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Abstract 

 

Clostridium difficile infection (CDI) has increased worldwide in both frequency and 

severity.  With 3 million cases/ year, the annual cost for treating the infection is 

exceeding 3 billion dollars  

 

Treatment of CDI remains challenging, especially in those with recurrent disease.  

Failures rates of 20-30% with initial treatment have been reported, and up to 65% fail 

after a third course of antibiotics.  In addition, costs of treatment, which can be upward of 

$3000 for a 10 day course of a single antibiotic, may leave many patients and their 

families financially overburdened.   Use of fecal microbial transplant (FMT) has shown 

to be effective with cure rates above 80%, safe even in immunocompromised patients, 

and cost effective in those with recurrent (3 or more) episodes of C.difficile.   

 

We believe that patients who are at high risk of relapse after a first CDI episode would 

benefit from early FMT.  The proposed study will produce preliminary data regarding 

safety and efficacy and potential for cost effectiveness for the use of early fecal transplant 

in those patients with their first episode of non-refractory CDI who are predicted to have 

a high rate of recurrence based on previously published risk factors.  The investigators 

will be better prepared to test the efficacy of this approach in a future multicenter clinical 

trial in a randomized controlled fashion.  This research has the potential to advance 

clinical care and impact the current protocols in place to treat CDI worldwide.     
  



Rationale and Background: 

 

Clostridium difficile infection (CDI) has increased worldwide in both frequency and severity.  

With 3 million cases/year, the annual cost for treating the infection is exceeding 3 billion dollars 

(1).  CDI can also have a profound negative impact on quality of life.  

 

Treatment of CDI remains challenging, especially in those with recurrent disease.  Failures rates 

of 20-30% with initial treatment have been reported, and up to 65% fail after a third course of 

antibiotics (2).  In addition, costs of treatment, which can be upward of $3000 for a 10 day course 

of a single antibiotic, may leave many patients and their families financially overburdened.   

 

The high recurrent rate of CDI with limited and expensive medical therapies makes it a difficult 

infection to handle adequately.  A recently validated instrument has been developed to predict 

CDI recurrence after an initial infection, which we will be employing to complete our study.  Hu 

et al. derived a clinical prediction rule from a cohort of newly diagnosed CDI patients to 

determine risk of recurrence.  In this rule, 3 risk factors including age >65 years, severe 

underlying disease (measured by Horn index score of 3 or 4), and additional non- C.difficile 

antibiotic use were independently associated with risk of recurrence.  Those with 2 or more risk 

factors have a >71% chance of recurrence (3).  The use of more effective treatments early on in 

patients with high a risk of relapse may prove to be clinically meaningful and cost beneficial.   

 

 Fecal microbiota transplant is a potential option as it has demonstrated clinical effectiveness with 

cure rates of 81-90%, is safe, and is cost-effective in those with recurrent or refractory CDI (4).  

Under the guidance of Drs. Colleen Kraft and Tanvi Dhere, Emory University and the Emory 

Clinic have performed over 100 fecal transplants since July 2012 with a cure rate close to 90%.   

Current treatment approaches for CDI limit the use of fecal transplant to those who have had 

more than 2 recurrences with at least one failure of a 6-8 week taper with vancomycin or at least 

2 episodes of severe CDI resulting in hospitalization or refractory CDI defined as moderate CDI 

not responding to standard therapy for at least one week (5).   However, we feel that by 

attempting to perform FMT early after a first episode in those at high risk of recurrence, 

decreased recurrence rates, improved quality of life, and lower health care costs will be seen.    

 

The proposed study will produce preliminary data regarding safety, efficacy, quality of life, and 

cost effectiveness for the use of early fecal transplant in those patients with their first episode of 

non-refractory CDI who are predicted to have a high rate of recurrence.  The investigators will be 

better prepared to test the efficacy of this approach in a future multicenter clinical trial in a 

randomized controlled fashion.  This research will advance clinical care and potentially impact 

the current protocols in place to treat CDI worldwide.     

 

Number of subjects: 12 subjects in experimental arm and 12 subjects in control arm 

 

Objectives: 

Specific Aim 1:  To compare the rate of clinical remission with the use of early fecal transplant in 

a cohort of patients with a first episode of CDI who are at high risk of relapse with a cohort of 

patients who receive standard of care.  Hypothesis: We hypothesize that clinical remission rates at 

12 weeks as noted by absence of clinical symptoms and/or negative C.difficile stool PCR will be 

greater in the experimental arm compared to the control arm.   

1b.  To determine the safety profile of the use of early fecal transplant in a cohort of patients with 

a first episode of CDI who are at high risk of relapse.  Hypothesis: We hypothesize that this 

approach will be safe with no reported serious adverse events.   

 



Specific Aim 2.  Examine and compare structural changes of the gut microbiota over time with 

the use of early fecal transplant in a cohort of patients with a first episode of CDI who are at high 

risk of relapse. Hypothesis:  We hypothesize that patients in the experimental group will have a 

low microbial diversity prior to FMT but will exhibit a high microbial diversity after the FMT 

that resembles the respective donor.   

2b.  Compare structural changes of the gut microbiota between the two groups at the time of 

enrollment and again at 12 weeks after receiving FMT or standard of care.  Hypothesis: We 

hypothesize that the microbial diversity will be diminished in both groups at the time of 

enrollment, but the experimental group will exhibit a higher microbial diversity compared to the 

control population at 12 weeks.   

 

Specific Aim 3:  To compare quality of life outcomes with the use of early fecal transplant in a 

cohort of patients with a first episode of C.difficile infection (CDI) who are at high risk of relapse 

with a cohort of patients who receive standard of care. Hypothesis: We hypothesize that patients 

in both groups will exhibit poor quality of life at the time of enrollment, however, the 

experimental group will demonstrate higher quality of life compared to the control group at 

follow up after completion of treatment.     

 

Specific Aim 4:  To perform a cost benefit analysis by comparing C.difficile associated healthcare 

costs between the experimental group and the control group over the course of 6 months.  

Hypothesis: We hypothesize that costs incurred by the experimental group will be less than the 

control group.   

 

Inclusion Criteria: 

Patients must meet all of the following criteria to be eligible for the study: 

1. First episode of CDI responding to therapy 

2. Must have 2 or more of the following criteria: 

a. Age >65 

b. Severe underlying disease (measured by Horn index score of 3 or 4) 

c. Additional non-C.difficile antibiotic exposure during CDI episode 

3. Willingness to accept a fecal product made using unrelated donor stool and to comply 

with study protocol requirements 

4. Able to give informed consent 

5. Chronic infection with HIV, HBV, HCV is permitted unless the viral infection 

compromises the ability of the patient to safely participate in the study 

6. Life expectancy >4 months 

 

Exclusion Criteria: 

1.  Any of the following: acute leukemia, history of allogenic or recent (within 6 

months) autologous bone marrow transplant, or use of cytotoxic chemotherapy within 

2 months 

2. ANC <1000/mm^3 

3. History of IBD or irritable bowel syndrome (IBS) with diarrhea 

4. History of total colectomy 

5. Pregnant or nursing mothers 

6. History of significant food allergy to foods not excluded from the donor diet 

7. Patient has any other condition that, in the opinion of the Investigator, would 

jeopardize the safety or rights of the subject participating in the study, would make it 

unlikely for the subject to complete the study, or would confound the results of the 

study 

8. Patients who are aged 80 years or greater 



9. Patients who are incarcerated 

10. Patient with cognitive impairment or severe neuropsychiatric co morbidities who are 

incapable of giving consent 

11. Inherited/primary immune disorders 

12. Patients who are unwilling or unable to undergo sigmoidoscopy 

13. Unable to comply with protocol requirements 

14. Patients with untreated, in-situ colorectal cancer 

 

Study Methodology: 

Patients: Patients admitted to Emory University Hospital who meet inclusion/exclusion criteria 

will be approached for the study.  They will be randomized to one of two arms, the experimental 

arm who will receive FMT and the control arm who will not receive FMT.  The course of study 

events for each arm are detailed in Tables 1a and 1b.  

Data Collection: Data on demographics, medical history, and medication use will be collected. 

This information as well as results of laboratory results and radiology exams will be collected.  

Total C.difficile associated health care expenditure over the course of the study will be collected 

for each patient using hospital billing and Red Book.   

Specimen Collections:  Participants will be asked to provide stool samples prior to fecal 

transplant and at 2 weeks (for experimental arm only) and 12 weeks after FMT or after receiving 

standard of care.   

Quality of life assessments: With Dr. Matthew Magee’s assistance, we will assess quality of life 

indices as measured by HADS (Hospital Anxiety and Depression Score) and SF-36 (Short Form-

36) to determine if there is improved quality of life after FMT. 

 

Study duration: The total duration of the study will be 12 months.  Refer to Tables 1a and 1b for 

timing of activities.   We anticipate that not all patients will be able to adhere to the timeline so 

we will provide a leeway of 2 weeks for each activity posted in the tables below (eg.  week 2 

follow up may be performed anywhere between 2-4 weeks after Day 0).  

 

Table 1a (Experimental Arm):  

 

Study 

enrollment 

Day 0 Week 2 Week 8 Week 12 6 

months 

Consent 

 

Stool 

specimen for 

microbial 

analysis 

 

Quality of 

life 

assessment 

FMT via 

flexible 

sigmoidoscopy 

Clinic 

follow up 

(research 

visit) 

 

Stool 

specimen 

for 

microbial 

analysis 

 

Quality of 

life 

assessment 

Phone 

call 

 

 

 

 

 

Clinic 

follow up 

 

Stool 

specimen 

for 

microbial 

analysis 

 

Quality of 

life 

assessment 

Phone 

call 

 

Table 1b (Control Arm): 

 

Study Day 0 Week 2 Week 8 Week 12 6 month 



enrollment 

Consent 

 

Stool 

specimen for 

microbial 

analysis 

 

Quality of 

life 

assessment 

NO FMT Clinic 

follow up 

(research 

visit) 

 

 

 

 

Quality of 

life  

assessment 

Phone 

call 

Clinic 

follow up 

 

Stool 

specimen 

for 

microbial 

analysis  

 

Quality of 

life 

assessment  

Phone 

call 

 

FMT protocol: 

Our current FMT protocol for treatment of refractory and recurrent C.difficile has been approved 

by the Emory Healthcare by the Medical Practices, Infection Control, Antibiotic Utilization and 

the Pharmacy and Therapeutics Committees since July 2012.  An IRB approval from Emory 

University and an IND (Investigational New Device) from the FDA will be obtained prior to 

initiating our proposed study.   The standard donors will be screened for the following serologies: 

hepatitis A IgM antibody, HIV-1 antigen/antibody, RPR, hepatitis-B surface antigen, hepatitis-B 

core antibody and hepatitis-C antibody. Stool samples from all donors are screened based on 

published guidelines with a PCR for C. difficile, routine bacterial culture for Campylobacter, 

Shigella, Salmonella species and ova and parasite exam [11]. At our institution, standard donors 

will have additional testing for vancomycin-resistant Enterococcus and carbapenemase-producing 

Enterobacteriaceae. Screening for the Helicobacter pylori stool antigen will be done as well.   

Stool specimens from the donors will be processed processed within 2 h of voiding in the clinical 

microbiology laboratory. Thirty grams of stool per 30 mL saline will be emulsified in 50 mL 

conical tubes, vortexed for 30 s and filtered to create a final content of 250 mL. The stool solution 

will be placed in 60 mL syringes or 250 mL bottles and labeled “FOR ENTERAL USE ONLY.”   

250 mL of fecal solution will be infused into the splenic flexure via unsedated flexible 

sigmoidoscopy.    All patients who undergo FMT will be instructed to consume Colyte colon 

cleansing solution the day before.  Patients will be instructed to lay left lateral decubitus for 30 

minutes after the procedure.  All patients will be instructed to hold antibiotics and probiotics for 

at least 24 hours prior to the procedure and instructed not to resume their C.difficile treatment or 

probiotics after the procedure.   

 

Microbiome analysis: 

Microbiome assays will be conducted in the CFAR Clinical Virology Core Laboratory under the 

direction of Dr. Colleen Kraft.  The specimens will be placed in a 15 mL conical tube with 1 mL 

of Mo Bio Soil kit lysis buffer and frozen at -80°C until further processing (8).  To examine the 

stool microbiome as proposed, the samples will be thawed; bead beat for 10 minutes, followed by 

centrifugation at 10,000xg for 30 seconds.  200 uL of the supernatant will be processed on the 

Qiagen EZ1 XL Advanced extraction instrument using the Qiagen EZ1 DNA tissue kit with the 

bacteria card with a final elution of 50 uL. Following extraction by this method, the V1-V2 

hypervariable regions of the 16S ribosomal genes will be amplified by real-time PCR on ABI 

7500.  

 

The bioinformaticist employed in the Genomics Core will assist Dr. Kraft in the microbiome 

analysis. Overlapping regions within the raw 16S rRNA reads will be assembled into contigs 

using PANDAseq (9). Paired-end reads that did not assemble will be discarded since they likely 



possess sequencing errors. The remaining contigs will be analyzed using QIIME 1.8 suite (10). 

16S contigs that share 97% sequence similarity will be clustered into Operational Taxonomic 

Units (OTUs) by means of UClust. Contigs will be aligned using PyNAST and pyhlogenetic trees 

will be inferred using FastTree (11).Sequences from each OTU will be aligned against the 

Greengenes ribosomal database (version 13-8) for taxonomy assignment (12).  Diversity 

calculations will be performed in addition to taxonomic assignment. 

 

Power calculation and statistical analysis:   

Sample size justification: Based on previously published preliminary data, we hypothesize that 

the CDI remission rate will be 30% in the standard care group and 90% in the FMT group. With a 

sample size of 12 patients per group, in this study we will have 82% power to demonstrate that 

FMT achieves a higher remission rate than does standard care (based on a 2-sided Fisher exact 

test using exact binomial probabilities and with a Type I error rate alpha = 0.05). 

 

b) Randomization: We will randomize the patients to either FMT or standard care using a 

randomized block design with randomly sized blocks of either 4 or 6. The study coordinator will 

keep sealed envelopes containing the random treatment assignments. 

 

c) Statistical analysis: We will compare the proportion of patients who achieve remission in the 

two treatment groups using a 2-sided Fisher exact test. A p-value less than 0.05 will be regarded 

as significant. In further exploratory analyses, we will also consider using logistic regression to 

assess the effect of clinical characteristics on the remission rate, to gather preliminary evidence 

that might help guide the design of future, larger studies. 

 

Data safety reporting plan:  All adverse events will be reported to the Emory IRB.  A committee 

consisting of two physicians will be created and will agree to be part of the committee and will 

not have any direct participation or interests in the study. 

a. Serious Adverse Events (SAE): SAE’s will be expeditiously   reported to IRB within 

24 hours, further the study will be stalled until there is a complete understanding of 

the SAE and causal factors associated with it.  

b. Adverse Events (AE): The committee will meet quarterly to review the safety of the 

study and submit a report to the IRB. All the AE’s will be documented and submitted 

to the DSMC for a review every quarter.  

 

Timeline:  All the proposed aims will be carried out within an 18 month period.  All patient 

enrollments will occur within a 12 month period 

 

Significance of the proposed study:   The current antibiotics and probiotic therapy for 

management of CDI are limited by the ability to cure the disease long term and costs for such 

treatments.  The use of FMT has proven to be a welcome addition to current therapeutics for 

recurrent or refractory CDI.   Those at a high risk of relapse after an initial CDI as defined by Hu 

et al. may likely benefit from use of FMT after the first episode.  Our study will be the first one to 

address this issue.   

 

Anticipated Results:  We predict that the use of early FMT in patients at high risk of recurrence 

will prevent CDI relapse, improve diversity of gut microbiome, be cost beneficial, and improve 

quality of life. We anticipate positive results from this pilot study which will lead us to complete 

future studies comparing our approach to current standard of care in a randomized control 

fashion.  A shift to the use of early FMT may lead to better clinical outcomes, better quality of 

life, and decreased healthcare costs.  We anticipate collecting enough preliminary data so that we 

may apply for grant submission to NIH.   
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