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Background



Fecal Microbiota Transplant
• Infusion of healthy donor stool into diseased 

recipient

• 4th century in China, Ge Hong used fecal 
suspension for treatment of severe diarrhea. 

• 17th century, Italian anatomist Fabricius
Aquapendente described use of fecal 
transplantation for rumination disorders in 
cows

• Eiseman 1958





Rationale for FMT in C. diff
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body piercing or tattoo in the previous 3 months or recent incar-
ceration are also exclusions. A history of diarrhea, constipation, 
infl ammatory bowel disease, colorectal polyps or cancer, irri-
table bowel syndrome, immunocompromise, morbid obesity, 
metabolic syndrome, atopy, and chronic fatigue syndrome are 
additional donor exclusions because they conceivably may be 
transmittable by inoculation with intestinal microbiota. 
  One systematic review provided data to suggest that FMT 
using stool from a related donor (spouse, or intimate partner), 
yields a somewhat higher rate (93.3 % ) of CDI resolution than 
when stool from an unrelated donor (84 % ) was used ( 28 ). More 
recent experience with frozen / thawed or fresh fecal preparations 
obtained from  “ standard ”  or  “ universal ”  donors, however, gave 
excellent results (90 – 92 %  resolution, 9 %  recurrence) exceeding 
those obtained with patient-selected donors (70 %  resolution, 
30 %  recurrence), and casting doubt on preference for related or 
intimate contacts ( 36 ). 

 So what are the  “ nuts and bolts ”  of FMT? Th e donor has a rela-
tively simple job: to provide the stool in a timely fashion. Th is, I 
have seen, may cause a level of  “ performance anxiety ”  in some 
donors. To facilitate passage and to enable me to work with a 
soft  stool, I have the donor take a double dose of milk of mag-
nesia before bedtime the night before the procedure. A soft  stool 
is passed into a clean plastic container. I add non-bacteriostatic 
saline to the stool, stir it, shake it, and mix it thoroughly. Oth-
ers have opted for the blender method and some practitioners 
have even had patients bring their own blender. Obviously, if a 

blender is to be used for several patients, its parts would have to 
be sterilized before the next procedure. Some authors use milk 
as the suspending fl uid, others water; saline and milk may give 
slightly lower resolution (86.2 and 88.6 % , respectively) and recur-
rence (3.0 and 3.2 % , respectively) rates, while water may give 
higher resolution (98.5 % ) and recurrence (7.8 % ) rates ( 28 ). Th e 
amount of stool to use has not been standardized, although those 
given to weighing and measuring rather than just  “ eyeballing ”  the 
product ’ s appearance favor 50   g in 250   cc of diluent. It seems as 
if more is better and most  “ FMTers ”  are now using about 300   cc 
for colonic FMT and 60   cc for upper tract FMT. An administered 
volume of     <     200   ml gave a resolution rate of 80 %  and a relapse 
rate of 6.2 % , whereas a volume of     >    500   ml gave a resolution rate 
of 97.3 %  and a relapse rate of 4.7 % . Use of     <     50   g of stool was 
associated with resolution and relapse rates of 8.2 %  and 3.8 % , 
respectively, whereas     >    50   g of stool had resolution and relapse 
rates of 86.2 %  and 1.0 % , respectively ( 28 ). I like to use donor stool 
within 8   h of passage although this time limit has never been stud-
ied rigorously. Stool should not be frozen and need not, but may, 
be refrigerated for travel. Aft er adding my beverage of choice to 
the stool and getting it to the proper consistency, I fi lter the mix-
ture through gauze pads to remove large particulate matter that 
may obstruct the colonoscope ’ s channel and then draw the elixir 
into 60   cc catheter-tipped syringes. It is recommended that stool 
preparation be performed under a hood, because stool is rated as 
a Level 2 biohazard, although this recommendation is not practi-
cal and this is the safest stool we, as gastroenterologists, will ever 
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  Figure 3 .         Role of antibiotics and  C. diffi cile  in perturbing Intestinal homeostasis and the corrective effect of fecal microbiota transplantation (FMT). 
Intestinal homeostasis ( a ) is characterized by a diverse, stable microbiota. Antibiotic perturbation ( b  –  c ) kills susceptible bacteria resulting in a less diverse 
community structure with loss of colonization resistance. In the absence of opportunistic infection, the microbiota usually recovers its diversity ( d ) to 
re-establish homeostasis and colonization resistance ( a ). Exposure to  C. diffi cile  ( e ) after antibiotic perturbation ( b ), however, can lead to persistent 
dysbiosis ( f ). Bacteriotherapy or FMT can disrupt the dysbiosis ( g ) allowing clearance of  C. diffi cile  ( h ) and re-establishment of intestinal homeostasis ( a ). 
Modifi ed from Lawley  et al.  ( 33 ).  



Early studies on FMT for Recurrent 
Clostridium Difficile Infection (rCDI)

• 2011 Systematic Review in CID
– 27 titles: 2/3 case series, remainder case reports
– 92% resolution; 89% after 1 treatment

• 2012 Retrospective Multicenter study published in 
Gastroenterology
– 70 patients, 5 different hospitals in Finland
– 34/34 non-027 CDI and 32/36 (89%) 027 CDI had 

resolution of symptoms at 12 weeks

• 2012 Multicenter US study, 77 patients
– 91% had resolution of diarrhea within 90 days



• 43 patients with 
recurrent CDI, treated 
with colonoscopic FMT

• At least 2 recurrences

• Overall 86% cure rate 
as evidenced by 
resolution of symptoms 
AND negative PCR at 2 
months

Hamilton MJ, Am J Gastroenterol 2012

Donor
Material	

#	Relapses Success	
Rate

Individual	
(n=10)

6.2 7/10	(70%)

Standard	
fresh (n=12)

6.4 11/12	
(92%)

Standard	
frozen	
(n=21)

5.2 19/21	
(90%)

Overall
(n=43)

5.9 37/43	
(86%)
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 INTRODUCTION 
 In 1978,  Clostridium diffi  cile  was fi rst recognized as a major 
cause of diarrhea and pseudomembranous colitis associated 
with the use of antimicrobial agents. Since this time, infection by 
 C. diffi  cile  has been steadily growing in incidence, morbidity, and 
mortality across North America and Europe ( 1,2 ). Analysis of 
the US National Hospital Discharge Survey statistics between 
1996 and 2003 revealed a doubling in the prevalence of diagno-
sis of  C. diffi  cile  infection (CDI), to 0.61 / 1,000, among inpatients 
( 3 ). A 2008 survey of 12.5 %  of all US acute care facilities indi-
cated a CDI prevalence rate of 13.1 / 1,000, which is at least an 
order of magnitude higher than that found previously ( 4 ). While 
older patients have disproportionately greater rates of CDI than 
younger individuals, no age group is spared, and the incidence of 
CDI-related hospitalizations has been rising even in the pediatric 
population ( 5 ). Th e increase in incidence has been further com-

pounded by an elevated frequency of severe disease, as evidenced 
by rising CDI-associated morbidity and case fatality ( 6,7 ). Th is 
is, in part, related to the emergence of more virulent  C. diffi  cile  
strains, such as PCR ribotype 027 / North American Pulsed Field 
type 1 (NAP1), which is characterized by a greater potential for 
toxin production and antibiotic resistance than other clinically 
relevant rains ( 8,9 ). 

 Recurrent CDI is one of the most diffi  cult and increasingly com-
mon challenges associated with CDI ( 10 ). An initial incidence of 
CDI is followed by a relapse within 30 days in about 20 – 30 %  of 
cases ( 2,11,12 ), and the risk of recurrence doubles aft er two or 
more occurrences ( 3 ). Older age, intercurrent antibiotic use for 
non- C. diffi  cile  indications, renal insuffi  ciency, immune defi ciency, 
and antacid medications are some of the known risk factors for 
recurrence ( 10,13 ). Th e presence of just three clinical criteria: age 
 > 65 years, severe disease, and continued use of antibiotics aft er 

                                      Standardized Frozen Preparation for Transplantation of 
Fecal Microbiota for Recurrent  Clostridium diffi cile  Infection    
  Matthew J.       Hamilton  ,   PhD   1      ,     Alexa R.       Weingarden   1      ,     Michael J.       Sadowsky  ,   PhD   1   ,   3       and     Alexander       Khoruts  ,   MD   2   ,   3               

  OBJECTIVES:    While fecal microbiota transplantation (FMT) is historically known to be an effective means to treat 
recurrent  Clostridium diffi cile  infection (CDI) refractory to standard antibiotic therapies, the proce-
dure is rarely performed. At least some of the reasons for limited availability are those of practicality, 
including aesthetic concerns and costs of donor screening. The objective of this study was to over-
come these barriers in our clinical FMT program. 

  METHODS:    We report clinical experience with 43 consecutive patients who were treated with FMT for recurrent 
CDI since inception of this program at the University of Minnesota. During this time, we simplifi ed 
donor identifi cation and screening by moving from patient-identifi ed individual donors to standard 
volunteer donors. Material preparation shifted from the endoscopy suite to a standardized process 
in the laboratory, and ultimately to banking frozen processed fecal material that is ready to use 
when needed. 

  RESULTS:    Standardization of material preparation signifi cantly simplifi ed the practical aspects of FMT without 
loss of apparent effi cacy in clearing recurrent CDI. Approximately 30 %  of the patients had underlying 
infl ammatory bowel disease, and FMT was equally effective in this group. 

  CONCLUSIONS:    Several key steps in the standardization of donor material preparation signifi cantly simplifi ed the 
clinical practice of FMT for recurrent CDI in patients failing antibiotic therapy.   

  SUPPLEMENTARY MATERIAL  is linked to the online version of the paper at  http://www.nature.com/ajg   
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see related editorial on page 768



Randomized Controlled Trials 
Evaluating FMT for rCDI

Study #	patients Comparator	group Route	of	
administration

Result

Van	Nood
NEJM	2013

43 17	FMT
13	vanco
13	vanco +	bowel	
lavage

Nasoduodenal 81%	cure	after	
1st infusion

93.8%	cure	after	
2nd infusion

Cammarota
APT 2015

39 20 FMT
19	vancomycin

Colonoscopy 18/20	(90%)	
resolution	in	
FMT	group	
v.	5/19	(26%)	in	
vanco group

Kelly	
Annals	2016

46 22	donor	FMT
24	autologous	FMT

Colonoscopy 91%	v.	62.5%

Hota
CID	2017

30 16	FMT
12	vancomycin

Enema 56%	v.	42%



Updates from DDW



What makes a good donor?
• To evaluate whether patterns in stool 

consistency impact donor microbial profile 
and clinical outcomes.
– 59 donors
– 1413 CDI patients treated (mean cure 84.9%)

• Donor-specific clinical cure rate was 
extracted from physician reported 
outcomes.

• Across normal BSS (3-5), donor stool 
consistency is not associated with clinical 
cure rate. 

• A higher BSS trends towards an increased 
microbial diversity; however, this 
relationship was not statistically 
significant.



The Association of Stool Donor Diet on Microbial 
Profile and Clinical Outcomes in FMT for rCDI

Dietary data were collected using the
Willett Harvard Food Frequency
Questionnaires (FFQ) to provide
quantitative measures of long-term
trends in dietary components

Donor specific clinical cure rate was
determined using physician reported
cure for each treatment at standard
follow-up.

-35 donors
-353 CDI patients (89% cure)

Consumption of fiber, fat, calories or
carbohydrate did not significantly impact
the microbial alpha diversity of donors

Variations in diet was not associated
with clinical cure rate in CDI.

Budree,	Tu,	Leith et	al



FMT for rCDI and BMI
• Retrospective chart analysis of 

patients with  rCDI treated with 
FMT between 2014 and 2016

• Mean BMI pre-FMT= 28.9, 1-3 
months post-FMT= 27.4; mean 
change -1.48 (p=0.025)

• 12 months post-FMT, if 
BMI>25 had mean decrease 
3.4 (p=0.05)

• Two patients with BMI<17 
increased post-FMT



Does FMT from an Obese Donor Lead to 
Weight Gain? A Case Series of 70 Recipients

• Retrospective chart review of rCDI who underwent 
FMT at 2 academic centers were reviewed. 

• Medically assessed BMI at 6 months pre-FMT and 
up to 12 months post-FMT were collected. 

• 70 patients were included; 39 different donors

• Overall, BMI change post-FMT were not different 
among the 3 groups



FMT for rCDI and BMI



Obese Stool Donors In FMT: Not 
Associated with Recipient Weight Gain



Prospective, Non-Inferiority, Multi-Center, RCT 
Comparing Colonoscopy vs. Oral Capsule for rCDI



FMT Capsule Results
Outcome Capsule Colonoscopy

Number of	
patients

57 59

CDI Cure 96.3% 96.2%

Major AE,	# 1 1

Minor	AE,	% 5.4% 12.5%

“Not	at	all	
unpleasant”

67% 44%

Kao,	Roach,	Silva	et	al.	



Successful Resolution of rCDI Using Freeze-
Dried, Encapsulated Fecal Microbiota

• Lyophilization protocol that preserved the viability of bacteria 
across the taxonomic spectrum found in fecal microbiota.

• Treated a cohort of rCDI patients with a range of doses of 
encapsulated microbiota and analyzed the associated 
changes in the fecal microbiome of the recipients.

• Administered to 49 patients; 88% (43/49) achieved clinical 
success.

• Analysis of fecal microbiome demonstrated near 
normalization of fecal microbial community one month post-
FMT. 

• Simplest protocol using the lowest dose (2-3 capsules) 
without any colon purgative performed equally well. 



Should We Recommend Anti-Clostridium Difficile Antibiotic 
or Probiotic Prophylaxis?: Risk of CDI with Systemic 

Antimicrobial Therapy Following Successful FMT
• Multinational, retrospective study at 3 FMT referral centers

• 426 patients included; mean follow-up 73 +/- 52 weeks

• 28% used a non-CDI abx during follow-up period

• Post-FMT CDI reinfection rate was 10.3%. 
– Those who used non-CDI antibiotics had a rate of 18.3% compared to 7.2% (22/306) among those 

who did not use non-CDI antibiotics. 

• Highest reinfection rate fluoroquinolones>cephalosporins>amoxicilin

• Among patients who received non-CDI antibiotics, the concomitant prophylactic antibiotics 
group had higher CDI rates compared to no prophylaxis 27.8% v. 14.3% p=0.12

• Patients who used prophylactic probiotics also had a higher CDI rate compared to non-
users 27.5% v. 13.8% p=0.08

• Patients who used dual prophylaxis (abx + probiotics) had a higher CDI rate compared to 
non-users (46.7% v. 14.3% p=0.007)

• Prophylactic anti-CDI antibiotics or probiotics in these patients who were re-exposed to 
antibiotics post-FMT did not decrease the risk of CDI



FMT for rCDI in IBD
Institution #	patients Eradication

of	CDI
Flare	post-
FMT

Late	
relapse of	
CDI

University	
of	
Minnesota

56 86% 50%	of	UC,
No	
significant	
increase
flare	in	CD

17%

Mt.	Sinai 38 76% 31% 24%



FMT for Other 
Indications



FMT in Ulcerative Colitis
Author #	patients Mode	and	

frequency	of	
delivery

Primary	
Outcome

Adverse Events

Rossen
Gastro	2015

37 Nasoduodenal
x	2	

30%	v. 20%	
clinical	
remission	
(SCAI≤2	+	≥1	
decrease	in	
Mayo	endo)	

4 (2	in	FMT	
group	but	not	
felt	to	be	
related	to	FMT

Moayyedi
Gastro	2015

70 Enema	q	week	
x	6	weeks

24%	v.	5%	
remission	
(Mayo	score	
≤2,	endo=0)

No	difference
in	adverse	
events

Paramsothy
Lancet	2017

85 Enema	q	day	
(M-F)	x	8	weeks

27%	v.	8%	
steroid-free	
clinical	
remission	
(Mayo	≤2,	all	
subscores ≤1,	
and	≥1	point	

3	(2	FMT,	1	
required	
colectomy)



FMT in IBD
• Open Label prospective parallel study
• FMT administered by colonoscopy

• All Patients Combined
– Abdominal pain improved post-FMT (2.7 to 1.9 

on scale of 10, p=0.06)
– Bowel frequency declined from 5.8 BM/day to 4.9 

BM/day, p=0.05 
– No significant change in bleeding (p=0.38), 

urgency (p=0.48), CRP (p=0.49) or fecal 
calprotectin (p=0.55)

• Ulcerative Colitis Arm
– 28% had improvement in Mayo score ≥ 3 and 

68% had some decrease in Mayo score (5.5 to 
4.5, p=0.05)

– BM frequency decreased (6.2 BM/day to 4.6 
BM/day, p=0.01)Abdominal pain improved (3.3 to 
2.3 on scale of 10, p=0.05)

– No significant improvement in fecal calprotectin, 
slight decrease in CRP (6.5 to 4.3, p=0.04)

• Crohn’s Disease Arm
– No meaningful change in all parameters 

examined



FMT in Pouchitis
§ 15 pouchitis patients received FMT; follow-up PDAI score 

avilable for 10 patients.
§ No adverse events were reported post-FMT
§ No escalation of therapy reported post-FMT
§ 50% had decrease of PDAI score ≥ 3; average PDAI pre 

FMT=8.8, post-FMT= 6.3 (mean decrease 2.5, 95% CI 1.4-3.6, 
p=0.0002)

§ Abdominal pain decreased post-FMT (decrease of 1.3 on scale 
of 10, p=0.03) 

§ Average frequency decreased post-FMT (9.1 BM/day to 7.6 
BM/day, p=0.05) 

§ Bleeding, urgency, fecal calprotectin and CRP  did not 
significantly change post-FMT. 



FMT in IBS: A Randomized 
Placebo-Controlled Trial

• Double-blinded placebo-controlled trial
• 16 IBS patients

– 8 FMT
– 8 placebo (autologous FMT)

• Outcome: Symptoms and Quality of Life
– Symptoms: IBS-SSS, GSRS-IBS
– QoL: IBS-QoL, SF-36

• All parameters significantly improved from 
baseline, but no significant difference 
between intervention groups. 



Summary
• FMT is effective for rCDI

– No stool consistency or food pattern in donor 
is predictive of response

– Obesity does not seem to be significant risk of 
FMT

• Patients with IBD with rCDI may flare post-
FMT 

• Capsules are on the horizon for FMT 
• Other indications such as IBS, IBD still 

require further studies but look promising 
for UC



Questions


