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atients who have failed to respond to repeated
antibiotic treatment for recurrent Clostridium
difficile infection (RCDI) present a particularly
difficult challenge. Recent investigations of patients
with RCDI have demonstrated significant disruption of
the intestinal microbiome diversity as well as bacterial
richness (1). Following the initial report on fecal microbiota transplantation (FMT) published by Eiseman in
1958 (2), instillation of stool collected from a healthy
donor into the intestinal tract of patients with RCDI has
been used increasingly and with a high degree of success to
correct the intestinal dysbiosis brought about by repeated
courses of antibiotic treatment. By now, multiple case
reports and case series describing the outcome of FMT for
more than 1,200 patients from around the Western world
have been published. FMT treatment success rates are
high and have ranged between 77 and 98% (3); the highest
success rates have been observed with instillation of stool
via the lower GI tract (4). A prospective randomized
controlled trial was recently conducted in Holland (5),
demonstrating superior treatment outcomes with FMT
when compared to conventional therapy with oral vancomycin. FMT has been universally well accepted by patients
and represents a low cost alternative treatment approach
to an increasing clinical problem, with unlimited supply of
the raw material (human stool). FMT appears to be safe,
as no report of severe adverse events directly attributed
to the instillation procedure itself has been reported so far
(6). However, possible long-term consequences of FMT
are unknown, and the US Food and Drug Administration
currently considers FMT to be investigational therapy.
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Materials and methods
A literature search of the Ovid MEDLINE database was
conducted using search terms and synonyms for FMT.
The search was limited to articles published in the English
language or with an English language abstract between
1958 and December 31, 2014.

Experience with FMT
A total of 66 articles were identified; there were 15 single
case reports, 50 case series and one randomized controlled
clinical trial for a total case number of 1,212 cases. Prior to
2010 the annual number of reported cases of RCDI
treated with FMT was fairly stable and averaged three
cases per year. However, during the last 4 years more than
1,100 additional cases have been reported for an average
of more than 250 cases per year. The majority of cases
have been treated in North America (3, 6), and by the end
of 2014 at least 105 practice centers in Canada and the
USA were offering FMT for a variety of indications,
including RCDI (www.idsociety.org/FMT/). Fecal samples may be instilled via the upper as well as the lower
intestinal tract, but the majority of the published cases
have had their fecal sample delivered either through a
colonoscope or via a retention enema catheter (Table 1).
A recent survey of US infectious disease physicians
indicated that patients with RCDI who failed to resolve
their infection with standard antibiotic therapy should be
considered for FMT after the third infection recurrence
(7). The source of human feces for FMT administration
has varied from a sample donated by a pre-screened close
family member (e.g. spouse or intimate partner) to an
unrelated donor (sample provided via a commercial ‘stool
bank’ such as OpenBiome, www.openbiome.org). More
recently well-defined suspensions of enteric bacteria have
also been utilized with a high degree of success (8, 9).
Recently a US consensus group recommended that stool
donors should be screened through a detailed interview
followed by examination of blood and feces for presence
of occult contagious agents before being accepted for
FMT donation (10, 11); however, screening practices
have varied around the world, and routine screening
of stool donors have not been practiced routinely in,
e.g. Norway and Sweden (D. Berild, T. Noren; personal
communication).
Anecdotal reports strongly suggest that the clinical
response to FMT for the treatment of RCDI is superior
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Table 1. Routes of administration of Fecal Microbiota Transplantation (FMT) as reported in 66 published scientific articles between
1958 and December 31, 2014
Feces administration route

Cases

Success

%

Enema/colonoscopy

691

667

96

NGT/NDT/gastroscope

292

234

80

Mixed route: upper GI tract/colonoscopy

162

143

88

20

14

70

1,212

1,061

88

Oral capsules
Total

Mixed route refers to multiple published case series where the fecal sample was administered either via the upper or the lower
gastrointestinal tract.

to standard antibiotic therapy (3, 12). The highest success
rates (86100%) have been noted when the fecal sample
has been administered into the colon via the colonoscope
or as a fecal enema (1316). Slightly lower success rates
(7794%) have been reported when the fecal sample was
administered into the gastric cavity or proximal portion
of the small intestinal tract (17, 18). Only one randomized controlled trial has been published to date. Van
Nood and coworkers compared vancomycin to FMT for
treatment of RCDI. The trial was terminated prior to
the planned stop date as interim data analysis demonstrated superiority of FMT over vancomycin (5). Youngster
recently reported that human feces may also be successfully administered using pre-screened frozen fecal gel capsules, noting a success-rate of 70% (19).
The practice of administering FMT was unregulated in
the United States until February 2013, when the Federal
Drug Administration (FDA) classified human stool as
a biological drug and imposed restrictions on prescribers
of FMT by requiring all providers of FMT to hold an
approved new investigational drug (IND) permit (20).
The requirement for a valid IND was relaxed in July
2013, when the FDA declared that the agency would use
‘enforcement discretion’ when FMT was being prescribed
as therapy for RCDI, providing that all patients sign an
informed consent form that clearly outlines the potential
risks of FMT and states that FMT is considered investigational therapy. The efficacy of FMT for gastrointestinal
illnesses other than RCDI is currently not well defined,
and use of FMT in the United States for treatment of
inflammatory bowel disease and other less well-defined
indications requires the provider to possess an IND
approved by the FDA.
FMT has been tolerated remarkably well, and no
significant infectious adverse effects directly attributed
to the transfer of human feces from one individual to
another have been described to date. Two cases of norovirus gastrointestinal infection was reported in 2012 for
two FMT recipients despite asymptomatic stool donors
and lack of recent sick contacts (21). The potential for
long-term infectious and non-infectious consequences
from FMT is currently unknown, but a recent publication
reported new-onset obesity in a woman who had been

2
(page number not for citation purpose)

successfully treated for RCDI with stool donated by
her obese daughter (22). Physical complications from the
FMT instillation procedure (upper gastrointestinal bleeding after nasogastric tube insertion, colon perforation
during colonoscopy) has been occasionally reported and
may occur with the same frequency as when these procedures are performed for illnesses other than RCDI.

Conclusions
FMT offers a highly effective treatment modality for
patients who have failed to resolve their RCDI with
standard courses of recommended antibiotic administration. In the United States, individualized FMT may be
administered to patients with RCDI by medical providers
without an FDA approved IND. However, an IND is
required to administer FMT for all other indications.
The optimal source of human stool for FMT administration continues to be debated, but stored, frozen stool
samples that have been collected from carefully prescreened donors have become increasingly available from
commercial biotech companies. Immuno-compromised
patients with RCDI have tolerated FMT without reports
of increased adverse effects. The recently published
European CDI Treatment Guidelines (23) endorses FMT
as first line therapy for patients who have had three
or more CDI recurrences. The IDSA/SHEA 2010 guidelines (24) are currently being revised and updated, and
recommendations for the use of FMT will likely mirror
the European recommendations. The potential for longterm infectious and non-infectious unintended adverse
effects from FMT are currently unknown. A US stool
biorepository bank, which will make it possible to oversee
the efficacy and safety of FMT, is currently in the planning
stages with the FDA, National Institute of Health (NIH)
and the Centers for Disease Control and Prevention
(CDC) as the major stakeholders.

References
1. Lawley TD, Clare S, Walker AW, Stares MD, Connor TR,
Raisen C, et al. Targeted restoration of the intestinal microbiota with a simple, defined bacteriotherapy resolves relapsing
Clostridium difficile disease in mice. PLoS Pathog 2012; 8:
e1002995.

Citation: Microbial Ecology in Health & Disease 2015, 26: 27657 - http://dx.doi.org/10.3402/mehd.v26.27657

Feces transplantation for recurrent CDI

2. Eiseman B, Silen W, Bascom GS, Kauvar AJ. Fecal enema as
an adjunct in the treatment of pseudomembranous enterocolitis. Surgery 1958; 44: 8549.
3. Gough E, Shaikh H, Manges AR. Systematic review of
intestinal microbiota transplantation (fecal bacteriotherapy)
for recurrent Clostridium difficile infection. Clin Infect Dis
2011; 53: 9941002.
4. Brandt LJ, Aroniadis OC, Mellow M, Kanatzar A, Kelly C,
Park T, et al. Long-term follow-up of colonoscopic fecal
microbiota transplant for recurrent Clostridium difficile infection. Am J Gastroenterol 2012; 107: 107987.
5. van Nood E, Vrieze A, Nieuwdorp M, Fuentes S, Zoetendal
EG, de Vos WM, et al. Duodenal infusion of donor feces
for recurrent Clostridium difficile. N Engl J Med 2013; 368:
40715.
6. Bagdasarian N, Rao K, Malani PN. Diagnosis and treatment
of Clostridium difficile in adults: a systematic review. JAMA
2015; 313: 398408.
7. Bakken JS, Polgreen PM, Beekmann SE, Riedo FX, Streit JA.
Treatment approaches including fecal microbiota transplantation for recurrent Clostridium difficile infection (RCDI) among
infectious disease physicians. Anaerobe 2013; 24: 204.
8. Petrof EO, Gloor GB, Vanner SJ, Weese SJ, Carter D,
Daigneault MC, et al. Stool substitute transplant therapy for
the eradication of Clostridium difficile infection: ‘‘RePOOPulating’’ the gut. Microbiome 2013; 1: 310.
9. Tvede M, Rask-Madsen J. Bacteriotherapy for chronic relapsing Clostridium difficile diarrhoea in six patients. Lancet 1989;
1: 115660.
10. Aas J, Gessert CE, Bakken JS. Recurrent Clostridium difficile
colitis: case series involving 18 patients treated with donor
stool administered via a nasogastric tube. Clin Infect Dis 2003;
36: 5805.
11. Bakken JS. Fecal bacteriotherapy for recurrent Clostridium
difficile infection. Anaerobe 2009; 15: 2859.
12. Cammarota G, Ianiro G, Gasbarrini A. Fecal microbiota
transplantation for the treatment of Clostridium difficile
infection: a systematic review. J Clin Gastroenterol 2014; 48:
693702.
13. Hamilton MJ, Weingarden AR, Sadowsky MJ, Khoruts A.
Standardized frozen preparation for transplantation of fecal
microbiota for recurrent Clostridium difficile infection. Am J
Gastroenterol 2012; 107: 7617.
14. Khan MA, Sofi AA, Ahmad U, Alaradi O, Khan AR,
Hammad T, et al. Efficacy and safety of, and patient
satisfaction with, colonoscopic-administered fecal microbiota

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

transplantation in relapsing and refractory community- and
hospital-acquired Clostridium difficile infection. Can J Gastroenterol Hepatol 2014; 28: 4348.
Mattila E, Uusitalo-Seppala R, Wuorela M, Lehtola L, Nurmi
H, Ristikankare M, et al. Fecal transplantation, through
colonoscopy, is effective therapy for recurrent Clostridium
difficile infection. Gastroenterology 2012; 142: 4906.
Lee CH, Belanger JE, Kassam Z, Smieja M, Higgins D,
Broukhanski G, et al. The outcome and long-term follow-up of
94 patients with recurrent and refractory Clostridium difficile
infection using single to multiple fecal microbiota transplantation via retention enema. Eur J Clin Microbiol Infect Dis 2014;
33: 14258.
Rubin TA, Gessert CE, Aas J, Bakken JS. Fecal microbiome
transplantation for recurrent Clostridium difficile infection:
report on a case series. Anaerobe 2012; 19: 226.
Vigvari S, Nemes Z, Vincze A, Solt J, Sipos D, Feiszt Z, et al.
[Experience with fecal microbiota transplantation in the
treatment of Clostridium difficile infection]. Orv Hetil 2014;
155: 175862.
Youngster I, Sauk J, Pindar C, Wilson RG, Kaplan JL,
Smith MB, et al. Fecal microbiota transplant for relapsing
Clostridium difficile infection using a frozen inoculum from
unrelated donors: a randomized, open-label, controlled pilot
study. Clin Infect Dis 2014; 58: 151522.
Moore T, Rodriguez A, Bakken JS. Fecal microbiota transplantation: a practical update for the infectious disease
specialist. Clin Infect Dis 2014; 58: 5415.
Schwartz M, Gluck M, Koon S. Norovirus gastroenteritis after
fecal microbiota transplantation for treatment of Clostridium
difficile infection despite asymptomatic donors and lack of sick
contacts. Am J Gastroenterol 2013; 108: 1367.
Alang N, Kelly CR. Weight gain after fecal microbiota
transplantation. Open Forum Infect Dis 2015; 2. doi: 10.
1093/ofid/ofv004.
Debast SB, Bauer MP, Kuijper EJ, On behalf of the Committee.
European Society of Clinical Microbiology and Infectious
Diseases: update of the treatment guidance document for
Clostridium difficile infection. Clin Microbiol Infect 2015;
20(Suppl 2): 126.
Cohen SH, Gerding DN, Johnson S, Kelly CP, Loo
VG, McDonald LC, et al. Clinical practice guidelines for
Clostridium difficile infection in adults: 2010 update by the
society for healthcare epidemiology of America (SHEA) and
the infectious diseases society of America (IDSA). Infect
Control Hosp Epidemiol 2010; 31: 43155.

Citation: Microbial Ecology in Health & Disease 2015, 26: 27657 - http://dx.doi.org/10.3402/mehd.v26.27657

3

(page number not for citation purpose)

