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Abstract

Clostridioides difficile is a major cause of health-care related infections and

antibiotic-associated diarrhea. High recurrence rates following antibiotic

treatment, along with the emergence of hypervirulent and multidrug resistant

ribotypes makes essential the development of safe, effective, novel therapies for

the treatment of C. difficile infections. The primary outcome evaluated in this

meta-analysis was the effectiveness of fecal microbiota transplantation (FMT).

Secondary outcomes were the proportion of patients suffering adverse effects

along with the most effective administration route. The mean treatment

effectiveness was 82% (95% CI: 75-89). Overall, patients receiving FMT via

colonoscopy experienced more adverse effects than patients whom received

enema, or oral capsules (71�6% vs 40�2%, and 35�3% respectively). Comparing

administration of FMT by colonoscopy versus enema resulted in a Hedges’ g of

�0�74 (95% CI of �0�9 to �0�58), indicating a slight advantage in favor of

colonoscopy. The comparison between colonoscopy and capsule returned a

Hedges’ g of 0�44 (95% CI of 0�20–0�69), indicating that delivery of the FMT

by capsule was statistically significantly more effective. FMT provides an

effective and safe treatment for C. difficile diarrhea. Further research into the

efficacy of different preparation protocols is needed.

Introduction

Clostridioides difficile is responsible for the majority of

health-care related infections and antibiotic-associated

diarrhea, with an increasing morbidity and mortality

globally in the last few years (Banawas 2018; Cho et al.

2018). This anaerobic sporulated bacteria proliferates fol-

lowing antibiotic administration and hospitalization, and

results in C. difficile infection (CDI). Symptoms of CDI

can range from mild diarrhea to pseudomembranous

colitis (including diarrhea, abdominal pain, fever, nausea,

vomiting and leukocytosis) (Wilson 2019). CDI causes up

to 30�7% of hospital infections and diarrhea cases, with

29 300 deaths annually in USA (Banawas 2018; Cho et al.

2018). Current treatment options for CDI include admin-

istration of vancomycin, fidaxomicin or metronizadol

(Cho et al. 2018). Studies show that recurrence after

antibiotic treatment ranges from 15 to 28% of cases (Nel-

son et al. 2017). Compounding the problem, authors have

described the emergence of novel hypervirulent and
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multidrug resistant (ribotypes 027 or 176) strains of C.

difficile. These factors have elevated the threat of C. diffi-

cile in the current general antimicrobial crisis outlined by

the World Health Organization (Herbert et al. 2019;

Polivkova et al. 2016; WHO 2020).

In this context, it is essential to increase efforts in the

search for innovative methods to combat CDI. The emer-

gence of novel approaches for CDI such as fecal microbiota

transplant (FMT) could prove beneficial if we could

demonstrate that their efficacy and safety prove equal or

superior than current antibiotic regimes. The effectiveness

of alternative therapeutic strategies such as FMT would

therefore act on multiple levels—one as direct therapeutic

agents, and the other, in providing alternatives to tradi-

tional antibiotic therapy, thereby reducing the increase in

antibiotic resistance in this highly plastic, microbial patho-

gen. FMT was first used in the fourth century in China.

However, it is not until 1958 when Eisenman and cowork-

ers use FMT for the treatment of pseudomembranous coli-

tis (Smits et al. 2013). It is now known that prolonged

antimicrobial therapy can give rise to dysbiosis in the gut

microbiota, characterized by a reduction in Bacteroides

and Firmicutes colonization, thereby favoring the over-

growth of C. difficile (Aroniadis and Brandt 2013).

In FMT, a fecal solution from a donor is administered

into the intestinal tract of a recipient (Cho et al. 2018). The

fecal material for transplantation can be delivered via a

nasogastric tube, upper tract endoscopy, colonoscopy,

enema or capsules, amongst other mechanisms. FMT aims

to restore the gut microbial balance in patients with CDI

(Aroniadis and Brandt 2013; Khoruts et al. 2010). Patients

likely to benefit from a FMT are those with moderate to

severe infections that do not respond to antibiotic treat-

ment; or those with multiple recurrences (at least three

mild-moderate episodes or two episodes that require hos-

pital admission) (Societat Catalana de Digestologia 2020).

FMT is a promising novel approach for CDI, that has

shown encouraging results in clinical trials (Kassam et al.

2013). Additionally, FMT is economically favorable due

to low costs of patient and recipient preparation, sample

obtention and administration procedures, which make it

ideal for large scale application in hospitals. This meta-

analysis aims to evaluate the global effectiveness of FMT.

Secondary objectives include a description of the propor-

tion of patients suffering from adverse effects and an eval-

uation of the most efficacious administration route.

Results and discussion

Search results

A total of 5266 articles were retrieved in PubMed,

Cochrane and Science Direct databases initially, using the

specificied keywords (see Eligibility). Following screening,

233 articles were evaluated according to inclusion and

exclusion criteria. 15 articles were finally included in the

review and meta-analysis (Fig. 1).

Study characteristics

Data was evaluated from an aggregate of 1168 patients.

The main characteristics of the articles used in this review

can be found in Table 1. All the included studies are pri-

mary articles, specifically clinical trials (n = 12) and

cohort (n = 3). Excluded articles were removed from this

review due to the following exclusion criteria: (i) Studies

not published in the last 5 years. (ii) Subjects not suffer-

ing from C. difficile diarrhea. (iii) Studies not conducted

in humans. (iv) Language other than English. (v) Studies

in infants, children and adolescents (aged under 19). (vi)

Article type incorrect: Case reports, case series, journal

articles, editorial, systematic reviews.

Results of the quality assessment of the primary

research articles included in this review, using the CASP

tool are presented in Fig. S1. None of the included arti-

cles were found to have a high risk of bias across all eval-

uated domains. All studies had “low concern” with

regards to applicability. All 15 studies adressed a clearly

focused question and rated positively on the article selec-

tion process.

Figure S1a shows the results of the CASP analysis of

the included clinical trials whilst Fig. S1b shows the anal-

ysis of the included cohort studies.

Effectiveness of FMT

FMT is a highly effective therapy for the treatment of C.

difficile diarhoea, as all articles in this review reported an

effectiveness (defined as the absence of diarrhea between

8 and 13 weeks following treatment) of between 78 and

100%. A Forest plot was constructed to calculate and

demonstrate the summary statistic for treatment effective-

ness, which was shown to be 82% (95% CI: 75-89)

(Fig. 2a). The I2 statistic of heterogeneity was calculated

and found to be 20%, suggesting that the selected studies

presented a high degree of homogeneity in the results,

and hence there was no need to further explore the data

via a subgroup or moderator analysis.

The dispersion and heterogeneity of included studies

was presented as a funnel plot (Fig. 2b). Our calculations

(I2 value) demonstrate that the included studies were

highly homogenous in their distribution irrespective of

differences in standard error between the studies.

The Egger regression test returned an estimated inter-

cept of 0�43 (P = 0�511). This suggests that the degree of

data asymmetry was low and not statistically significant,
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confirming low publication bias. These analyses demon-

strate the remarkable homogeneity and suggests a low

overall bias in our analysis.

Furthermore, FMT´s efficacy increases with the number

of doses (Cammarota et al. 2015; Agrawal et al. 2016;

Ianiro et al. 2018; Juul et al. 2018; Hagel et al. 2016), as it

has been shown, in general, that patients who had

received two treatment doses have lower rates of disease

recurrence. As an exception, in the clinical trial by Dub-

berke, two doses of FMT were superior to the administra-

tion of one dose, however the results were not statistically

significant (Dubberke et al. 2018).

Recent clinical trials show vancomycin is superior to

metronidazole for non-severe CDI, with a percentage
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Figure 1 The PRISMA flow diagram outlines the search and selection process applied for the preparation of this review
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resolution of 87% compared to 78% for metronidazole

(Dieterle et al. 2019). Other studies showed that fidax-

omicin was more effective than vancomycin for achieving

symptomatic cure, with a 71% recovery rate (Nelson

et al. 2017). Overall, our study shows equivalent or supe-

rior effectiveness of FMT when compared to the gold

standard antibiotic regimes (vancomycin and fidax-

omicin).

Safety of FMT

Adverse effects after FMT were reported in 14 of the 15

articles included in the review. Most affected the gastroin-

testinal tract, the most frequent symptom being diarrhea

not caused by C. difficile (Cammarota 2015; Agrawal et al.

2016; Orenstein et al. 2016; Jiang et al. 2017; Kelly et al.

2016; Lee et al. 2016; Ianiro et al. 2018; Jiang et al. 2018).

However, all adverse effects were mild and self-resolved

within several days. Hota et al. (2017) reported fewer inci-

dences of adverse effects in the FMT treatment group when

compared to the control group receiving standard antibi-

otic therapy. The nature of the adverse effects however,

were comparable between the two groups (abdominal pain,

tenderness and bloating. Some authors such as Friedman-

Korn et al. (2018) and Kao et al. (2017) report differences

in the percentage of adverse effects between groups of par-

ticipants based on the administation route of the treat-

ment. In the Friedman-Korn study, the authors showed

that FMT via colonoscopy was associated with less risk and

a lower rate of adverse affects as compared to

# Study name

(a)

(b)

Effect 
size

CI Lower
limit

CI Upper
limit

Weight

1 Dubberke, 2018 0,89 0,71 1,07 8,96%
2 Kelly, 2016 0,76 0,50 1,02 5,12%
3 Lee, 2016 0,78 0,69 0,87 21,09%
4 Orenstein, 2016 0,87 0,53 1,22 3,20%
5 Cammarota, 2015 0,90 0,45 1,35 2,07%
6 Jiang, 2017 0,88 0,65 1,10 6,63%
7 Jiang, 2018 0,86 0,63 1,09 6,18%
8 Agrawal, 2016 0,83 0,68 0,98 11,75%
9 Friedman-Korn, 2018 0,91 0,26 1,56 1,16%

10 Ianiro, 2018 0,88 0,62 1,13 5,38%
11 Juul, 2018 0,78 0,06 1,50 1,11%
12 Kao, 2017 0,96 0,77 1,15 8,31%
13 Hagel, 2016 0,84 0,68 1,01 10,14%
14 Hota, 2017 0,44 0,21 0,66 6,76%
15 Garza-González, 2019 0,95 0,52 1,39 2,15%
16 SummaryStatistic 0,82 0,75 0,89

0% 10% 20% 30%

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

Weighting

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

0,00 0,20 0,40 0,60 0,80 1,00 1,20 1,40 1,60

Effect Size

0,00

0,05

0,10

0,15

0,20

0,25

0,30

0,35

0,40

0,00 0,20 0,40 0,60 0,80 1,00 1,20 1,40 1,60 1,80

S
ta

nd
ar

d 
er

ro
r

Effect Size

Figure 2 (a) Forest Plot showing the proportion of treated patients recovering following FMT treatment. Combined effect size (grey circle) is

82% (95% CI: 75-89). (b) Funnel Plot showing the dispersion and heterogeneity of included studies (blue circles). The trim-and-fill adjustment

identified no possible missing studies (open circles). ( ) Combined effect size; ( ) Adjusted CES; ( ) Inputed Data Points.
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esophagogastroduodenoscopy, in which stool aspiration

was reported in two people (Friedman-Korn et al. 2018).

The authors of the Kao study revealed that 12�5% of

patients receiving FMT via colonoscopy reported adverse

effects, whilst 5�4% of the group receiving oral treatment

via capsules reported undesirable side effects (Kao et al.

2017). Kelly et al. (2016) and Lee et al. (2016) did not

report the number of patients experiencing adverse effects.

Figure 3 summarizes the proportion of patients experienc-

ing adverse effects. Overall, patients receiving FMT via

colonoscopy experienced more adverse effects than patients

whom received enema, or oral capsules (71�6% vs 37�1%,

and 23�1% respectively). With regards to the administra-

tion of FMT via esophagogastroduodenoscopy, authors

described a low overall proportion of patients suffering

from adverse effects (3�4%), however, clinically, the adverse

effects appeared to be more serious (stool aspiration).

Impact of administration route in efficacy

Colonoscopy is regarded as the FMT treatment route of

choice by practitioners as it allows observation of the colon

and collection of biopsy samples if necessary (Agrawal et al.

2016). The Hedges’ g value of the standardized mean

difference in treatment effectiveness between patients receiv-

ing FMT by colonoscopy versus another administration

route were calculated. Negative values favor colonoscopy

over the alternative and positive values favor the alternative.

Comparing administration of FMT by colonoscopy versus

enema resulted in a Hedges’ g of �0�74 (95% CI of �0�90 to
�0�58), indicating an advantage in effectiveness in favor of

colonoscopy. A comparison of treatment effectiveness

between colonoscopy and capsule returned a Hedges’ g of

0�44 (95% CI of 0�20–0�69), indicating that delivery of the

FMT by capsule was statistically significantly more effective

than colonoscopy. Finally, an analysis of administration by

colonoscopy as compared to esophagogastroduodenoscopy

showed that a Hedges’ g of �2�28 (95% CI of �2�63 to

�1�93) indicating that colonoscopy was significantly more

effective as a delivery method when used for the treatment

of CDI by FMT (Fig. 4). This last conclusion should be

examined carefully, however, as only one article gave data

about cures and recurrences of the disease after FMT by

esophagogastroduodenoscopy. Furthermore, Ianiro et al.

(2018) presented data showing that there was no statistically

significant difference in the treatment effectiveness between

the two routes of administration. Further investigation is

required to confirm these results.

0 100 200 300 400 500 600

Colonoscopy

Enema

Capsules

Duodenoscopy

Figure 3 Total of patients treated with FMT and number of patients who experienced adverse effects divided by administration route. ( )

Patients reporting adverse effects; ( ) Patients treated.

# Study name Hedges'g CI Lower limit CI Upper
limit

1 Colonoscopy vs Enema -0,74 -0,90 -0,58
2 Colonoscopy vs Capsule 0,44 0,20 0,69
3 Colonoscopy vs Duodenoscopy -2,28 -2,63 -1,93

0
1
2
3

-3,00 -2,50 -2,00 -1,50 -1,00 -0,50 0,00 0,50 1,00
Effect Size

Figure 4 A Forest plot showing the Hedges’ g value of the standardized mean difference in treatment effectiveness (combined studies) between

patients receiving FMT by colonoscopy versus another administration route. Negative values favor colonoscopy while and positive values favor the

alternative
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Limitations

Preparation protocols for the FMT were not an intended

analysis variable of this review and meta-analysis, hence no

conclusions are presented in regards with differences in

effectiveness when different preparation protocols are used.

One study reported no statistically significant differences

between using fresh and frozen stools (efficacies of 83�5 and
85�1% respectively; Lee et al. 2016). Kelly et al. (2016)

reported significant differences in effectiveness between

allogenic and autologous FMT (90�9% vs 62�5%). Nonethe-

less, thorough analysis of the effectiveness and safety of the

current available protocols requires attention. Current pro-

tocols recommend application of FMT following the sec-

ond recurrence of CDI, however Garza-Gonzalez et al.

(2019) suggest that the response rate may be further

improved by applying FMT as a first-round therapy, taking

advantage of a lower dysbiosis at an earlier stage.

FMT has been proven to be an effective (82% recovery)

and safe (mild side effects) treatment for C. difficile diar-

rhea as compared to gold standard antibiotic therapy.

Additional benefits of FMT include avoidance of antibi-

otic use and therefore the potential of reducing antimi-

crobial resistance. Patients receiving FMT via colonoscopy

experienced more adverse effects than patients whom

received enema, or oral capsules. Furthermore, oral

administration of capsules showed superior effectiveness

when compared to colonoscopy and enema. Further

research into the most effective clinical protocols to pre-

pare the FMT as well as more comparative studies on

administration routes are needed.

Materials and methods

Protocols and registration

This systematic review was created in accordance with the

Preferred Reporting System for Systematic Reviews and

Meta-Analyses (PRISMA) (Moher et al. 2009). The proto-

col has been registered at the International Prospective

Register of Systematic Reviews (PROSPERO).

Eligibility

We searched for original articles reporting outcomes in

individuals with diagnoses of C. difficile diarrhea. In order

to locate potentially suitable studies, we conducted several

searches using three electronic databases (PubMed,

Cochrane, Science Direct). The keywords used were

“F*cal microbiota transplant*” AND “Clostridium diffi-

cile diarrh*a” and “F*cal microbiota transplant*” AND

“Clostridioides difficile diarrh*a”. A manual search for

articles was also carried out and, when necessary authors

were contacted directly for unpublished data and addi-

tional information.

Inclusion and exclusion criteria

Full-text articles published in English during the last

5 years involving adult human participants aged over

19 years old were included for analysis. Clinical trials and

analytic observational studies (cohorts and case-control)

were included. The following study types were excluded

from this review: biographies, directories, editorial, lec-

tures, commentaries, abstracts, reviews, meta-analysis.

Studies that did not focus on the subject of study or used

pediatric patients were also excluded.

Data extraction

The titles, abstracts, results and conclusions of the articles

identified from the search results were screened. The

included articles were then evaluated with respect to the

exclusion criteria. The following information was col-

lected from the full-text articles comprising the final

selection: author(s), publication year, country, number of

participants, subject ages, treatment given, the proportion

of recoveries and recurrences, administration route of the

FMT therapy and adverse effects. Articles were reviewed

by authors RPB and VV. RPB collected the necessary data

from the chosen articles for subsequent evaluation and

VV and CCS cross-checked data for suitability.

Quality assessment measures

The CASP quality assessment tool was used to appraise

primary research articles (Clinical Appraisal Skills Pro-

gramme 2020).

Outcome measures

The primary evaluated outcome was FMT effectiveness.

Secondary outcomes include the proportion of patients

suffering from adverse effects and the efficacy of the

administration routes used for the delivery of FMT.

Recovery was defined as the absence of diarrhea between

8 and 13 weeks following treatment.

Statistical analysis

Statistical analysis was carried out on all collected data

prior to presentation of the results. CASP data analysis

was carried out by calculating the proportion “Yes”, “No”

and “Don’t know/Can’t tell” responses as a function of

the total number of questions. The proportion of “Yes”

responses correlates with the study quality.
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The Meta-Essentials tool was used to carry out all the

meta-analysis calculations (Suurmond et al. 2017). Briefly,

the tool requires the use of a set of Microsoft Excel work-

books that, following data input, automatically carry out

the required statistics and generate the necessary tables

and figures.

The summary statistic for the effectiveness of FMT

treatment and that of the comparison of administration

routes for the delivery of FMT was calculated and pre-

sented via a Forest plot, using a fixed-effects model and a

95% confidence level. The data used to construct the For-

est plot was also used to estimate the extent of hetero-

geneity via the calculation of the I2 value.

An analysis of possible publication bias was carried out

and displayed in the form of a funnel graph. The Meta-

Essentials tool allows the calculation and adjustment for

the estimate of the combined effect size in order to cor-

rect for potential publication bias. A detailed explanation

of the calculation can be found in the Meta-Essentials

user manual (van Rhee et al. 2015). The funnel graph was

also used to carry out significance testing for publication

bias. The Egger test was used as the Begg and Mazumdar

test is unreliable for meta-analyses with a small number

of included studies such as this one.
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