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ABSTRACT

Introduction: Clostridium difficile (C. difficile)
infection (CDI) is commonly recognised as a
nosocomial infection but is increasingly iden-
tified in patients in the community. Antimi-
crobial exposure which compromises gut
microbiota is the main risk factor for CDI,
although antibiotics remain the main treatment
for this infection. Faecal microbiota transplan-
tation (FMT) is also an effective treatment for
CDI. FMT involves the transfer of microbiota
from a healthy donor to an unwell patient.
Currently FMT is mostly used after repeated
antibiotic treatments fail to cure CDI. This
study investigated the effect of FMT as first-line
treatment for CDI to avoid repeated antibiotic
damage of the microbiome.

Methods: This retrospective, single-centre
study included 59 patients between 2012 and
2017 whose first episode of CDI was treated
with FMT. The patients’ symptoms and pres-
ence of C. difficile in stool samples both at the
baseline and post treatment were documented.
Results: Fifty-four patients completed a final
stool test 4–8 weeks post treatment in which
98% of patients were negative for C. difficile.
There were no adverse effects. There was a sig-
nificant reduction in abdominal pain, diar-
rhoea, bloating and blood in the stool at
4–8 weeks post treatment. Data from 24 patients
who completed an extended 6 months follow-
up showed significant reduction in abdominal
pain, diarrhoea and blood in the stool.
Conclusion: This study demonstrates the safety
and efficacy of FMT as first-line treatment for
patients’ initial episode of CDI. Future ran-
domised studies are required to confirm FMT as
the initial treatment for CDI.
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Key Summary Points

Why carry out the study?

In the USA, the Food and Drug
Administration (FDA) mandates that CDI
can only be treated with FMT after two
treatment failures with antibiotics

Given CDI often follows antibiotic use,
and the high efficacy of FMT in the
treatment of recurrent CDI it makes sense
to treat with FMT early, to eradicate CDI

This study aimed to investigate the
safety, efficacy and clinical outcomes in
patients with a first episode of CDI treated
with FMT as first-line therapy

What was learned from the study?

First-line treatment with FMT
demonstrated high efficacy (98%
eradication), low rates of recurrence,
resolution of symptoms and no adverse
events

This study demonstrates the efficacy and
safety of FMT treatment for patients with
a first episode of CDI

Our study supports the use of FMT as an
optimal first-line treatment of CDI rather
than waiting for multiple recurrences

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12907031.

INTRODUCTION

Clostridium difficile (C. difficile) is an anaerobic,
Gram-positive, spore-forming bacillus that can
cause gastrointestinal disease in humans [1].

The clinical symptoms arising from C. difficile
infection (CDI) range from mild or self-limiting
diarrhoea to severe diarrhoea and sequelae such
as toxic megacolon or fulminant colitis [2]. CDI
is a public threat in both the healthcare and
community settings. It is a major cause of
healthcare-associated diarrhoea in all areas of
the world especially in the northern hemi-
sphere [1]. The ingestion of C. difficile organism
does not necessarily cause infection, since the
colonic microbiota resist the colonisation and
overgrowth of C. difficile. CDI usually follows
gut microbiota disruption post antimicrobial
exposure, leading to proliferation and germi-
nation of C. difficile spores into vegetative cells
and results in toxin production in the intestine
[3].

Several studies have shown that antimicro-
bial exposure has been the main contributing
risk factor for CDI. Hospitalised elderly patients
receiving antimicrobial therapy remain the
high-risk group; however, CDI is increasingly
observed in younger populations with no
exposure to antimicrobials or healthcare set-
tings [4]. Another group at high risk of acquir-
ing CDI are those who have inflammatory
bowel disease (IBD) such as Crohn’s disease or
colitis [5].

CDI is a major public health problem asso-
ciated with the emergence of antibiotic-resis-
tant bacteria. According to the American and
European surveillance protocol of CDI, 500,000
infections were reported in the USA in 2011 [6]
and 7711 cases were reported in Europe in 2016
[7]. One of the major issues in the management
of CDI is the recurrence of infection, which is
estimated to be 33% after a first episode of CDI,
and that complicates the therapeutic approa-
ches. The relapse rate after treatment with
metronidazole and vancomycin is estimated to
be 50% and 37%, respectively [8]. According to
a study by Lessa et al. [9], among cases of
community-acquired CDI, in the USA the
recurrence rate and death within 30 days of
diagnosis were estimated to be 14% and 1%,
respectively, while higher rates of recurrence
(21%) and death (9%) were reported among
patients with healthcare-associated infection
[9]. Guidelines from the Infectious Diseases
Society of America (IDSA) and Society for
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Healthcare Epidemiology of America (SHEA) in
2017 list that standard care for severe CDI
includes intravenous administration of
metronidazole and oral administration of van-
comycin; for those not responding to these
antibiotics, alternative treatments such as tige-
cycline and intravenously administered
immunoglobulin can be used. Colectomy is also
recommended for fulminant cases of CDI.
However, after completing a course of antibi-
otics, 10–30% of the patients usually experience
return of symptoms and recurrence of the dis-
ease. This risk increases to 60% after a third
episode [6]. Overall, the increasing prevalence
of hypervirulent C. difficile strains, the antimi-
crobial treatment failure, patients with severe
complications and cases with multiple recur-
rences have driven the search for alternative
and new treatment options.

Faecal microbiota transplantation (FMT)
involves the infusion of healthy human faecal
flora into the bowel of an unwell recipient, with
an apparent success rate of approximately 90%
for relapsing CDI [4, 10]. Since antibiotics can
further deplete healthy microbiota, initial
treatment of CDI with FMT may avoid this
damage to the microbiome. FMT from a healthy
donor counteracts the infection susceptibility
by recovering the natural microbiota in the
patients. However, in the USA, the Food and
Drug Administration (FDA) mandates that CDI
can only be treated with FMT after two treat-
ment failures with antibiotics [10]. Subse-
quently, there have been limited studies on the
use of FMT as the first line of treatment for CDI.
Previously a small proof of concept trial inves-
tigated the effect of FMT for primary CDI, which
suggested FMT as an alternative to antibiotic
therapy in treating primary CDI [11]. Our group
has also previously reported preliminary results
demonstrating efficacy [12].

Given that CDI often follows antibiotic use,
which may result in depleted bacterial classes, it
appears illogical to continue to use further
antibiotics to treat CDI. Conversely, given the
high efficacy of FMT, it makes sense to treat
with FMT early, eradicate CDI, and repair
microbiome damage and replace missing flora
components simultaneously. Therefore, this
study aimed to investigate the safety, efficacy

and clinical outcomes in patients with a first
episode of CDI treated with FMT as first-line
therapy. This study also aimed to provide evi-
dence to modify and improve current treatment
and clinical practice.

METHODS

This is a retrospective, single-centre review of
patients with a first occurrence of CDI treated
with FMT as first-line treatment. Patients
18 years or older with first episode of CDI trea-
ted with FMT between January 2012 and
December 2017 were identified from the inter-
nal medical records database. The standard
treatment protocol during this time period
consisted of a 10–14 day course of antibiotics
such as vancomycin and/or metronidazole fol-
lowed by two FMT infusions. The initial infu-
sion was administrated via colonoscopy,
followed the next day by rectal enema. The
regulation, production and use of fresh FMT
were performed in accordance with recom-
mendations at the time of treatment [13–16].
Donors were regularly screened and both their
stool and blood were routinely tested for any
pathology. Stool was homogenised with sterile
saline and filtered. The patients in this study
received FMT from different donors that were
actively donating at the centre within this time
period.

A review of medical records was conducted
in November 2019. Patients’ symptoms, before
FMT, at 4–8 weeks and then 6 months after FMT
were collated. Stool test results (culture and
toxin assay) were recorded at baseline and 4–-
8 weeks post treatment. Treatment success was
defined as negative stool culture and toxin
assay. Further information on patient demo-
graphic data and clinical data such as age, gen-
der, pathology results, symptoms, treatments,
number of FMT infusions, pre-treatment
antibiotics and adverse events were collated.
The primary outcome was defined as negative
stool culture and toxin assay at 8 weeks post
treatment. The secondary outcomes included
change in symptoms at 8 weeks and 6 months
post treatment.
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Statistical analysis was conducted using
GraphPad Prism v.8 (La Jolla, CA, USA) soft-
ware. Descriptive statistics were conducted and
statistical differences between three or more sets
of data were analysed using one-way analysis of
variance and nonparametric technique, fol-
lowed by Tukey’s multiple comparison post test
if the P value was significant. Wilcoxon mat-
ched-pairs signed rank test was used to compare
the differences between two sets of data. P val-
ues less than 0.05 were considered significant.
This study has been approved by the Centre for
Digestive Diseases Human Research Ethics
Committee (CDD19/C06). A waiver of consent

was granted for this study. This study was per-
formed in accordance with the Helsinki Decla-
ration of 1964.

RESULTS

Fifty-nine patients (11 men) with a median age
of 47 years were eligible for inclusion in the
study. Out of 59 patients, 44% had other med-
ical conditions with 20% having a history of
gastrointestinal disorders such as IBD and irri-
table bowel syndrome (IBS). All 59 patients
tested positive for C. difficile toxin on PCR and/
or had a positive culture or both. Some 41% of
patients had three or more of the symptoms
listed in Table 1. The most common symptoms
were abdominal pain, diarrhoea and bloating.
Fifty-eight patients had pre-treatment antibi-
otics for CDI (Table 1). Fifty-four patients com-
pleted the pre- and post-stool test and symptom
questionnaire and were included in the post-
treatment analysis.

Fifty-four patients completed a final stool
test at a median 5 weeks (4–8 weeks) post treat-
ment; 98% of patients cleared C. difficile from
their faeces at 4–8 weeks with no recurrences
reported. Interestingly, the patient who
received no prior antibiotic treatment also
achieved a negative stool test result for C. diffi-
cile and showed improvement in symptoms
after FMT treatment. No minor or serious
adverse events were reported after the FMT
treatments. Only one patient showed a positive
stool test for C. difficile 5 weeks after treatment.
However, this patient received antibiotics for
treatment of Helicobacter pylori infection. The
patient subsequently received further treatment
with vancomycin followed by probiotics.
Unfortunately, this patient was lost to follow-
up.

There was a significant reduction in abdom-
inal pain, diarrhoea, bloating and blood in the
stool at 4–8 weeks post treatment (Fig. 1).
Twenty-four patients had an extended 6 month
follow-up of symptoms post treatment, which
showed a significant improvement in abdomi-
nal pain, diarrhoea and blood in the stool from
baseline (P = 0.004, P\0.001 and P = 0.002).

Table 1 Baseline demographic data

Parameter Value

Gender (N) F (48)/ M (11)

Age, median (years) 47

Pre-treatment abx for CDI

No abx 1 (1.7%)

Only van 35 (59.3%)

Only mtz 2 (3.4%)

Van ? mtz 11 (18.6%)

Van ? other abx 10 (17%)

Pre-treatment pathology testing for C. difficile, N (%)

PCR 16 (27.1%)

Culture 14 (23.7%)

PCR ? culture 29 (49.2%)

Symptoms, N

Abdominal pain 41

Bleeding 15

Bloating 22

Diarrhoea 22

Flatulence 14

Vomiting/nausea 12

Van vancomycin, mtz metronidazole, abx antibiotic, PCR
polymerase chain reaction for C. difficile toxin
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DISCUSSION

This study demonstrates that FMT can be used
safely and effectively as the first-line treatment
for CDI. Overall, first-line treatment with FMT
demonstrated high efficacy, low rates of recur-
rence, resolution of symptoms and no adverse
events.

Globally, use of FMT and trials using FMT
have increased markedly in the past 10 years.
FMT is an emerging therapy for many indica-
tions, but there is strong evidence for its use in
the treatment of CDI. However, currently it is
mainly considered for treatment of recurrent
CDI [15, 17]. One clinical trial study has repor-
ted on 21 adult patients with acute CDI who had
at least three loose stools per day, a positive
C. difficile stool test and no previous CDI.
Patients were treated with either metronidazole
or FMT. The result showed an overall response of
78% in the FMT group compared to 45% in the
metronidazole group. Although it was a smaller
trial, the results suggested that FMT may be a

better alternative to antibiotic therapy in the
treatment of primary CDI [11]. Similarly, our
study treated patients with a first occurrence of
CDI, using two FMT infusions and achieved an
efficacy of greater than 90%. However, the main
difference in our study was the use of pre-treat-
ment antibiotics in all but one patient. Pre-
treatment antibiotics are used to manage the
patient’s symptoms whilst screening blood tests
and preparation for FMT administration proce-
dures are undertaken. However, as demon-
strated by Juul et al. and the patient in our study,
pre-treatment antibiotics may not be required
[11]. A pooled analysis also showed no differ-
ence in FMT treatment outcome between
patients receiving vancomycin pre-treatment
and no pre-treatment groups [18]. This further
supports the use of FMT as first-line treatment. It
is time to optimize CDI treatment by focusing
on FMT as first-line treatment. This will of
course require prospective studies.

Treatment efficacy is known to be correlated
with a number of other factors including the
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Fig. 1 Change in clinical symptoms pre and post
treatment (N = 54). There was a significant reduction in
symptoms of abdominal pain (P = 0.0035), rectal bleeding
(P = 0.009) and diarrhoea (P = 0.0001) at the week 4–8

follow-up post treatment. Statistical significance
*P\ 0.05, **P\ 0.001
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number of FMT infusions and route of delivery
and thus these factors need to be considered
when optimising treatment and clinical prac-
tice. One study has compared the cure rate
among 80 immunocompromised patients with
CDI treated with single versus multiple FMT. It
showed a success rate of 88% after a single FMT
whereas 93% after multiple FMTs [19]. A sys-
tematic review in 2018 reported a cure rate of
93% with multiple FMT and 76% after a single
FMT [20]. In our study, all the participants
received two consecutive FMT infusions and
achieved a 98% cure. Put together there is
growing evidence supporting the use of a min-
imum of two FMT infusions for the treatment of
CDI.

The route of delivery is another important
factor in determining efficacy of FMT treat-
ment. Cho et al. reported higher success rates
for FMT delivered via colonoscopy (91%) than
via nasogastric or upper endoscopic route of
delivery (82%) [21]. Conversely, a pooled anal-
ysis study did not find any difference between
the two methods. However, the sample size of
patients receiving FMT as rectal enema was
small (n = 34) unlike the colonoscopy group
(n = 163) [18]. Another method for the delivery
of faecal material is use of FMT capsules which
is less invasive and more standardised. How-
ever, some microbes and metabolites that are
critical for the efficacy of FMT may not survive
the lyophilisation and encapsulation process or
journey to the large bowel [17, 22]. Therefore, it
is necessary to determine the efficacy of fresh
and processed faecal materials using different
delivery methods.

This study provides clear information on the
effectiveness of FMT as the initial treatment for
CDI. There are limitations associated with our
study, including the retrospective nature, lack
of control group and a small sample size. Larger,
prospective studies are required to confirm FMT
as the first line of treatment for CDI.

CONCLUSION

Overall, this study demonstrates the efficacy
and safety of FMT treatment for patients with a
first episode of CDI. Our study supports the use

of FMT as an optimal first-line treatment of CDI
rather than waiting for multiple recurrences.
Use of FMT as a first-line therapy could avoid
further costs and consequences including
increased mortality with delaying FMT. Further
studies are required to confirm the effect of FMT
for initial treatment of CDI and determine the
pre-treatment, optimal delivery method and
dose of FMT.
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