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Background: Clostridium difficile infection (CDI) has become a global concern over the 

last decade. In the United States, CDI escalated in incidence from 1996 to 2005 from 31 

to 64/100,000. In 2010, there were 500,000 cases of CDI with an estimated mortality up to 

20,000 cases a year. The significance of this problem is evident from the hospital costs of over 

3 billion dollars annually. Fecal microbiota transplant (FMT) was first described in 1958 and 

since then about 500 cases have been published in literature in various small series and case 

reports. This procedure has been reported mainly from centers outside of the United States and 

acceptance of the practice has been difficult. Recently the US Food and Drug Administration 

(FDA) labeled FMT as a biological drug; as a result, guidelines will soon be required to help 

establish it as a mainstream treatment. More US experience needs to be reported to popularize 

this procedure here and form guidelines.

Method: We did a retrospective review of our series of patients with relapsing CDI who were 

treated with FMT over a 3-year period. We present our experience with FMT at a community 

hospital as a retrospective review and describe our procedure.

Results: There were a total of 12 patients who underwent FMT for relapsing C. difficile. Only 

one patient failed to respond and required a second FMT. There were no complications associated 

with the transplant and all patients had resolution of symptoms within 48 hours of FMT.

Conclusion: FMT is a cheap, easily available, effective therapy for recurrent CDI; it can be 

safely performed in a community hospital setting with similar results.

Keywords: fecal microbiota transplantation, Clostridium difficile infection

Introduction
An estimated 3  million cases of Clostridium difficile infection (CDI) occur every 

year and increase hospital costs by US$3.2 billion.1,2 Hospital stays in excess of 

7 days increase the risk of contracting CDI five-fold.3,4 Older (.65 years) patients,5 

immunocompromised patients,6 peripartum patients, those with inflammatory bowel 

disease (IBD),7 and severe comorbidities8 are at an increased risk. Cases of extracolonic 

involvements with reactive arthritis have been reported.9 Current management for mild 

CDI includes oral metronidazole. Persistent or moderately severe CDI, especially in 

hospitalized patients over 65 years of age, needs to be treated with oral vancomycin. 

The US Food and Drug Administration (FDA) has approved fidaxomicin, which is as 

effective as vancomycin and is associated with fewer recurrences to treat CDI.10 Up to 

20% of patients relapse after an initial first treatment.11–13 Patients who experience one 

recurrence have a 40% risk of another recurrence, and those with two or more episodes 

face a 60% risk.11,14,15 Fecal microbiota transplant (FMT) is gaining acceptance in the 
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United States as an effective treatment for recurrent CDI. 

Recent review articles of FMT for recurrent CDI have been 

published which found a primary cure rate of 91% (defined 

as the resolution of symptoms without recurrence within 

90 days of FMT), and a secondary cure rate of 98% (defined 

as the resolution of symptoms after one further course of 

vancomycin with or without repeat FMT).16–18 These cure 

rates include patients with recurrent or refractory CDI.16,19–22 

The low cost, safety, efficacy, and ease of FMT make it an 

attractive option for these difficult cases.18,20,23,24

Recently, the FDA has determined that FMT is a biological 

drug and needs to be regulated; part of that regulation is that 

clinicians using FMT as a treatment need to submit a treatment 

protocol and an institutional review board (IRB) approval 

from their center to obtain an Investigational New Drug (IND) 

number from the FDA.25 An IND sponsor has to conduct their 

work in accordance with the protocol described in the IND, 

must report any deviations, and must file reports, among other 

requirements. This is an intensive process, but thankfully, for 

now the FDA has decided to use their executive discretion and 

not enforce the IND process. It remains to be seen how long 

this will continue before an increased regulatory oversight of 

one kind or another is going to be the norm.

More US experience needs to be reported to reintroduce 

this procedure in the US and form guidelines. We describe 

our experience with FMT over the last 3 years.

Methods
Patient selection
Patient selection was determined by severity of CDI. In ful-

minant cases, we used FMT as a first treatment to prevent 

further clinical deterioration. We selected patients who met 

the following criteria and/or presented as follows:

1.	 Mild CDI in young patients not admitted to the hospital 

was treated with oral metronidazole. These patients were 

not candidates for FMT in our study.

2.	 Patients with recurrent or relapsing CDI;26 this included 

patients with at least three episodes of mild to moder-

ate CDI and a failure of initial treatment with vanco-

mycin with or without an additional antibiotic such as 

fidaxomicin.26 Vancomycin was given at a therapeutic 

dose for 2 weeks followed by pulse therapy for 4 weeks. 

Pulse therapy allows for the spores to germinate in the 

absence of antibiotics since vancomycin does not act on 

the spore form. Once the spores have converted to the 

fully functional vegetative, toxin-producing forms, they 

are susceptible to the pulse antibiotic. It was started at 

125 mg PO (taken orally), q6 hrs (every six hours), for 

2 weeks and then 125  mg q6  hrs, every third day for 

4 weeks. A higher dose of 250 mg was given for recur-

rences in the same schedule. Patients who failed treatment 

with this regimen were considered for FMT.

3.	 Patients with at least two episodes of severe CDI result-

ing in hospitalization and associated with significant 

morbidity26 were considered for FMT.

4.	 Patients with moderate CDI not responding to standard 

therapy (vancomycin) for at least 1 week26 were consid-

ered for FMT.

5.	 Patients with severe and/or fulminant C. difficile colitis 

with no response to standard therapy for 48 hours,26 or if 

toxic megacolon developed, were considered for FMT.

Patient exclusion
Those patients whose gastrointestinal (GI) tract could not 

be used were not considered for FMT. These included 

conditions like gastrointestinal malignancy, obstruction, or 

perforations.

Donor selection
We preferred family members or first-degree relatives. 

When related donors were not available, healthy volunteers 

were selected. Family members who live with a recipi-

ent have the advantage of being exposed to the same risk 

factors and thereby minimize the risk of transmitting an 

unexposed infectious agent.26 However, they may also be 

at a higher risk of being a C. difficile carrier because of 

prolonged exposure, and therefore need to be tested prior 

to donating a sample.

Donor exclusion criteria
Donors were screened carefully and required testing for 

potential infectious agents that may be transmitted via FMT 

to the recipient. Donors with conditions such as human 

immunodeficiency virus (HIV), sexually transmitted diseases 

(STDs), and Hepatitis B and C were excluded. If donor test-

ing was unavailable due to financial or time constraints, we 

would suspend some or all donor testing as long as a detailed 

donor history was available for risk factors and proper docu-

mentation; consent was obtained to do so. Patients and donors 

signed a culpability waiver if they refused testing prior to the 

procedure, absolving the physician and the institution of any 

pursuant responsibility.

Donor screening questionnaire
We used a list of questions to screen donors prior to accepting 

samples from them. The following were used as exclusion 
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criteria for donors: 1) known exposure for HIV, Hepatitis, 

or STDs; 2) high-risk sexual behaviors; 3) drug use, tattoos 

or body piercing, imprisonment, or other high-risk behavior; 

4) known current communicable disease; 5) GI comorbidities 

such as IBD or GI malignancy; and 6) antibiotic use within 

the preceding 90 days.

Donor blood testing
Donor blood testing consisted of testing for the following: 

1) HIV types 1and 2; 2) Hepatitis A, B, and C; and 3) STDs.

Donor stool testing
Donor stool testing consisted of testing for the following: 

1) bacterial culture for enteric pathogens; 2) ova and parasites; 

and 3) C. difficile toxins A and B.

Procedure
Donor
The donation procedure was completed as soon as the screen-

ing procedure was finished. To facilitate the collection of 

stool samples with a liquid consistency, the donor was given 

a 10 mg dose of magnesium citrate the night prior to stool 

collection.

Patient
Patients stopped oral vancomycin or f idaxomicin use 

24 hours prior to the procedure. The night before, the patient 

was given a standard polyethylene glycol colonoscopy bowel 

preparation. This was done to reduce the bacterial load in the 

colon by mechanical cleansing and to facilitate colonoscopy 

to introduce the donor stool sample.

Fecal solution preparation
The stool sample was fresh and was collected within 6 hours 

of the procedure. Universal precautions (gown, gloves, eye 

protection) were used during stool processing. About six 

to eight tablespoons of donor stool was added to 1 L of 

tap water and shaken vigorously to prepare the effluent for 

transplant.

Procedure
The procedure was explained, the risks and options discussed, 

and informed consent was obtained. We performed our FMT 

via colonoscopy. We used a modified endoscopic retrograde 

cholangiopancreatography (ERCP) catheter to deliver 

the fecal suspension. The colonoscope was advanced to the 

cecum, or preferably to the terminal ileum, when possible. We 

instilled about 400–500 cc of the suspension in the terminal 

ileum and cecum, then 50–60  cc aliquots every 10  cms 

when withdrawing the colonoscope. The patients were given  

2 tablets of diphenoxylate/atropine to slow the excretion 

of the transplanted effluent. Antibiotics and proton pump 

inhibitors were not resumed. Eleven of our procedures were 

done through colonoscopy; we performed one other proce-

dure using an infusion in the nasoduodenal tube. Biopsies 

were taken when thought necessary.

Outcomes and follow-up measures
Diarrhea usually resolved within 48 hours after the procedure. 

A successful treatment was determined by the resolution of 

diarrhea, a fall in white cell count, or absence of fever and an 

improvement in vital signs. A week later, a 2-month course 

of the probiotic Saccharomyces boulardii (250 mg PO, twice 

daily) was started, and the patient was instructed to report any 

signs of CDI after the procedure was done. If diarrhea or fever 

occurred, the patient was asked to return and their stool was 

tested for C. difficile. Patients were followed-up with either 

in clinic visits, or nursing home visits.

Results
We treated a total of 12 patients with FMT over the last 3 years. 

Table 1 shows the details of their presentation. Our patients 

ranged in age from 37 to 92 years. Follow-up on our patients 

ranged from 2–30  months. All our patients had recurrent 

disease and were not responding to the standard therapy for 

CDI. Patients’ symptoms resolved within 48 hours of receiving 

FMT, in all but one patient. This patient was initially treated 

for a perforated appendix with antibiotics and developed CDI 

from the long-term treatment. She was then treated for CDI, 

but failed to respond to treatment during 6 months of antibiotic 

therapy. She became septic, went into shock, and was admitted 

to the intensive care unit (ICU) for further management. FMT 

was done as an emergency treatment by one of the physicians at 

our hospital. The donor was the husband who had been tending 

after this patient, in close contact, for the 6 months prior to the 

FMT. He refused to be stool tested prior to the procedure in 

order to allow the procedure to be done as soon as possible. The 

patient failed to respond to this treatment and required a repeat 

FMT. The second time around a healthy volunteer donor was 

selected because we believed the husband was a carrier. This 

could explain the lack of response from the first treatment. The 

patient responded to the second FMT and improved enough 

to be sent back to a nursing home for care. The second FMT 

was done by nasoduodenal route using a nasoduodenal tube. 

Unfortunately, at the nursing home this patient developed a 

urinary tract infection (UTI) after a few months and was treated 
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with antibiotics, which in turn led to her developing CDI again. 

She became septic once again, and was admitted to the ICU on 

a ventilator, and expired after refusing further treatments. Two 

of our patients had stool transplants done many years ago and 

chose to have repeat FMT when they developed resistant CDI 

again. However, none of our patients developed recurrences 

within 90 days of the transplant. We had two patients who 

received FMT while in the ICU. The others responded with 

improved vital signs and resolution of symptoms.

There were no complications with transplants in any 

of our patients. They did not develop any infections from 

FMT and their symptoms resolved within 48 hours. Their 

elevated white cell counts returned to normal and their vital 

signs improved. The primary and secondary cure rates in our 

study were 91.66% and 100%, respectively. Our cure rates 

are similar to other published series, even though ours is a 

community hospital setting.

Discussion
Acceptance of FMT has been difficult. Unlike other donors, 

FMT donors do lose miss anything. The notion of donating 

stool is not as noble as donating a kidney or part of your liver. 

The outcomes however, are incomparably good. The success 

rates of FMT have been shown to be better than currently 

available treatment. The overall perception and acceptance 

of FMT improved when the transplant and its success rate 

were explained to family members.

FMT is easy to perform and cost efficient. It does not 

require intensive care or monitoring and can be done at a 

community hospital setting quite effectively, as seen in our 

study.

We gave patients S. boulardii (Florastor) for 2 months 

after the procedure. S. boulardii was shown to be of modest 

benefit in patients treated with high doses of vancomycin. It 

may be argued that there was some benefit from Florastor and 

not just the FMT in these results. We realize that this is a con-

cern. However, our patients received the probiotic for weeks 

prior to the transplant as well, while taking oral antibiotic 

treatment for CDI. The probiotic failed to treat the infection 

prior to the transplant. Florastor was restarted a week after the 

transplant when symptoms had resolved. Symptoms resolved 

within 24–48 hours of the transplant and the probiotics were 

Table 1 Summary of FMT among 12 patients over a 3 year period in a community hospital

SN Age 
(years)

Sex Donor Inciting event Length  
of disease

Prior  
treatment

Colonoscopy  
finding

Follow-up  
in months

Note

1 90 F Daughter Age, Abx for UTI Recurrent  
.1 year

Vanc/fidaxo Colitis, melanosis  
coli

8 No recurrence 
after FMT

2 85 M Son Abx, VDRF .10 episodes,  
.1 year

Vanc/fidaxo Colitis,  
diverticulosis,  
hemorrhoid

20 Had FMT in the past

3 65 F Son UTI, Abx .10 episodes Vanc Pseudomembranous  
colitis

26

4 84 F Son VDRF, HCAP, Abx Multiple  
episodes  
in 2 years

Vanc/metro Colitis,  
internal hemorrhoid

29

5 75 F Daughter Abx, ruptured  
appendix

.6 months Vanc/metro/ 
fidaxo

Colitis 4 Developed UTI and 
got CDI from Abx, 
refused treatment 
and expired

6 85 F Daughter Adenocarcinoma  
left colon and  
diverticulitis

.6 months Vanc Colitis, diverticulitis 19

7 72 M Sister Immunosuppressed/ 
renal transplant

6 months Vanc/metro/ 
fidaxo

Colitis 6

8 68 F Husband PNA and antibiotics 4 months Vanc Colitis 26 Had FMT in the past
9 72 M Son Cancer/Abx, PNA .4 episodes Vanc/metro/ 

fidaxo
Diverticulosis 10

10 51 F Daughter UTI, septicemia .6 months Vanc, fidaxo C. Difficile 8
11 37 F Niece Antibiotics, UTI 3 episodes 

 in 1 year
Vanc, fidaxo Colitis 4

12 79 M Wife Ulcerative colitis,  
Abx

.6 months Vanc/fidaxo Hemorrhoid, UC 2

Abbreviations: FMT, fecal microbiota transplant; SN, serial number; F, female; M, male; Abx, antibiotics; UTI, urinary tract infection; Vanc, vancomycin; fidaxo, fidaxomycin; 
VDRF, ventilator dependent respiratory failure; HCAP, health care associated pneumonia; metro, metronidazole; PNA, pneumonia; int, internal; CDI, Clostridium difficile; 
UC, ulcerative colitis.
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started only 1 week after the procedure. The beneficial effects 

of probiotics with FMT remain to be studied.

The incidence of CDI continues to increase with more 

patients developing refractory or recurrent infection. The costs 

of treating these infections place a huge burden on our resources 

in terms of morbidity, mortality, and cost. Vancomycin capsules 

cost an average of US$1,800 for a 14-day treatment at 125 mg 

QID (four times daily). Even with insurance the copayment is 

very high. A treatment with 250 mg PO, QID runs to approxi-

mately US$2,200 per patient, and these costs do not include 4 

weeks of pulse therapy. A course of fidaxomicin for CDI costs 

approximately US$3,500. Now available, generic intravenous 

vancomycin vials contain an injectable liquid form that can 

effectively be taken orally. The cost of the entire treatment by 

this route runs to approximately US$40. Patients who cannot 

afford the treatment or do not have insurance can affordably 

be treated this way. FMT is a simple procedure, universally 

available, low cost, highly effective treatment for recurrent 

CDI. The cost of FMT from a donor who is a family member, 

or a healthy volunteer and already tested for transmissible 

diseases, is currently negligible compared to the alternatives. 

We have the opportunity with our publications to shape the 

regulatory process before they are established to keep the costs 

low. More descriptive papers are needed to help establish this 

procedure as a mainstream treatment, even to the point where 

it could be the first treatment offered.

The practice of FMT, however, is still not common or 

routine among gastroenterologists in the US. Recently, the 

FDA determined that FMT is a biological drug and needs to 

be regulated.25 Part of that regulation is that clinicians using 

FMT as a treatment need to submit a treatment protocol, 

and an IRB approval from their institute to obtain an IND 

number from the FDA. A sponsor of an IND has to conduct 

their work in accordance with the protocol described in the 

IND, report any deviations, and file reports, among other 

duties. This is an intensive process, but thankfully, for now 

the FDA has decided to use their executive discretion and 

not enforce the IND process. It remains to be seen how long 

this will continue before an increased regulatory oversight of 

one kind or another is going to be imposed. The indications 

and best methods of administration are being published in 

more papers in recent years and may help to evolve guide-

lines and procedures for FMT. Further research is important 

to establish different effective methods to administer FMT. 

More recently, FMT via ingestion of fecal microbes con-

tained in double over-encapsulated gelatin capsules has been 

described in an abstract presented at the ID Week conference 

in San Francisco in 2013; this delivery method appears to 

be a convenient and effective approach to arrest the cycle of 

recurrent CDI.27

FMT may be done by nasogastric and nasoduodenal 

tubes, as retention enemas, or via colonoscopy. Colonoscopy 

provides the benefit of delivering the bacteria at the affected 

site, as well as examining for any coexistent pathology. 

However, it also runs the risk of perforation in cases of severe 

toxic megacolon caused by CDI. There is a potential risk 

of transmission of infectious agents contained in the stool, 

but this may be abridged by using healthy donors with good 

bowel function and testing for common pathogens (bacteria, 

viral, and parasite) in both blood and stool.

Studies have been recommended to decipher the role 

of intestinal microbiota in chronic diseases such as IBDs 

(Crohn’s disease and ulcerative colitis),28 metabolic syndrome 

cancer, obesity,29 diabetes, autism, myasthenia gravis, rheu-

matoid arthritis, parkinsonism, chronic fatigue syndrome 

and other conditions,24,27 and in future, more indications for 

FMT may be proposed.

FMT has evidence-based benefits. It has moved from 

being an unappealing procedure to the point where physi-

cians have begun talking about its high cure rates in more 

recent studies. The reemergence of this therapy in the last few 

years can be attributed to the high costs of treating CDI, the 

increasing incidence of recurrent disease, and the morbidity 

it causes to patients in the hospital.

Conclusion
FMT is an effective method for the treatment of recurrent 

and relapsing CDI. It is cost effective and can be performed 

at a community hospital, as well as any university hospital 

setting with equivalent results.

Disclosure
The authors reports no conflicts of interest in this work.
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