Bilirubin, AST, ALT, GGT) 
Hepatitisserologie (Anti-HAV, anti-HBc, HBs-Ag, anti-
HCV, Hepatitis E-IgG/IgM) 
HIV-Serologie (HIV-1,-2) 
HTLV-1/-2-Serologie 
CMV- und EBV-Serologie 
Syphilis-Serologie (Treponema pallidum) 
Toxoplasma-Serologie 
Strongyloides stercoralis  
Trichinella species 
  
 
 
Stuhluntersuchungen:  
Clostridium-difficile-PCR 
Stuhlkulturen auf Campylobacter spp., Shigellen, 
Salmonellen, Yersinien und darmpathogene E. coli 
(EHEC) 
Adeno-, Rota-, Astro- und Noroviren, Enteroviren 
Stuhlmikroskopie auf Parasiten/Wurmeier (beinhaltet 
Untersuchung auf Lamblien) 
Amöben 
Cryptosporidium, Cyclospora, Isospora 
Blastocystis species 
Microsporidium 
Helicobacter pylori-Antigen 
Listeria monocytogenes 
  
 

„ Stuhlspender zu werden ist 

schwieriger, als in Harvard 
angenommen zu werden ", 

sagte Edelstein von 
OpenBiome 

European consensus conference on faecal microbiota transplantation in clinical practice Cammarota G, et al. Gut 2017 

AMIRA-Studie:  Auswahlkriterien der Spender  



AMIRA- Studie: AMR: Stuhlaufbereitung und  
Applikation 

Stuhlprobe wird unter Zugabe von 5ml 0.9 % Kochsalzlösung / 1g Feuchtgewicht im 
autoklavierten Homogenisator  aufgeschwemmt und homogenisiert 
 

1. Zentrifugation: bei 300g / 1200rpm / 4°C / 10min Sedimentation fester Bestandteile 

2. Zentrifugation: bei 6000g / 5400rpm / 4°C / 30min, der Überstand wird abgenommen 
und die bakterienhaltige Interphase (Volumen ca. 5ml) für die weitere Aufbereitung 
abgenommen 

Das Konzentrat wird mit 50% Glycerol und 0.9% NaCl Lösung auf ein Endvolumen von 10ml 
eingestellt und bei -80°C gelagert 

Stuhllösung oder Kochsalzlösung wird über den Spühlkatheter tief in das Duodenum 
appliziert 



Einschlusskriterien 

• Alter 18-70 Jahre 

• Vorliegen eines Reizdarmsyndroms vom 
Diarrhoe-dominanten Typ nach den ROM 
III- Kriterien 

• Relevante Beschwerden und Symptome 
entsprechend einer reduzierten 
Lebensqualität nach den IBS-QOL 
Fragebogen (Score < 60 Punkte)  

• Dauer der Beschwerden > 1 Jahr vor 
Studieneinschluss  

• Anhaltende Beschwerden > 1 Jahr vor 
Studieneinschluss  

• Keine wegweisenden Befunde in einer 
Gastroskopie und Koloskopie mit 
Stufenbiopsien, die innerhalb den letzten 2 
Jahre durchgeführt worden seien müssen.  

Ausschlusskriterien 

• Infektiöse Enteritiden 

• Chronisch-entzündliche 
Darmerkrankungen 

• Kollage/Lymphozytäre Kolitiden 

• Sprue 

• Chologene Diarrhoen 

• Fruktose-/Glukoseintoleranz 

• Neoplasien im Gastrointestinaltrakt 

• Antibiotische Therapie in den letzten 3 
Monaten 

• Z.n. Operationen im Bereich des Abdomens 

• Schwangerschaft, Demenz, etc. 

 

 

 

AMIRA-Studie: Auswahlkriterien der Patienten 



 Primärer Endpunkt  

• Verbesserung des Irritable Bowel Syndrome – Severity Scoring System (IBS-SSS) 
um   105 Punkte bei Pat. mit RDS-D an Tag 90 nach AMR gegenüber dem 
Ausgangswert. 

 

 Sekundäre Endpunkte 

• Sicherheit (Follow up Visiten, Patiententagebuch) 

• Verbesserung des Irritable bowel Syndrome – Quality of life (IBS-QOL) 
Fragebogens 

• Erfassung von Veränderungen und Akzeptanz des Spendermikrobioms nach 
AMR (16S rRNA Sequenzierung und Evaluation der quantitativen Diversität) 

• Korrelation der Übernahme des Spendermikrobioms mit der Verbesserung des 
IBS-SSS. 

 

AMIRA-Studie: Endpunkte 





Peter Holger Johnsen, Lancet GastroHepatol, S
 

-
     

-
 

, 2017  





  



AMIRA Studie 

Studiendesign: 
• Prospektive, 2:1 randomisierte, oligozentrische, Placebo-kontrollierte, doppelblinde 

Interventionsstudie  

Studienziel: 

• Evaluation einer allogenen Mikrobiom-Rekonstitution (AMR) als neue Therapieoption in der 
Behandlung von Patienten mit Diarrhoe-dominanten Reizdarmsyndrom (RDS-D) entsprechend den 
ROME III-Kriterien 

Intervention: 
• gastroduodenale Mikrobiom-Infusion (Verum) / Glycerol-Kochsalzlösung (Placebo) 
• Follow-up pro Patient: 3 Monate (doppelblind) gefolgt von 9 Monaten open-label Follow-up 

Einschlusskriterien: 

• Patienten mit einem Diarrhoe-dominanten Reizdarmsyndrom entsprechend den ROME III Kriterien 
• Symptomdauer mindestens 1 Jahr 
• IBS-QOL < 60 points 

Primärer Endpunkt:  

• Verbesserung des IBS-SSS um >105 Punkten bei Patienten mit RDS-D (dichotomes Outcome: 
ja/nein) an Tag 90 nach AMR (Visite 6) gegenüber dem Ausgangswert (Visite 2) 

Sekundäre Endpunkte:  

• Sicherheit, Verbesserung des IBS-QOL, Erfassung von Veränderungen und Akzeptanz des 
Spendermikrobioms nach AMR (16S rDNA-Sequenzierung und Evaluation der quantitativen 
Diversität), Korrelation der Übernahme des Spendermikrobioms mit der Verbesserung des IBS-SSS 
 



AMIRA Studie 

Statistik: 

• Primärer Endpunkt: 

• Wirksamkeit der AMR versus Placebo durch Verbesserung des IBS-SSS um > 105 Punkte 
gegenüber dem Ausgangswert (dichotomes Ereignis), Chi-Quadrat-Test (zweiseitig, 
Signifikanzlevel 5%) 

• Explorative logistische Regressionsanalyse zur Untersuchung der Kovariablen Spender und 
Zentrum 

• Sekundäre Endpunkte: 

• Deskriptive Statistik, explorative Analyse durch entsprechende statistische Tests (u.a. Mann-
Whitney U-Test, t-Test, Chi-Quadrat-Test) 

• Fallzahlschätzung: 

• Geplantes Screening: n=60 

• Studieneinschluss, ITT-Kollektiv: n=42 

• Per Protocol-Kollektiv: n=33 

 
 



  

AMIRA- Studie- Dr.med.L.Rauschek-Innere Medizin I-10.10.2017 



 



Abdominale Schmerzen und Unwohlsein verbunden mit: 

• veränderten Stuhlgewohnheiten > 3 Monaten  (2-3 Tagen) 

• Fehlen struktureller Abnormalitäten 

 

 

Assoziiert mit <2 der folgenden Parameter: 

• Besserung der Beschwerden mit Stuhlentleerung 

• Beschwerdebeginn mit Veränderung der Stuhlfrequenz 

• Beschwerdebeginn mit Veränderung der Stuhlkonsistenz 

 

 

AMIRA-Studie: Die Rom III Kriterien 



AMIRA-Studie 

Vielen Dank für Ihre Aufmerksamkeit ! 



Zubereitung der Suspension 



Zubereitung der Suspension 



Mikrobiom in der Praxis –  
Wann ist ein Stuhltransfer indiziert? 

 
IMMER 

den 
„.....alle Krankheiten beginnen im Darm....“ 

Hippokrates 



Stuhltransplantation 

„immer“  

Bojanova DP, Bordenstein SR (2016) PLoS Biol 14(7) 



• Das Reizdarmsyndrom 

• Die Mikrobiom-Analyse 

• Bisherige Erfahrungen mit Stuhltransplantationen beim Reizdarmsyndrom 

• Studiendesign 

• Studienziel 

• Auswahl der Spender und der Patienten   

• Allogene Mikrobiota Rekonstitutionstherapie: Stuhlaufbereitung und 
Applikation 

 

AMIRA- Studie  

Übersicht 



Komplexität des Metagenoms – 
Grundlagenwissenschaft 



IBS-D 
1/3 

IBS-O  
1/3 

Amira-Studie-Das Reizdarmsyndrom: Subtypen 

IBS-M 
    1/3           



Allogene Mirkobiota Rekonstitution  bei IBS-D – 
Rationale 2012 

• IBS Patienten können über die 

intestinale Bakterienflora 

differenziert werden 

• IBS Patienten unterscheiden sich im 

Firmicutes : Bacteroides Verhältnis 

von der Referenzpopulation  

 

 

Ian B Jeffery, Gut 61:997-1006; 2012 



Enterotypen bei Reizdarmpatienten- 

zufällige Assoziationen 



AMIRA-Studie: Das Reizdarmsyndrom: Pathophysiologische  
Mechanismen 



Gut virome characterization

14

Also found 22 CRISPR arrays, one example of CRISPR spacer targeting another virus in 

the same individual



AMIRA-Studie: die Mikrobiomanalyse 



ibscoloncare.com

The situation within the intestinal tract
Therapeutische Möglichkeiten: Probiotika

WHO Definition: „Probiotika sind lebende Mikroorganismen, welche ... einen 

Gesundheitseffekt auf den Wirt haben.“

Dazu zählen z.B. E. coli Nissle, Lactobacillus casei, Saccharomyces cerevisiae

Probleme

Kolonisationsresistenz

Probiotika sind kommensale Bakterien

- Remissions-Therapie bei UC (E. coli Nissle)

(Kruis, Gut, 2004)

- Allergie-Prävention bei Kaiserschnitt-geborenen Kindern

(Kuitunen, J Allergy Clin Immunol, 2009)

- Unterstützende Therapie bei Rotavirus-Infektionen (Kinder)

(Moreno Muñoz Appl Environ Microbiol, 2011)

- Therapie bei Frühchen mit NEC (necrotizing enterocolitis) 

(Ganguli K, J Clin Gastroenterol. 2011)

- Puchitis nach Kolonrekonstruktion 
(Gionchetti, Gastroenterol., 2003)



The Human Virome  
Transient 

Persistent/latent infections with  

infections  animal cell 
% of population virusesVirus 
seropositive 

EBV 100% Endogenous retroviruses 
VZV 95% 

8% of human DNA Herpes 
80%

simplex  

HSV1 68%  

Papilloma 60%  

CMV 59%  

HSV2 22%  

HIV 1%  

HCV 1%  

1010-1011  

per gram  

of stool  

Bacteriophage predators of 

bacteria and archaea 



Biotop Mensch - Metagenom 

NatRevGenet, 2012 

• das “vergessene 
Organ” 
• ca.  1014 Bakterien 
(Viren, Hefen, 
Protozoen...) 
• 3.3 Millionen nicht 
redundante Gene 
• 150x komplexer im 
Vergleich zum Humanen 
Genom 
• nur im Bruchteil 
kultivierbar 
 


