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‘‘All diseases begin in the gut’’

“Let food be thy medicine and medicine be thy food.”

Hippocrates (460–370 B.C.) 

The relationship between the degree of gut 

health and human disease processes has 

long been recognized



Human Microbiota: 
an old-new frontier of research? 

http://www.nature.com/nature/focus/humanmicrobiota/index.html



Relative abundance of key phyla of the human microbiota composition.
Misured by either 16S RNA or metagenomic approaches (DNA)

Human Microbiota:
Alterations During Human Life Cycle

The function of our microbiota: who is out the there and what do they do?
Frontiers in Cellular and Infection Microbiology August 2012/vol.1/ art. 104 



Enterotypes of the human gut microbiome, Nature Vol. 473 May 2011

Three robust clusters identified

Not nation nor continent specific 

Bacteroides Prevotella Ruminococcus



Human Microbiome Project (HMP)

• The human gut is colonized by 1013-1014 microorganisms
• >10 times the number of human cells in our bodies

• It contains 150 times as many genes as our genome

• The gut microbiota is therefore often referred to as “the
forgotten organ”



Host-Gut Microbiota Metabolic Interactions Science 8 June 2012: Vol. 336 no. 6086 pp. 1262-1267

The influence of the gut

microbiota on human health is

continuous from birth to old

age.

Changes in gut microbial

composition in early life can 

influence risk for developing

disease later in life.

The gut in development and disease



C. Difficile Infection (CDI)

• 1996 – 2009 in U.S., rates of CDI doubled

• 3 mil cases diarrhea and colitis/year in U.S.

• US alone, > 500,000 suffer and 15,000/y die 

• Unadjusted fatality rate

• 1.2 % (2000) � 2.3% (2004)

• Majority > 65 y/o

• 1- 3 billion dollars excess cost of care

• Responsable:

• 15-20% antibiotic-related cases of 
diarrhea

• All cases of pseudomembranous colitis

Am Fam Physician. 2005 Mar 1;71(5):921-8.

Clin Microbiol Infect 2012; 18: 282–289



Pseudomembranous colitis

Fulminant pseudomembranous colitis caused by Clostridium difficile PCR 

ribotype 027 in a healthy young woman in Japan

J. Infect Chemother 2014 Aug 7.: S1341-321X(14)00245-1. 



N Engl J Med 368; 3 Jan 17, 2013

Microbiota barrier and Colorectal Cancer

It seems very plausible 
that one mechanism by 
which our diet influences 
colorectal cancer is 
through changes in the 
microbiota. 

Grivennikov et al., 
suggested that colorectal 
cancer arises from the 
combined effects of 
mutation and microbes.



Microbiota

Peripheral-Central Bilateral Communication 

SNC

The role of microbiome in CNS disorders. Brain, Behavior, and Immunity 38 (2014) 1–12

http://dx.doi.org/10.1016/j.bbi.2013.12.015



“Mind-altering microrganisms: the impact of the gut microbiota on brain and behaviour”

NATURE  REVIEWS - NEUROSCIENCE VOL. 13  OCTOBER 2012  701  

Microbiota impact on gut-brain axis:

in health and disease



Microbiota Modulate Behavioral and Physiological

Abnormalities Associated with Neurodevelopmental

Disorders

http://dx.doi.org/10.1016/j.cell.2013.11.024

Cell 155, 1451–1463, December 19, 2013

Microbiota and neurodevelopmental disordes

Microbiota alterations in the

maternal immune activation

(MIA) mouse model is known

to display features of Autism

Spectrum Disorders (ASD)



Gut–brain axis: 
how the microbiome influences anxiety and depression

Microbiota may play a role in the relation between inflammation and anxiety-
like behaviors. Several reports show that experimental manipulations that alter
intestinal microbiota impact anxiety-like behavior.

Trends in Neurosciences, May 2013, Vol. 36, No. 5

http://dx.doi.org/10.1016/j.tins.2013.01.005



Brain Advance Access published July 17, 2013 http://brain.oxfordjournals.org/

Gut Mucosa Health and Multiple Sclerosis
An Italian partnership with the Imperial College of London



Gut Microbiota Composition and Activity in Relation to Host Metabolic Phenotype and 
Disease Risk Cell Metabolism 16, November 7, 2012

http://dx.doi.org/10.1016/j.cmet.2012.10.007

These interactions are 

possible targets for 

developing new personalized 

therapies and clinical 

management strategies.

Microbiome and individual metabolic phenotypes 

Microbiota:
modulate  health and disease 

of the host through a series 

of transgenomic metabolic 

and immune regulatory axes. 



Altered Microbiota can induce Metabolic Changes

Cell 158, 705–721, August 14, 2014 
http://dx.doi.org/10.1016/j.cell.2014.05.052

Disruption of the microbiota during maturation by low-dose antibiotic exposure can

alter host metabolism and adiposity. Low-dose penicillin (LDP), delivered from birth,

induces metabolic alterations and affects ileal expression of genes involved in

immunity.



Cell 158, 705-712 Aug 14, 2014

Disruption of the microbiota during 

maturation by low-dose antibiotic 

exposure can alter host metabolism and 

adiposity.

There are Metabolic, Immunologic, and 

Ecological Consequences of Transferring 

LDP - Altered Microbiota

Microbiota alteration and metabolic consequences



Fecal Microbiota Transplantation (FMT)

Instillation of stool from a healthy 

person into a sick person to cure a 

certain disease

Definition: 

Brandt LJ ACG Meeting Oct. 2012

A perturbed imbalance in our

intestinal microbiota (dysbiosis) is

associated with or causes disease

and can be corrected with re-

introduction of donor feces.

Disruption of flora is a risk factor

for C. Difficile

Rationale : 

Routes of administration:
1) Naso gastric/duodenal tube
2) Retention enema
3) Infused during colon/ sigmoidoscopy



4th Century Ge Hong describes use of human fecal

suspension by mouth for food poisoning or severe diarrhea
«Zghou Hou Bei Ji Fang» Handy Therapy for Emergencies

16th Century Li Shizhen detailed prescriptions of fermented

fecal solution, fresh fecal suspension, dry feces or infant

feces for abdominal diseases with diarreah, abdominal

pain, fever, vomiting and constipation. Fecal suspension

was called «yellow soup».
«Ben Cao Gang Mu» (Compendium of Material Medica)

Early History of FMT 

..consumption of fresh warm camel feces has been
recommended by Bedouins as a remedy for bacterial
dysentery, its efficacy was confirmed by German soldiers
in Africa during World War II (R. Lewis)

Gastroenterology 2013; 145:946-953



Later History of FMT 
� 1958: Eismann et al. 

� 4 pts with pseudomembranous colitis (Micrococcus pyogenes)

Rxd with FMT enema

� 1983: Schwann, et al. 

� CDI Rxd with FMT enema

� Other methods of FMT

� 1991: NG tube (Aas, Gessert, Bakken)

� 1998: gastroscopy and colonoscopy (Lund-TØnnesen)

� 2000: colonoscopy (Persky, Brandt)

� 2010: self-administered enemas (Silverman, Davis, Pillai)

Brandt LJ ACG Meeting Oct. 2012



Brandt LJ ACG Meeting Oct. 2012

Protocol for FMT in recurrent CDI (1/3)



Brandt LJ ACG Meeting Oct. 2012

Protocol for FMT in recurrent CDI (2/3)



Brandt LJ ACG Meeting Oct. 2012

Protocol for FMT in recurrent CDI (3/3)



“Fecal Transplant At Home – DIY Instructions”

…also pets as donors?

Nature vol. 506 20 Feb 2014



Brandt LJ ACG Meeting Oct. 2012

FMT: Efficacy results



Should a fecal implant become a medicine? 

According to FDA (2013), when used to cure, treat, mitigate

or prevent a disease fecal microbiota for transplantation

meets the legal definition of a drug and biological product

If used in this way
it is considered

An unapproved New Drug

An Investigational New Drug (IND) 
application is required

B. Mole In Focus News- Nature vol. 498 13 Jun 2013
Nature Biotechnology vol 31 n.7 July 2013



Posted on May 31, 2013 by Elsevier Authors

The FDA says, “Fecal microbiota, meets the definition of a biologic product and 

such products require an IND before they are tested in humans.”

http://elsevierauthors.com/tag/fecal-transplants/#sthash.EDfCmvj1.dpuf

An open dialogue… 



30

In Europe Stool is a biological product?

BWP Jean-Hugues Trouvin

Regulation 726/2004
Centralized Procedure

(CHMP)

Regulation 1394/2007
Centralized 
Procedure

(CAT-CHMP)

Marketing 
Authorization



Stool classification
Drug-tissue product - its own status (like blood)?  

Nature vol. 506 20 Feb 2014

Treating stoll as a drug creates strict

requirements to protect patients, it limits

access to care.

Reclassifying stool as a tissue product or

giving it its own classification, as the FDA

does for blood, would keep patients safe,

ensure broad access and facilitate

research.

Drug or Transplant (like Human 
tissue: blood, cartilage bone, 
skin, egg cells, or similar) ?



http://www.openbiome.org/

The first Stool Bank (2012)

Nature vol. 506 20 Feb 2014

This Bank supplies material for 

C. Difficile treatments, under 

exemption by the FDA.

The FDA decided not to enforce 

the IND requirements only for 

recurrent C. Difficile infections. 

This compassionate exemption is 

now allowing many people to 

receive the «transplantation».



Phases of Product Development under IND

Earlier Stages Later Stages

Phase 1Preclinical Phase 2 Phase 3

• Safety
• Effectiveness
• Several thousand 

subjects

• Safety
• Dose Ranging
• 10s of subjects

• Safety
• Early evidence 

of effectiveness
• Several hundred 

subjects

FMT

There are 3 types of INDs applicable to FMT, in FDA 

regulatory system:

1) Investigator (or research) 
2) Emergency IND
3) Expanded access (treatment)

Clinical Gastroenterology and Hepatology 2014; 12: 283-288



• Patients have a serious or immediately life threatening disease or condition,

for which there is no comparable or satisfactory alternative therapy [e.g.,

recurrent C. difficile colitis]

• Potential benefit justifies potential risks in the context of the disease or

condition to be treated

• Providing the investigational drug for the requested use will not interfere

with the initiation, conduct, or completion of clinical investigations that

could support marketing approval of the expanded use or otherwise

compromise the potential development of the expanded access use

• Are available evidence for safety

• Preliminary evidence of effectiveness

Requirements to go on…
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European way to commercialize a “drug”

Marketing 
Authorization

Manufacturing 
Authorization

Two preliminary Authorizations 
are required

Agency of the Member State  

where is located the manufacturing site

GMP requirements
Directive 93/42/CEE



Open issues:  Source/form donor material

Donor Choose
• Spouse/partner
• 1° degree relative
• Household contact
• Universa donor

Donor Exclusion
• Antibiotic use within 3 

months
• Diarrhea, constipation, 

IBS, IBD, colorectal CA, 
immunocompromised, 
anti-neoplastic drugs, 
obesity, metabolic
syndrome, atopy, high 
risk behaviours

Donor Testing *
Stool: 
• Culture for enteric

pathogens (E. Coli, 
Salmonella, Shigella, 
Yersinia, Campylobacter), 
Listeria, O&P, C. Difficilis
tox B, H. Pylori Ag, 
Giardia Ag,  
Cryptosporium Ag,  Acid-
fast stain (cyclospora, 
isospora),Rotavirus,  
Parasites

Blood: 
• HAV-IgM, HBsAg, anti-

HCV antibody, Syphilis, 
HIV EIA type 1 and 2, 
RPR 

Brandt LJ ACG Meeting Oct. 2012

*additional testing may be considered dipending
on the indication and/or health status of the recipient

Clinical Gastroenterology and Hepatology 2014; 12: 283-288  



Open issues: Stool composition

Stool is a heterogeneous substance composed primarly by Bacteria and water, 

but also containing:

1. viral and fungal organism;

2. metabolic products of these organisms;

3. undigested foods,

4. bile,

5. bilirubin,

6. cholesterol,

7. inorganic salts,

8. dead cells,

9. …and mucus from the lining intestinal wall

Clinical Gastroenterology and Hepatology 2014; 12: 283-288

Frozen fecal microbiota has been shown to be equally effective in treating CDI.



Open issues:  Product Characterization
Defining the «product»:

• Active ingredient? Which components of stool are responsible for the 

therapeutic effect

• Microorganisms

• Metabolites, cytochine, proteins, mediators etc.

• Potency?

• Stability? What are the potential longer effects of the microbiota on the 

recipient?

Defining the manufacturing process

• Consistency of manufacture

Is it impossible?

Complex product characterization challenges have been

overcome in the past e.g. whole blood, human cells, tissues, 

cellular or tissue based products

What would be ideal?

Identify the key microbes in fecal material

responsible for beneficial effects leading to

efficacious, defined products targeted for

specific diseases



Anatomy of a “Robogut” 

Petrof EO,  Khoruts A. Gastroenterology 2014

One of the first prototypes of synthetic 

stool: 33 microbes individually isolated 

from faeces of a healthy donor and then 

recombined.



Therapeutic unit of full-spectrum microbiota

Petrof EO,  Khoruts A. Gastroenterology 2014



Stool substitute transplant therapy for 

the eradication of Clostridium difficile 

infection: ‘RePOOPulating’ the gut

Petrof et al. Microbiome 2013, 1:3
http://www.microbiomejournal.com/content/1/1/3

The use of a stool substitute 

preparation, made from purified 

intestinal bacterial cultures derived 

from a single healthy donor, to 

treat recurrent C. difficile infection 

that had failed repeated standard 

antibiotics.

A standard «stool» ?



Brandt LJ ACG Meeting Oct. 2012


