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“ 

Microbes: organisms that are too 

small to be seen with the naked eye  



“ 

Microbes: organisms that are too 

small to be seen with the naked eye  

Humans are here 

https://en.wikipedia.org/wiki/File:Phylogenetic_tree.svg 



Definitions 

• Microbiome: the total microbial community, genes, and 

biomolecules within a defined environment. 

• Microbiota: the total collection of microbes within a  

community, typically used in reference to an animal host. 

• Metagenome: the total genomic DNA of all organisms within a community. 

• Metabolome: the total metabolite pool of a community. 

• Metaproteome: the total proteome of all organisms within a community. 

• Metatranscriptome: the total transcribed RNA pool of all organisms within 

a community. 

• Dysbiosis: changes to the structure of a microbial 

community that are detrimental to its host. 

Kjersti Aagaard, Ruth Ann Luna, and James Versalovic. The Human Microbiome of Local Body Sites and Their Unique 
Biology. Chapter 2. In Mandell, Douglas, and Bennett’s principles and practice of infectious diseases,  2015. 



http://www.serestherapeutics.com

/our-science/microbiome-101 



 

https://sites.google.com/a/umich.edu/younglab/research-interests 



Incidence of Nosocomial C difficile Infection 

Leffler DA, Lamont JT. N Engl J Med 2015;372:1539 

The overall incidence of nosocomial C. difficile infection is shown by year (blue), 

as is the incidence according to patient age (black).  



Estimated U.S. Burden of CDI, According to the Location of Stool 
Collection and Inpatient Health Care Exposure, 2011. 

Lessa FC et al. N Engl J Med 2015;372:825  

In 2011, C. difficile 
was responsible for 
~ half a million 
infections and was 
associated with ~ 
29,000 deaths. 

CO-HCA: community-onset health care–associated infection,  
HO hospital onset,  
NHO nursing home onset. 



Antibiotic Classes and 
Their Association with 

C difficile Infection 

Leffler DA, Lamont JT. N Engl J Med 
2015;372:1539-1548 



Pathogenesis of 
Clostridium difficile 

Infection 

Leffler DA, Lamont JT. N Engl J Med 2015 



CDI Pathogenesis Leffler DA, Lamont JT. N Engl J Med 2015;372:1539. 



Leffler DA, Lamont JT. N 
Engl J Med 2015;372:1539 

Approximately 25% 

of CDI patients will 

have at least one 

recurrence ! 



Recurrent C.difficile Infection 

• Approximately 25% of CDI patients will have 
another episode of CDI that year 

– Relapse vs re-infection 

• After 2nd recurrence the risk is further 
increased 

– 2nd : 30-45% 

– 3rd :  45-60% 

• Each recurrence is more difficult to treat 

– May continue for years 

– No clear treatment recommendations 



J Infect Dis 2008:197;435-8  

Gut microbiota structure changes:  

• decrease in bacterial diversity   

• increase in Proteobacteria   

• decrease in Bacteroidetes 



Antibiotic-induced alterations in gut microbial metabolism 

decrease colonization resistance against C. difficile 

CA, cholate;  
DCA, deoxycholate;  
LCA, lithocholate;  
TCA, taurocholate;  
UDCA, ursodeoxycholate 

CM Theriot & VB Young. Annu. Rev. Microbiol. 2015. 69:445–61 



FMT  

• Fecal microbiota transplant (FMT) is the 

term used when stool is taken from a 

healthy individual and instilled into a sick 

person to cure a certain disease 

Bakken JS, Borody T, Brandt LJ et al. Fecal Microbiota Transplantation (FMT) Workgroup. Treating Clostridium 
difficile infection with fecal microbiota transplantation. Clin Gastroenterol Hepatol 2011;9:1044 



History of FMT 

• Ancient China  

– Oral use of human fecal  

material for food poisoning or severe 

diarrhea 

• Veterinary medicine (17c) 

– transfaunation (transfer of fresh 

feces) from healthy horses to treat 

horses with diarrhea 

– rumen transfaunation: cows 

• 1958: Dr. Eismann: FMT enema for 

4 pts with pseudomembranous colitis  

– All recovered 



Original Article  
Duodenal Infusion of Donor Feces for 

Recurrent Clostridium difficile 

Els van Nood, M.D., Anne Vrieze, M.D., Max Nieuwdorp, M.D., Ph.D., Susana 
Fuentes, Ph.D., Erwin G. Zoetendal, Ph.D., Willem M. de Vos, Ph.D., Caroline E. 

Visser, M.D., Ph.D., Ed J. Kuijper, M.D., Ph.D., Joep F.W.M. Bartelsman, M.D., Jan 

G.P. Tijssen, Ph.D., Peter Speelman, M.D., Ph.D., Marcel G.W. Dijkgraaf, Ph.D., 
and Josbert J. Keller, M.D., Ph.D. 

N Engl J Med 
Volume 368(5):407-415 

January 31, 2013 



Enrollment and Outcomes 

van Nood E et al. N Engl J Med 2013;368:407 



Rates of Cure  
 
 
 

Changes to the 
Microbiota after FMT  

  
 

FMT for  
Recurrent C difficile 

Infection 

van Nood E et al. N Engl J Med 2013;368:407 



FMT Effects in CDI    

• FMT results in normalization of microbial diversity 
and community structure in patients being treated 
for CDI, with high rates of clinical cure  

• The restored colon microbial community could 
inhibit C. difficile by many mechanisms:  
– competition for nutrients 

– direct suppression by antimicrobial peptides 

– bile-acid-mediated inhibition of spore germination and 
vegetative growth 

– activation of immune-mediated colonization resistance  

 
Khoruts & Sadowsky. Nature Reviews Gastroenterology & Hepatology 2016 



FMT Regulatory Issues 1.0 

• May 2013 FDA announced to the public that 

FMT were to be regulated as a drug  

– Needed an Investigational New Drug (IND) 

application to use 

• Use of FMT and clinical studies to evaluate its 

safety and effectiveness are subject to regulation 

by FDA, and that the complex nature of FMT 

products presents specific scientific and 

regulatory challenges… 

 



• In July 2013, FDA issued a guidance announcing 

enforcement discretion for CDI when used by 

licensed physicians to treat patients with CDI that 

does not respond to standard therapies. 

– FDA will not enforce its own requirement that FMT be 

performed under an IND as long as providers obtain 

informed consent, detail risks around the procedure, 

and explain that FMT is considered an investigational 

therapy.  

 

 

FMT Regulatory Issues 2.0 

US Food and Drug Adminstration. Guidance for industry: enforcement policy regarding investigational new drug requirements for use of fecal 

microbiota for transplantation to treat Clostridium diffcile infection not responsive to standard therapies. July 2013. Available at: 

http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Vaccines/UCM361393.pdf. 



FMT Clinical Studies: 133 studies as of 9/2016 

https://clinicaltrials.gov/ 



FMT Clinical Studies: 133 studies as of 9/2016 

Conditions 

https://clinicaltrials.gov/ 



Speculated Health Implications 

of Gut Microbiota 
NAFLD, non-alcoholic fatty liver disease; 
NASH, non-alcoholic steatohepatitis;  
HS, hepatic steatosis;  
IBD, inflammatory bowel disease;  
IBS, irritable bowel syndrome;  
UC, ulcerative colitis. 

Front. Med., 23 June 2014 | http://dx.doi.org/10.3389/fmed.2014.00015 



The growth of fecal transplants as reflected in references in PubMed  
 

Bojanova DP, Bordenstein SR (2016) Fecal Transplants: What Is Being Transferred?. PLoS Biol 14(7): e1002503. 
doi:10.1371/journal.pbio.1002503 
http://journals.plos.org/plosbiology/article?id=info:doi/10.1371/journal.pbio.1002503 

http://journals.plos.org/plosbiology/article?id=info:doi/10.1371/journal.pbio.1002503


 



Donor – Opinion on FMT  

• "It's unreal. I never thought I would be staring at my poop 

frozen in a freezer destined to help people across the 

country. It's really cool." 

• But did he do it for the money? The easy money? 

• "Not at all," he says. "It's a nice perk, of course." 

– If you're inspired to donate like Eric, you have to live in the 

Boston area. And you may have to wait. Some 6,000 people 

have already signed up. OpenBiome usually invites about 50 

people for interviews every week. 

• "It's easier to get into MIT and Harvard than it is to get 

enrolled as one of our donors," Smith says. "A lot of our 

donors are pretty excited to take something they do 

every day otherwise and save people's lives with it." 

 

CNN Health Aug 27,2015  



 

http://www.openbiome.org 



 
Prospective donors undergo a rigorous 

screening process: 

• 109-Question Clinical Evaluation  

•  Battery of serological and stool-based assays to 

screen for infectious pathogens 

• Less than 3% of prospective donors pass the 

screens to become active OpenBiome donors.  

• Once active, donors contribute material for a 

min of 60 days and must fully re-qualify at the 

end of the collection window  

http://www.openbiome.org 



 

http://www.openbiome.org 



Not all  
poop is 
acceptable! 

OpenBiome 



OpenBiome 

 

http://www.openbiome.org 



 



OpenBiome 

Patient Preparation 

• Informed consent:  

– Discuss R/B/A of procedure & microbiota transfer 

– MD must let the patient know that the use of 
FMT products to treat CDI is investigational 

• Discontinue oral vancomycin or fidaxomicin 
48 hours prior to FMT 

• large volume bowel lavage ? 

– Naso-enteric delivery 
•  PPI for 24 to 48 h prior FMT   



OpenBiome 

Administration of FMT Material   

• Upper delivery 

– ND/NJ tube   confirm placement by radiogaph  

– Endoscopic  install under direct visualization 

• 30 mL FMT* material (More concentrated less volume; 

less risk for aspiration  

• Lower delivery:  

– C-scope  

• 250 mL FMT* material  infusion of all material in the 

cecum or most proximal aspect 

– Retention Enema  less effective 

* FMT should be thawed 1-4 hours prior to the procedure 



OpenBiome 

Patient Discharge & Follow-Up 

• Assess patient at the following time points:  

– 1 week post FMT administration (phone)  

•  Most common time that FMT non-response occurs  

– 4 weeks post FMT (phone)  

– 8 weeks post FMT (phone/clinic) 



OpenBiome  

Cost 

 



: Fecal Microbiota Transplantation for Clostridium difficile 

Infection: A Systematic Review 

Summary of evidence search and selection. 

CDI = Clostridium difficile infection; FMT = fecal microbiota transplantation; RCT = randomized, controlled trial. 

* Included 1 RCT. 

 

Figure Legend:  

Drekonja et al. Ann Intern Med. 2015;162(9):630-638. doi:10.7326/M14-2693 

http://www.annals.org/


From: Fecal Microbiota Transplantation for Clostridium 

difficile Infection: A Systematic Review 
Drekonja et al. Ann Intern Med. 2015;162(9):630-638. doi:10.7326/M14-2693 

http://www.annals.org/


Kettering Medical Center - FMT Data  

• Program started July 2016 

• Total 7 FMTs performed to date 

• Success in 6 

• Failure in 1 

–  2nd FMT via upper GI delivery: success 



Premier Health - FMT Data  

• Program started June 2015 

• Total 49 FMTs performed in 13 months 

• Success:  40  (81%) (86%) 

• Unknown: 2 (lost to f/u) 

• Failures in 7 (14%) (4 Ulcerative colitis)  

–  2nd FMT via upper GI  delivery: success in 2 pts 

• Adverse events:  

– GI upset; diarrhea 

– Acute renal failure; MSSA bacteremia…  



Case 

• 77 yo WF with COPD; 3 courses of 

antibiotics for RTI in the past 6 months 

• Admitted with lower abdominal discomfort 

and diarrhea … C diff toxin positive 

• IV metronidazole and PO Vancomycin  

• Not getting better… progressive abdo-

distention, tachycardia, leukocytosis, 

acidosis … colon distention by CT scan 



CT abdo-pelvis: Diffuse wall enhancement of the 

colon, with colonic distention to 8  cm 

maximum involving transverse colon… colonic 

thumbprinting from wall edema …diffuse 

mesenteric edema and some ascites… 



Case cont.  

• Severe CDI non-responsive to standard 

therapy with signs concerning for toxic 

megacolon 

• Options for management  

– Cont same + add IV tigecycline, IVIg 

– FMT  

– Surgery: subtotal colectomy or diverting loop 

ileostomy with colonic lavage 



Case Cont.  

• C scope with FMT performed 

• The next day: Abdomen less distended, 

less firm 

•   

•   



Safety of FMT 

• Short-term events  

– Procedural-based on method of FMT delivery 

(eg, colonoscopy, sedation) 

• Perforation of colon 

• Aspiration pneumonia  

– Intrinsic to FMT itself 

• GI upset 

• Long-term  

 

CR Kelly et al. Gastroenterology. 2015;149:223   



Duodenal Infusion 
of Donor Feces for 

Recurrent CDI 
 

Adverse Events in 

16 Patients in the 
Infusion Group 

van Nood E et al. N Engl J Med 2013;368:407 



 

Wang S, Xu M, Wang W, Cao X, Piao M, Khan S, et al. (2016) Systematic Review: Adverse Events 
of Fecal Microbiota Transplantation. PLoS ONE 11(8): e0161174. doi:10.1371/journal. 
pone.0161174 



 

Wang S, Xu M, Wang W, Cao X, Piao M, Khan S, et al. (2016) Systematic Review: Adverse Events 
of Fecal Microbiota Transplantation. PLoS ONE 11(8): e0161174. doi:10.1371/journal. 
pone.0161174 

• 78 kinds of AEs were revealed ; incidence rate 28.5%. 
• 5 definitely and 38  probably related to FMT. 
• The commonest FMT- AE was abdominal discomfort. 
• Upper GI delivery  43.6%  vs  17.7% for lower ; 
• Serious AE 2.0% for upper and 6.1%  lower ; 
• Death (3.5%);  infection (2.5%) (not attributed to FMT) 



Kelly CR, et al  Am J Gastroenterol. 2014; 109:1065. 



Kelly CR, et al  Am J Gastroenterol. 2014; 109:1065. 

• Multi-center retrospective review of 80 (75 adult and 5 pediatric) 
immunocompromised pts [HIV/AIDS (3), solid organ transplant (19), 
oncologic condition (7), immunosuppressives for IBD; 36), 
other(15)]. 
 

• Cure rate after a single FMT was 78% . 
 

• Serious adverse event within 12-weeks  in 15% . 
• Two deaths: a sedation-associated aspiration during FMT by 

colonoscopy; and the other unrelated to FMT.  
 

• Immunocompromised patients appear to have 
approximately the same rates of clinical cure 



Infection Control & Hospital Epidemiology, Volume 37, Issue 9 
September 2016, pp. 1129-1131 
Sebastian Schulz-Stübner et al.  



Potential Long-term Effects of  

Alterations in the Gut Microbiome 

• Transmission of 

novel pathogen 

• Nutritional status 

– body weight  

– diabetes risk 

– cardiovascular risk 

 

 

 

 

 

 

• Fatty Liver Disease 

• Autoimmune status 

• Wound 

repair/fibrosis 

• Cognition/mood  

• Cancer risk 

• Other? 
 

CR Kelly et al. Gastroenterology. 2015;149:223   



The estimated composition of human feces 

Bojanova DP, Bordenstein SR (2016) Fecal Transplants: What Is Being Transferred?. 
PLoS Biol 14(7): e1002503. doi:10.1371/journal.pbio.1002503 
http://journals.plos.org/plosbiology/article?id=info:doi/10.1371/journal.pbio.1002503 

http://journals.plos.org/plosbiology/article?id=info:doi/10.1371/journal.pbio.1002503


Date of download:  9/29/2016 

From: Effect of Fecal Microbiota Transplantation 

on Recurrence in Multiply Recurrent Clostridium 

difficile Infection: A Randomized Trial 
Ann Intern Med. Published online  August 23, 2016. doi:10.7326/M16-0271 

Rates of clinical cure in the intention-to-treat population, overall and by site. 

Error bars represent 95% CIs. FMT = fecal microbiota transplantation. 

 

Figure Legend:  

Copyright © American College of Physicians.  All rights reserved. 

http://www.acponline.org/


http://www.serestherapeutics.com/our-science/microbiome-101 

Future of FMT 

FMT 2.0: Microbiome Therapeutics   



Aug. 21, 2015 Seres Therapeutics, Inc….announces FDA Orphan Drug 

Designation for SER-109 for the Prevention of Recurrent CDI Infection … also 

granted Breakthrough Therapy Designation by the FDA 

 

SER-109 is the lead Ecobiotic® microbiome therapeutic in clinical 

testing for the treatment of recurrent CDI.  
 

SER-109 was developed utilizing the Seres Microbiome Therapeutics™ platform 

that provides deep insight into the ecologies of disease and then identifies 

microbial compositions that can catalyze a shift to a healthier state.  

 

Seres Therapeutics, Inc. is a leading microbiome therapeutics platform 

company developing a novel class of biological drugs that are designed 

to treat disease by restoring the function of a dysbiotic microbiome. 

Phase 1b/2 study of SER-109 in 30 pts 
with rCDI 97 % (29/30) efficacy  



 

Sahil Khanna et al. J Infect Dis. 2016;214:173-181 



Patient flow chart and outcomes.  

Sahil Khanna et al. J Infect Dis. 2016;214:173-181 

© The Author 2016. Published by Oxford University Press for the Infectious Diseases Society of 

America. All rights reserved. For permissions, e-mail journals.permissions@oup.com 



 



PUNCH CD study design- Open Label Safety Trial  

Robert Orenstein et al. Clin Infect Dis. 2016;62:596-602 

© The Author 2015. Published by Oxford University Press for the Infectious Diseases Society of 

America. All rights reserved. For permissions, e-mail journals.permissions@oup.com. 



PUNCH™ CD: Efficacy 

• 87.1% represents absence 

of CDI at 8 weeks 

• No additional occurrences 

in successful patients out 

to 6 months with/without 

antibiotic treatment for 

other indications 

Robert Orenstein et al. Clin Infect Dis. 2016;62:596-602 



PUNCH™ CD 

Robert Orenstein et al. 

Clin Infect Dis. 

2016;62:596-602 



Conclusions 

• Nurture your own microbiota   

• Think twice when prescribing antibiotics  

• FMT is the most effective therapy for recurrent CDI         
– More studies (RCTs) and long-term safety data 

(registries) needed  

– Increased use of FMT in early CDI, complicated CDI 

– Refinements of FMT:  pills 

• Increasing number of microbiome therapeutics  

• Increased use of FMT in the treatment of other 
conditions  



Bojanova DP, Bordenstein SR (2016) Fecal Transplants: What Is Being Transferred?. PLoS Biol 14(7): e1002503. 
doi:10.1371/journal.pbio.1002503 
http://journals.plos.org/plosbiology/article?id=info:doi/10.1371/journal.pbio.1002503 

http://journals.plos.org/plosbiology/article?id=info:doi/10.1371/journal.pbio.1002503


Shen A (2015) A Gut Odyssey: The Impact of the Microbiota on Clostridium difficile Spore Formation and Germination. PLoS Pathog 11(10): 
e1005157. doi:10.1371/journal.ppat.1005157 
http://journals.plos.org/plospathogens/article?id=info:doi/10.1371/journal.ppat.1005157 

http://journals.plos.org/plospathogens/article?id=info:doi/10.1371/journal.ppat.1005157


Fig 1. Developmental life cycle of Clostridium difficile during infection. 

Shen A (2015) A Gut Odyssey: The Impact of the Microbiota on Clostridium difficile Spore Formation and Germination. PLoS Pathog 11(10): 
e1005157. doi:10.1371/journal.ppat.1005157 
http://journals.plos.org/plospathogens/article?id=info:doi/10.1371/journal.ppat.1005157 

http://journals.plos.org/plospathogens/article?id=info:doi/10.1371/journal.ppat.1005157


Fig 2. Effect of bile acid metabolism on the developmental life cycle of C. difficile. 

Shen A (2015) A Gut Odyssey: The Impact of the Microbiota on Clostridium difficile Spore Formation and Germination. PLoS Pathog 11(10): 
e1005157. doi:10.1371/journal.ppat.1005157 
http://journals.plos.org/plospathogens/article?id=info:doi/10.1371/journal.ppat.1005157 

http://journals.plos.org/plospathogens/article?id=info:doi/10.1371/journal.ppat.1005157


Khoruts & Sadowsky. Nature Reviews 
Gastroenterology & Hepatology 2016 
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