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Faecal microbiota replacement to eradicate

antimicrobial resistant bacteria in the intestinal
tract - a systematic review

Manu P. Bilsen®, Merel M.C. Lambregts®, Joffrey van Prehn®, and

Ed J. Kuijper™®

Purpose of review

Antimicrobial resistance is a rising threat to global health and is associated with increased mortality.
Intestinal colonisation with multidrug-resistant organisms (MDRO) can precede invasive infection and
facilitates spread within communities and hospitals. Novel decolonisation strategies, such as faecal
microbiota transplantation (FMT), are being explored. The purpose of this review is to provide an update
on how the field of FMT for MDRO decolonisation has developed during the past year and to assess the
efficacy of FMT for intestinal MDRO decolonisation.

Recent findings

Since 2020, seven highly heterogenous, small, nonrandomised cohort studies and five case reports have
been published. In line with previous literature, decolonisation rates ranged from 20 to 90% between
studies and were slightly higher for carbapenem-resistant Enterobacteriaceae than vancomycin-resistant
Enterococcus. Despite moderate decolonisation rates in two studies, a reduction in MDRO bloodstream and

urinary tract infections was observed.

Summary and implications

Although a number of smaller cohort studies show some effect of FMT for MDRO decolonisation, questions
remain regarding the true efficacy of FMT (taking spontaneous decolonisation into account), the optimal
route of administration, the role of antibiotics pre and post-FMT and the efficacy in different patient
populations. The observed decrease in MDRO infections post-FMT warrants further research.
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INTRODUCTION

Antimicrobial resistance (AMR) is a rising and signifi-
cant threat to global health [1]. In addition to the
considerable economic burden, AMR is associated
with increased morbidity and mortality [2]. In
Europe, more than half of Escherichia coli isolates
are resistant to at least one antimicrobial group
and 7.9% of Klebsiella pneumoniae isolates are carba-
penem resistant. Moreover, there is a worrisome
increase in vancomycin-resistant Enterococcus (VRE)
(18.3%) and infections with extended-spectrum beta-
lactamase producing Enterobacteriaceae (ESBL-E)
[3,4]. Intestinal colonisation with multidrug-resis-
tant organisms (MDRO) facilitates spread of MDRO
within communities and hospitals. In both immu-
nocompetent and immunocompromised hosts,
gut colonisation can result in invasive infections,
with high morbidity and mortality [5,6]. In a retro-
spective, single-centre study including 107 patients
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undergoing allogeneic stem cell transplantation
(allo-SCT), 31% of patients were colonised with at
least one MDRO. Compared to noncolonised
patients, colonised patients more frequently experi-
enced bacteraemia post-SCT (48% versus 24%) and
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KEY POINTS

e Due to increasing incidence of gut colonisation and
subsequent development of infections with antibiotic
resistant bacteria novel gut decolonisation strategies
must be explored.

e Based on a limited number of studies, faecal microbiota
transplantation (FMT) seems efficacious in eradicating
antimicrobial resistant bacteria from the intestinal tract,
though decolonisation rates vary between studies.

e When evaluating the effect of FMT, spontaneous
decolonisation must be taken into account.

e The optimal route of administration, the role of pre and
postantibiotic use, and the efficacy in different patient
populations remains to be elucidated.

o Despite modest decolonisation rates, FMT may reduce
the number of MDRO infections.

had a significantly worse two-year overall survival
(34% versus 74%), with infection being the leading
cause of death [7]. To prevent infections with MDRO,
strategies to combat MDRO colonisation must be
explored. The current ESCMID guideline does not
recommend the use of nonabsorbable antibiotics for
MDRO decolonisation, as the available evidence on
its efficacy is insufficient [8]. More importantly, non-
absorbable antibiotics can contribute to selection of
AMR bacteria with subsequent spread to the environ-
ment and other individuals [9].

Faecal microbiota transplantation (FMT) has been
shown to be an effective treatment for patients with
recurrent Clostridioides difficile infection (rCDI), a con-
dition that is characterised by an antibiotic-induced
disruption of commensal gut microbiota, i.e. dysbiosis
[10]. Compared to healthy stool donors, tCDI patients
have decreased microbiota diversity and increased
numbers of antibiotic resistant genes. In these patients,
FMT increases microbiota diversity, while decreasing
the number of antibiotic resistance genes [11,12]. Con-
trary torCD], less is known about the degree of dysbiosis
in individuals with MDRO colonisation, though some
studies report decreased species richness in this popu-
lation as well [13,14]. Several small studies, including
one randomised controlled trial (RCT) [15™], have
explored whether FMT is an effective modality to
decolonise patients with MDRO, as summarised by
several recent reviews [16—18]. These reviews conclude
that FMT is a promising treatment strategy for MDRO
decolonisation, although the RCT by Huttner et al.
[15%] did not find a significant difference, but was ter-
minated early. Conclusions are hampered by the major
heterogeneity of studies regarding definition of (de)-
colonisation, type of MDRO, route of administration,
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number of transplantations, periprocedural treatment
with antibiotics, and duration of follow-up.

The objective of this review is to provide an
update on how the field of FMT for MDRO decolo-
nisation has developed during the past year, by
highlighting recently published and ongoing studies,
ultimately to assess whether FMT is an effective treat-
ment strategy for intestinal MDRO decolonisation.
Adding to the recent overview provided by Dharmar-
atne et al. [18], this review includes several newer
studies, as well as studies with paediatric patients.

METHODS

This systematic review was conducted in accordance
with the Preferred Reporting Items for Systematic
reviews and Meta-analyses (PRISMA) 2020 guidelines
[19]. Details of the protocol for this systematic
review were registered in PROSPERO [20].

Eligibility criteria

We included all studies investigating the efficacy
of FMT for intestinal MDRO decolonisation. This
included clinical trials, cohort studies and case
reports in adult and paediatric patients with intesti-
nal MDRO colonisation, including carbapenem-
resistant Enterobacteriaceae (CRE), carbapenem resis-
tant nonfermenters (Pseudomonas and Acinetobacter
spp-), VRE and ESBL-E, confirmed by at least one
positive stool sample or rectal/perianal swab. Studies
involving immunocompromised patients were eli-
gible for inclusion. We excluded studies only inves-
tigating patients colonised with both C. difficile and
MDRO, since extreme dysbiosis would be likely in
this population. For our intervention (FMT) we
considered all routes of administration: oral (cap-
sule), nasogastric/duodenal, via colonoscopy or
enema. We applied no restrictions to pretreatment
(antibiotics, proton pump inhibitor (PPI) and bowel
lavage), stool volume, fresh or frozen stool, donor
relationship or number of transplantations. Studies
only investigating other microbiota-altering treat-
ments, such as probiotics and nonabsorbable anti-
biotics, were ineligible.

To be included, a study had to report the num-
ber of decolonised patients, confirmed by at
least one stool sample or rectal/perianal swab
post-FMT. Studies reporting the number of MDRO
infections post-FMT, e.g. in patients with recurrent
urinary tract infections, were only included if
they also reported intestinal (de)colonisation. We
also included unpublished manuscripts, conference
abstracts and ongoing trials. To avoid language
bias, studies published in non-English language
journals were eligible for inclusion if one of the
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team members could read the foreign language
(French, Spanish, German and Dutch). All study
settings (community, outpatient and inpatient)
were allowed. We excluded studies published before
2020, since a recent meta-analysis has been per-
formed with studies published before 2020 [18].
Finally, we excluded murine (or other animal) stud-
ies, reviews and meta-analyses.

Search strategy

Multiple electronic databases were searched on
May 19" 2021; these included PubMed, Embase,
Web of Science, the Cochrane Library, and Academic
Search Premier. The search strategy, based on a PICO-
style approach, was constructed by librarian special-
ised in literature searches and is provided in Supple-
ment 1, http://links.lww.com/COG/A40. Next, a
‘snowball’ search was performed to identify addi-
tional studies by searching reference lists of study
reports included in this systematic review or earlier
reviews on the same topic. For ongoing trials clin-
icaltrials.gov was searched July 1°' 2021, using the
following keywords: ‘FMT’ and ‘resistance’. No filters
regarding start date were applied, as we did not want
to miss ongoing trials that had started before 2020.
The entire search was updated in August 2021.

Data extraction and analysis

After removal of duplications in EndNote, referen-
ces were imported into Covidence software. Title/
abstractand full-text screening was performed inde-
pendently by two reviewers (M.P.B., M.M.C.L.). In
case of disagreement, a third researcher was con-
sulted (E.J.K.). A data extraction form was designed,
after which one reviewer (M.P.B.) carried out the
data extraction using Covidence. For each study,
the following data were collected: study design,
eligibility criteria, population characteristics, num-
ber of participants, type of pathogen, definition of
(de)colonisation, detection technique, FMT route
of administration, pretreatment, stool volume
and type, donor type, decolonisation rate, MDRO
infection rate, microbiota composition and dura-
tion of follow-up. The Newcastle Ottawa Scale,
addressing three specific domains (i.e. selection,
comparability and outcome), was used for assessing
risk of bias in cohort studies [21]. Risk of bias was
assessed by one reviewer (M.P.B.), but in case of
uncertainty, a second reviewer was consulted
(M.M.C.L). A meta-analysis was not undertaken
due to significant heterogeneity regarding study
design, population and intervention, and a paucity
ofincluded studies. A narrative summary of the data
is provided below.

0267-1379 Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

RESULTS

Study selection process

The study selection process is summarised in a
PRISMA flowchart (Fig. 1). Most records that were
excluded during title and abstract screening involved
patients with rCDI. During full-text screening, 35
reports were excluded that either did not include
our target population, e.g. patients not colonised
with MDRO and receiving FMT for different indica-
tions, or did not report intestinal decolonisation rate,
e.g. investigating post-FMT faecal composition or
decolonisation of extra-intestinal sites instead.
Finally, a total of 36 studies were included: seven
cohort studies [22,23%,24",25%,26-28], five case
reports [29-33], and 24 ongoing trials.

Study characteristics

A complete overview of the included cohort studies
and case reports is provided in Table 1, and ongoing
trials are summarised in Table 2 (supplement, http://
links.lww.com/COG/A41). A total of 254 patients
were assessed in the included cohort studies and
case reports, with only one study investigating pae-
diatric patients [27]. Eight studies included immu-
nocompromised patients, mostly undergoing allo-
SCT [23%,24",27,29-33], and three studies included a
total of 14 patients with concurrent rCDI
[24",26,28]. Although most studies required one
positive stool culture or rectal/perianal swab for
the definition of colonisation, decolonisation was
often confirmed by serial cultures or swabs. Most
patients were colonised with CRE (n=119), fol-
lowed by VRE (n=61), both CRE and VRE
(n=21), ESBL-E (n=14), and multidrug resistant
Pseudomonas aeruginosa (n=1). Ghani et al. [24%]
did not specify the type of MDRO for their control
group. To the best of our knowledge, the study by
Wang et al. [33] is the first study investigating the
efficacy of FMT for gut eradication of a hyperviru-
lent K. pneumoniae strain.

Faecal microbiota transplantation procedure

The primary route of administration for FMT was
upper endoscopy; a minority of studies used capsu-
les, enemas or colonoscopy. Whereas stool volume
varied (from 25 to 100 g), all stool samples were
obtained from healthy, unrelated donors, and were
mostly frozen. One study [27] pretreated patients
with nonabsorbable antibiotics (oral colistin), and
in seven studies patients had used antibiotics in the
week prior to FMT [24%,25""26,28,29,31,33].
Patients were pretreated with PPI in seven studies,
and bowel lavage in six studies. Moreover, the
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Identification of studies via databases and registers
)
Records (including meeting abstracts and
= ongoing trials) identified from:
o
E PubMed (n = 327) Records removed before screening:
£ Embase (n = 420) v Duplicate records removed (n = 628)
& Web of Science (n = 281)
S Cochrane Library (n = 36)
Academic Search Premier (n = 97)
Clinicaltrials.gov (n = 66)
—
Records screened (n = 599) »| Records excluded* (n = 517)
\ 4
Reports** sought for retrieval (n = 82) — | Reports not retrieved (n = 0)
o
=
]
Q
o l
»n
Reports** assessed for eligibility (n = 82) EE— Reports excluded:
Wrong outcome or population (n = 35)
Registered trial withdrawn or
terminated (n = 9)
Meeting abstract of other screened
report (n = 3)
—
Studies included in review
Cohort studies (n = 7) . Repeated search before submission:
Case reports (n = 5) - New case report (n = 1)
Ongoing trials (n = 24)

FIGURE 1. PRISMA flowchart of study selection process xLarge number of records involved patients with recurrent C. difficile
x+In case of ongoing trials, we assessed the study protocol for eligibility.

number of transplantations varied, with six studies
performing multiple transplantations per patient.

Faecal microbiota transplantation efficacy:
decolonisation and infection rate

In the seven included cohort studies investigating
any MDRO, decolonisation rates ranged from 20 to
90% for patients treated with FMT and 11 to 66% for

18 Www.co-gastroenterology.com

controls. Duration of follow-up varied from 1 to
24 months. The largest between group difference
was seen in the prospective cohort study by Lee
et al. [22], i.e. a decolonisation rate of 71.4% versus
11.1% for FMT patients and controls respectively. Of
note, duration of follow-up was only 3 months,
whereas spontaneous decolonisation usually occurs
at a later time point [9]. In the largest study per-
formed thus far [25"], decolonisation rates were
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65.7% (FMT) versus 25.0% (controls) at 6 months,
and remained similar at 12months (68.6% versus
27.1% for FMT patients and controls, respectively).

Four of seven cohort studies included both CRE
and VRE patients. Of these, two reported decoloni-
sation rates for CRE and VRE patients separately
[22,25%%]. In the study by Lee et al. [22] CRE decolo-
nisation rate at 3 months was 88.9% (8/9 patients)
for the FMT group and 25% (1/4 patients) for the
control group. For VRE patients, decolonisation was
only reported for 1 month post-FMT, being 60% (3/5
patients) for the FMT group and 0% (number of
patients not specified) for the control group. In
the study by Seong et al. [25™], the 12-month
decolonisation rate for CRE patients was 75% (3/4
patients) and 45% (9/20 patients) for the FMT and
control group respectively. For VRE patients, a 12-
month decolonisation rate of 52.6% (10/19
patients) for the FMT group and 12.5% (3/12
patients) for the control group was observed.

In the study by Merli et al. [27], decolonisation
was achieved for four out of five paediatric recipients
after 1 week, but all four patients were recolonised
after 1 month. All patients received antibiotic pro-
phylaxis after a minimum of 3 days post-FMT, as
part of the conditioning regimen for allo-SCT.
Recolonisation also occurred during antibiotic pro-
phylaxis (for allo-SCT) in an adult patient. [30] Silva
et al. [28], Su et al. [32] and Wang et al. [33] were the
only studies in which patients did not receive anti-
biotics after FMT. Prolonged decolonisation was
achieved in four out of five CRE patients in the first
study, and in both patients in the case reports.

The occurrence of MDRO infections was
reported in four out of seven cohort studies. In
the two studies with a control group [23%24"],
MDRO infections were less frequent in the interven-
tion group. Although Bar-Yoseph et al. [23%] showed
a modest decolonisation rate 6 months post-FMT
(66.7%), no MDRO infections occurred in the
EMT group. In contrast, 37.5% of patients in the
control group experienced MDRO infections. A sim-
ilar effect was reported by Ghani et al. [24"], where
only 41% of patients achieved decolonisation, but
there was a significant reduction in bloodstream
infections (BSI) (no haematology patient developed
bacteraemia with their pre-FMT MDRO) and MDRO
UTIs (pre-FMT median=4+2 episodes, post-FMT
median =1+ 2 episodes), compared to controls.

Microbiota composition pre- and post-faecal
microbiota transplantation

Three case reports [31-33] and two cohort studies
[25%%,27] reported pre-FMT microbiota composition
of patients with MDRO colonisation. Dysbiosis was

22 Www.co-gastroenterology.com

seen in all patients of the case reports, with Proteo-
bacteria making up more than a third of their gut
microbiota, most likely due to prolonged broad-
spectrum antimicrobial therapy prior to FMT. Low
species richness was also seen in several patients in
the study by Merli et al. [27], with one patient
having a microbiota profile that was almost exclu-
sively comprised of Enterobacteriaceae (97%). More-
over, Seong ef al. [25™] showed that patients
colonised with VRE had higher counts of Proteobac-
teria en Verrucomicrobia than healthy stool donors.
Seven studies reported faecal microbiota composi-
tion after FMT [23%,25",26,27,31-33]. Bar-Yoseph
[23"] showed that post-FMT stool samples of
responders, i.e. successfully decolonised patients,
resembled those of donors, which was not seen
for nonresponders. While abundance of Enterobac-
teriaceae decreased in post-FMT stool samples of
responders, it increased for nonresponders. After
FMT, significantly higher counts of Bifidobacterium
bifidum were observed in samples of responders,
compared to nonresponders. Lee et al. [26] showed
greater microbiota diversity post-FMT, with a signit-
icantly increased abundance of Bacteroidetes, which
was also observed in three case reports [31-33].

Ongoing trials

Currently, there are 24 ongoing trials investigating
EMT for MDRO decolonisation, including 13 RCTs
and 11 prospective cohort studies. The largest RCT
(NCT04431934) is aiming to enrol 437 patients and is
expected to be completed in December 2022. Very
tew studies have posted preliminary results, as shown
in Table 2 (supplement, http://links.lww.com/COG/
A41).

Risk of bias assessment

A summary of the risk of bias assessments for the
included cohort studies is presented in Table 3 (sup-
plement, http://links.lww.com/COG/A42). Overall,
there were concerns about risk of bias for two out of
seven cohort studies [22,24"], mainly due to drop-
outs (without description of those lost), and inade-
quate descriptions of the study population and
outcomes.

DISCUSSION

In this narrative review, we provide an overview of
recent studies investigating the efficacy of FMT for
MDRO decolonisation. Only a few studies have
addressed this question since 2020. In line with
earlier reviews on the same topic [16,17,34,35],
decolonisation rates varied greatly. Although only
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two studies reported decolonisation rates for CRE
and VRE separately and sample sizes were small,
decolonisation rates were higher for CRE patients,
with a large effect size compared to controls. To
date, only one RCT investigating the efficacy of
FMT for MDRO decolonisation has been published
[15%]. In this study, 39 immunocompetent ESBL-E
or CRE carriers were randomised to either no inter-
vention or a Sdays course of oral colistin and neo-
mycin followed by FMT. After 35-48 days, there was
no significant difference regarding decolonisation
rate between the two groups (41% versus 29% for
FMT patients and controls respectively). However,
the study was limited by not reaching the calculated
sample size, using different routes of administration
(nasogastric tube and capsules) and pretreating
patients with antibiotics in the intervention arm.
Furthermore, control subjects were not treated with
antibiotics, further complicating assessment of the
true efficacy of FMT. A previous review by Yoon et al.
[16] showed that post-FMT antibiotic use led to
lower decolonisation rates. Although we could not
draw any firm conclusions from our included stud-
ies, we did observe that recolonisation and a high
number of MDRO infections occurred in patients
that had received antibiotics post-FMT. This could
be explained by the finding that post-FMT antibiotic
use can blunt FMT engraftment, as shown by meta-
genomic analysis in another study [23"]. Another
phenomenon that needs to be taken into consider-
ation when interpreting results is spontaneous
decolonisation. A systematic review and meta-anal-
ysis by Bar-Yoseph et al. [9] showed that, in health-
care settings, ESBL-E and CRE colonisation rates
spontaneously decreased from 80.2% and 73.9%
at 1 month to 35.7% and 34.6% at 12 months respec-
tively. In another systematic review including thir-
teen studies (n = 1936 patients) 80% of VRE patients
were decolonised after 40 weeks, however not all
studies confirmed decolonisation with three sepa-
rate swabs [36]. These findings raise the possibility
that decolonisation may be falsely attributed to FMT
and underline the necessity of a control group when
trying to establish the true efficacy of FMT for
MDRO decolonisation. Despite this fact, only four
of our included studies had a control group, consid-
erably limiting the evidence included in our review.
Notably, only two other controlled studies have
been conducted prior to 2020 [15%%,37].
Intriguingly, while decolonisation rates in two
of the larger included cohort studies were moderate,
a major reduction in MDRO infections was observed
[23",38]. In another prospective cohort study assess-
ing the incidence of BSI in rCDI patients treated
with either FMT or antibiotics, FMT patients had
significantly fewer BSI than patients treated with

0267-1379 Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

antibiotics (4% versus 26%) [39]. The authors
hypothesise that FMT may have aided in increasing
colonisation resistance by restoring a disturbed
microbiota. This may be accompanied by decreasing
intestinal permeability (by treating CDI) and thus
preventing translocation of Gram negative bacteria
into the bloodstream. Other possible explanations
include that FMT can reduce inflammation (and
thereby translocation) as is observed in patients
with inflammatory bowel disease or graft-versus-
host disease, similar to patients in the study by
Ghani et al. [38,40,41]. Lastly, even though FMT
might not have eradicated the MDRO from the
gut completely, it may have reduced the abundance
of Enterobacteriaceae, and thereby reduced the likeli-
hood of BSI.

Next to the low number of controlled studies,
the evidence included in our review is limited by
small samples sizes. Two studies reported dropouts,
but did not provide a description of those lost. In
addition, most studies defined colonisation as one
positive stool culture (or PCR) or rectal/perianal
swab, whereas colonisation is usually defined as at
least two consecutive (positive) samples with the
most recent confirmation one week prior to FMT.
We chose not to exclude studies that only used
one culture or PCR to define colonisation, since
this would have significantly reduced the number
of eligible studies. Moreover, we observed consider-
able heterogeneity between studies regarding study
population (e.g. including immunocompromised
patients), type of pathogens, FMT procedure and
post-FMT antibiotic use. Therefore, we need to exer-
cise caution in interpreting the results mentioned in
Table 1. Since eight studies included immunocom-
promised patients, one might question the general-
isability of the results. Although based on small
numbers, the systematic review by Yoon et al
[16]. showed higher decolonisation rates for immu-
nocompromised patients, compared to immuno-
competent patients. For tCDI, FMT is as effective
in immunocompromised patients as in immuno-
competent patients [42]. Nevertheless, invasive
MDRO infections are a considerable problem in
immunocompromised patients, highlighting the
importance of researching the role of FMT in this
specific population.

Our review process had some methodological
limitations. Although title/abstract and full-text
screening were done by two reviewers indepen-
dently, data extraction and risk of bias assessment
was done by one reviewer. However, a second
reviewer was always consulted in case of doubt. In
case of missing data, we did not contact study
authors. Strengths of our review include our compre-
hensive search strategy, including many databases,
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searching for meeting abstracts, and repeating the
search before submission of our manuscript.

Future research should include sufficiently pow-
ered RCTs with an adequate duration of follow-up to
account for spontaneous decolonisation. The pro-
tocol for FMT should be standardised with one or
more treatments, including the use of different
donors to study donor effects. It is possible that
different strategies should be applied to CRE and
VRE gut eradication. Moreover, more stringent def-
initions of (de)colonisation should be applied and
different pre- and posttreatments and routes of
administration should be compared to optimise
efficacy. Next to decolonisation, the number of
MDRO infections post-FMT should be assessed. As
shown in Table 2 (supplement, http://links.
lww.com/COG/A41), several large RCTs, including
both immunocompromised and immunocompe-
tent patients, are currently recruiting. At least one
RCT (NCT04188743) is using a more stringent defi-
nition of colonisation, requiring at least two positive
rectal swabs prior to FMT. The same RCT is compar-
ing the efficacy of donor stool to autologous FMT.
Another RCT (NCT04181112) is pretreating one
group with antibiotics, while not pretreating the
other group. Different routes of administration are
being investigated, though they are not being com-
pared head-to-head within a single upcoming trial.

CONCLUSION

Since 2020, only a handful of smaller, noncon-
trolled studies investigating the efficacy of FMT
for MDRO decolonisation have been published.
Although a number of these cohort studies show
some effect of FMT for MDRO decolonisation, ques-
tions remain regarding the true efficacy of FMT
(taking spontaneous decolonisation into account),
the optimal route of administration, the role of pre-
and post-FMT antibiotic use, and the efficacy in
different patient populations. Interestingly, despite
modest decolonisation rates, FMT reduced the num-
ber of MDRO infections, a finding warranting
further exploration.
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