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INTRODUCTION: NATURE OF THE PROBLEM

Pathogenesis and Natural History of Clostridium difficile Infection

The human gut microbiota is a diverse ecosystem consisting of thousands of bacterial 

species.1 It is thought that one role of this ecosystem is to protect against invasion by 

pathogens.2,3 The predominant understanding of the pathogenesis of CDI is that it requires 

disruption of the gut microbiota as a prerequisite for the onset of symptomatic disease (Fig. 

1).4 This disruption usually occurs through exposure to antibiotics, which alter the 

composition and function of the microbiome to a state susceptible to CDI.5 After exposure 

to C difficile spores, patients can either become asymptomatically colonized or develop 

symptomatic infection.6,7 Colonization follows germination of the C difficile spores and 

vegetative outgrowth. Subsequent expression of the toxins TcdA and TcdB, the main 

virulence factors of C difficile, results in epithelial damage and symptomatic infection. CDI 

can be self-limited8,9 but usually requires treatment with antibiotics that have activity 

against C difficile,10 although the treatments are nonspecific and have activity against other 

gut bacteria. Features of infection include diarrhea, leukocytosis, fever, or 

pseudomembranous colitis.10 Some patients can experience severe disease, including signs 

and symptoms such as abdominal pain, ileus, or septic shock that results in admission to an 

intensive care unit (ICU), abdominal surgery such as colectomy, or even death.11
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RECURRENT CLOSTRIDIUM DIFFICILE INFECTION

After recovery from infection, some patients retain a microbiome susceptible to CDI and can 

have recurrent disease (see Fig. 1),12 due to either recrudescence of the original infection or 

reinfection with a new strain.13 After an initial episode of CDI, 15% to 20% of successfully 

treated patients suffer a recurrence and up to 45% of those patients can have a second 

recurrence; however, less than 5% of all patients who have an initial episode of CDI can 

enter a cycle of recurrent disease with multiple recurrences.14–16 Conventional therapies for 

recurrent CDI include extended pulses and/or tapering doses of either metronidazole or 

(usually) vancomycin.10,17 Multiple regimens exist and the duration varies from 4 to 10 

weeks, followed in some instances by either rifaximin or fidaxomicin as a cap or chaser after 

initial therapy.10,18,19 The possible mechanism by which this acts involves agents with a 

narrower spectrum of antimicrobial activity, allowing the microbiome to recover while still 

suppressing C difficile activity.

Some patients have recurrent CDI recalcitrant to these treatments and relapse soon after 

antibiotics are stopped. A trial of chronic, low-dose antibiotics to suppress CDI is an option, 

although there are downsides to this strategy—increased antimicrobial resistance, continued 

microbiome disruption, and breakthroughs requiring retreatment at higher dosages. Faced 

with this prospect, other therapeutic options are often discussed in these patients. It is 

unclear why patients experience recurrent infection, but host factors such as antibody 

response to toxins,20 microbial factors such as C difficile strain,21,22 and community factors 

such as persistent disruption of the gut microbiome23 all may play a role. Augmentation of 

the immune response through intravenous infusion of immunoglobulin has variable 

efficacy.24 A strain-dependent differential recurrence rate for treatment, either of primary 

CDI or of a first recurrence, with the antibiotic fidaxomicin has been demonstrated.12,25 

However, it is not clear how this translates into clinical benefit, especially for those with 

multiple recurrences. Restoration of the gut microbiome is the treatment strategy that has 

garnered the most attention and has gained acceptance among practitioners for treatment of 

recurrent CDI.26

Role of the Gut Microbiota in Recurrent Clostridium difficile Infection

As noted earlier, disruption of the normal indigenous gut microbiota is a prerequisite for the 

development of CDI. The potential mechanisms by which the indigenous microbiota 

normally prevents colonization by pathogens such as C difficile are not fully understood. It 

is likely that multiple mechanisms play a role, including competition for nutritional niches, 

production of metabolites that are deleterious to C difficile, stimulating host immune 

responses, and modulating the physiology of the pathogen, as summarized in recent 

reviews.4,27 Disruption of the indigenous microbiota with antibiotics alters the community 

structure and function, resulting in the loss of colonization resistance. In patients who are 

successfully treated for CDI with standard antibiotic therapy, it is assumed that the 

indigenous microbiota recovers to the point that normal function is restored and colonization 

resistance returns. In patients who develop recurrent CDI, this functional recovery of the 

microbiota does not occur. Patients with recurrent CDI have a microbiota characterized by 

lower-than-normal community diversity (Fig. 2).23 In itself, lowered diversity is not a 
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mechanism that permits continued persistence of C difficile; rather, this low diversity is a 

marker of continued disruption of microbiota community structure and function. This 

persistence of a structurally and functionally deficient microbiota provides the rationale for 

use of fecal microbiota transfer to treat recurrent CDI. By providing access to members of 

the microbiota that can carry on specific functions that mediate colonization resistance, FMT 

can reverse the damage. It has been demonstrated that, after successful FMT for CDI, the 

patient’s stool more closely resembles the composition (and thus the function) of the 

donated stool (Fig. 3).28

In addition to the microbial composition of the stool, fecal contents include a wide range of 

metabolites. The role of these metabolites in symptomatic recovery from recurrent CDI after 

FMT has not been determined, although data from human studies and animal models 

describe changes in bile salt composition.5,29 The nature of these changes in bile salts is 

uncertain, but they may play a role in immediate symptom relief reported by some patients30 

or be involved in the mechanism by which the microbiome influences subsequent recovery 

and colonization resistance.

OVERVIEW OF FECAL MICROBIOTA TRANSPLANTATION

Historical Perspective

FMT, which uses healthy stool to restore the microbiome to a state resistant to CDI, has 

recently reemerged as a safe and effective option for treatment of recurrent CDI. FMT is not 

new to modern times, as there are reports of its use in ancient China for various purposes.31 

It was first described as a treatment of pseudomembranous colitis in the 1950s32 and then is 

not well-described in the literature again until 1983, when Schwann and colleagues30 

published the use of fecal enema to treat a 65-year-old woman with CDI, who had 

symptomatic resolution within 24 hours. The number of protocols and possible routes of 

administration increased: Aas and colleagues33 reported using FMT via nasogastric infusion 

of stool in 1994; Persky and Brandt34 performed FMT via colonoscopy in 2000; and in 

2010, Silverman and colleagues35 reported a case series of self-administered FMTs via fecal 

retention enemas by patients in their own homes. In the past several years, the use of FMT 

for CDI has become widespread.

Stool Preparation Methods

Preparation and infusion of donor stool for FMT takes myriad forms, as reported in the 

published protocols.36–38 Diluents typically include tap water or normal saline, but yogurt, 

milk, and mixtures with psyllium husk have also been used. Some protocols call for gentle 

agitation of stool with the diluent, while others blend the whole preparation. Often, stool is 

collected and prepared within hours of administration, but frozen stool preparations 

collected weeks or months before FMT have also been successfully used.39 The amount of 

prepared stool infusate also varies but is generally at least 50 g.

Routes of Instillation

The sites of stool instillation include the stomach, duodenum, and proximal/distal large 

intestine.37,38 Infusion into the upper GI tract takes place through a nasogastric or 
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nasojejunal tube or via gastroscopy. Infusion into the lower GI tract takes place using 

retention enemas, which the patients self-administer in some protocols,35 or via 

colonoscopy, which usually infuses the donor stool into the terminal ileum and other sites 

more distal as the colonoscope is withdrawn.

Recipient Preparation

It is generally recommended that recipients withhold any antibiotic therapy for 24 to 48 

hours before FMT, if possible, as presence of antibiotics in the GI tract adversely affects the 

health of the donated stool and decreases the efficacy of the transplant. A bowel preparation 

or lavage, often with a solution of polyethylene glycol, can be performed and is especially 

common in protocols using a colonoscope.36 Recipients are typically screened for blood-

borne pathogens (Table 1) to establish whether there is evidence of prior infection, which 

can be helpful post-FMT if a transmission is suspected. Some protocols call for use of an 

antimotility agent such as loperamide before FMT, to aid in retention of the transplant.36

Donor Type and Screening

Donor eligibility also varies between protocols. In general, it is preferred to use donors who 

are in generally good health and have normal bowel movements. Although many protocols 

use donors known to the patients, some use universal standard donors. Screening tests 

typically used are listed in Table 1. In addition, some absolute contraindications to donation 

for FMT have been proposed (Table 2), including high-risk behaviors such as intravenous 

drug use and conditions such as inflammatory bowel disease (IBD).

Synthetic Stool/Frozen Stool

Use of a single universal donor is attractive, as it can expedite the FMT process and obviates 

frequent repeated screenings. In lieu of having this donor provide stool on demand, frozen 

stool preparations have been used for FMT, even in capsule form.39,40 A clinical trial is also 

underway that uses a synthetic microbiota suspension, derived from intestinal sources, for 

FMT.41 A nonprofit organization, OpenBiome, takes care of donor selection/screening and 

stool preparation (www.OpenBiome.org). They ship prepared stool for nasogastric or 

colonoscopic administration that can be used immediately after thawing or stored at −20°C 

for up to 6 months. The proposed 2014 revision to the US Food and Drug Administration 

(FDA) guidance statement on FMT requires that the donor be known to the treating 

physician or recipient.42 If the draft is accepted without modification, then services such as 

those provided by OpenBiome may no longer be available in the United States.

Repeated Fecal Microbiota Transplantations

Although success rates for FMT via a single infusion are high, repeated infusions take place 

in many protocols and can increase the overall efficacy.37 Most clinicians do not repeat 

FMT routinely without evaluating the first FMT for clinical success.

Rao and Young Page 4

Infect Dis Clin North Am. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.OpenBiome.org


CLINICAL OUTCOMES FROM FECAL MICROBIOTA TRANSPLANTATION 

FOR RECURRENT CLOSTRIDIUM DIFFICILE INFECTION

Case Series and Case Reports

Two large systematic reviews of FMT for CDI have been published.37,38 The first, by 

Gough and colleagues,37 included published articles, abstracts from conference proceedings, 

and unpublished data solicited from investigators. This comprehensive search included case 

data on 317 patients treated via FMT for recurrent CDI, but no controlled trials were found. 

The routes used for FMT included distal infusion into the GI tract via retention enema (35%) 

or colonoscopy (42%) and proximal infusion via nasogastric/nasojejunal tube or gastroscope 

(23%). The investigators did look at some of the variability in protocols and found 

differences in resolution rates: infusion into the upper GI tract (76%) versus lower GI tract 

(89%–96%), related donors (93%) versus unrelated donors (84%), male donors (86%) 

versus female donors (100%), tap water as a diluent (99%) versus saline (86%), and volume 

of FMT infusate greater than 500 mL (97%) versus less than 500 mL (80%). Although these 

findings are interesting, it is not possible to draw any definite conclusions, as that would 

require controlled trials examining each of the variables.

Regardless of this variability, 92% of patients overall had resolution of their recurrent CDI 

after one or, from these data, more treatments. After only 1 treatment, 89% had resolution of 

symptoms. Of the 4% of patients who had relapsed CDI after the first FMT, 87.5% had 

resolution after one or more repeat FMTs.

A second review by Kassam and colleagues38 in 2013 was more limited in scope as the 

investigators included only completed, published studies that were peer reviewed and had a 

sample size of 10 or more patients. Similar to the review by Gough and colleagues,37 of the 

273 patients included in this review, 89.7% had resolution of CDI with FMT. A subgroup 

analysis showed that FMT into the lower GI tract had a higher resolution rate (91.4%) than 

FMT into the upper GI tract (82.3%).

Another systematic review of FMT in general, not just for CDI, reinforced the overall 

efficacy and benign safety profile of FMT for CDI.43 Other individual case series and 

reports not included in these reviews have been published, but they are all similar in finding 

an excellent resolution rate for CDI treated by FMT.39,44–48

Clinical Trials

In 2013, van Nood and colleagues published the first randomized controlled trial on FMT 

for recurrent CDI via duodenal infusion. Patients were randomized to receive vancomycin 

for 5 days followed by FMT (n = 16), vancomycin alone for 14 days (n = 13), or 

vancomycin for 14 days with bowel lavage (rapid administration of a large volume of 

polyethylene glycol solution) (n = 13). The primary outcome was cure defined as absence of 

diarrhea or persistent diarrhea from another cause, with 3 consecutive stool tests negative for 

C difficile toxin. The study was stopped early after an interim analysis, as 94% of patients in 

the FMT group achieved cure (81% were cured after 1 infusion) versus 31% or 23% in the 

vancomycin alone or vancomycin with bowel lavage groups, respectively. Based on these 
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findings, off-protocol FMT was offered to 18 patients in the other treatment arms, and this 

achieved an 83% cure rate.

In a pilot trial published by Youngster and colleagues,49 patients were randomized to receive 

FMT via either colonoscopy or nasogastric tube from a frozen fecal suspension. A total of 

only 10 patients in each arm were enrolled, but they did not show a statistically significant 

difference in efficacy between administration routes. Following this, Youngster and 

colleagues40 conducted an open-label feasibility study using frozen fecal capsules for FMT 

in 20 patients with 3 or more episodes of CDI and failure of vancomycin taper(s) or 2 or 

more episodes of severe CDI requiring hospitalization. Resolution occurred in 14 (70%) 

patients after a single treatment, and 4 of the 6 non-responders had resolution on retreatment 

for an overall efficacy of 90%. There are several other clinical trials studying FMT for CDI 

underway that are not yet completed.41,50–54

Other Clostridium difficile Infection-Related Indications

The success of FMT in treating recurrent CDI has spurred interest in its role in treating 

primary CDI or severe CDI. Few data exist for the use of FMT in primary CDI. Lofgren and 

colleagues55 constructed a mathematical model of CDI in an ICU and assessed the role of 

various treatments, including FMT, on primary CDI. The investigators showed that, 

compared with conventional treatments the model predicted a decreased median incidence 

of recurrent CDI in patients with primary CDI treated by FMT. In addition to being a 

mathematical model and not a real-world study, there were several limitations to the model 

itself that make it difficult to draw general conclusions about FMT for primary CDI.56 FMT 

for severe disease also has been little described in the literature. Although several published 

case reports suggest that it is effective,57–60 one recent documented death after FMT for 

severe CDI underscores the need for more research into the safety and efficacy of FMT for 

this indication.61

COMPLICATIONS AND CONCERNS WITH FECAL MICROBIOTA 

TRANSPLANTATION FOR CLOSTRIDIUM DIFFICILE INFECTION

Short-term Complications

In all the published literature noted earlier, there were no serious adverse effects directly 

attributable to FMT, but symptoms of an irritable colon (constipation, diarrhea, cramping, 

bloating) were reported shortly after FMT and were usually transient (<48 hours).37 In the 

special population of immunocompromised patients, CDI has demonstrated safety overall; 

however, patients with IBD may be at increased risk of adverse events. A recent case series 

focusing on immunocompromised patients reported that 14% of patients with IBD 

experienced a disease flare after FMT for CDI, some requiring hospitalization.45 No cases of 

infectious complications such as septicemia were reported. Other studies have also found an 

increased risk of IBD flare or other symptoms such as fever and elevated inflammatory 

markers after FMT, both for CDI and for other indications.62–64 Deaths involving FMT have 

been reported: one death occurred from aspiration pneumonia during sedation for 

colonoscopy for FMT,45 although this was not directly related to the procedure. In a more 

concerning case, one patient with severe CDI failed FMT and died afterward from toxic 
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megacolon and shock, although it is uncertain whether and to what degree FMT or 

withdrawal of antibiotics with activity against CDI after FMT contributed to the outcome.61 

Although some evidence for safety exists, FMT is largely untested in patients with severe 

CDI57–60 and the fatal case of toxic megacolon noted earlier is of concern. One study of a 

single-agent probiotic in critically ill patients with acute pancreatitis found an increase in 

mortality,65 raising the concern for use of probiotics or FMT in patients in the ICU. Further 

research is needed to determine if FMT for severe CDI has an acceptable safety profile.

Long-term Complications

Although safe in most patients in the short run, the long-term safety profile of FMT has yet 

to be established. Some of the concern over the safety of FMT stems from an incomplete 

understanding of the complex interplay between the specific composition of the gut 

microbiome and the host. The intestinal microbiota has been associated with colon cancer, 

diabetes, obesity, and atopic disorders such as asthma.66 Whether FMT can place the 

recipient at increased risk of developing these conditions and if proper screening and 

selection of donor stool can mitigate such risk are unknown.

One study evaluated 77 patients in terms of efficacy and safety 3 to 68 months (mean 17 

months) after FMT.67 Although the scope of the primary survey was limited to symptoms 

and recurrence of CDI, some patients did report the development of new conditions, 

including autoimmune disease, ovarian cancer, myocardial infarction, and stroke. These 

concerns underscore the need for more longitudinal studies on patients who have undergone 

FMT.

Regulatory Environment

FMT has now become accepted and is in widespread use, drawing the attention of the 

United States Department of Health and Human Services’ FDA in 2013, which published 

guidance suggesting that stool should be regulated as a biologic agent.68 The FDA feels that 

an Investigational New Drug application is required for FMT but intends to exercise 

enforcement discretion in certain use situations, such as treatment of recurrent CDI. The 

FDA is planning to revise this guidance statement in 2014 but has not yet finalized the 

policy.42

SUMMARY

Both among physicians and patients, there has been a growing acceptance of FMT as a 

viable treatment option for recurrent CDI.26,69 Performing FMT does involve choosing 

among numerous specific parameters and navigating some logistic hurdles. These include 

informed consent; donor type, selection, and screening; preparation of the stool for infusion; 

and route of administration. Despite the numerous options for these parameters, the overall 

efficacy of FMT remains high. Although in the short term FMT seems to be safe, the long-

term safety has not yet been established. Fewer data on the use of FMT for primary CDI or 

severe CDI exist. The regulatory status of FMT in the United States, especially concerning 

stool banks, is not solidly defined and remains in flux, but this has not discouraged its 

widespread use.
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KEY POINTS

• Disruption of the gut microbiome is a prerequisite for Clostridium difficile 

infection (CDI) and can persist after treatment.

• C difficile can cause recurrent infection that can be difficult to manage with 

conventional treatments, which do not restore the microbiome to a healthy state.

• Fecal microbiota transplantation (FMT), which takes stool from a healthy donor 

and infuses it into the gastrointestinal (GI) tract of the recipient, is highly 

effective in treating recurrent CDI and is safe in the short term.

• Despite numerous protocols with significant variation in the stool sources, 

methods for preparation, and routes of instillation, the effectiveness of FMT 

generally remains high.

• The long-term safety of FMT has not been established, and changes in the 

microbiome have been associated with several medical conditions.
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Fig. 1. 
Pathogenesis of Clostridium difficile infection (CDI). This figure shows how a healthy gut 

microbiota (upper left corner) is altered by antibiotics to a susceptible state in which either 

asymptomatic colonization or symptomatic CDI can occur. Some patients do not have 

recovery of the microbiome back to a healthy state and experience recurrent CDI. Fecal 

microbiota transplantation can help restore the microbiome to a state resistant to CDI. 

(Adapted from Britton RA, Young VB. Role of the intestinal microbiota in resistance to 

colonization by Clostridium difficile. Gastroenterology 2014;146(6):1547–53; with 

permission.)
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Fig. 2. 
Diversity of the gut microbiome and recurrent Clostridium difficile infection. Rarefaction 

curve analysis indicates that patients with recurrent infection have lower diversity of their 

gut microbiome compared with healthy controls or patients with a successfully treated initial 

infection. (Adapted from Chang JY, Antonopoulos DA, Kalra A, et al. Decreased diversity 

of the fecal microbiome in recurrent Clostridium difficile–associated diarrhea. J Infect Dis 

2008;197(3):435–8; with permission.)
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Fig. 3. 
Composition of the gut microbiome after stool transplant. The microbial composition of the 

patient’s stool after transplant is similar to the donor’s stool and is more diverse than before 

transplant. (Adapted from Seekatz AM, Aas J, Gessert CE, et al. Recovery of the gut 

microbiome following fecal microbiota transplantation. mBio 2014;5(3):e00893–914; with 

permission.)
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Table 1

Screening tests for potentially transmissible infectious pathogens in donors and recipients undergoing fecal 

microbiota transplantation

Pathogen/Infection Usual Tests
Recipient,
Donor, or Both

Part of Routine or
Extended Screening

Hepatitis A/B/C Serum antibodies; serum PCR Both Routine

HIV Third- or fourth-generation serum ELISA; 
serum RNA PCR if recent seroconversion 
possible

Both Routine

Syphilis Nontreponemal serum test followed by 
treponemal confirmatory test if positive (eg, 
serum RPR followed by TP-PA)

Both Routine

Enteric bacterial pathogens 
(Salmonella species, E coli, 
Shigella species, and others)

Routine stool culture Donor Routine

Enteric helminths and protozoa Stool microscopy for ova and parasites; 
antigen ELISAs for Giardia and 
Cryptosporidium species

Donor Routine

Clostridium difficile Stool EIA for bacterial products and/or PCR Donor Routine

Epstein-Barr virus Serum antibodies; PCR Both Extended (HSCT and SOT patients)

Cytomegalovirus Serum antibodies; PCR Both Extended (HSCT and SOT patients)

Others (Helicobacter pylori, 
HTLV, and many others)

Various tests Usually donor only Extended (research protocols)
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Table 2

Proposed contraindications to donation for fecal microbiota transplantation

Risk Factor/Condition Absolute or Relative Contraindication

Known HIV or viral hepatitis infection or recent exposure (12 mo) Absolute

High-risk sexual behaviors (sexual contact with someone infected with HIV/viral hepatitis, men 
who have sex with men, sex for money)

Absolute

Use of illicit drugs Relative (can consider if in remission and 
in distant past)

Recent tattoo or body piercing (12 mo) Relative

Incarceration or history of incarceration Relative

Risk factors for Creutzfeldt-Jakob disease Absolute

Recent travel (6 mo) to regions where endemic diarrheal illness is prevalent Relative

Past or present irritable bowel syndrome, inflammatory bowel disease, or gastrointestinal 
malignancy/known polyposis

Absolute

Recent antibiotic use (3–6 mo or more) Absolute (consider delaying FMT if able 
and another donor unavailable)

Ingestion of allergen with known recipient allergy (eg, tree nuts) Relative (delay FMT if recent ingestion 
and donor abstains)

Others (eg, metabolic syndrome, major gastrointestinal surgery [such as gastric bypass], systemic 
autoimmune disease, atopic disorders [asthma, eczema, eosinophilic disorders of the 
gastrointestinal tract])

Relative/unknown
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