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ABSTRACT

Introduction: Clostridioides difficile (formerly
Clostridium) infection (CDI) is the most com-
mon cause of healthcare-associated diarrhea
with high mortality and recurrence rate; fur-
thermore, the treatment of recurrent cases is a
challenge. In this network meta-analysis, we
aimed to compare all available therapies against

multiple recurrent CDI (mrCDI) and rank them
by efficacy.
Methods: After a systematic search, random-
ized controlled trials (RCT) with any interven-
tions against mrCDI were included. Data were
extracted to the study database using Excel. Risk
of bias assessment was performed with the
Cochrane RoB 2 tool. The primary outcome was
the clinical cure of CDI and the secondary
outcome was the recurrence of CDI. A Bayesian
method was performed to investigate the effi-
cacy rank order of therapies. We registered our
protocol with the Prospero Center for Reviews
and Dissemination (registration no.
CRD42020160365).
Results: Six RCTs with seven interventions
were included in the quantitative synthesis.
According to the surface under the cumulative
ranking curve values, fecal microbiota trans-
plantation (FMT) after a short course of van-
comycin therapy (83%) shows the highest
efficacy for clinical cure. Tolevamer and van-
comycin ? FMT seemed to be the most effective
in preventing recurrence (87% and 75%,
respectively).
Conclusion: Vancomycin ? FMT is perhaps the
most effective option for the treatment and
prevention of mrCDI, while tolevamer is also
effective in preventing recurrence.
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Key Summary Points

Many patients infected with Clostridioides
difficile experience the recurrence of
symptoms after successful treatment.

The treatment of multiple recurrent
Clostridioides difficile infection is a
challenge worldwide.

Our network meta-analysis advocates that
fecal microbiota transplantation after a
course of vancomycin therapy seems to be
the best treatment option among different
interventions tested in randomized
controlled trials.

Since fecal microbiota transplantation
after vancomycin therapy is effective in
reducing symptoms and recurrence rate
while being safe, its use can be encouraged
in everyday practice.

The limitations of the evidence prompt
future randomized controlled trials to
validate our findings.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13055657.

INTRODUCTION

Clostridioides difficile (CD) (formerly known as
Clostridium difficile) is considered to be the
pathogen for one of the most common noso-
comial infections. CD is a Gram-positive aner-
obic spore- and toxin-forming motile bacterium
[1], which forms colonies in the colon as part of

the normal microbiome in 2–5% of healthy
adults [2].

Clostridioides difficile infection (CDI) is only
diagnosed if symptomatic diarrhea occurs
(Bristol stool chart types 5–7 more frequently
than normally), and its causative role is con-
firmed by microbiological evidence of fecal CD
toxin and toxin-producing CD [3–10]. The
symptoms of CDI vary from slight to heavy,
with mild cases characterized by watery diar-
rhea (C 2–3/day), mild abdominal cramping, or
tenderness. In severe CDI, patients experience
frequent voiding (diarrhea 10–15 times/day)
and the scale of symptoms ranges from strong
abdominal pain, nausea, and fever to serious
local and systemic complications, such as toxic
megacolon, pseudomembranous colitis, sepsis,
multi-organ failure, and death [11].

CDI can be community-acquired (if the
symptoms occur in the community or within
48 h of admission to a hospital, after no hospi-
talization in the past 12 weeks) or healthcare-
acquired (if symptoms occur more than 48 h
after admission or less than 4 weeks after dis-
charge from a healthcare facility or other
healthcare-related actions) [12]. The former
type is less frequent, since 20–27% of all CDI
cases are community-associated, with an inci-
dence of 20–30 per 100,000 population [13, 14];
according to the 2008 survey of European
Centre for Disease Prevention and Control
conducted in 106 laboratories in 34 European
countries, the weighted mean incidence of CDI
was 4.1 per 10,000 patient-days per hospital
(range 0.0–36.3), and this shows an increasing
tendency [15].

The cause of the infection is the disruption
of the normal flora in the gastrointestinal tract.
This is usually due to previous antibiotic ther-
apy [16], but other healthcare-related actions,
such as abdominal surgeries, endoscopic exam-
inations, hospitalization, or living in a sheltered
home, are known risk factors. Other important
predisposing factors are old age ([ 65 years),
comorbidities, use of certain medications, such
as proton-pump inhibitors or nonsteroidal anti-
inflammatory drugs, chemotherapy, and
immunodeficiency [17].

CDI is a potentially life-threatening infec-
tion. In addition to its increasing mortality
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(6–30%) [6, 18] and high recurrence rate
(15–30% after the first episode of CDI, 40% after
the second, and 45–65% after the third), [19, 20]
the treatment of CDI is still a major challenge.
The first-line recommendations for initial CDI
episodes are metronidazole, vancomycin, or
fidaxomicin, but, in spite of an initial amelio-
ration of symptoms, a considerable fraction of
patients experience relapse [4, 17, 21]. However,
it is important to highlight that the Infectious
Diseases Society of America recommends both
vancomycin and fidaxomicin over metronida-
zole for initial episodes and does not recom-
mend metronidazole for recurrent CDI (rCDI)
[4]. These antibiotics are options after multiple
recurrence as well, but other treatments, such as
fecal microbiota transplantation (FMT; in com-
bination with antibiotics or alone), probiotics,
or even passive immunotherapy with immune
whey are available for this indication [17].
Choosing the most successful cure still presents
a challenge and imposes an economic burden
on the healthcare system so that identification
of the most effective treatment option for CDI,
especially for multiple recurrent CDI (mrCDI),
is a cardinal question.

To rank and compare multiple treatments, a
network meta-analysis may be the ideal choice.
Although there have been network analyses
(NMA) conducted on the efficacy of treatments
in CDI [22–27], only one investigated a study
population with mrCDI, which was restricted to
the efficacy of different FMT methods [22].
Since there are many other therapeutic options
available for treating rCDI, expansion of the
network to pharmacological therapeutic
modalities may provide further evidence when
ranking treatments by efficacy. Hence, our aim
was to rank and compare the efficacy of all
available treatment regimens for mrCDI,
thereby contributing to the development of
future guidelines.

METHODS

This NMA was reported according to the Pre-
ferred Reporting Items for Systematic Reviews
and Meta-Analyses extension statement for
interventions (PRISMA-NMA) [28]. We

registered our protocol in PROSPERO under
registration number CRD42020160365 and
fully adhered to it during the study. This article
is based on previously conducted studies and
does not contain any studies with human par-
ticipants or animals performed by any of the
authors.

Search

A systematic literature search was performed in
four databases, MEDLINE (via PubMed),
Embase, Scopus, and Cochrane Central Register
of Controlled Trials (CENTRAL), from inception
to 29 September 2020, using the following
search string: ‘‘recurren*’’ AND ‘‘clostridium’’
AND ‘‘random*’’. The search was not limited by
any restrictions. In addition, the reference lists
in the included studies, previous meta-analyses,
and published editorials were screened for eli-
gible studies.

Selection and Eligibility

Two authors (FD and MI) independently
screened titles for eligibility, then abstracts and
finally full-text papers. Any disagreement was
settled after a discussion with a third author
until a consensus was reached. We included
randomized controlled trials (RCTs) and used
the PICO(ST) framework to form our clinical
question: P (population)—adult patients with
mrCDI (more than one recurrence); I (inter-
vention), C (comparison)—any interventions
used to treat CDI; O (outcome)—clinical cure
and recurrence of the infection (recurrence is
defined as the reoccurrence of CDI within
8 weeks or within the follow-up period in the
case of RCTs analyzed after the onset of a pre-
vious episode, provided the symptoms from the
previous episode were resolved after completing
initial treatment of CDI-related symptoms)
[6, 29]; S (study type)—RCT; T (timing)—
6–10 weeks.

Patients had to be adults (aged at least
18 years) with confirmed CDI (defined as diar-
rhea plus a positive CD nucleic acid amplifica-
tion test, positive cytotoxin assay result, or
pseudomembranous colitis). Studies of patients
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with primary or non-multiple recurrence of CDI
(which would have a different prognosis from
the overall patient cohort with CDI) were
excluded from the analysis. The studies also had
to report the symptomatic cure.

The primary outcome of our NMA was sus-
tained clinical cure, which was defined as the
number of patients cured (defined as the reso-
lution of diarrhea, as defined by individual trial
criteria at the end of the follow-up period). The
secondary outcome was the recurrence of CDI-
associated diarrhea within the follow-up period.

Data Extraction and Analysis

The extraction was independently conducted
by two authors (FD and MI) in duplicate, with
any disagreement settled after discussion with a
third author until consensus was reached. A
predesigned Excel spreadsheet (Microsoft Cor-
poration, Redmond, WA, USA) was used to
extract the following data: general details of the
study (authors, year of publication, and study
site), participants’ information (sample size,
age, and gender), the characteristics of the
treatments, and the main outcome measures
according to per protocol data. Only data pub-
lished in the original articles were extracted; no
supplementary information was obtained.
There was no overlapping population or dupli-
cate data.

A Bayesian method was used to perform
pairwise meta-analyses and a network meta-
analysis with the random effect model. Risk
ratios (RR) were calculated for dichotomous
data with 95% credible intervals (95% CrI). We
optimized the model and generated posterior
samples using four-chain Markov chain Monte
Carlo methods. We set at least 20,000 adapta-
tion iterations to achieve convergence and
10,000 simulation iterations. Network estimates
(pooled direct and indirect data) of each inter-
vention compared to standard medical therapy
and to other interventions are presented in
forest plots, summarized in a league table. We
also ranked interventions by their posterior
probability by calculating the surface under the
cumulative ranking (SUCRA) curve values.
Funnel plots were created for both outcomes,

and Egger’s tests were performed to assess the
small-study effect. All calculations were per-
formed with the gemtc package (V. 0.8-2) in R
(V. 3.5.2) along with the Markov chain Monte
Carlo engine JAGS (V. 3.4.0), the netmeta
package (V. 1.1-0), and STATA 16.0 (StataCorp
LLC).

Risk of Bias Assessment and Certainty
of Evidence

Version 2 of the Cochrane risk of bias tool
(RoB 2) [30], which is dedicated to assessing
RCTs, was used by two authors to appraise risk
of bias (RoB) in each of the included studies.
Any disagreement was settled after a discussion
with a third author until a consensus was
reached. The assessment was first completed on
the individual study level. Then we chose the
one individual study which showed the highest
risk of bias, and we summarized the overall RoB
assessment of the interventions on the com-
parison level with the same method. The
Grading of Recommendations Assessment,
Development and Evaluation Working Group
modality (GRADE) approach was used to assess
certainty of evidence for both outcomes for
each pairwise comparison [31]. A grading pro-
cess was independently used by two authors (FD
and MI), and disagreements were resolved by a
third author. A detailed description of the
quality assessment process can be found in the
Supplementary Material.

RESULTS

Systematic Search and Selection

The process of the systematic search and study
selection is illustrated in Fig. 1. After careful
selection, six RCTs [32–37] were eligible for the
quantitative synthesis.

Study Characteristics

The characteristics of the included articles are
presented in Table 1. The studies reported on
310 patients with mrCDI, were published
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between 2008 and 2019, and investigated seven
different interventions for mrCDI. The follow-
up period ranged between 6 and 10 weeks. All
included trials had an active comparator (three
two-arm and three three-arm trials). All studies
reported on both outcomes. The geometry of
the network is shown in Fig. 2a.

Ranking and Pairwise Comparisons

An analysis which compares the resolution of
CDI symptoms after completing certain thera-
pies found no statistically significant difference
between the interventions. However, FMT after
vancomycin pretreatment showed the best
SUCRA probability (83%) (see Fig. 2b and Sup-
plementary Fig. 2A), while the SUCRA values of

the most frequently used antibiotics were lower
(fidaxomicin, 60%; metronidazole, 51%; van-
comycin, 47%). Therefore, a combination of
vancomycin and FMT seems to be the most
effective option for treating mrCDI. In the case
of our secondary outcome, recurrence of
symptoms, tolevamer and vancomycin ? FMT
were ranked first and second (with SUCRAs of
87% and 75%, respectively) compared to the
other interventions (51–32%). The pairwise
comparisons of the interventions are shown in
Fig. 2b for primary outcome and in the league
table in Supplementary Fig. S1 for secondary
outcome.

Fig. 1 Study selection process. PRISMA flowchart containing results of systematic search and article selection. *RCTs
comparing different FMT methods cannot be connected to our network. CDI Clostridioides difficile infection
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Risk of Bias Assessment and Quality
of Evidence

The overall risk of bias of the head-to-head
comparisons for our primary outcome are
shown in Fig. 2c, while Supplementary Fig. S1
shows the secondary outcome. Most of the
pairwise comparisons raise some problems
because only two studies used blinding and
only one study has a statistical analysis plan.
Two pairwise comparisons have a low risk of
bias for each outcome. We do not report any

publication bias, since a visual assessment and
the results of Egger’s test do not suggest that it is
present. The risk of bias assessment of the
included studies is presented in Supplementary
Fig. S3A and B.

The quality of evidence in the studies was
variable (see Fig. 2c, Supplementary Fig. S1,
Table S1). The grade of evidence was of low or
very low quality for each pairwise comparison
between interventions.

Fig. 2 Results of the primary outcome. a Network map
for interventions against mrCDI included in the six RCT
studies. The size of the nodes on this map reflects the
number of included studies for each treatment, whereas the
edge thickness is proportional to the number of head-to-
head trials. b Ranking by surface under the cumulative
ranking curves (SUCRA%) values of the primary outcome.
The length of the columns is proportional to the SUCRA
values. c League table for pairwise comparisons. (The
comparison is always between the upper and lower

column.) Values are given as relative risk (95% credibility
interval). The colors of the boxes represent the overall RoB
assessment of the comparisons (green, low risk of bias;
yellow, some concerns). The number of � symbols points
to the low level of evidence based on the GRADE
approach (����, low level of evidence; ����, very
low level of evidence). Abbreviations: CDIW: Clostrid-
ioides difficile immune whey, FMT: fecal microbiota
transplantation
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DISCUSSION

The present NMA was conducted to compare
the different treatments for mrCDI. Our aim
was to assemble a rank order of the interven-
tions and determine the most effective one in
treating this infection and in preventing a fur-
ther recurrence. Our NMA of RCTs showed that
FMT after vancomycin therapy is the most
effective cure, and it is the second option in
effectiveness as regards recurrence. Although
tolevamer ranked the highest for recurrence, it
must be noted that it is no longer used in rou-
tine clinical practice. One of the main reasons
for its withdrawal from daily clinical practice
may be side effects, such as intestinal distur-
bances, including loss of appetite, nausea,
vomiting, and constipation. Changes in blood
electrolytes, such as hypomagnesemia,
hypocalcemia, and hypokalemia, could also
contribute to unwanted effects.

To the best of our knowledge, this study is
the first NMA to investigate the effectiveness of
all the treatments (not only FMT) against mul-
tiple recurrent cases of CDI included in the
published RCTs. In Rokkas et al.’s previous NMA
comparing different modalities of FMT with
certain antibiotics, donor FMT showed the
highest efficacy in comparison with other
therapeutic options [22]. It is important to
highlight that they only analyzed RCTs which
compared FMT with other therapeutic inter-
ventions against rCDI, while we included RCTs
with any intervention. In contrast with our
results on mrCDI, one NMA which analyzed 13
different pharmacological interventions in a
population of first and second CDI found that
fidaxomicin and teicoplanin were the most
effective [24]. FMT was not included to this
analysis, since it is not recommended for pri-
mary infection. Other NMAs only investigated
the efficacy of determined interventions (FMT,
bezlotoxumab, only probiotics, only antibiotics
or other antimicrobial agents [23, 25–27]), so
our NMA can provide a more comprehensive
result.

The current guidelines recommend van-
comycin or fidaxomicin for non-severe mrCDI
cases with the same effectiveness [4, 17] or

vancomycin in the first line [21]. However, as a
result of the release date of the latest European
guideline, FMT is only mentioned as an option
for multiple recurrent cases, since the first RCT
on FMT was published in 2013. On the other
hand, the latest Infectious Diseases Society of
America (IDSA) and Society for Healthcare Epi-
demiology of America (SHEA) guidelines only
advocate the use of FMT for mrCDI after a failed
appropriate antibiotic treatment [4]. Further-
more, in its updated guidelines, the Australasian
Society of Infectious Diseases recommends the
use of FMT following the failure of less invasive
options and claims that there are no data
comparing the acceptability and effectiveness of
FMT, fidaxomicin, and orally administered
vancomycin for multiple CDI recurrences [21].
However, the Australian consensus statement
for the use of FMT recommends it for recurrent
CDI cases with a high quality of evidence [38].
Considering how recently the RCTs were ana-
lyzed, our findings may provide additional
information for the current guidelines.

The aim of FMT is to reconstitute normal
flora by transplanting healthy donor feces. In
addition to its efficacy, FMT appears to be a safe
intervention with mild to moderate adverse
events, such as abdominal discomfort and
nausea, but they are generally self-limited
[33, 34]. It is important to note that failure to
preserve the normal gastrointestinal flora is a
factor in severe, recurrent, and prolonged CDI
cases [39].

Despite the positive message on the efficacy
of FMT in mrCDI, the current NMA has some
limitations. Risk of bias in some of the RCTs
cannot be ruled out. For example, more than
half of the studies did not report if participants
were blinded to the intervention. Because of
this, most of the studies using this analysis were
graded as being of very low or low quality. Most
of them did not publish a pre-specified statisti-
cal analysis plan, hence suggesting an increased
risk of bias. Another major limitation is that
almost all the trials included a small sample of
patients. Furthermore, different FMT protocols
were used, including variable FMT routes and
preparations, antibiotic dosage, and follow-up
time.
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CONCLUSION

The results of our NMA show that FMT after
vancomycin pretreatment has a high success
rate for treating mrCDI. This finding is expected
to have an influence on therapeutic guidelines
in the future and to help make FMT a highly
recommended therapy for mrCDI.

However, there are still some unanswered
questions. Well-designed RCTs with bigger
study populations, well-defined interventions,
and longer follow-up periods are needed to
ensure the effectiveness and safety of FMT.
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