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Abstract

Fecal microbiota transplant (FMT) is recommended for Clostridium difficile infection (CDI) 

treatment, however use in solid organ transplantation (SOT) patients has theoretical safety 

concerns. This multicenter, retrospective study evaluated FMT safety, effectiveness, and risk 

factors for failure in SOT patients. Primary cure and overall cure were defined as resolution of 

diarrhea or negative C. difficile stool test after a single FMT or after subsequent FMT(s) ± anti-

CDI antibiotics, respectively. 94 SOT patients underwent FMT, 78% for recurrent CDI and 22% 

for severe or fulminant CDI. FMT-related adverse events (AE) occurred in 22.3% of cases, mainly 

comprised of self-limiting conditions including nausea, abdominal pain, and FMT-related diarrhea. 

Severe AEs occurred in 3.2% of cases, with no FMT-related bacteremia. After FMT, 25% of 

patients with underlying IBD had worsening disease activity, while 14% of CMV seropositive 

patients had reactivation. At 3 months, primary cure was 58.7%, while overall cure was 91.3% 

Predictors of failing a single FMT included inpatient status, severe and fulminant CDI, presence of 

pseudomembranous colitis, and use of non-CDI antibiotics at the time of FMT. These data suggest 

FMT is safe in SOT patients. However, repeated FMT(s) or additional antibiotics may be needed 

to optimize rates of cure with FMT.

1. Introduction

The incidence of Clostridium difficile infection (CDI) has increased over the past two 

decades,1,2 afflicting over 1% of hospitalized patients.3,4 In patients with a history of solid 

organ transplantation (SOT), the impact is even more pronounced due to exposure to 

multiple CDI risk factors including hospitalization, profound immunosuppression, and 

frequent antibiotic exposure.5–8 CDI is the most frequent cause of infectious diarrhea in SOT 

patients, accounting for 11.8% of hospital-onset diarrhea cases.9 Reported rates are 3–19% 

in liver, 5,6,10,11 3.5–16% in kidney,10–12 1.5–7.8% in kidney-pancreas,5,12,13 9% in small 

bowel,10,11 8–15% in heart,5,14 and 7–31% in lung transplant recipients,5,15 with median 
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onset of CDI at 31.5 days after transplantation.16 SOT recipients also appear to be at higher 

risk for recurrent CDI (RCDI), with studies in heart and lung transplant recipients showing 

28.6%–33.0% had one or more recurrences.17 Progression to severe and fulminant CDI 

afflicts 13.8%–15.8% of SOT patients7,18 versus 8% of the general population.19 There is 

also a higher rate of CDI-related complications in these patients, including 23.1% 

colectomy, 53.8% mortality, and 30.8% graft loss.7

While anti-CDI antibiotics are recommended first line therapy, there are some specific 

concerns relating to their use in SOT individuals. Metronidazole is no longer recommended 

by the IDSA/SHEA for CDI treatment due to high rates of failure. Vancomycin resistant 

enterococcus (VRE) has been commonly documented in immunocompromised patients.20 

Fidaxomicin may be preferred in SOT patients where data demonstrate decreases in 

recurrent CDI and avoidance of VRE colonization, but its use may be prohibitive in many 

clinical settings due to cost and availability.21 Among patients who fail medical 

management, CDI-related mortality approaches 70–80%,22,23 and it only improves 

marginally following colectomy at approximately 50%.22,24 Immunosuppressive therapy 

may impair wound healing, thus SOT patients may face additional surgical complications 

when undergoing colectomy.25,26 Moreover, surgery often is not even an option for the 

critically ill patients.27

The American College of Gastroenterology (ACG) and the Infectious Disease Society of 

America (IDSA) both suggest that fecal microbiota transplantation (FMT) for recurrent CDI 

should be considered following three or more episodes of CDI.28,29 FMT is superior to 

traditional anti-CDI therapy at inducing lasting cure. The rate of recurrence in these patients 

is between 35–65% following a 10-day vancomycin course,30 25% after a 10-day treatment 

with fidaxomicin,31 while only 5–15% recur after FMT.32,33 Recent evidence demonstrated 

that FMT is efficacious in severe and fulminant CDI both for cure34 and improvement of 

patient outcomes such as mortality and colectomy rates.35

Despite FMT’s proven efficacy in treating CDI and promising results from a handful of 

case-reports,36–38 the transplant community has been hesitant to embrace FMT in immune 

compromised patients. Practice guidelines released in 2013 by the American Society of 

Transplantation,39 which are now under revision, recommended avoidance of probiotics in 

SOT patients due to concern for superinfection from such formulations.40,41 The guidelines 

also discourage use of FMT in SOT patients given the theoretical risk of translocation of 

transplanted microbes across gut mucosa, thereby causing bacteremia. A subsequent study 

of FMT for the treatment of CDI in immunocompromised patients (including 19 SOT 

patients) revealed no increase in infectious complications or risk of adverse events.8 Studies 

of patients with underlying inflammatory bowel disease (IBD), who are also frequently 

immunosuppressed and have disrupted gut mucosal barrier, have yielded favorable safety 

outcomes as well.42 However, up to 25% of patients developed an IBD flare or worsening 

disease course following gut microbiota transplant.43

We aimed to assess safety and efficacy of FMT for the treatment of CDI in patients with 

SOT and to determine factors predictive of early (in 1 month) and late FMT failure (between 

1–3 months) in this population.
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2. Materials and Methods

2.1 Study Cohort and Definitions

This multicenter, retrospective study included adult patients (age ≥18 years) with a history of 

SOT and FMT for the treatment of CDI between May 2012 and February 2017 in 10 

academic centers in the US and Canada. Eligible patients were identified through the 

institutional FMT databases at each site, and data were collected by a standardized 36-item 

questionnaire distributed to each site. Patient characteristics included age, gender, presence 

of underlying inflammatory bowel disease (IBD), Charlson comorbidity index,44 diabetes, 

renal disease, number of immunosuppressive medications at time of FMT, and history of 

cytomegalovirus (CMV) infection (a positive CMV IgG). Variables describing SOT included 

the type of organ transplanted (liver, kidney, heart, lung, pancreas, intestine, stomach, spleen, 

multi-organ), history of organ re-transplantation, and history of antithymocyte globulin 

(ATG) exposure.

Clostridium difficile infection was characterized by severity and CDI-related complications 

in accordance with the 2013 ACG guidelines and 2018 IDSA/SHEA guidelines (definition 

of fulminant colitis),28,29 pseudomembranous colitis, number of previous CDI episodes and 

CDI-related hospitalizations. FMT related data captured time elapsed between SOT and 

FMT, inpatient status at time of administration, route of administration, type of stool utilized 

(fresh, frozen, lyophilized), use of non-CDI antibiotics before, after, and during FMT 

administration.

Adverse events (AE) were defined as any untoward medical occurrence in a patient who 

received FMT. Any clinically significant changes from the patient’s baseline physical exam 

or laboratory values, complications related to FMT administration, and new events or 

worsening of pre-existing conditions within 3 months post-FMT were recorded and 

considered to be AEs. Severe adverse events (SAEs) were defined as death, life threatening 

events, unplanned hospitalizations, or other important medical events within 3 months of 

FMT. AEs and SAEs were reviewed and classified as related or unrelated to FMT by the site 

investigator(s), and by the first (YWC), second (EP) and last author (MF) of the manuscript. 

Follow-up to determine adverse events after FMT was variable between sites. All sites 

maintained an FMT database populated by post-FMT nursing phone calls and/or clinic visits 

at pre-determined intervals per site protocol.

FMT success was defined as complete resolution of diarrhea and/or negative stool C. 
difficile toxin or PCR testing without need for further anti-CDI therapy. Primary cure was 

defined as achieving FMT success after a single FMT, while overall cure was defined as 

requiring more than one FMT with or without additional anti-CDI antibiotics (e.g. 

metronidazole, vancomycin, and fidaxomicin). FMT failure was defined as persistent or 

recurrent diarrhea after FMT in conjunction with a positive stool test of C. difficile by toxin 

EIA or PCR. FMT failure was sub-classified by time since FMT as early failure (FMT 

failure within 1 month) and late failure (initial response followed by recurrence of diarrhea 

between 1–3 months).45 Self-limited diarrhea following administration of FMT without 

other suspected underlying etiologies and concurrent laboratory evidence of CDI was 

considered FMT-related diarrhea.
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This study was approved by the Indiana University Institutional Review Board (IRB). The 

study protocol and data collection form were made available to all participating institutions 

for institution-specific IRB approval.

2.2 Statistical Analysis

Baseline patient, SOT, CDI, and FMT characteristics were summarized using proportions for 

categorical variables, median and interquartile ranges (IQR) for skewed continuous 

variables, and mean and standard deviations (SD) for normally distributed continuous 

variables. Differences between patients who had FMT success versus FMT failure at 1 and 3 

months post-FMT were determined using Fisher’s exact test for categorical variables and 

nonparametric Wilcoxon rank sum for continuous variables.

Risk factors associated with FMT failure to achieve primary cure were identified using 

multivariable logistic regression. All potential risk factors were included into the model 

utilizing a forward stepwise selection method to determine the final predictors associated 

with FMT failure. The cutoff p value of 0.05 was used in the stepwise variable selection 

procedure to determine when to stop selecting more factors into the model. Because 

inpatient FMT was correlated with a significant number of variables (including severe CDI, 

presence of pseudomembranes, presence of prior CDI-related hospitalization, number of 

prior CDI-related hospitalizations, use of non-CDI antibiotics at FMT, IBD, and diabetes), a 

secondary analysis was performed with inpatient status excluded from the model. All 

statistical analyses were performed using SAS version 9.4 (SAS, CARY, NC).

3. Results

3.1 Patient baseline Characteristics

A total of 94 patients were included in the analysis for FMT failure at 1-month, and 92 

patients at 3-months after two patients were excluded due to loss of follow up. Patient 

demographics, clinical variables, and transplant characteristics were not significantly 

different between patients who had FMT success versus failure outcome at 1 and 3 months. 

The only exception was mean number of immunosuppressive medications at time of FMT, 

which was on average higher in the FMT failure group versus FMT success group at both 1 

and 3 months (Table 1). Rate of re-transplantation of SOT prior to FMT was marginally 

higher but not statistically significant in the FMT failure group compared to FMT success at 

1 month (11.7% FMT success vs 26.5% FMT failure, p=0.09).

3.2 Characteristics of CDI and FMT

FMT was administered for RCDI in 78% (73/94), while the remaining 22% of patients 

received FMT for the treatment of severe (15%; 14/94) or fulminant CDI (7%; 7/94) 

refractory to standard antimicrobial therapy. Among patients with severe or fulminant CDI at 

the time of FMT, 42.9% (9/21) also met criteria for RCDI (Table 2). The median length of 

time between SOT and FMT was 21.5 (range 9–95) months, with an average number of four 

CDI episodes prior to FMT. Almost 60% (53/94) had a prior CDI-related hospitalization. 

Colonoscopy was the most common route of FMT administration (81.9%, N=77) followed 

by enema (17%, N=16), while capsule, sigmoidoscopy, and nasojejunal/nasoduodenal 
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accounted for the remaining methods of FMT delivery. Fourty-one percent (N=38) of FMTs 

utilized fresh stool, among these 16% (N=15) had a patient-directed donor, while the rest 

received frozen stool from a stool bank (universal donor).

3.3 FMT Safety

Adverse events possibly related to FMT occurred in 22.3% (21/94) of patients and most 

frequently consisted of nausea, abdominal pain, abdominal cramping, and/or loose stools 

(Table 3). In most cases, these events were rated as mild and occurred within the first week 

of FMT and were self-limited, however there were 3 cases of CMV reactivation after FMT. 

Among these patients, one developed oral and colonic ulcers after FMT along with a 

positive CMV viral load 62 days after FMT, however colonic biopsies were more consistent 

with mycophenolate toxicity. Another patient had persistent diarrhea and fevers post-FMT 

and was later found to have a positive CMV PCR within 4 weeks of FMT. A third patient 

who was CMV PCR negative, but IgG positive 4 days prior to FMT also had reactivation 

within 2 months of receiving FMT. Severe adverse events (SAE) possibly related to FMT 

occurred in 3.2% (3/94) of patients, and included severe diarrhea requiring hospitalization, 

acute kidney injury, and/or fever. There were 4 cases of worsening IBD activity (among 16 

patients with underlying IBD) after FMT, 2 of which required hospitalization. There were no 

instances of bacteremia due to FMT.

AE classified as unrelated to FMT occurred in 12.8% (12/94). Severe AEs classified as 

unrelated to FMT occurred in 27.7% (26/94), including two deaths from multi-organ failure 

due to persistent CDI despite FMT(s), and a third death from acute respiratory failure after 

an aspiration event.

3.4 FMT Cure Rates

The primary cure rate following a single FMT was 63.8% (60/94) at 1 month and 58.7% 

(54/92) at 3 months (Figure 1). Overall cure at 3 months was 91.3% (84/92). For patients 

that failed a single FMT, 17 had a second FMT, five had a third FMT, and four patients 

received 4 or more FMTs before cure was achieved. Two patients were lost to follow up 

after 1 month. Of the eight patients who did not achieve overall cure, two had refractory CDI 

and was placed on long-term suppressive vancomycin therapy, two underwent colectomy, 

three died for reasons unrelated to CDI (respiratory failure, multi-system organ failure, 

septicemia, and hospice referral for bronchiolitis obliterans), and one died of refractory CDI 

despite three FMTs and additional anti-CDI antibiotics.

Notably, there was a low rate of primary cure at 1 and 3 months for severe and fulminant 

CDI, with a significant improvement in overall cure after repeat FMT and/or anti-CDI 

antibiotics (Figure 2).

The majority of FMT failures (89%, N=34/38) occurred early within 1 month of FMT: 

among these 41% (14/34) did not respond at all or had recurrent diarrhea within 1 week and 

56% (19/34) had recurrent symptoms associated with positive stool test between 1 week and 

1 month. Only 11% (4/34) had late failure between 1–3 months post procedure.
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Patients who failed FMT had higher rates of severe and fulminant CDI, pseudomembranes, 

stool transplant performed in the inpatient setting, and use of non-CDI antibiotics within 8 

weeks post FMT. FMT delivery via colonoscopy was associated with a higher rate of 

success at 3-month follow-up relative to other delivery methods (91% vs 74%, p=0.04). The 

median number of CDI-related hospitalizations prior to FMT was significantly higher in 

patients who had FMT failure at both 1 and 3 months follow-up.

3.5 Predictors of FMT failure

There were multiple risk factors associated with greater risk for FMT failure, including FMT 

performed in the hospital setting (OR 16.32, 95% CI: 4.32–61.58, p<0.001 at 1 month; OR 

12.96, 95% CI: 3.71–45.29, p<0.001 at 3 months), and use of non-CDI antibiotics at time of 

FMT (OR 4.13, 95% CI: 1.19–14.31, p=0.026 at 1 month; OR 3.5, 95% CI: 1.05–11.66, 

p=0.041). Compared to frozen stool sourced from a universal donor, FMTs performed with 

fresh stool from a patient-directed donor were also associated with FMT failure (OR 7.47, 

95% CI: 1.53–36.41, p=0.013 at 1 month; OR 6.94, 95% CI: 1.57–30.6, p=0.011 at 3 

months).

Further multivariable logistic regression was performed after removing inpatient FMT status 

due to its correlation with multiple variables. In the secondary analysis, that excluded 

inpatient status, higher odds of FMT failure was associated with severe or fulminant CDI 

(OR 4.69, 95% CI: 1.28–17.24, p=0.02 at 1 month; OR 4.97, 95% CI: 1.36–18.17, p=0.015 

at 3 months), presence of pseudomembranes at time of FMT (OR 6.76, 95% CI: 1.39–32.82, 

p=0.018 at 1 month; OR 8.53, 95%CI: 1.56–46.78, p=0.014 at 3 months), and the use of 

non-CDI antibiotics at time of FMT (OR 3.34, 95% CI: 1.07–10.38, p=0.037 at 1 month). 

Patients receiving fresh stool FMTs from a patient-directed donor had higher rates of failure 

compared to FMTs utilizing frozen stool from a universal donor (OR 4.12, 95% CI: 1.15–

14.76, p=0.03 at 3 months).

4. Discussion

This multicenter, retrospective, observational study describes safety outcomes, effectiveness, 

and predictors of failure associated with FMT for the treatment of CDI in SOT recipients. 

The rate of AEs was low, generally described as self-limiting conditions such as abdominal 

pain or diarrhea. There were no cases of infectious AEs attributed to FMT. Our data support 

a 63.8% cure rate at 1 month after first FMT and overall cure rate of 91.3% when including 

additional FMT(s) and CDI antibiotic treatments. We found that risk factors for FMT failure 

were similar to studies of non-SOT patients, including inpatient FMT administration, use of 

non-CDI antibiotics at the time of FMT, severe and fulminant disease, and presence of 

pseudomembranes.

We found that FMT is a safe option in the SOT population. Both non-serious AEs and SAEs 

occurred at comparable rates reported in immunocompetent population.46 Importantly, no 

infectious complications including bacteremia related to the fecal transplant material were 

reported. Post-FMT diarrhea was noted in 13.8% (13/94) of cases; 6 were self-limited cases 

attributed to the FMT itself, while another 7 were due to recurrent CDI. Of the 16 patients 

with underlying IBD, 4 (25%) had a flare shortly after FMT. Two of these cases required 
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hospitalization, with a change from adalimumab to infliximab in one patient and escalation 

from mesalamine to vedolizumab in another. Of the two patients with IBD flare who were 

not hospitalized, only one required a change in IBD management, going from low-dose 

prednisone to infliximab initiation. Interestingly, all three cases that resulted in a change in 

IBD management were Crohn’s disease patients, while the IBD flare without hospitalization 

was UC. Rates of worsening IBD activity after FMT have been reported as high as 25%,43 

though in a recent meta-analysis the rate was only 4.6% when analysis was restricted to 

randomized controlled trials.47

While immediate adverse events were accounted for in this study, late-onset adverse events 

related to FMT may not have been identified due to the limited follow up. These include 

transmission of organisms that are not recommended as standard testing for donors by the 

FMT Working Group, such as CMV, JC virus, and human papillomavirus.48 The American 

Gastroenterological Association and the National Institute of Health have announced a joint 

venture FMT registry to determine long-term safety outcomes,49 but results of these efforts 

are not anticipated to be published in the near future. Elevated cancer risk is a well-known 

complication of SOT,50 and malignancies related to infections like Epstein-Barr virus 

(EBV), human papillomavirus (HPV), hepatitis B virus, hepatitis C virus, human herpes 

virus 8 (HHV8), and Helicobacter pylori could potentially be transferred via FMT. Further 

study of fecal donor screening schema for potential opportunistic infections is needed to 

optimize safety of FMT for SOT patients.

Transmission of CMV is of particular interest in our population of SOT patients because 

CMV infection can cause significant infections in SOT patients and induce 

immunomodulatory effects that can increase the risk of allograft rejection.51 Twenty-two 

percent of our study population was CMV IgG seropositive at the time of FMT. Even though 

none of our study subjects underwent CMV seroconversion within 12 weeks of receiving 

FMT therapy, the high rate of CMV reactivation among patients who were CMV IgG 

positive at time of FMT (14%; 3/21) is noteworthy. Alterations in the gut microbiome and 

the host immune system as a result of FMT could possibly underlie this phenomenon. 

Decreased levels of CD4 activation have been observed in the jejunum, colon, and rectum of 

Rhesus macaques 6 weeks post-FMT.52 CD4 T-cells are needed for the maintenance and 

promotion of virus-specific CD8 cells that directly suppress CMV and eliminate CMV-

infected cells.53–55 Further studies will be needed to clarify whether routine testing of CMV 

serostatus and viral load, use of CMV IgG-negative donors, or CMV prophylaxis around the 

time of FMT should be used where immunocompromised patients are concerned.

The primary cure rate for all SOT patients undergoing FMT for RCDI and severe or 

fulminant CDI was 63.8% at 1 month and 58.7% at 3 months. These rates of cure are lower 

in comparison to those reported in immunocompetent patients.56–58 The primary cure rates 

for the subgroup of SOT patients undergoing FMT for RCDI were 74% at 1 month, and 69% 

at 3 months. Only after additional therapy (repeat FMT ± anti-CDI antibiotics) did the RCDI 

cure rate (94.4%) achieve levels comparable to the 90% success rate in immunocompetent 

patients.56,57 SOT patients treated with FMT for severe and fulminant CDI had lower cure 

rates compared to those treated for RCDI. FMT in severe CDI attained a primary cure rate of 

28.6% at 1 month and 3 months, and an overall cure rate of 85.7%, while in fulminant CDI 
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the primary cure was 28.6% at 1 month and only 14.3% at 3 months, with an overall cure of 

71.4%. Recent studies on largely immunocompetent populations of patients with severe and 

fulminant CDI treated with FMT have suggested cure rates of 66% following a single 

FMT59 and overall cure after a sequential FMT protocol of 87%.34

The high rate of FMT failure in our study was likely related to increased hospitalization and 

non-CDI antibiotic use. However, microbiome changes related to immunosuppressive 

medications in SOT patients likely contribute to CDI and FMT failure as well 60. Our study 

demonstrated that compared to the FMT success group, patients with FMT failure had a 

higher average number of immunosuppressive medications and a higher rate of re-

transplantation. More than one FMT may be necessary to correct the profound gut dysbiosis 

associated with SOT status.36

Predictors for FMT failure in SOT patients with CDI found in our study are similar to those 

in immunocompetent patients. Previous studies reporting on mostly immunocompetent 

populations found, in agreement with our findings, that inpatient status at time of FMT, 

presence of pseudomembranes, severe or fulminant CDI, and systemic antibiotic use at the 

time of FMT were associated with FMT failure.34,61–63 While pseudomembranous colitis is 

a marker of severe or fulminant CDI, its presence conferred an additional risk of FMT 

failure. Among patients with severe or fulminant CDI, FMT failure increased from 60% to 

81% in the presence of pseudomembranes. A novel finding is that fresh stool from a patient-

directed donor, as opposed to frozen biobanked stool from a universal donor was associated 

with FMT failure. While this finding contradicts previous publications,64,65 it is not entirely 

surprising. It can possibly be explained by the complexities and delays associated with 

patient-directed donor selection and screening66 and variable stool preparation methods used 

at different sites. There may be a theoretical benefit to frozen over fresh stool. Freezing 

increases the ratio of more beneficial Firmicutes to Bacteroidetes. In a recent metaanalysis, 

Costello points out that in FMT trials targeting ulcerative colitis, the majority of patients 

who achieved remission received frozen stool.67 Timing of FMT failure is similar in SOT 

patients compared to immunocompetent counterparts. In a previous study of FMT for CDI 

including 462 patients where 76.5% of the study population was immunocompetent, early 

FMT failure rate was 18.6% and late failure was 2.7%.61 Importantly, 89% of failure 

occurred before 1 month of FMT. The rate of early failure was much higher in our study 

(36.4%), while late FMT failure was comparable at 4.3%. Nevertheless, vast majority of 

FMT failures occurred early, during the first month post-FMT. Therefore, we recommend 

that SOT patients are followed closely in particular within the first month post-procedure 

and evaluated for FMT failure if symptoms present to allow for prompt rescue therapy.68

Overall, a more aggressive approach to treatment of CDI may be warranted in SOT patients. 

Given the lower primary cure rate in SOT patients, consideration of early and possibly 

empiric retreatment with FMT ± anti-CDI antimicrobial therapy is advisable particularly in 

cases of severe or fulminant CDI. A sequential FMT protocol described by Fischer and 

colleagues69 has yielded superior cure rates and decreased association with mortality and 

colectomy in hospitalized patients.35 In this protocol, presence of pseudomembranes during 

colonoscopic FMT delivery guides the need for additional therapy after FMT such as re-

initiation of vancomycin followed by repeat FMT. SOT patients may need to be evaluated by 
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alternative criteria because immunosuppressive therapies limit pseudomembrane formation 

due to suppression of neutrophil cell counts,70 and decreased capacity for neutrophil 

extracellular trap (NET) formation.43. Thus, reliance on the presence of pseudomembranes 

to guide the need for further therapy may be less reliable in SOT patients. Optimal timing 

between repeated FMT treatments for SOT patients will need to be further evaluated.

There are several limitations of this study. While all patients included in our study 

previously underwent SOT, there was heterogeneity in the type of organ transplanted. This 

heterogeneity could translate to patient-level and institution-level differences in 

immunosuppression regimens, frequency of rejection, and time elapsed since SOT. Our 

multicenter study also allowed for differences between sites in FMT route of delivery, source 

of stool, and technical proficiency of endoscopists. Further studies will need to focus on 

efficacy, safety, and patient outcomes after FMT among specific CDI subgroups including 

patients that have severe CDI, fulminant CDI, and patients who do not respond to FMT-

based therapy.

In conclusion, FMT in patients with a history of SOT appears to be a safe and effective 

treatment for CDI. There were no instances of bacteremia or CMV seroconversion due to 

FMT observed in our study cohort. However, a significant minority of CMV seropositive 

patients had reactivation shortly after FMT, a finding that needs further elucidation and 

should be included in the informed consent process. Rates of cure after a single FMT are 

much lower for SOT patients with RCDI, severe CDI, and fulminant CDI, but can be 

improved to levels comparable to immunocompetent patients when additional therapies such 

as repeat FMT ± anti-CDI antibiotics are subsequently utilized.
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SAE severe adverse event
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VRE vancomycin resistant enterococcus

References

1. Ma GK, Brensinger CM, Wu Q, Lewis JD. Increasing incidence of multiply recurrent Clostridium 
difficile infection in the United States: a cohort study. Annals of internal medicine. 2017; 167:152–
8. [PubMed: 28672282] 

2. Lessa FC, Mu Y, Bamberg WM, et al. Burden of Clostridium difficile infection in the United States. 
New England Journal of Medicine. 2015; 372:825–34. [PubMed: 25714160] 

3. Zerey M, Paton BL, Lincourt AE, Gersin KS, Kercher KW, Heniford BT. The burden of Clostridium 
difficile in surgical patients in the United States. Surgical infections. 2007; 8:557–66. [PubMed: 
18171114] 

4. Dubberke ER, Butler AM, Yokoe DS, et al. Multicenter study of Clostridium difficile infection rates 
from 2000 to 2006. Infection control and hospital epidemiology. 2010; 31:1030–7. [PubMed: 
20695799] 

5. Stelzmueller I, Goegele H, Biebl M, et al. Clostridium difficile colitis in solid organ transplantation
—a single-center experience. Digestive diseases and sciences. 2007; 52:3231–6. [PubMed: 
17406820] 

6. Albright JB, Bonatti H, Mendez J, et al. Early and late onset Clostridium difficile-associated colitis 
following liver transplantation. Transplant International. 2007; 20:856–66. [PubMed: 17854444] 

7. Boutros M, Al-Shaibi M, Chan G, et al. Clostridium Difficile Colitis: Increasing Incidence, Risk 
Factors, and Outcomes in Solid Organ Transplant Recipients. Transplantation. 2012; 93:1051–7. 
[PubMed: 22441318] 

8. Kelly CR, Ihunnah C, Fischer M, et al. Fecal microbiota transplant for treatment of Clostridium 
difficile infection in immunocompromised patients. Am J Gastroenterol. 2014; 109:1065–71. 
[PubMed: 24890442] 

9. Echenique IA, Penugonda S, Stosor V, Ison MG, Angarone MP. Diagnostic Yields in Solid Organ 
Transplant Recipients Admitted With Diarrhea. Clinical Infectious Diseases. 2015; 60:729–37. 
[PubMed: 25371488] 

10. Niemczyk M, Leszczyńiski P, Wyzgał J, Paczek L, Krawczyk M, Luczak M. Infections caused by 
clostridium difficile in kidney or liver graft recipients. Annals of transplantation. 2005; 10:70–4. 
[PubMed: 16218037] 

11. Dubberke E, Riddle D. Clostridium difficile in solid organ transplant recipients. American Journal 
of Transplantation. 2009:9. [PubMed: 19133928] 

12. Apaydin SH, Altiparmak MR, Saribas S, Oztürk R. Prevalence of Clostridium difficile toxin in 
kidney transplant recipients. Scandinavian journal of infectious diseases. 1998; 30:542. [PubMed: 
10066067] 

13. West M, Pirenne J, Chavers B, et al. Clostridium difficile colitis after kidney and kidney-pancreas 
transplantation. Clinical transplantation. 1999; 13:318–23. [PubMed: 10485373] 

14. Muñoz P, Giannella M, Alcalá L, et al. Clostridium difficile–associated Diarrhea in Heart 
Transplant Recipients: Is Hypogammaglobulinemia the Answer? The Journal of Heart and Lung 
Transplantation. 2007; 26:907–14. [PubMed: 17845929] 

15. Gunderson C, Gupta M, Lopez F, et al. Clostridium difficile colitis in lung transplantation. 
Transplant Infectious Disease. 2008; 10:245–51. [PubMed: 18312477] 

Cheng et al. Page 11

Am J Transplant. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



16. Len O, Rodríguez-Pardo D, Gavaldà J, et al. Outcome of Clostridium difficile-associated disease in 
solid organ transplant recipients: a prospective and multicentre cohort study. Transplant 
International. 2012; 25:1275–81. [PubMed: 23039822] 

17. Collini PJ, Bauer M, Kuijper E, Dockrell DH. Clostridium difficile infection in HIV-seropositive 
individuals and transplant recipients. Journal of Infection. 2012; 64:131–47. [PubMed: 22178989] 

18. Gellad ZF, Alexander BD, Liu JK, et al. Severity of Clostridium difficile-associated diarrhea in 
solid organ transplant patients. Transplant Infectious Disease. 2007; 9:276–80. [PubMed: 
17635835] 

19. Adams SD, Mercer DW. Fulminant Clostridium difficile colitis. Current opinion in critical care. 
2007; 13:450–5. [PubMed: 17599017] 

20. Olivier CN, Blake RK, Steed LL, Salgado CD. Risk of vancomycin-resistant Enterococcus (VRE) 
bloodstream infection among patients colonized with VRE. Infection Control & Hospital 
Epidemiology. 2008; 29:404–9. [PubMed: 18419361] 

21. Clutter DS, Dubrovskaya Y, Merl MY, Teperman L, Press R, Safdar A. Fidaxomicin versus 
conventional antimicrobial therapy in 59 recipients of solid organ and hematopoietic stem cell 
transplantation with Clostridium difficile-associated diarrhea. Antimicrobial agents and 
chemotherapy. 2013; 57:4501–5. [PubMed: 23836168] 

22. Lamontagne F, Labbé A-C, Haeck O, et al. Impact of emergency colectomy on survival of patients 
with fulminant Clostridium difficile colitis during an epidemic caused by a hypervirulent strain. 
Annals of surgery. 2007; 245:267. [PubMed: 17245181] 

23. Klipfel AA, Schein M, Fahoum B, Wise L. Acute abdomen and Clostridium difficile colitis: still a 
lethal combination. Digestive surgery. 2000; 17:160–3. [PubMed: 10781981] 

24. Dallal RM, Harbrecht BG, Boujoukas AJ, et al. Fulminant Clostridium difficile: an 
underappreciated and increasing cause of death and complications. Annals of surgery. 2002; 
235:363. [PubMed: 11882758] 

25. Valente JF, Hricik D, Weigel K, et al. Comparison of sirolimus vs. mycophenolate mofetil on 
surgical complications and wound healing in adult kidney transplantation. American Journal of 
Transplantation. 2003; 3:1128–34. [PubMed: 12919093] 

26. Dean PG, Lund WJ, Larson TS, et al. Wound-Healing Complications After Kidney 
Transplantation: A Prospective, Randomized Comparison of Sirolimus and Tacrolimus1. 
Transplantation. 2004; 77:1555–61. [PubMed: 15239621] 

27. Stewart DB, Hollenbeak CS, Wilson MZ. Is colectomy for fulminant Clostridium difficile colitis 
life saving? A systematic review. Colorectal Dis. 2013; 15:798–804. [PubMed: 23350898] 

28. Surawicz CM, Brandt LJ, Binion DG, et al. Guidelines for diagnosis, treatment, and prevention of 
Clostridium difficile infections. The American journal of gastroenterology. 2013; 108:478–98. 
[PubMed: 23439232] 

29. McDonald LC, Gerding DN, Johnson S, et al. Clinical Practice Guidelines for Clostridium difficile 
Infection in Adults and Children: 2017 Update by the Infectious Diseases Society of America 
(IDSA) and Society for Healthcare Epidemiology of America (SHEA). Clinical infectious 
diseases : an official publication of the Infectious Diseases Society of America. 2018

30. Johnson S. Recurrent Clostridium difficile infection: a review of risk factors, treatments, and 
outcomes. Journal of Infection. 2009; 58:403–10. [PubMed: 19394704] 

31. Cornely OA, Crook DW, Esposito R, et al. Fidaxomicin versus vancomycin for infection with 
Clostridium difficile in Europe, Canada, and the USA: a double-blind, non-inferiority, randomised 
controlled trial. The Lancet Infectious diseases. 2012; 12:281–9. [PubMed: 22321770] 

32. Cammarota G, Masucci L, Ianiro G, et al. Randomised clinical trial: faecal microbiota 
transplantation by colonoscopy vs. vancomycin for the treatment of recurrent Clostridium difficile 
infection. Alimentary pharmacology & therapeutics. 2015; 41:835–43. [PubMed: 25728808] 

33. Gough E, Shaikh H, Manges AR. Systematic review of intestinal microbiota transplantation (fecal 
bacteriotherapy) for recurrent Clostridium difficile infection. Clinical infectious diseases : an 
official publication of the Infectious Diseases Society of America. 2011; 53:994–1002. [PubMed: 
22002980] 

Cheng et al. Page 12

Am J Transplant. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



34. Fischer M, Sipe B, Cheng YW, et al. Fecal microbiota transplant in severe and severe-complicated 
Clostridium difficile: A promising treatment approach. Gut microbes. 2017; 8:289–302. [PubMed: 
28001467] 

35. Cheng Y-W, Phelps E, Rogers N, et al. Fecal Microbiota Transplant Decreases Mortality in Patients 
with Refractory Severe and Severe-Complicated Clostridium difficile Infection, Including Cases 
Not Eligible for Colectomy. American College of Gastroenterology. 2017

36. Friedman-Moraco RJ, Mehta AK, Lyon GM, Kraft CS. Fecal microbiota transplantation for 
refractory Clostridium difficile colitis in solid organ transplant recipients. Am J Transplant. 2014; 
14:477–80. [PubMed: 24433460] 

37. Bilal M, Khehra R, Strahotin C, Mitre R. Long-Term Follow-Up of Fecal Microbiota 
Transplantation for Treatment of Recurrent Clostridium difficile Infection in a Dual Solid Organ 
Transplant Recipient. Case Rep Gastroenterol. 2015; 9:156–9. [PubMed: 26078735] 

38. Ehlermann P, Dosch AO, Katus HA. Donor fecal transfer for recurrent Clostridium difficile-
associated diarrhea in heart transplantation. J Heart Lung Transplant. 2014; 33:551–3. [PubMed: 
24742697] 

39. Dubberke ER, Burdette SD. the ASTIDCoP. Clostridium difficile Infections in Solid Organ 
Transplantation. American Journal of Transplantation. 2013; 13:42–9. [PubMed: 23464997] 

40. Mehta A, Rangarajan S, Borate U. A cautionary tale for probiotic use in hematopoietic SCT 
patients-Lactobacillus acidophilus sepsis in a patient with mantle cell lymphoma undergoing 
hematopoietic SCT. Bone marrow transplantation. 2013; 48:461. [PubMed: 22890287] 

41. Luong ML, Sareyyupoglu B, Nguyen M, et al. Lactobacillus probiotic use in cardiothoracic 
transplant recipients: a link to invasive Lactobacillus infection? Transplant Infectious Disease. 
2010; 12:561–4. [PubMed: 21040283] 

42. Fischer M, Kao D, Kelly C, et al. Fecal Microbiota Transplantation is Safe and Efficacious for 
Recurrent or Refractory Clostridium difficile Infection in Patients with Inflammatory Bowel 
Disease. Inflamm Bowel Dis. 2016; 22:2402–9. [PubMed: 27580384] 

43. Khoruts A, Sadowsky MJ. Understanding the mechanisms of faecal microbiota transplantation. 
Nature reviews Gastroenterology & hepatology. 2016; 13:508–16. [PubMed: 27329806] 

44. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic 
comorbidity in longitudinal studies: development and validation. Journal of chronic diseases. 
1987; 40:373–83. [PubMed: 3558716] 

45. Allegretti JR, Phelps E, Allegretti A, Xu H, Fischer M, Kassam Z. Classifying Fecal Microbiota 
Transplantation Failure: An Observational Study Examining Timing and Characteristics of Fecal 
Microbiota Transplantation Failures. Clinical gastroenterology and hepatology : the official 
clinical practice journal of the American Gastroenterological Association. 2017

46. Wang S, Xu M, Wang W, et al. Systematic Review: Adverse Events of Fecal Microbiota 
Transplantation. PLoS One. 2016; 11:e0161174. [PubMed: 27529553] 

47. Qazi T, Amaratunga T, Barnes EL, Fischer M, Kassam Z, Allegretti JR. The risk of inflammatory 
bowel disease flares after fecal microbiota transplantation: Systematic review and meta-analysis. 
Gut microbes. 2017; 8:574–88. [PubMed: 28723262] 

48. Bakken JS, Borody T, Brandt LJ, et al. Treating Clostridium difficile infection with fecal 
microbiota transplantation. Clin Gastroenterol Hepatol. 2011; 9:1044–9. [PubMed: 21871249] 

49. Kelly CR, Kim AM, Laine L, Wu GD. The AGA’s Fecal Microbiota Transplantation National 
Registry: An Important Step Toward Understanding Risks and Benefits of Microbiota 
Therapeutics. Gastroenterology. 152:681–4.

50. Engels EA, Pfeiffer RM, Fraumeni JF, et al. Spectrum of cancer risk among us solid organ 
transplant recipients. JAMA. 2011; 306:1891–901. [PubMed: 22045767] 

51. Kotton CN. CMV: Prevention, Diagnosis and Therapy. Am J Transplant. 2013; 13(Suppl 3):24–40. 
[PubMed: 23347212] 

52. Hensley-McBain T, Zevin AS, Manuzak J, et al. Effects of fecal microbial transplantation on 
microbiome and immunity in simian immunodeficiency virus-infected macaques. Journal of 
virology. 2016; 90:4981–9. [PubMed: 26937040] 

Cheng et al. Page 13

Am J Transplant. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



53. Ozdemir E, St John LS, Gillespie G, et al. Cytomegalovirus reactivation following allogeneic stem 
cell transplantation is associated with the presence of dysfunctional antigen-specific CD8+ T cells. 
Blood. 2002; 100:3690–7. [PubMed: 12393402] 

54. Micklethwaite K, Hansen A, Foster A, et al. Ex vivo expansion and prophylactic infusion of CMV-
pp65 peptide-specific cytotoxic T-lymphocytes following allogeneic hematopoietic stem cell 
transplantation. Biology of blood and marrow transplantation : journal of the American Society for 
Blood and Marrow Transplantation. 2007; 13:707–14.

55. Einsele H, Roosnek E, Rufer N, et al. Infusion of cytomegalovirus (CMV)-specific T cells for the 
treatment of CMV infection not responding to antiviral chemotherapy. Blood. 2002; 99:3916–22. 
[PubMed: 12010789] 

56. Kassam Z, Lee CH, Yuan Y, Hunt RH. Fecal microbiota transplantation for Clostridium difficile 
infection: systematic review and meta-analysis. The American journal of gastroenterology. 2013; 
108:500–8. [PubMed: 23511459] 

57. Brandt LJ, Aroniadis OC, Mellow M, et al. Long-term follow-up of colonoscopic fecal microbiota 
transplant for recurrent Clostridium difficile infection. The American journal of gastroenterology. 
2012; 107:1079–87. [PubMed: 22450732] 

58. Mamo Y, Woodworth MH, Wang T, Dhere T, Kraft CS. Durability and Long-Term Clinical 
Outcomes of Fecal Microbiota Transplant (FMT) Treatment in Patients with Recurrent 
Clostridium difficile Infection. Clin Infect Dis. 2017

59. Agrawal M, Aroniadis OC, Brandt LJ, et al. The Long-term Efficacy and Safety of Fecal 
Microbiota Transplant for Recurrent, Severe, and Complicated Clostridium difficile Infection in 
146 Elderly Individuals. Journal of clinical gastroenterology. 2016; 50:403–7. [PubMed: 
26352106] 

60. Taur Y, Pamer EG. The Intestinal Microbiota and Susceptibility to Infection in 
Immunocompromised Patients. Current opinion in infectious diseases. 2013; 26:332–7. [PubMed: 
23806896] 

61. Fischer M, Kao D, Mehta SR, et al. Predictors of Early Failure After Fecal Microbiota 
Transplantation for the Therapy of Clostridium Difficile Infection: A Multicenter Study. Am J 
Gastroenterol. 2016; 111:1024–31. [PubMed: 27185076] 

62. Ianiro G, Valerio L, Masucci L, et al. Predictors of failure after single faecal microbiota 
transplantation in patients with recurrent Clostridium difficile infection: results from a 3-year, 
single-centre cohort study. Clin Microbiol Infect. 2017; 23:337e1–e3. [PubMed: 28057560] 

63. Fischer M, Sipe BW, Rogers NA, et al. Faecal microbiota transplantation plus selected use of 
vancomycin for severe-complicated Clostridium difficile infection: description of a protocol with 
high success rate. Aliment Pharmacol Ther. 2015; 42:470–6. [PubMed: 26096320] 

64. Kao D, Roach B, Silva M, et al. Effect of oral capsule– vs colonoscopy-delivered fecal microbiota 
transplantation on recurrent clostridium difficile infection: A randomized clinical trial. JAMA. 
2017; 318:1985–93. [PubMed: 29183074] 

65. Lee CH, Steiner T, Petrof EO, et al. Frozen vs fresh fecal microbiota transplantation and clinical 
resolution of diarrhea in patients with recurrent clostridium difficile infection: A randomized 
clinical trial. JAMA. 2016; 315:142–9. [PubMed: 26757463] 

66. Kim KO, Schwartz M, Gluck M. 1011 - Reducing Cost and Scheduling Complexity of Fecal 
Microbiota Transplantation by Using Universal Donor over Patients-Directed Donors in Patients 
with Recurrent Clostrodium Difficile Infections. Gastroenterology. 2018; 154:S-191.

67. Costello SP, Soo W, Bryant RV, Jairath V, Hart AL, Andrews JM. Systematic review with meta-
analysis: faecal microbiota transplantation for the induction of remission for active ulcerative 
colitis. Aliment Pharmacol Ther. 2017; 46:213–24. [PubMed: 28612983] 

68. Allegretti, JR, Phelps, E, Xu, H, Kassam, Z, Fischer, M. AMERICAN JOURNAL OF 
GASTROENTEROLOGY. NATURE PUBLISHING GROUP; 75 VARICK ST, 9TH FLR, NEW 
YORK, NY 10013-1917 USA: 2016. Redefining Cure in Clostridium difficile Infection: Clinical 
Assessment 4 Weeks Aft er Fecal Microbiota Transplantation Is Predictive of Standard 8-week 
Cure Endpoint; S56-S

69. Fischer M, Sipe B, Rogers N, et al. Faecal microbiota transplantation plus selected use of 
vancomycin for severe-complicated Clostridium difficile infection: description of a protocol with 

Cheng et al. Page 14

Am J Transplant. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



high success rate. Alimentary pharmacology & therapeutics. 2015; 42:470–6. [PubMed: 
26096320] 

70. Nomura K, Fujimoto Y, Yamashita M, et al. Absence of pseudomembranes in Clostridium difficile-
associated diarrhea in patients using immunosuppression agents. Scandinavian journal of 
gastroenterology. 2009; 44:74–8. [PubMed: 18781540] 

Cheng et al. Page 15

Am J Transplant. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
FMT outcomes at 1 and 3 months follow-up. CDI, Clostridium difficile infection; FMT, 

fecal microbiota transplant; SOT, solid organ transplantation.
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Figure 2. 
Primary and Overall Cure Rates for Recurrent, Severe, and Fulminant CDI. CDI, 

Clostridium difficile infection; FMT, fecal microbiota transplant.
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Table 3

Adverse Events Related and Unrelated to FMT.

#of patients (N=94)

AE related to FMT

 No 73

 Yes 21

  FMT-related diarrhea ± abdominal pain/cramping 9

  Abdominal pain/cramping and nausea 6

  Miscellaneous (dehydration, fever, rectal prolapse) 3

  CMV reactivation 3

AE unrelated to FMT

 No 82

 Yes 12

  UTI 3

  URI 2

  Miscellaneous (diverticulitis, cervical radiculopathy, headaches, failure to thrive requiring TPN, transaminitis, 
unresolved diarrhea, back pain with myoclonic jerks) 7

Serious AE related to FMT

 No 91

 Yes 3

  Hospitalization for Crohn’s disease flare 2

  Hospitalization for worsening abdominal pain and fever with significant post-hernia surgery seroma hours after 
FMT 1

Serious AE unrelated to FMT

 No 68

 Yes 26

  Hospitalization for non-C. difficile infectiona 7

  Hospitalization for RCDI ± AKI 6

  Hospitalization for persistent diarrhea and positive C. difficile± AKI shortly after FMT 4

  Death (2 cases of multi-organ failure from persistent CDI, 1 case of hypoxemic respiratory failure due to 
aspiration) 3

  Organ Rejection 2

  Miscellaneous Hospitalizations (Bowel obstruction requiring exploratory laparotomy, bronchiolitis obliterans 
resulting in hospice enrollment, AKI, and hemiplegia) 4

AE, adverse event; AKI, acute kidney injury; CMV, cytomegalovirus; FMT, fecal microbiota transplant; URI, upper respiratory infection; UTI, 
urinary tract infection.

a
Non-C. difficile infections included UTI, cholangitis, diverticulitis, liver abscess, pneumonia, unspecified septicemia, and coagulase negative 

staphaylococcus bacteremia.
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