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Abstract
Introduction Clinical trials have demonstrated the efficacy of FMT for reduction in CDI recurrences (rCDI), but this treat-
ment and its reporting in the literature has significant heterogeneity. Recent publications (e.g., Ramai et al. in Dig Dis Sci 
2020. https:// doi. org/ 10. 1007/ s10620- 020- 06185-7) present the clinical outcomes for different FMT methodologies. How-
ever, to understand, compare, and contextualize outcomes, this heterogeneity in methods and reporting must be understood.
Methods We performed a literature review of randomized controlled trials (RCTs) of FMT for rCDI to evaluate heterogeneity 
among trials. A methodical search between January 2010 and May 2019 of Medline, Embase, and Cochrane was conducted 
for studies investigating FMT in adults with rCDI. RCTs were evaluated for a variety of methodological and reporting criteria.
Results Eight RCTs were identified, wherein 14 different FMT preparations were considered (each with distinct protocols 
for processing, storage, administration, and dosing). Sample sizes were generally small, with only two studies performing 
FMT in more than 100 patients. Three studies used non-FMT controls (vancomycin), while the remaining compared FMT 
with differing routes of administration or formulations. Across the identified studies, there was no standardized manner for 
reporting the timing of the FMT procedure. All studies tracked adverse events; however, follow-up periods were limited.
Conclusions Considerable variability exists among RCTs, with marked differences in study design, control groups, and 
outcome assessment. Lack of a standard-of-care control in many trials may impact reproducibility of FMT trial outcomes 
in patients with rCDI. Widespread use of FMT for rCDI is still investigational; therefore, these foundational studies provide 
opportunities to optimize future trials.

Keywords Fecal microbiota transplantation · Recurrent Clostridioides difficile infection · Heterogeneity · Randomized 
controlled trials

Introduction

Clostridioides difficile infection (CDI) is the most com-
mon healthcare-associated infection in the USA and is 
frequently complicated by recurrence, with up to 35% of 
patients developing recurrent CDI (rCDI) following an ini-
tial episode and over 50% developing recurrences after two 
or more episodes [1–4]. Current guidelines from the Infec-
tious Diseases Society of America (IDSA) and the Society 
for Healthcare Epidemiology of America (SHEA) recom-
mend FMT after “appropriate antibiotic treatments for at 
least two recurrences” of CDI [5]. Fecal microbiota trans-
plantation (FMT) utilizes the application of donor stool, 
from an otherwise healthy person, into the gastrointestinal 
tract, and has been utilized as a therapy for patients with 
rCDI following a treatment course with a standard-of-care 
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antimicrobial. Some published investigator studies of FMT 
have reported high success rates in reducing future recur-
rences [6–8].

A number of prospective single-arm and randomized 
controlled trials (RCTs) have examined the use of FMT 
to reduce future recurrences in patients with rCDI. These 
studies were performed by independent study groups and 
report differing methodologies (e.g., varying rCDI diag-
nostic criteria, FMT preparation, and comparator groups). 
The considerable heterogeneity among these studies cre-
ates a challenge for inter-study comparison, limits the 
reproducibility of results, limits the possibility of pooling 
results or conducting meta-analyses, and may account for 
the observed variability in FMT outcomes. Limited report-
ing of key methodological components within manuscripts 
may also be a challenge to reproducibility [9].

The first meta-analysis of FMT for rCDI by Kassam 
et al. in 2013 included 11 studies and reported an overall 
efficacy of 89%, while several subsequent meta-analyses 
have reported variable efficacy of FMT with results rang-
ing from 67.7 to 92% [6, 7]. Quraishi et al. reported a 
resolution rate—defined as improvement of symptoms or 
negative C. difficile stool culture or toxin—of 92% across 
all identified studies, which were highly variable and 
included seven prospective and 30 retrospective designs. 
They observed higher resolution for lower gastrointestinal 
delivery (e.g., colonoscopy or retention enema), while no 
differences were found between fresh and frozen FMT [6]. 
They also showed that FMT was superior to vancomycin 
taper. When Tariq et al. considered a more narrow group 
of FMT studies, limited to only those with a clinical trial 
design (n = 13), they found an overall efficacy of 76.1%; 
however, when they separated open-label trials from 
RCTs, the RCTs had an efficacy of 67.7% compared with 
82.7% [10].

Different resolution rates were reported by Ramai et al. 
2020 in a recent systematic review and meta-analysis of 26 
studies comparing the clinical outcomes of FMT delivered 
via colonoscopy, capsule, enema, and nasogastric tube. Their 
study found that the cure rate of CDI—defined as resolution 
of CDI symptoms—via colonoscopy was comparable to that 
of capsule (94.8% vs. 92.1%), though superior to that of 
delivery via enema and nasogastric tube (87.2% and 78.1%, 
respectively) [8].

Variations in study methodology, reproducibility of study 
results, and transparency in reporting is paramount, playing 
a significant role in our overall foundational understanding 
of the efficacy of FMT in patients with rCDI and impact-
ing our ability to develop standardized sample preparation 
and administration protocols. The aim of this analysis was 
to evaluate the heterogeneity of methodologies in RCTs of 
FMT for rCDI, highlighting differences and similarities 

between inclusion/exclusion criteria, FMT formulations, 
administration methods, and follow-up.

Methods

A search protocol and review strategy were developed to 
investigate the efficacy of therapies for rCDI. Though the 
initial search broadly captured multiple therapies, our final 
focus was on RCTs investigating FMT due to the significant 
heterogeneity between studies.

Data Sources and Study Selection

A methodical search for publications was conducted using 
the Medline, Embase, and Cochrane databases. Inclusion 
criteria were as follows: study investigated rCDI, published 
in English, investigated an adult-only (≥ 18 years) popula-
tion, and included a sample size greater than ten patients. 
Microbiota-based therapies under an Investigational New 
Drug Application for FDA approval and licensure were 
excluded. No exclusions were made based on CDI resolu-
tion criteria. All RCTs were identified for further screening.

Two reviewers independently assessed the identified 
abstracts based on pre-determined selection criteria and 
identified studies meeting the selection criteria. Initial selec-
tions were verified by the second reviewer. For studies in 
which the reviewers did not reach the same determination 
for inclusion/exclusion, the articles were reviewed for fur-
ther assessment. Any discrepancies for study qualification 
between the two reviewers were discussed and resolved 
together. A flow diagram describing the identification and 
screening of the studies is presented in Fig. 1.

Screened RCTs were further evaluated for methodologi-
cal heterogeneity, including choice of controls, inclusion/
exclusion criteria, route of FMT administration, storage, 
dosing, and follow-up time for efficacy and safety outcomes. 
The safety and efficacy outcomes from each study were not 
the focus of this study and were therefore not evaluated.

Results

The initial search identified 1353 articles (Fig. 1). After lim-
iting to studies investigating FMT and screening and review-
ing for eligibility criteria, eight randomized controlled trials 
investigating FMT were identified [11–18]. Three (37.5%) 
compared FMT to a standard-of-care antimicrobial (vanco-
mycin) control group, while most (62.5%) compared FMT 
treatments with different routes of administration or for-
mulations (Tables 1, 2). Upon consideration of processing, 
storage, administration, and dosing, we identified a total of 
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14 different FMT preparations studied in the eight RCTs. In 
terms of number of studies, the most common FMT material 
was fresh stool (75% or 6/8 studies used fresh stool), and 
the most common route of administration was colonoscopy 
(75% or 6/8 studies used colonoscopy). When examining the 
number of patients treated across all eight studies, frozen 
stool was the most common FMT material. A total of 271 
patients were treated with thawed, previously frozen stool, 
210 were treated with fresh stool, and 54 were treated with 
lyophilized stool. Taking the same approach for FMT admin-
istration routes, we found that enema was the most common 
(269 patients), followed by colonoscopy (166 patients), oral 
pills (84 patients), and nasoduodenal tube (16 patients). 
Of the eight RCTs reviewed, two studies did not specify 

whether the procedure location was outpatient or inpatient, 
four studies performed FMT at outpatient clinics, and two 
studies performed FMT as a mix of outpatient and inpatient 
procedures.

None of the RCTs utilized FMT material obtained from 
external commercial stool banks. All studies used fecal 
material provided by donors identified by the patient, typi-
cally related to or cohabitating with the patient, or healthy 
volunteer donors. The specifics of donor screening varied 
among the identified RCTs. However, the majority of the 
studies used a combination of screening questionnaires and 
blood and stool testing for transmissible infections, para-
sites, or pathogens. Patient sample sizes across the studies 
were generally small, with four studies (50%) administering 

Fig. 1  Flow diagram depicting the number of records identified, included and excluded, and the reasons for exclusions

Table 1  Summary of patient populations, formulations, and study characteristics for RCTs comparing FMT to antibiotic standard-of-care (van-
comycin) treatment

a Patients in whom recurrent CDI developed after the first fecal infusion were given a second fecal infusion within one week. After enrollment of 
the first two FMT patients, this part of the study protocol was amended, and thereafter, all subsequent patients with pseudomembranous colitis 
underwent repeated infusions every 3 days until the resolution of colitis
b Prior to acute rCDI for randomization

RCT Patients 
treated 
(N)

Route of adminis-
tration (processing)

Dosing Number of 
FMT adminis-
trations

Patient population Efficacy follow-
up time (weeks)

Safety 
follow-up time 
(weeks)

Cammarota 2015 20 Colonoscopy 
(fresh)

500 mL 1 or  morea ≥ 1 rCDI 10.0 10.0

Hota 2016 16 Enema (fresh) 500 mL (50 g 
stool)

1 ≥ 1  rCDIb 17.1 17.1

van Nood 2013 16 Nasoduodenal tube 
(fresh)

500 mL Up to 2 ≥ 1 rCDI 10.0 10.0
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specific FMT preparations to more than 50 patients, and only 
two studies (25%) administering specific FMT preparations 
to a cohort of more than 100 patients. For any single FMT 
preparation, the sample size ranged from 14 to 111 patients.

The majority of the studies collected fresh donor feces 
and prepared it for fresh, frozen, lyophilized, or encapsulated 
FMT delivery by diluting the specimens in saline or water, 
mixing or blending the solution, and filtering or straining the 
solution. However, the volume of stool used and the dilu-
tion amount varied among the studies. In terms of the time 
from stool collection to use, some studies reported time from 
specimen collection to preparation, some reported time from 
specimen preparation to FMT, and some reported the overall 
time from collection to FMT. For the specimens that were 
frozen, lyophilized, or encapsulated and then stored before 
FMT, some study protocols used cryoprotectant and others 
did not. There was also variation in the reported maximum 
storage time (range 1–6 months) for frozen, lyophilized, or 
encapsulated specimens.

Four of the eight RCTs (50%) used two or more epi-
sodes of rCDI as a patient enrollment criterion, whereas the 
remaining trials included patients with ≥ 1 recurrence, with 
each of these being published in 2017 or earlier. Five of the 
eight RCTs (63%) reported that patients were treated with 
vancomycin prior to FMT. However, the duration of vanco-
mycin treatment varied among the studies (range 3–14 days). 
Six of the eight RCTs (75%) specified a wash-out period, 
where antibiotic use was stopped for a specified amount of 

time prior to FMT. This wash-out period ranged from 24 to 
72 h across studies.

Most studies (6/8, 75%) used more than one diagnostic 
method to confirm recurrences. The most common modal-
ity upon study enrollment was the enzyme immunoassay 
(EIA), which was used either independently or in com-
bination with another diagnostic method in seven of the 
eight studies (87.5%). In two studies—Jiang, 2017 and 
Jiang, 2018—EIA was the sole diagnostic method, but a 
positive result was not required for participant inclusion. 
Three RCTs used either EIA or polymerase chain reaction 
(PCR). Two RCTs accepted EIA testing of patient stools 
in the distant past but not within a fixed time prior to the 
FMT procedure. Clinical presentation (e.g., multiple liquid 
or unformed stools) of rCDI was included as part of the 
diagnostic methodology in 75% of the trials. Jiang, 2017 
and Jiang, 2018 did not include clinical presentation as a 
diagnostic criterion in their methodology.

Among the RCTs, there was no standardized reporting 
for the time elapsed between rCDI diagnoses to the first 
FMT. Reported factors included months since last CDI 
episode (range 0.5–10.5 months), duration of antibiotic 
use (vancomycin or metronidazole, when specified) prior 
to first FMT (range 6–811 days), and duration of CDI from 
initial diagnosis to first FMT (range 3–36 months). The 
follow-up time for assessment of efficacy outcomes ranged 
from 8.0 to 17.1 weeks. All eight RCTs tracked adverse 
events. However, the follow-up period was generally 

Table 2  Summary of patient populations, formulations, and study characteristics for RCTs comparing FMT treatments with different routes of 
administration and formulations

a In last 12 months
b On day 1, patients received FMT by enema. Patients who showed no improvement of CDI symptoms by day 4 received an additional FMT with 
the same donor and allocation as the original FMT between days 5 and 8. Patients not responding to two FMTs were offered repeat FMT or anti-
biotic therapy. A portion of the patients in each treatment group received more than five FMTs
c Nonresponsive to antibiotics

RCT Patients 
treated 
(N)

Route of administra-
tion (processing)

Dosing Number of 
FMT adminis-
trations

Patient population Efficacy follow-
up time (weeks)

Safety 
follow-up time 
(weeks)

Jiang 2017 25 Colonoscopy (fresh) 50 g stool 1 ≥ 1  rCDIa 8.6 21.7
24 Colonoscopy (frozen)
23 Colonoscopy (lyophi-

lized)
Jiang 2018 17 Oral (lyophilized) 200 g stool Up to 2  ≥ 2 rCDI 8.6 13.0

14 Oral (lyophilized) 100 g stool
34 Enema (frozen) 500 mL (100 g stool) 1

Kao 2017 53 Oral (frozen) 40 capsules Up to 2 ≥ 2 rCDI 12.0 Up to 13.0
52 Colonoscopy (frozen) 360 mL

Lee 2016 108 Enema (frozen) 50 mL 1 or  moreb ≥ 2 rCDI or 
1 rCDI if 
 refractoryc

13.0 13.0
111 Enema (fresh)

Kelly 2016 22 Colonoscopy (fresh) 300 mL (64 ± 25 g 
stool)

Up to 2 ≥ 3 rCDI 8.0 26.1
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limited in the majority of RCTs, with the longest follow-
up duration for safety assessments being up to six months 
in a single study (range 10–26.1 weeks).

In terms of repeat FMT administration, two studies (25%) 
limited FMT to a single administration, four studies (50%) 
performed no more than two FMT administrations, and the 
remaining two studies (25%) did not limit the number of 
FMT administrations. Initially, the protocol for Cammarota 
et al. called for the administration of a second FMT within 
1 week in patients who developed recurrent CDI after the 
first fecal infusion. However, after enrollment of the first 
two patients, the study protocol was amended so that all 
subsequent patients with pseudomembranous colitis under-
went repeat infusions every three days until the resolution of 
colitis. In Lee et al., patients who showed no improvement 
of CDI symptoms by day 4 received an additional FMT with 
the same donor and allocation as the original FMT between 
days 5 and 8. Patients not responding to two FMTs were then 
offered repeat FMT or antibiotic therapy. A portion of the 
patients in each treatment group in the study by Lee et al. 
received more than five FMT administrations. However, the 
outcomes were not stratified based on whether the patients 
had recurrent or refractory CDI.

Discussion

Among the eight RCTs, there was noteworthy variation in 
the study structure and methodology, control groups, diag-
nostic method, antibiotic treatment prior to FMT, fecal 
transplant technique, volume of stool used, number of FMT 
administrations, and time to clinical outcome assessment. 
Differing patient populations were studied (e.g., ≥ 1 rCDI 
vs. ≥ 2 rCDI), and the time to FMT procedure was unclear, 
with studies using a variety of parameters prior to FMT to 
describe the timing of the intervention (e.g., time on vanco-
mycin, time from most recent diagnosis). Evaluation of effi-
cacy and safety of FMT has been assessed in other published 
meta-analyses, so our study concentrated on assessing the 
heterogeneity of the study methodologies and not on com-
paring outcomes. The degree of heterogeneity between stud-
ies makes it challenging to compare endpoints and reproduce 
outcomes. Caution should be taken in interpreting safety and 
efficacy across these studies and generalizing these rates.

The limitations resulting from the heterogeneity among 
FMT studies in patients with rCDI have been highlighted 
in the literature previously. Rokkas et al. conducted a meta-
analysis of six RCTs investigating FMT and warned that 
the results should be interpreted with caution due to the 
heterogeneity of the examined RCTs, which differed with 
respect to pre-FMT preparation, number of FMT admin-
istrations, dosing, severity/ribotype of CDI, and delivery 
modalities [19]. Furthermore, Rokkas et al. noted that the 

low- to moderate-quality data (in terms of blindness and 
power) of the RCTs were the main limitation. Peer reviewed 
commentary and letters to the editor have also highlighted 
the lack of standardization between FMT studies and the 
issues associated with data assessment and comparison of 
outcomes. Hota et al. stated that what the procedure referred 
to as “FMT” is actually a variety of interventions due to 
the lack of standardization of variables [20]. Lagier et al. 
commented on a recent meta-analysis (Tariq et al. 2019) 
saying, “it does not make sense to do a meta-analysis when 
unexplained heterogeneity makes the average effect diffi-
cult to interpret and potentially misleading” [21]. To better 
contextualize the results and their broad applicability and 
reproducibility, it is important to recognize the limitation of 
this heterogeneity within the available literature.

Heterogeneity in the diagnostic methodology for rCDI 
might impact observed outcomes. As of this writing, there 
are no universally accepted criteria for rCDI diagnosis; the 
possibility that patients enrolled in the RCTs may in fact 
be suffering from other (non-CDI) gastrointestinal disorders 
(e.g., post-infection IBS) must be considered. It is docu-
mented that diagnostic method(s) have differing sensitivity 
and specificity, including concern that PCR might have a 
high rate of false positive outcomes in C. difficile. This was 
hypothesized to influence the results of a trial reported by 
McGovern et al., where the use of PCR testing may have 
misdiagnosed patients at study entry and overestimated 
recurrences diagnosed during the trial, thereby resulting in 
failure to show significant therapeutic effect when compared 
against placebo [22]. Due to PCR’s inability to differentiate 
active infection from colonization, it is known to be sub-
optimal in diagnosing a recurrence. The optimal approach 
for laboratory diagnosis of CDI continues to be a point of 
controversy, and the IDSA/SHEA guidelines recommend 
more than one approach [5]. Our study found that two of 
the eight RCTs (25%) tested patients’ stool using an EIA test 
for C. difficile toxin but did not require a positive test result 
for purposes of study enrollment. This too might lead one to 
question whether the patients had active CDI. We believe, 
that moving forward, studies should do their best to adopt 
one set of diagnostic criteria (e.g., the IDSA/SHEA guide-
line recommendations). Universal diagnostic methodology 
would allow study results to be more easily applicable to 
broader patient populations and provide further guidance 
for community providers to identify the correct patients with 
rCDI and those who might benefit most from FMT.

In the RCT performed by Kelly et al., one site had a 90% 
placebo response rate when the patient’s own stool was used 
as the transplant material. It was hypothesized that the rea-
son the placebo response rate was so high was related to 
the length of time between re-diagnosis of rCDI and FMT 
administration [14]. At the site, there were prolonged periods 
of time—sometimes on the order of several months—before 
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the intervention, and it is believed that the prolonged time on 
the standard-of-care antimicrobial (e.g., vancomycin) may 
have effectively treated the rCDI. Thereby, the study groups 
(either placebo or active FMT) may have been cured prior 
to the intervention. Within our study, we identified much 
heterogeneity in reporting the “lag time” between diagnosis 
of rCDI and intervention. As hypothesized from the study 
by Kelly et al., this time period may profoundly impact out-
comes following intervention. A lack of universally accepted 
terminology or measurement of this concept is concerning. 
Some studies reported months since last CDI episode, while 
others reported time on antimicrobials prior to first FMT, 
and others provided the time from initial diagnosis to first 
FMT.

Additionally, there was substantial variability among 
the study protocols in regard to antibiotic treatment and 
wash-out period prior to FMT. The differences in these pre-
transplant regimens can significantly impact FMT outcomes. 
Theoretically, the longer patients are on antimicrobials, the 
more likely the C. difficile infection has been sufficiently 
suppressed prior to FMT, meaning that FMT will likely 
be more successful or not play a role as the antimicrobi-
als already eradicated the infection [23]. The IDSA/SHEA 
guidelines recommend a brief “induction course” of oral 
vancomycin for 3–4 days prior to FMT administration to 
reduce the burden of vegetative C. difficile [5]. Differences 
in FMT outcomes across studies could also be attributed to 
the variability in study protocols regarding the number of 
FMT administrations, as some studies limited patients to a 
single FMT administration, while others allowed multiple 
FMT administrations.

An area of weakness of the investigator-initiated trials 
involves heterogeneity in many elements, including donor 
screening. The goal for developing FMT for wide-scale 
application is to develop a universalized process leading to 
pharmaceutically generated products. Strict standards should 
be applied for the comprehensive evaluation of known path-
ogen testing, with programs designed for evaluation of new 
emerging threats, including viruses and multidrug-resistant 
organisms. Good manufacturing processes developed by 
pharmaceutical companies, in cooperation with federal and 
local regulatory and health agencies, will allow for qual-
ity control and universalized screening methods, ensuring 
adequate infrastructure is in place to quickly monitor for new 
threats and adapt protocols universally, thereby optimizing 
patient safety. The oversight is currently minimal for existing 
FMT applications.

We believe that the most important structural therapeutic 
factors that should be reported include: the number of epi-
sodes of CDI prior to FMT, the time since initial diagnosis to 
FMT, the time from the most recent rCDI diagnosis to FMT, 
the number of FMT administrations, and antibiotic treat-
ment protocol (including wash-out period) prior to FMT. By 

providing this information in a more comprehensive way, the 
broader medical community might be better able to apply the 
data to their practices, understand the likelihood of patients 
responding to FMT, and contextualize how well their indi-
vidual patients fit with the published data.

The question of most appropriate time for efficacy and 
safety follow-up is controversial and has not gained wide-
spread acceptance. The gold standard for defining recur-
rence is a new episode within 8 weeks (56 days). Recurrence 
should be defined clearly, for example, the presence of CDI 
diarrhea within 8 weeks and a positive stool test for C. dif-
ficile toxin at the time of the diarrhea. Studies should include 
a follow-up period of at least 6 months to determine longer 
term safety reporting, as well as a sustained clinical response 
of the procedure. The pivotal trials of fidaxomicin versus 
vancomycin in the treatment of initial CDI or first recurrence 
received significant critique for only using a four-week fol-
low-up. This short follow-up may have resulted in an under-
estimation of CDI recurrence rates [24, 25]. Some study 
follow-up durations vary and include 8, 12, and 24 weeks. 
This lack of universally accepted follow-up was realized 
in our analysis of FMT RCTs, where we observed 8.0- to 
17.1-week follow-up range for tracking recurrence rates, and 
safety follow-up ranging from 13.0 to 26.1 weeks. Due to the 
lack of standardization, comparisons of recurrence rates and 
safety between trials must be contextualized with the follow-
up period. Trials with a longer follow-up would likely result 
in an increased rate of recurrence and more adverse events. 
Ideally, studies should adopt universally accepted follow-up 
times, allowing proper comparison of outcomes.

Conclusion

The RCTs described in this study, albeit heterogeneous in 
reporting, have paved the way for more robust prospective 
clinical trial designs. The data from RCT studies and real-
world evidence suggest FMT is a viable option for clini-
cians to offer patients who may benefit from this treatment. 
However, widespread use of FMT for the reduction in recur-
rences in patients with rCDI remains investigational; there-
fore, these foundational studies provide opportunities for the 
optimization of future trials. Future RCTs should aim for a 
more consistent and systematic approach and include appro-
priate control groups, larger sample sizes, greater standardi-
zation of product formulations and routes of administration, 
and universally accepted follow-up durations to track future 
CDI recurrences and adverse events.
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