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Faecal microbiota transplantation for Clostridium
difficile-associated diarrhoea: a systematic
review of randomised controlled trials
Paul Moayyedi1, Yuhong Yuan1, Harith Baharith1, Alexander C Ford2,3
Abstract

Objectives: Faecal microbiota transplantation (FMT) has

lostridium difficile was first isolated in 1935,1,2 but was
probably responsible for outbreaks of diarrhoea for cen-
emerged as a useful approach for treating Clostridium
difficile-associated diarrhoea (CDAD). Randomised controlled
trials (RCTs) have recently evaluated its effectiveness, but
systematic reviews have focused on evidence from case series.
We therefore conducted a systematic review and meta-analysis
of RCTs evaluating the effectiveness of FMT for treating CDAD.

Study design: We included RCTs that primarily recruited adults
with CDAD and compared the effectiveness of FMT with that of
placebo, antibiotic therapy, or autologous stool transplantation,
or compared different preparations or modes of delivery of FMT.
Dichotomous symptom data were pooled to calculate a relative
risk (RR) of CDAD persisting after therapy, and the number
needed to treat (NNT).

Data sources: MEDLINE, EMBASE, and the Cochrane Controlled
Trials Register and Database of Systematic Reviews were
searched to 6 February 2017.

Data synthesis: We identified ten RCTs that evaluated the
treatment of a total of 657 patients with CDAD. Five RCTs
compared FMT with placebo (including autologous FMT) or
vancomycin treatment (total of 284 patients); FMT was
statistically significantly more effective (RR, 0.41; 95% CI,
0.22e0.74; NNT, 3; 95% CI, 2e7). Heterogeneity across studies
was significant (I2 ¼ 61%); this heterogeneity was attributable to
the mode of delivery of FMT, and to the therapy being more
successful in European than in North American trials. The other
five RCTs evaluated different approaches to FMT therapy.
Frozen FMT preparations were as efficacious as fresh material in
one RCT, but the numbers of patients in the remaining RCTs
were too small to allow definitive conclusions.

Conclusions: Moderate quality evidence from RCT trials
indicates that FMT is more effective in patients with CDAD than
vancomycin or placebo. Further investigations are needed to
determine the best route of administration and FMT preparation.
C turies before its discovery.3 C. difficile-associated diarrhoea
(CDAD) was until recently an uncommon disorder that usually
responded to antibiotics and rarely life-threatening. Over the past
20 years, the worldwide incidence of CDAD has more than
doubled,4 and outbreaks have been associated with greater
morbidity and mortality,5 although to a lesser extent in
Australia.6 In-hospital mortality directly attributed to the infec-
tion has been estimated to be 5%, and all-cause mortality at
greater than 15%.5

Genotyping of C. difficile in the early 2000s revealed that a partic-
ularly pathogenic strain (BI/NAP1/027) has an 18-base pair
deletion in the tcdCgene, resulting in increased antibiotic resistance
and amore than tenfold increase in the production of both types of
toxin released by the bacterium.7 The emergence of a more toxic,
antibiotic-resistant strain of C. difficile is a major problem, partic-
ularly for vulnerable hospitalised patients; in 2011, C. difficile
infection was associated with more than 450 000 inpatient cases in
theUnited States, causing almost 30 000 deaths and incurring costs
of US$1.5 billion.8

Faecal microbiota transplantation (FMT) has emerged as an
important approach to treating CDAD resistant to antibiotic ther-
apy. Treating patients with abdominal disorders with faecal
preparations was first described more than 1000 years ago,9 but
only recently has its potential value for treating CDAD been
realised.10 Recent guidelines from Europe11,12 and North
America13 recommend FMT for treating antibiotic-resistant
CDAD; Australian and New Zealand guidelines on therapy for
CDADneed to be updated.14However, the overseas guidelines are
based on systematic reviews of data largely derived from case
series,13,15 so that the quality of evidence is not optimal. Several
randomised controlled trials (RCTs) of FMT for CDAD have since
been published, motivating us to undertake a systematic review of
these RCTs that could inform future guidelines on the topic.
Methods

Search strategy and study selection
We undertook a literature search in the electronic databases
MEDLINE (1946 to 6 February 2017), EMBASE (1947 to 6 February
2017), the Cochrane Central Register of Controlled Trials
(to November 2016), and the Cochrane Database of Systematic
Reviews (2005 to 2 February 2017). We included RCTs that eval-
uated FMT in adult patients (over the age of 16 years) with CDAD
(Box 1). Studies of CDAD were identified by the term Clostridium
difficile (as amedical subject heading [MeSH] or free text) combined
(set operator AND) with studies identified by “faecal microbiota
transplantation” (MeSH and free text), “fecal/faecal adj5
1McMaster University, Hamilton, ON, Canada. 2 Leeds Gastroenterology Institute, St Jam
Sciences, University of Leeds, Leeds, United Kingdom. moayyep@mcmaster.ca j doi: 10
transplant”, “fecal/faecal adj5 therapy”, “bacteriotherapy”, or
similar terms (online Appendix 1).

Abstracts were eligible for inclusion; we hand-searched conference
proceedings for United European Gastroenterology Week and for
Digestive Disease Week in the US and Canada for 2015 and 2016.
ClinicalTrials.gov was searched for ongoing trials of FMT for
C. difficile infections, andwe also conducted a recursive search of the
literature in the bibliographies of relevant studies identified by our
search strategy. Twomasked reviewers (YYandPM) independently
assessed potentially relevant articles according to prospectively
defined eligibility criteria (Box 1). Any disagreement between
investigators was resolved by consensus (all four authors).

Population, intervention, controls, outcome assessment
Theprimaryoutcome assessedwas resolution ofCDADsymptoms
as defined by the trial investigators. Where more than one
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2 Randomised control trials (RCTs) of faecal
microbiota transplantation for treating Clostridium
difficile-associated diarrhoea: selection of studies
included in the analysis

1 Eligibility criteria for inclusion of randomised control trials
in our analysis

� Randomised controlled trial

� Adult patients (at least 80% participants aged > 16 years)

� Documented toxin-producing Clostridium difficile infection
with diarrhoea

� Faecal microbiota transplantation (FMT)* as intervention

� No intervention, placebo, autologous FMT,† antibiotics, or another
mode of FMT delivery as control/comparator

� Followed up for at least 30 days

* Defined as transfer of stool from a healthy donor. Administration of selected
bacterial strains (such as “synthetic stool”, probiotics, spore-forming organisms)
were excluded by this definition. † Autologous FMT uses stool collected from the
patient, processed as donor stool, and administered to the same patient. u

Systematic review
definition of success was applied, we chose the outcome with the
lowest placebo response rate. Secondary outcomes assessed
included quality of life and adverse events.
Data extraction
Two reviewers (PM and YY) independently recorded data from
eligible studies in an Excel (Microsoft) spreadsheet. Reviewers
extracted the following information for each trial: setting (primary,
secondary, or tertiary care-based), number of centres, country of
origin, proportion of female patients, type of FMT donor, route of
administration, use of bowel preparation or antibiotics prior to
FMT, number of FMT doses, primary outcome, total number of
adverse events reported, quality of life, and duration of follow-up.
Data were extracted for intention-to-treat analyses, with all
drop-outs assumed to be treatment failures. Two independent re-
viewers (PM and YY) also assessed the risk of bias according to the
Cochrane handbook risk-of-bias tool.16 This evaluates the method
of randomisation,whether allocationwas concealed, themethodof
blinding, the completeness of follow-up, evidence of selective
outcome reporting, and other biases.
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Data synthesis and statistical analysis
The relative proportions of patients with persistent CDAD in the
intervention and control groups were expressed as a relative risk
(RR) with 95% confidence intervals (CIs). The relative frequencies
of adverse events were also expressed as RRs with 95% CIs. Data
were pooled in a random effects model17 to allow for any hetero-
geneity across studies. The number needed to treat (NNT) and the
number needed to harm (NNH), with 95% CIs, were calculated
from themeta-analysis RR and assumed control group risk (ACR),
based on the pooled control event rate from the eligible studies:
NNT/NNH ¼ 1/(ACR � [1 e RR]).

Heterogeneity of studieswas assessedwith both the I2 statistic (cut-
off,� 50%) and the c2 test (P < 0.10 defined as significant degree of
heterogeneity).18 If heterogeneity was significant, we explored
potential explanations in planned subgroup analyses19 according
to type of control, FMT route, number of doses, trial setting, criteria
for success, and risk of trial bias. We compared individual RRs
from these analyses in the Cochran Q statistic (c2 test).

Forest plots of pooled RRs for primary and secondary outcomes
with 95% CIs and funnel plots were generated in ReviewManager
5.3.5 (RevMan; the Nordic Cochrane Centre). Had more than nine
eligible trials been synthesised,20 a funnel plot would have been
generated to assess asymmetry, and hence possible publication
bias or other small study effects, with the Egger test.21
Results

The search strategy identified 309 relevant articles, of which ten
reported eligible RCTs that evaluated the treatment of 657 CDAD
patients22-31 (Box 2; Box 3). The ten RCTs evaluated FMT for
recurrentCDAD that hadnot responded to, or had recurred after at
least one course of antibiotics; most trials defined cure of CDAD as
resolution of symptoms. The trials applied different comparators,
and evaluated different modes of FMT (Box 3). The risk of bias was
low for four trials24,25,30,31 (Box 4).
Comparison of FMT with vancomycin or placebo
Five RCTs22-26 compared FMT with vancomycin or placebo (total
of 284 CDAD patients); in these trials, FMT was statistically
significantly more effective in curing CDAD (RR for CDAD per-
sisting, 0.41; 95%CI, 0.22e0.74;P ¼ 0.004; Box 5),with anNNTof 3
(95% CI, 2e7). There was significant heterogeneity across studies
(I2 ¼ 61%; c2 test, P ¼ 0.04). Pre-defined subgroup analyses indi-
cated that the effect of FMT did not differ significantly between
trials with low/unclear or high risk of bias, or between trials in
which vancomycin or autologous stool/placebo served as control;
these factors did not explain the heterogeneity (Box 6). FMT was
more effective in European than in North American trials (Box 7),
and when administered by the naso-duodenal or colonoscopy
routes rather than by enema (Box 8). These two factors explained
the heterogeneity among the studies (Box 6), but this finding
should be received with caution, as the numbers of studies and
patients enrolled were small. There was no difference between
FMT and vancomycin or placebo treatments in the number of
serious adverse events (RR, 0.64; 95%CI, 0.26e1.61), and therewas
no heterogeneity across studies in this respect (I2 ¼ 0%; c2 test,
P ¼ 0.64; online Appendix 2, figure). There were no major
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3 Demographic information, follow-up and outcomes of eligible randomised control trials of faecal microbiota transplantation
(FMT) for treating Clostridium difficile-associated diarrhoea (CDAD)

Trial Country (number of sites) Patient characteristics Follow-up Definition of success

Trials comparing FMT with placebo or vancomycin therapy

van Nood et al. (2013)22 Netherlands (1) CDAD recurrence after
at least one course of
adequate antibiotic therapy
(vancomycin: � 125 mg qid,
� 10 days; metronidazole:
500 mg tid, � 10 days);
n ¼ 42

10 weeks Absence of diarrhoea, or
persistent diarrhoea
explicable by other causes,
with three consecutive
negative stool tests for
C. difficile toxin

Cammarota et al. (2015)23 Italy (1) Recurrent CDAD; n ¼ 39 10 weeks Disappearance of diarrhoea,
or persistent diarrhoea
explicable by other causes,
with two negative stool
tests for C. difficile toxin

Kelly et al. (2016)24 USA (2) Three or more CDAD
recurrences; course of
vancomycin received; n ¼ 46

8 weeks Resolution of diarrhoea
without need for
further anti-CDAD therapy
for 8 weeks

Orenstein et al. (2016)25 USA/Canada (21) At least two CDAD
recurrences; n ¼ 127

13 weeks Clinical resolution of
diarrhoea without relapse at
13 weeks, after receiving up
to two FMTs without need
for antibiotics

Hota et al. (2017)26 Canada (1) Two or more CDAD
recurrences; at least one
course of oral vancomycin
received; n ¼ 30

120 days No recurrence
of CDAD within 120 days
(primary) or no recurrence
of CDAD symptoms (not
laboratory-confirmed)
(secondary outcome)

Trials comparing FMT modalities

Youngster et al. (2014)27 USA (1) At least three episodes of
mild to moderate CDAD and
failure of 6e8 week taper with
vancomycin; or at least two
episodes of severe CDAD
resulting in hospitalisation,
associated with significant
morbidity; n ¼ 20

6 months Clinical resolution of
diarrhoea without relapse at
8 weeks

Allegretti et al. (2016)28 USA (2) Recurrent CDAD; n ¼ 19 8 weeks Clinical resolution of
diarrhoea without relapse at
8 weeks

Kao et al. (2016)29 Canada (2) Three or more CDAD
recurrences; n ¼ 43

Not reported Not defined

Lee et al. (2016)30 Canada (6) History of recurrent or
refractory CDAD; patients
with only one recurrence were
not included unless the most
recent episode was refractory
to treatment; n ¼ 219

13 weeks Clinical resolution of
diarrhoea without relapse at
13 weeks, after receiving up
to two FMTs without need
for antibiotics

Jiang et al. (2017)31 USA (1) At least three separate
episodes of CDAD in past
3 months; n ¼ 72

5 months Resolution of symptoms
and no recurrence during
5 months’ follow-up

qid ¼ four times a day; tid ¼ three times a day. u

Systematic review
M
JA

2
0
7
(4

)
j
2
1
A
u
g
u
st

2
0
17

168



3 (continued)

Intervention Donor Delivery mode Comparator

Vancomycin (500 mg qid,
4 days), followed by bowel
lavage with 4 L macrogol
solution (Klean-Prep) on final
day of antibiotic treatment
and subsequent infusion of a
solution of FMT; n ¼ 16

Healthy volunteer Naso-duodenal tube Vancomycin (500 mg qid,
14 days), or vancomycin with
bowel lavage on day 4 or 5;
n ¼ 26

Vancomycin (125 mg qid,
3 days), followed by one or
more infusions of faeces
(diluted in 500 mL sterile
saline); n ¼ 20

Healthy volunteer Colonoscopy Vancomycin (125 mg qid,
10 days), followed by
125e500 mg/day every
2e3 days for at least 3 weeks;
n ¼ 19

300 mL faecal suspension
infused into terminal ileum or
caecum; n ¼ 22

Healthy volunteer
(identified by patients or
anonymous)

Colonoscopy Autologous FMT: 300 mL
faecal suspension from own
stool infused into terminal
ileum or cecum; n ¼ 24

RBX2660: one or two doses,
7 days apart; n ¼ 83

Commercially prepared
microbiota suspension

Enema Two doses of placebo, 7 days
apart; n ¼ 44

Oral vancomycin (125 mg qid,
14 days) followed by single
500 mL FMT; n ¼ 16

16 fresh donations from
screened, healthy donors
identified by recipients

Enema Oral tapering vancomycin for
6 weeks: 125 mg, qid, 14 days;
then twice daily, once daily,
every second day, every third
day: each for a week; n ¼ 14

41 g stool sample diluted in
sterile saline. Frozen
suspensions were stored
(�80�C) for maximum
156 days, thawed in 37�C
water bath; n ¼ 10

Unrelated healthy donor FMT via colonoscopy FMT: By nasogastric tube
(omeprazole 20 mg daily, 48
hours before infusion); n ¼ 10

30 FMT capsules; n ¼ 9 Healthy, rigorously
screened, unrelated donors
from a universal public stool
bank

Oral capsule FMT: 30 FMT capsules given on
two consecutive days; n ¼ 10

100 g stool processed to
40e60 capsules; n ¼ 22

Seven universal stool
donors registered in FMT
program

Oral capsule FMT: By colonoscopy: 100 g
raw stool processed to 400 mL
faecal slurry for colonoscopy
delivery; n ¼ 21

100 g stool sample diluted in
300 mL water. Frozen
suspensions were stored
(�20�C) for maximum
30 days, thawed overnight
(25�C); suspension
administered within 24 hours;
n ¼ 108

Unrelated healthy
volunteers (most supplied
by three donors)

Enema FMT: Fresh 100 g stool sample
diluted with 300 mL water;
patients received suspension
within 24 hours; n ¼ 111

Individual stool samples from
donors (� 50 g) processed
within 4 hours of passage,
diluted in 0.85% saline (total
volume, 1500 mL). Fresh FMT
aliquots were administered
within 2 hours of preparation;
n ¼ 25

Unrelated healthy donor Colonoscopy FMT: Frozen or lyophilised
Frozen: aliquots stored
(e80�C) and used within
6 months of preparation;
n ¼ 24
Lyophilised: 50 g filtered
solution frozen (e80�C) for at
least 6 hours, then freeze-dried.
Powder used within 6 months
of preparation; n ¼ 23
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4 Summary of the risk of bias for each included randomised control trial of faecal microbiota transplantation (FMT)

Trials comparing FMT with placebo or
vancomycin therapy* Trials comparing FMT modalities*

22 23 24 25 26 27 28 29 30 31

Random sequence generation (selection bias) ? — — ? ? — ? ? — —

Allocation concealment (selection bias) ? ? ? — ? ? ? ? — ?

Blinding of participants and personnel
(performance bias)

X X — — X X ? ? — —

Blinding of outcome assessment
(detection bias)

? ? — — ? ? ? ? — —

Incomplete outcome data (attrition bias) — — — — — — — — — —

Selective reporting (reporting bias) — — — — — — — — — —

Other bias ? ? — — ? — ? ? — —

* The studies are identified by the number of the publication in the reference list. — ¼ low risk of bias; ? ¼ unclear risk of bias; X ¼ high risk of bias. u
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differences between the FMT and control groups with regard to
serious adverse events (online Appendix 2, table).

The quality of the evidence, as assessed according to GRADE
criteria,32 was moderate. Although the effect of FMT was statisti-
cally significant, the quality of evidence was reduced by the het-
erogeneity of the studies, both statistical and clinical. The number
of events in the trials was also low by GRADE criteria, but we did
not downgrade for this factor because the effect of FMT was
marked; even at the upper limit of the 95%CI for its relative efficacy
(0.74), its effect would be clinically important.

Comparing preparations and routes of delivery of FMT
Five eligible RCTs27-31 compared different preparations and
routes of administration of FMT. One trial28 with 19 CDAD pa-
tients found no statistically significant difference between the
5 Randomised control trials comparing the effectiveness of faec
transplantation for curing Clostridium difficile-associated diarr
treatment with vancomycin or placebo
effect of giving 30 FMT capsules once and repeating the dose the
next day (cure rates, 70% and 77% respectively). Another trial29

randomised 43 participants to FMT by capsule or by colonos-
copy; the cure rates were not statistically different (92% v 100%).
A third trial27 compared frozen/thawed FMT administered by
nasogastric tube with FMT by colonoscopy in 20 CDAD patients;
the cure rates were not statistically different (60% v 80%). Each of
these studies was underpowered for detecting meaningful clin-
ical differences between the groups, and all were judged as being
at high risk of bias (Box 4). The quality of evidence (GRADE) for
each of these comparisons was very low.31

One RCT30 compared frozen with freshly prepared FMT in a trial
with 219 CDAD patients. There was no statistically significant
difference in the clinical resolution of symptoms (84% and 85% of
patients respectively). This study was adequately powered for
al microbiota
hoea with
detecting a difference, and was at low risk of
bias (Box 4); however, the quality of evidence
for frozen FMTbeing as effective as freshFMT
was rated asmoderate because the number of
patients, while reasonably large, was not
sufficient tomerit a high quality grading. One
RCT31 compared fresh, frozen, and lyophi-
lised FMT in a total of 72CDADpatients,with
resolution of CDAD in 100%, 83%, and
78% respectively. There was no statistically
significant difference between the effective-
ness of fresh and frozen FMT, but fresh FMT
was significantly superior to the lyophilised
preparation; however, the authors do not
appear to have adjusted their analysis for
multiple testing. The study sample size was
insufficient to provide robust results, and
there was an unclear risk of bias (Box 4).

Discussion

A number of systematic reviews have eval-
uated studies of FMT in patients with
CDAD,13,15,33-35 but all have focused on case
series data. These reviews all found that FMT
was effective for treating CDAD, but uncer-
taintywas inevitable given the low quality of
most of the studies assessed. Ours is the first
systematic review to focus on RCT evidence

https://www.mja.com.au/sites/default/files/issues/207_04/10.5694mja17.00295_Appendix%202.pdf


6 Subgroup analyses of randomised control trials of faecal microbiota
transplantation for treating Clostridium difficile-associated diarrhoea

Parameter
Number of
studies

Number of
patients

Rate ratio
(95% CI) I2

P
(interaction)

Risk of bias 0.53

Low 3 111 0.32
(0.11e0.91)

69%

Unclear/high 2 173 0.50
(0.20e1.26)

49%

Type of control 0.53

Vancomycin 3 111 0.32
(0.11e0.91)

69%

Autologous/
placebo

2 173 0.50
(0.20e1.26)

49%

Continent 0.01

Europe 2 81 0.20
(0.09e0.46)

0%

North America 3 203 0.63
(0.45e0.88)

0%

Route of administration 0.02

Naso-duodenal 1 42 0.26
(0.09e0.73)

0%

Enema 2 157 0.67
(0.47e0.94)

0%

Colonoscopy 2 85 0.18
(0.07e0.47)

0%

Systematic review
for the efficacy of FMT in the treatment of CDAD. Our
review more accurately analyses the importance of the
route of administration and the choice of control inter-
vention, and we also evaluated the quality of the re-
ported evidence with a robust methodology.32

We found that there is moderate quality evidence that
FMT is effective for treating patients with CDAD that has
not responded to or has recurred after antibiotic therapy.
According to GRADE criteria,32 we can be reasonably
confident that FMT is effective, but further trials may
change our estimate of the magnitude of its effect. All
included trials were undertaken in Europe or North
America; RCT data from Australia, New Zealand and
Asiawouldbeuseful, particularly as the revival of interest
in the therapeutic benefit of FMT for patients with
gastrointestinal diseases originated in Australia.36

Our systematic review also highlights the fact that
frozen/thawed transplants — a more convenient
approach that reduces the burden on a donor to supply a
sample on the day it is needed — is as effective as fresh
FMT. The RCT reporting their similar efficacy30 was
supported by a microbiological analysis which found
that the viability of six representative bacterial groups
changed little during 6 months’ storage at e80�C.37

Lyophilised samples allow easier storage, and also pro-
vide material that is simpler to encapsulate.38 However,
preliminary RCT findings31 suggest that this approach
may not be as efficacious as fresh FMT, and the question
needs further investigation. An RCT comparing lyophi-

lised and fresh FMT administered by retention enema is under-
way,39 but, as only 50 CDAD patients will be recruited, it may have
insufficient power to test the equivalence of the two preparations.

Our systematic review has some limitations. We reviewed con-
ference abstracts only from the past two years, and may have
missed earlier trials not published as full articles.We did not assess
the grey literature, nor did we contact new companies that may be
assessing the effectiveness of commercial FMT preparations for
treating CDAD. We identified more relevant RCTs than previous
reviews, but our conclusions are still limited by the quality of the
reported data. In particular, the preparations of FMT evaluated
and the nature of the control groups varied between trials. As
ethical considerations dictate that patients in the control arm of an
7 Randomised control trials comparing the effectiveness of faec
transplantation for curing Clostridium difficile-associated diarrh
treatment with vancomycin or placebo, by continent
RCT receive standard care, treatment with vancomycin or fidax-
omicin40 would be appropriate for comparative purposes.11

Further investigations into the best route of administration for FMT
are needed. Our analysis indicates that naso-duodenal and colono-
scopic applicationmay bemore effective than retention enemas, but
this conclusion relies on indirect comparisonsof subgroups. Further,
thesemodes are difficult to employmore than once in an individual
patient, some of whommay require a second FMT. Naso-duodenal
application entails the risk of aspiration,41 and colonoscopy a small
risk of perforation, which is more significant in patients with severe
disease. It is therefore important that an adequately powered RCT
compares the efficacy of FMT by enema with that by colonoscopy.
Data from RCTs on which type of donor (related, unrelated, or
al microbiota
oea with
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anonymous) ismost efficacious have not been
published;whetherpooling stool fromseveral
donors increases the efficacy of FMT, and
whether bowel preparation (treatment with
polyethylene glycol or antibiotics) improves
outcomes also remain to be clarified. More
detailed epidemiological data on factors that
potentially predict the success or failure of
FMT are also needed.

In conclusion, our systematic review syn-
thesises information from RCTs that have
evaluated the efficacy of FMT for treating
CDAD, and this synthesis will be useful
when developing guidelines. It also provides
researchers with further information on how
to best design RCTs for assessing FMT in
patients with CDAD.
Competing interests: No relevant disclosures.n
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8 Randomised control trials comparing the effectiveness of faecal microbiota
transplantation for curing Clostridium difficile-associated diarrhoea with
treatment with vancomycin or placebo, by route of administration
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