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SUMMARY

Antibiotic resistance is a growing global problem associated with increased morbidity and
mortality, and presents a significant financial and economic burden on healthcare. Faecal
microbiota transplantation (FMT) has been proven effective for curing recurrent Clostri-
dium difficile infections, however no systematic review to date has addressed its effec-
tiveness for decolonization of antibiotic-resistant bacteria from the gut. The aim of this
study was to establish whether faecal microbiota transplantation decolonizes antibiotic-
resistant bacteria from the gut of colonized adults. A systematic review was performed
by undertaking a comprehensive search on MEDLINE, Embase, CENTRAL, PubMed and
CINAHL databases for evidence up until May 2018. Randomized and non-randomized
studies evaluating the effects of FMT on gut colonization of antibiotic-resistant bacteria
in adults were eligible. Studies were assessed using the Joanna Briggs Institution critical
appraisal checklists. Quality of reporting was assessed using PROCESS and CARE checklists.
Data was synthesized narratively, along with a meta-analysis of proportions for the pri-
mary outcome.

Five studies with a total number of 52 participants were included. Evidence of low
quality showed that decolonization was achieved in half of the cases one month after FMT
with higher response noted in Pseudomonas aeruginosa, and lower response in Klebsiella
pneumoniae with New Delhi metallo-beta-lactamase 1 (NDM-1) and extended-spectrum B3-
lactamase (ESBL) mechanisms of resistance. In successful cases, 70% of decolonization
cases occurred within the first week after FMT. Few temporary adverse events were
identified.

Despite the limitations of the included studies, evidence from this review indicates a
potential benefit of FMT as a decolonization intervention, which can only be confirmed by
future well-designed RCTs.

© 2019 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.

Introduction

Since their inception, antibiotics have been regarded as
the panacea for treating bacterial infections in humans and
animals [1,2]. However, antibiotic resistance has reduced the
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clinical effectiveness of available antibiotics tremendously as
its spread outpaces the development of new treatment
options [2].

The emergence of antibiotic resistance is mainly attributed
to the misuse and overuse of antibiotics in agricultural and
clinical settings over the years [2,3], creating a vicious cycle,
where the increased use of antibiotics acts as a catalyst for
antibiotic resistance and vice versa [4]. Globalization man-
ifested by human trade and travel is also a driver of the
worldwide spread of antibiotic resistance [5], along with poor
practices of infection prevention and control in healthcare
settings [6].

In 2014, around 700 000 deaths around the world were
attributable to antimicrobial resistance each year. This number
is estimated to reach 10 million deaths each year by the year
2050 if the problem of antimicrobial resistance is not tackled
[7]. Additionally, the continued rise in antimicrobial resistance
causes and will continue to cause a considerable financial and
economic burden with an estimated global cost of £66 trillion
by 2050 as a result of lengthier hospital stays and costlier
intensive care. [8].

Of great concern is antibiotic resistance acquisition in
Gram-negative bacteria, which are responsible for most
antibiotic-resistant infections and deaths caused by antibiotic-
resistant bacteria in humans [9] due to the limited existing
treatment options and their development of resistance to last-
line antibiotics, such as carbapenems [10].

Gut microbiota play an important role in preventing infec-
tions by exogenous pathogens through a mechanism called
‘colonization resistance’ by activating the body’s immune
responses that in turn target the pathogens, or through direct
competition for nutrients and production of inhibitory sub-
stances [3,11,12]. Some of the commensal bacteria across the
Firmicutes, Bacteroidetes and Actinobacteria phyla that con-
fer this mechanism of colonization resistance have been
identified [3].

However, exposure to antibiotics, especially broad-
spectrum, alters the composition of the gut microbiota creat-
ing favourable conditions for the upregulation and rapid spread
of antibiotic-resistance genes via horizontal-gene transfer and
allows antibiotic-resistant and opportunistic bacteria to pre-
dominate and cause infections [3,13,14].

Based on the beneficial role of the gut microbiota, faecal
microbiota transplantation (FMT), has gained international
interest recently [11,15]. It includes the infusion of faecal
material obtained from the faeces of a healthy donor into the
dysbiotic gut of a recipient with the aim of restoring its healthy
ecological state [16,17].

FMT has particularly gained popularity in the treatment of
recurrent Clostridium difficile infections due to its ease of use,
feasibility and efficacy [18,19], especially after an RCT showed
its superiority over standard treatment [20]. Intestinal micro-
biota composition similar to the donors’ is seen in recipients
after FMT, with reconstitution of intestinal bacterial pop-
ulations across phyla that persists for a long time [21,22].

In a murine model of gut colonization with vancomycin-
resistant enterococci (VRE), Ubeda et al. [23] showed that
faecal transplantation eradicated VRE colonization, which
prompted further studies in humans for the potential of FMT in
decolonizing various antibiotic-resistant bacteria from the gut.
Some of these studies are identified and listed in a number of
reviews [24—26].

Following a scoping search on the Cochrane Database of
Systematic Reviews and PROSPERO in February 2018, no sys-
tematic review to date was identified examining the prelimi-
nary effectiveness of this procedure in decolonizing antibiotic-
resistant bacteria from the gut. Hence, the aim of this sys-
tematic review is to answer the following research question:
does FMT decolonize antibiotic-resistant bacteria from the gut
of colonized adults?

Objectives

The primary objective was to assess the decolonization
success rate at the 1-month time point after FMT in adults
colonized by antibiotic-resistant bacteria in their gut. Success
rate was defined as loss of detectable carriage by micro-
biological testing. Secondary objectives were: (1) to identify
the antibiotic-resistant bacteria that FMT is most successful in
decolonizing; (2) to identify the time frame for achievement of
decolonization in participants; (3) to identify the adverse
effects associated with the FMT procedure.

Methods

The Cochrane methodology [27], which guides systematic
reviews of the effects of interventions, was followed in con-
ducting this systematic review. Although this methodology
mainly guides systematic reviews of randomized trials, it is also
applicable for systematic reviews including non-randomized
studies following the same format and methods [28].

An a priori protocol was not developed due to time con-
straints, and ethical approval was not necessary due to the
exclusive use of secondary data [29].

Study selection criteria

Types of studies

Studies evaluating the effects of FMT on antibiotic-resistant
bacteria gut colonization were eligible. Randomized and non-
randomized observational studies, such as before-and-after
studies, cohort studies, case series and case reports were
considered. Literature reviews around this topic and expert
opinion were excluded.

No time restriction was outlined, because studies were
anticipated to be recent. Only studies reported in the English
language were considered.

Types of participants

The population considered was adults (>18 years old)
colonized by antibiotic-resistant bacteria in the gut. Drug-
resistant organisms that are not bacteria, such as viruses and
fungi, were excluded, as were patients colonized with
antibiotic-resistant bacteria in the body outside the gut. The
paediatric population was also excluded, because the gut
microbiota composition is different from that of the adult
population as it continues to mature with age [30]. The
dynamically developing paediatric gut microbiome differs from
the relatively stable adult microbiome [31,32] and hence the
outcome and composition of the microbiota following FMT
would be incomparable to those of adults. As such, for the
purpose of this review, only adults were considered. Other
exclusions included patients receiving antibiotic therapy con-
comitantly within the duration of the FMT procedure, because
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the composition of the transplanted FMT could be affected
[33]. However, patients whose antibiotic therapy was dis-
continued at least 24 h before the procedure were considered.

Upon further consideration, patients who had recurrent or
refractory C. difficile infections in addition to antibiotic-
resistant bacteria at time of FMT were excluded. C. difficile
is not significantly resistant to antibiotics, hence the sup-
pressive mechanisms of the gut microbiota on C. difficile
infections might be different than on antibiotic-resistant bac-
teria decolonization, which this review aims to elucidate
[25,34,35].

Types of interventions

Studies were included in which FMT was evaluated for
effectiveness as a single intervention trial arm or compared to
standard treatment of antibiotics, placebo or no treatment.
FMT offered through various modalities, such as via the upper
or lower gastrointestinal route, or orally via microbiota-based
capsules were all considered. Both fresh and frozen FMT were
included, as well as, FMT procured from both related and
unrelated donors.

Types of outcome measures

The primary outcome of interest is decolonization rate of
antibiotic-resistant bacteria in the gut assessed at least 1
month (30 days) after FMT from rectal swab or stool samples.
Decolonization rate was defined as number of participants
decolonized from antibiotic-resistant bacteria to total number
of participants at a certain time point.

Ideally, decolonization would be evidenced by three sepa-
rate negative rectal swabs, with at least one confirmed by PCR
[36]. However, for the purpose of this review, the decoloni-
zation success definitions delineated by the individual studies
were accepted.

Secondary outcomes include time frame for achievement of
decolonization and adverse effects of FMT.

A summary of the inclusion and exclusion criteria is pre-
sented in Supplementary Table S1.

Search strategy

A systematic literature search for eligible studies up until
May 2018 was undertaken on MEDLINE (1946 to May week 3
2018), Embase (1974 to May week 3 2018), CENTRAL (1898 to
May week 4 2018), PubMed (1950 to May week 4 2018), and
CINAHL (1961 to May week 4) databases.

The PICO framework was used to construct a facet analysis
based on the population, intervention, and outcome elements
of the research question (Supplementary Table S2). This
allowed the generation of an exhaustive search strategy for
database searching. The search terms within each facet were
combined with the Boolean operator ‘OR’, and the results from
each facet search were combined with the Boolean operator
‘AND’. The resulting hits were limited to studies on humans and
English language, but no date restriction was applied. The full
electronic search strategy for the MEDLINE database is pre-
sented in Supplementary Table S3.

To identify further studies that might not have been cap-
tured through an electronic search, reference lists of relevant
and included papers were screened and citation tracking was
performed on search engines when possible. OpenGrey was

searched for the identification of grey literature, which is lit-
erature that is not formally published.

Data collection and analysis

Study selection

After search completion, duplicates were removed using the
bibliographic software Endnote X8. The remaining records
were screened for eligibility by reviewing their titles and
abstracts, and those meeting the inclusion criteria prima facie
were considered. Full-text papers of the remaining articles
were retrieved to assess them for eligibility against the inclu-
sion and exclusion criteria. Eligible studies were included in the
systematic review, while studies that did not fulfil the criteria
were excluded and reasons stated (Supplementary Table S4).

Data extraction

Data extraction from the included studies was performed by
the reviewer from the full-text articles, as well as the online
appendices of two studies [37,38] using a data extraction form,
which was adapted from an existing data extraction form [39]
(Supplementary Table S5). The data extracted include: name
of lead author, year of publication, country, setting, study aim,
study design, number of participants and their characteristics,
and information on the FMT procedures. The primary outcome
of decolonization rate at 1 month was extracted along with the
individual studies’ definition of decolonization success. In
addition, time frame to decolonization, and data on adverse
events were also extracted to meet the objectives of this
review.

For missing data or clarification, three study authors were
contacted via email correspondence [40—42]. However, response
was received from one study author [40] (Supplementary
Table S6).

Quality assessment

For the assessment of risk of bias in non-randomized studies
of interventions, the Cochrane Collaboration suggests the use
of the ROBINS-I tool, which is specifically designed for obser-
vational studies, such as cohort, case—control, and cross-
sectional studies [43]. However, because the identified stud-
ies in this systematic review were case series and case reports,
this tool was deemed unsuitable.

In such cases, the Cochrane Collaboration advises that
reviewers choose a tool suitable for their review. Therefore,
the quality of included studies was assessed using the Joanna
Briggs Institution (JBI) standardized critical appraisal checklists
for case series and case reports [44].

The checklists were firstly used to assess the methodological
quality of the studies, as having poor, moderate or good quality
against preset criteria developed by the reviewer, as recom-
mended by JBI [45] (Supplementary Table S7). The questions in
the checklists that addressed selection, performance, detec-
tion and reporting biases were considered for weighing of the
methodological quality. This allowed the exclusion of studies
with low methodological quality before commencing the data
extraction process. An answer of ‘no’ to three or more of the
questions deemed the study to be of poor quality and was
regarded as a threshold for exclusion from the systematic
review.

The results of the critical appraisal of the included studies
were interpreted in terms of risk of bias domains that non-
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randomized studies are subject to, such as selection bias,
performance bias, detection bias, reporting bias, confounding
bias, attrition bias, publication bias and other biases [46].

Due to their descriptive nature, quality of reporting of the
studies was assessed using an adapted version of the PROCESS
guidelines for case series and CARE guidelines for case reports
[47,48]. Quality of evidence was assessed following the GRADE
recommendations [49] and completed on the GRADEpro online
software.

Measures of treatment effect

The treatment effect of decolonization at the 1-month time
point was extracted and presented in the form of proportions.
Due to the lack of a comparator group in case series and case
reports, it was not possible to calculate measures of relative
effect, such as odds ratio or risk ratio [50].

Antibiotic-resistant bacteria decolonized at the 1-month
time point with respect to pathogen type and mechanism of
resistance were also extracted and presented in the form of
proportions and percentages, as were the time frames for
achievement of decolonization in successful cases at the end of
each study per pathogen type and mechanism of resistance.
Adverse events were presented narratively due to the lack of
individual participant outcome data.

Data synthesis

A narrative synthesis rather than a statistical one was
undertaken for all pre-specified primary and secondary out-
comes to summarize and explain the findings of the review
[29].

Meta-analysis was conducted only for the primary outcome,
that is decolonization success at the 1-month time point. The
outcomes were dichotomous data, where outcome can be
expressed as one of two possible responses; in this case,
decolonization success or failure.

Accommodating for the types of studies in this systematic
review that lacked a comparator group, a meta-analysis of
proportions under the random-effects model [51] was suitable
for case series [52,53] using StatsDirect v3 statistical software.
Raw data of number of events (decolonization) and total
number of participants in each study were entered into Stats-
Direct, which allowed the automatic generation of proportions.
Case reports were excluded from the meta-analysis, because
data from individual cases does not allow the estimation of an
effect size and for which, therefore, only narrative synthesis is
appropriate [53].

Clinical and methodological heterogeneity across the
included studies were assessed descriptively, while statistical
heterogeneity in the conducted meta-analysis for the primary
outcome was assessed under the random-effects model [51] by
calculating the 12, Cochran’s Q test and the associated P-value.
A P-value of <0.1 was considered statistically significant for the
presence of heterogeneity rather than the conventional P-
value of 0.05, because Cochran’s Q test has low power in meta-
analysis when few studies are included, or studies are of small
sample size [50]. The I? statistics allowed the quantification of
inconsistency, which depicts the percentage of variability
across studies that is due to heterogeneity rather than random
error or chance [50]. The I? value was interpreted as follows: |2
<50%: low heterogeneity; 1> 50—75%: moderate heterogeneity;
12 >75%: high heterogeneity [50].

Results

The search strategy yielded 343 studies, none of which were
obtained from grey literature. After removal of duplicates, the
titles and abstracts of 175 studies were screened for eligibility.
Twenty-eight full-text articles were assessed against the preset
inclusion and exclusion criteria, resulting in seven eligible
studies. However, after critical appraisal, two case reports
were deemed of poor methodological quality and, according to
the set criteria, were excluded from the review. This is
described in further detail in the section ‘Assessment of qual-
ity’ below. Hence, only five studies were included in this review
[37,38,40,54,55]. The process of the selection of studies is
summarized in a PRISMA flow diagram [56] (Figure 1).

All five studies were conducted in hospital settings in
European countries (Poland, France, The Netherlands), pub-
lished in peer-reviewed medical journals and recent, ranging
from 2014 to 2018. Of the five studies included in this review,
three were case series [37,38,40], exploring the effects of FMT
on decolonization of antibiotic-resistant bacteria from the gut
using before-and-after design. One of the case series compared
decolonization rate between two intervention groups (carba-
penem-resistant Enterobacteriaceae (CRE) vs. VRE) receiving
FMT without a control group [40]. While two were case studies
[54,55] that reported cases where FMT was administered in an
attempt to decolonize the patients.

All participants in included studies, total of 54, were adult
patients with ages ranging from 21 to 80 years of age, and
sample sizes ranged from 1 to 20 participants. In addition,
recruited participants were colonized by various antibiotic-
resistant bacteria in the gut, particularly CRE and VRE. Some
participants across studies were colonized by only one
antibiotic-resistant bacteria, while others were colonized with
more than one. However, one study included a patient that had
recurrent C. difficile infection at time of FMT and a patient who
did not meet time point of 1-month follow up, hence these two
participants were excluded from this review [37].

All studies, particularly case series, used somewhat similar
eligibility criteria for participant recruitment, such as con-
firmation of colonization status prior to FMT, not severely
immunocompromised, and not requiring concomitant anti-
biotic treatment. However, one described inclusion criteria in
less detail [38].

The clinical diagnoses and comorbidities of the participants
across studies included patients with blood disorders, renal fail-
ure, renal transplant, cardiovascular disease, diabetes mellitus
types | and Il, recurrent urinary tract infections [37,38,40,54,55].

The FMTs in all the included studies were procured from
unrelated donors. All studies used fresh FMT, except for one that
used frozen FMT [40]. All studies diluted the faecal samples with
varying amounts of saline solution. The study that used frozen
FMT, additionally used glycerol 10% solution for preservation
[40]. Al studies administered the FMT via the same route,
intraduodenally through a nasoduodenal tube. Some of the
studies [38,54,55] reported following the same protocol for FMT
administration as the FECAL trial [20]. All studies administered
FMT as a single procedure, except for one that administered FMT
divided into two doses on two consecutive days [37]. All par-
ticipants underwent FMT once, except for some patients in two
studies, where they underwent repeat-FMT twice or three times
at different time points during follow-up [37,38].
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Figure 1. PRISMA flow diagram.

All included studies assessed decolonization rates after FMT
infusion at different time points, ranging from 1 week to 6
months, using microbiological testing, culture and PCR. Addi-
tionally, some studies performed microbiota composition
analyses via Next Generation Sequencing and amplification of
the 16S rRNA gene or DNA microarrays [37,38,55] to compare
microbiota abundance at species and phyla level before and
after FMT. There was no significant difference in the diversity
and composition of microbiota in responders and non-
responders in two studies [37,38]. The characteristics of the
included studies are summarized in Table I.

Assessment of quality

Based on the preset criteria, critical appraisal of the seven
initially eligible studies using the JBI critical appraisal

checklists resulted in the exclusion of two case reports
from the review [41,42] due to poor methodological quality, as
evidenced by five ‘no’ answers to the checklist questions,
including the critical questions set by this review.

Five studies met the critical appraisal quality criteria
and were included [37,38,40,54,55]. The completed
checklists of all eligible studies can be found in
Supplementary Data S8.

Summaries of the results obtained from the critical
appraisal checklists for case series and case reports are pre-
sented in Supplementary Tables S9 and S10, respectively.

According to critical appraisal, the included studies are
considered of moderate to high methodological quality. Some
questions relating to the consecutiveness and completeness of
inclusion of participants were unclear across the case series
[37,38,40]. In addition, one study did not have clear eligibility



Table |

Characteristics of included studies

Bilinski et al., 2017 [37]

Dinh et al., 2018 [40]

Singh et al., 2018 [38]

Singh et al., 2014 [54]

Stalenhoef et al., 2017
[55]

Study type

Study aims

Sample size/intervention

Participants meeting eligibility
criteria for this review

Age, mean (SD) years

Sex (male, %)

Study inclusion criteria

Study exclusion criteria

Colonization status before FMT

Prospective, single-
centre case series

To test hypothesis: FMT
can eradicate ARB in the
human gut

20
18

49.5 (18.67)

70%

Age > 18 years
Colonization of the GI
tract with ARB
documented by at least
two positive cultures of
rectal swabs taken <2
weeks before FMT

ANC on the day of FMT >5
x 108 neutrophils/L
Written informed
consent

- Planned use of strong
myelosuppressive
chemotherapy <2 days
after FMT

- Underwent HCT < 1
month ago

- Clinical signs of
mucositis

- Severe hepatic
impairment

- Requirement for
intensive antimicrobial
therapy

E. coli ESBL+

E. coli OXA-48+

K. pneumoniae NDM-1+
K. pneumoniae ESBL+
Carbapenem-resistant K.
pneumoniae

VRE

Prospective, multi-centre
comparative case series

To evaluate time to successful
decolonization in CRE vs. VRE
using FMT

17
17

69.05 (12.77)

65%

Age > 18 years

Colonization of the Gl tract
with CRE or VRE confirmed by
at least three consecutive
positive cultures of rectal
swabs at weekly intervals with
last one taken 1 week before
FMT

Written informed consent

- Immunosuppression (HIV
with CD4 <200 mm?3,
immunosuppressive therapy
including chemotherapy,
corticosteroids > 60mg/day >
5days

- Concomitant antibiotic use
at the time of FMT

- Previous CDI treated by FMT
- Pregnancy or breastfeeding

K. pneumoniae NDM-1+

K. pneumoniae OXA-48+
E. coli OXA-48+

E. faecium VanA, VanB

Single-centre case series

To investigate
decolonization of ESBL-
producing
Enterobacteriaceae using
FMT

15

15

56.46 (14.59)

33%

Colonization of the Gl tract
with ESBL-producing
bacteria confirmed by
positive rectal swabs upon
retesting

Life expectancy > 6
months

Written informed consent

- Severe immunodeficiency
(CD4< 200cells/pL)
- Food allergies

K. pneumoniae ESBL+
E. coli ESBL+

Case report

To attempt to decolonize
patient from ESBL-
producing Escherichia coli
using FMT

1
1

60
Male
N/A

N/A

E. coli ESBL+

Case report

To attempt to decolonize
patient from ESBL-
producing E. coli using FMT

34
Male
N/A

N/A

E. coli ESBL+

(continued on next page)

881—¥/1L (610Z) Z0L U01323fu| 1D31dSOH fo |DUINOf / UDI[NOAD] “A

6.1



Table | (continued)

Bilinski et al., 2017 [37]

Dinh et al., 2018 [40]

Singh et al., 2018 [38]

Singh et al., 2014 [54]

Stalenhoef et al., 2017
[55]

Colonization confirmation

FMT Donor

Fresh/Frozen
Dilution

Route

Mode

Repeat-FMT

Patient preparation Antibiotics

PPI

NPO

Bowel cleansing

Length of follow up

Assessment time points

Source of funding

Carbapenem-resistant P.
aeruginosa

P. aeruginosa MBL+

S. maltophilia

A. ursingii MBL+

2 positive rectal swabs
< 2 weeks before FMT

Unrelated

Fresh

100 g of faeces diluted
with 200 mL of saline
solution

Intraduodenally via a
nasoduodenal tube
2-day FMT, 50 g/100 mL
administered on two
consecutive days

20%

Discontinued at least one
day before FMT

PO or IV PPl administered
the evening before FMT,
BID on day of FMT

Kept NPO from afternoon
before FMT and 2 h after
(except fluids)

Single dose phosphate
macrogol PO (Fortrans)
Intended: 6 months
Mean (range): 187 days (9
—482)

1 week

1 month

6 months

Statutory funding from
the Medical University of
Warsaw

3 consecutive positive rectal
swabs, weekly intervals, last
one in the week before FMT

Unrelated

Frozen and preserved at -80°C
70—100 g of faeces diluted
with 250 mL saline/glycerol
10% solution

Intraduodenally via a
nasoduodenal tube

1-day FMT

Nil
No antibiotics before FMT

PO PPI during 2 days before
FMT

? Unknown

X-prep solution (sennosides)

Intended: 3 months

1 week1 month
2 weeks2 months
3 weeks3 months
Internal funding

Positive rectal swab in the
week before FMT

Unrelated

Fresh

200—300g of faeces diluted
with 500 mL saline solution

Intraduodenally via a
nasoduodenal tube
1-day FMT

47%

No antibiotics before or
during FMT

? Unknown

Overnight NPO

Macrogol solution (Klean-
prep) one day before FMT
Intended: 4 weeks,
another 4 weeks for repeat
FMTs

1 week

2 weeks

1 month

Supported by grant

Four positive rectal swabs,
one prior to FMT

Unrelated

Fresh

Faeces diluted with 500 mL
saline solution

Intraduodenally via a

nasoduodenal tube
1-day FMT

Nil
No antibiotics before FMT

? Unknown

? Unknown

4 L of macrogol solution
(Klean-prep)
12 weeks

1 week1 month
2 weeks12 weeks

? Unknown

Positive rectal swab
months before and positive
stool culture a day before
FMT

Unrelated

Fresh

75 g of faeces diluted with
saline solution

Intraduodenally via a
nasoduodenal tube
1-day FMT

nil

Discontinued 6 weeks
before FMT

? Unknown

? Unknown

4 L of macrogol solution
(Klean-prep)
3 months

1 week2 months
2 weeks3 months
1 month

? Unknown

ANC, absolute neutrophil count; ARB, antibiotic, resistant bacteria; BID, twice a day; CD4, cluster of differentiation 4; CRE, carbapenem-resistant Enterobacteriaceae; CDI, Clostridium
difficile infection; ESBL, extended-spectrum beta-lactamase; FMT, faecal microbiota transplantation; Gl, gastrointestinal; HCT, haematopoietic cell transplant; HIV, human immunodeficiency
virus; IV, intravenous; MBL, metallo-beta-lactamase; NDM, New Delhi metallo-beta-lactamase; NPO, nil per os (nothing by mouth); OXA, oxacillinase; PO, per os (by mouth); PPI, proton pump

inhibitor; SD, standard deviation; VanA/VanB, vancomycin, resistance genes; VRE, vancomycin, resistant enterococci.
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criteria [38], while another did not describe microbiological
assessment methods in detail [54].

Risk of bias

Overall, based on the results of critical appraisal of the
studies, risk of bias was assessed to be either unclear or high
across most domains sufficient to affect the interpretation of
results and confidence in relationship between intervention
and effect [46]. This was mainly attributed to the study
designs, which are inherently prone to bias [57]. Risk of bias
across studies is summarized in Supplementary Table S11.

Blinding of data collectors and outcome assessors was not
reported in any of the studies, which is a potential source of
bias. However, measures were taken for the standard and
reliable measurement of decolonization outcomes among all
participants in all studies, using standard microbiological and
molecular tests for detection of antibiotic-resistant bacteria,
except for Singh et al. [54], who did not provide information on
the microbiological assessment methods.

Because all studies were non-randomized, they were con-
sidered at high risk for confounding bias, due to dissimilar age,
sex, clinical diagnosis at baseline, and use of antibiotics after
FMT in some of the studies [37,40], which could have con-
founded the outcomes [29]. Although these characteristics
were documented, most were not taken into account when
discussing outcomes. Also, staff adherence to infection control
and prevention practices is unreported, which could have
contributed to recolonization and transmission of pathogens
among patients.

Studies were also found to be at high risk of selective out-
come reporting. Singh et al.’s [38] study protocol was regis-
tered retrospectively, which precludes comparing the intended
methodology and the actual study conduction. As per their
study protocol, Dinh et al. [40] intended to follow up patients
up to 6 months, however outcomes up to only 3 months were
reported in their published paper without addressing this dis-
crepancy. Bilinski et al. [37] reported that complete decolo-
nization was achieved in 15/20 of their study participants,
including those who underwent repeat FMTs. However, when
individual participant data were examined, decolonization was
evident in 13/20 participants. The remaining two participants,
who were considered to be decolonized by the study authors,
were in fact recolonized by antibiotic-resistant bacteria 6
months and 26 weeks after FMT and underwent repeat-FMTs,
after which decolonization was not achieved.

Table Il
Decolonization success rate at the 1-month time point

Assessment of quality of reporting

According to the PROCESS [47] and CARE checklists [48],
overall quality of reporting was poor to moderate, with lack of
reporting identified chiefly in the reporting of methods and
results, which affected assessment of risk of bias.

The completed PROCESS checklists for case series, and CARE
checklists for case reports can be found in Supplementary Data
S12 (Table 1).

Effects of interventions

Decolonization rate at 1-month time point

In their case series, Bilinski et al. [37] showed decoloniza-
tion of various antibiotic-resistant bacteria was achieved in 12/
18 (67%) patients 1 month after undergoing FMT, 18 being the
number of patients that met the review criteria. Combining the
total number of patients in Dinh et al.’s [40] study rather than
the two separate intervention groups of CRE and VRE, identi-
fied 9/17 (53%) patients were decolonized from antibiotic-
resistant bacteria at 1 month. In Singh et al.’s [38] case ser-
ies, 3/15 (20%) patients were decolonized at 1 month. Con-
versely, Singh et al.’s [54] case report showed success, while
Stalenhoef et al. [55] showed failure in decolonization in their
patient case at the 1-month time point. A summary of the
decolonization outcome at the 1-month time point is presented
in Table Il showing that decolonization was achieved in 25/52
(48.1%) patient cases included in this review (Table ).

Additionally, a meta-analysis of proportions for this out-
come on the three case series [37,38,40] shows that FMT was
successful in decolonizing antibiotic-resistant bacteria from
the gut of participants in 46% (24/50) of the cases (0.46 95%
confidence interval (Cl) 0.20—0.74), presented in a forest plot
(Figure 2). The details of the meta-analysis are included in
Supplementary Data $13.

Antibiotic-resistant bacteria that FMT is most successful
in decolonizing

Subgroup analysis was not appropriate to be conducted due
to small sample sizes of the few included studies, which would
lead to erroneous conclusions [58]. Hence, results are pre-
sented as percentages (Table Ill). The results vary; however,
decolonization was achieved in more than 48% of each patho-
gen colonization case with the highest success in eradicating
P. aeruginosa at 1 month (100% decolonization in four cases).
Based on the mechanism of resistance of pathogens,

Study Definition of decolonization n decolonized Total N Percentage

Bilinski et al., 2017 [37] At least two consecutive negative rectal swab cultures (+qPCR for 12 18 67%
CPE ARG)

Dinh et al., 2018 [40] At least two consecutive negative rectal swabs (culture + PCR) with 9 17 53%
24-h interval

Singh et al., 2018 [38] Negative rectal swab cultures 3 15 20%

Singh et al., 2014 [54] Negative rectal swab cultures 1 1 100%

Stalenhoef et al., 2017 [55] Negative stool sample cultures 0 1 0%

Total 25 52 48.1%

ARG, antibiotic-resistance genes; CPE, carbapenem-producing Enterobacteriaceae; qPCR, quantitative polymerase chain reaction.
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Proportion meta-analysis plot [random effects]

Bilinski et al.2017 - 0.67 [0.41,0.87]
Dinh et al. 2018 0.53[0.28, 0.77]
Singh et al. 2018 0.20 [0.04, 0.48]

Combined | 0.45 [0.20, 0.74]
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Figure 2. Forest plot, meta-analysis of proportions for decolonization success at 1 month.

K. pneumoniae with the NDM-1 and ESBL resistance genes
appear to be the least responsive to FMT with a decolonization
rate of 36.4% and 40%, respectively, at 1 month (Table V).

Time frame for achievement of decolonization

Similarly, to evaluate the time frame for achievement of
decolonization in successful cases, it was inappropriate to
perform subgroup analysis due to the limited number of studies
of small sample sizes [58]. Thus, results are presented in pro-
portions. To note that decolonization could have been ach-
ieved any time before the specified follow up time points in the
studies. Hence, these time points are arbitrary.

The results presented in Table IV signify that in 47 successful
decolonization cases at the last follow up across studies, 70%
were achieved within the first week following FMT (Table V).

Adverse Effects of FMT procedure

As reported by the studies, participants experienced mild
temporary discomfort including vomiting, loose stools and diar-
rhoea, abdominal cramps and abdominal pain [37,38,40,54,55].

Table Il

Bilinski et al. [37] provided more detail on the clinical out-
come of their patients during the 6-month follow-up period
showing that four patients (22%) experienced recolonization
and a few patients experienced spontaneous decolonization.

Six patients across the studies died during the time period of
conduction of the studies due to underlying disease.

Assessment of heterogeneity

Clinical heterogeneity

Great clinical variability was noted in the included studies.
Firstly, participants were colonized in the gut by a variety of
antibiotic-resistant bacteria with different characteristics:
Gram-negative and Gram-positive; diverse mechanisms of
resistance: ESBL, NDM-1, OXA-48, MBL, VanA, VanB; and clin-
ical diagnoses. Age was somewhat similar across studies,
however more male participants were noted in the studies
except for Singh et al., [38] who had more females.

Regarding the intervention of FMT, the method of prepara-
tion and administration was highly similar across studies. It was

Decolonization of particular pathogens and strains at the 1-month time point

Pathogen/mechanism of resistance n dec. Total % % Pathogen
Klebsiella pneumoniae NDM-1" 4 11 36.4% 48%
ESBL" 2 5 40%
OXA-48" 3 6 50%
Other, carbapenem-resistant 3 3 100%
Pseudomonas aeruginosa MBL™" 2 2 100% 100%
Other, carbapenem-resistant 2 2 100%
Escherichia coli ESBL* 15 26 57.7% 58.6%
OXA-48" 2 3 66.7%
VRE Enterococcus faecium VanA 5 8 62.5% 66.7%
VanB 1 2 50%
Other 2 2 100%
Stenotrophomonas maltophilia 1 1 100% 100%
Acinetobacter ursingii MBL™ 1 1 100% 100%

ESBL, extended spectrum beta-lactamase; dec., decolonized; MBL, metallo-beta-lactamase; NDM, New Delhi metallo-beta-lactamase; OXA, oxa-
cillinase; VanA/VanB, vancomycin-resistance genes; VRE-vancomycin-resistant enterococci.
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Table IV
Time frame for achievement of decolonization in successful cases
ARB/mechanism of resistance n dec. I\ 2W 3w M 5w 2M 3M
Klebsiella pneumoniae NDM™ 4 4/4*
ESBL™" 1 1/1
OXA-48* 3 2/3 1/3
Other, carbapenem-resistant 3 2/3 1/3
Pseudomonas aeruginosa MBL* 2 2/2
Other, carbapenem-resistant 2 1/2 1/2
Escherichia coli ESBL™ 18 13/18 2/18 3/18
OXA-48" 2 2/2
VRE Enterococcus faecium VanA 7 2/7 1/7 1/7 1/7 2/7
VanB 1 1/1
Other 2 2/2
Stenotrophomonas maltophilia 1 1/1
Acinetobacter ursingii MBL™* 1 1/1
Total 47 33 5 1 1 3 1 3

ARB, antibiotic-resistant bacteria; ESBL, extended spectrum beta-lactamase; dec., decolonized; M, month; MBL, metallo-beta-lactamase; NDM,
New Delhi metallo-beta-lactamase; OXA, oxacillinase; VanA/VanB, vancomycin-resistance genes; VRE, vancomycin-resistant enterococci; W, week.

« One patient decolonized after 4 days.

procured from unrelated donors, diluted with saline solution,
and administered intraduodenally via a nasoduodenal tube. All
FMTs were fresh, except for in Dinh et al. [40] where a frozen
sample was used. All were administered in a single dose,
except for Bilinski et al. [37] where it was administered on two
consecutive days.

Patient preparation varied across studies, however some
information was not clearly reported to allow assessment of
heterogeneity, such as use of proton-pump inhibitor and
patient fasting. Bowel cleansing was performed using macrogol
solution in all studies, except for Dinh et al. [40] which used
sennosides.

Outcome measurement was highly similar across the studies
using microbiological testing and PCR; however, the time
points of outcome assessment varied.

Methodological heterogeneity

Non-randomized studies are subject to more heterogeneity
due to methodological diversity and bias [28]. However, case
series and case reports are similar, because they are descrip-
tive studies [59], even though case series have more partic-
ipants and follow a protocol [53].

Nevertheless, in this review, the included case series and
case reports had somewhat similar degrees of bias [50].

Statistical heterogeneity

Statistical heterogeneity was assessed for the meta-analysis
of the primary outcome (Figure 2).

Under the random-effects model [51], the I? statistics for
inconsistency was 73.1% (95% Cl 0—89.9), Cochran’s Q= 7.43
(degrees of freedom (df)=2), P-value= 0.0244. This indicates
statistical significance for the presence of heterogeneity and
that 73.1% of the variability in effect estimates was due to
heterogeneity rather than random error signifying moderate
heterogeneity (1> 50—75%) [50].

After assessment of the quality of the included studies
and exploration of heterogeneity, confidence in the results is
very low.

Quality was downgraded for high risk of bias across most
domains of bias across all studies. Similarly, quality was

downgraded for inconsistency, due to high clinical and stat-
istical heterogeneity. The small number of included studies
with small sample sizes warranted downgrading the quality due
to imprecision. High suspicion of publication bias due to the
evident selective outcome reporting in the included studies
further downgraded the quality of evidence. The primary
outcome of decolonization at 1 month is presented in a GRADE
evidence table (Table V).

Discussion

Decolonization of antibiotic-resistant bacteria from
the gut

This systematic review of case series and case reports
resulted in low-quality evidence showing that FMT decolonized
antibiotic-resistant bacteria from the gut of colonized adults in
half of the cases and is relatively low-risk.

These study designs have been the basis of systematic
reviews and meta-analyses that have evaluated the prelimi-
nary efficacy, and effectiveness of FMT in treating recurrent
and refractory C. difficile infection [19,60—62], even though
systematic reviews that additionally included RCTs yielded
evidence with higher certainty [19].

In a prospective, randomized control pilot study, Bulow
et al. [63] demonstrated that there was no difference between
autologous FMT, where the previously stored faecal material of
the participants was used, and a placebo saline enema in
restoring gut microbiota species composition and abundance to
pre-antibiotic exposure state.

In contrast, literature suggests that spontaneous decoloni-
zation without intervention takes a long time and occurs less
often. Data from a study analysing patients in long-term
facilities showed that spontaneous decolonization occurred in
only 9% of the patients and the median duration of colonization
with multi-drug-resistant Gram-negative bacteria was 144 days
[64], while another study [65] showed that in intensive care
unit (ICU) patients, the median time to spontaneous clearance
was 4.8 months. Meanwhile, Hayden et al. [66] showed that a
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Table V

GRADE evidence table for decolonization success at 1 month

Certainty

No. of patients

Certainty assessment

Standard treatment

FMT
25/52 (48.1%)

Other considerations

Indirectness  Imprecision

Inconsistency

Risk of bias
Very serious®

No. of studies/study design

®000

VERY LOW

Very serious®  Publication bias strongly suspected®

Not serious

Very serious®

Five observational studies

V. Tavoukjian / Journal of Hospital Infection 102 (2019) 174—188

FMT, faecal microbiota transplantation.

@ Evidence from all studies was assessed to be at high risk of bias.

—0.0244).

73.1%, P

b Heterogeneity was assessed to be high: both clinical and statistical (12

¢ Small number of studies with small sample sizes.

9 publication bias is highly suspected, because positive outcomes are more likely to be published and the studies had high risk of selective outcome reporting.

combination of contact isolation, infection prevention and
control protocols, and staff training was associated with a
decrease in the prevalence of carbapenemase-producing
K. pneumoniae in long-term acute-care hospitals, however
only 17% were decolonized within 4 weeks [67].

A retrospective observational study [68] showed that
targeted oral antibiotics decolonized antibiotic-resistant
bacteria in 42% of cases 2 weeks after end of treatment,
while a randomized, double-blind, placebo-controlled trial
showed targeted oral antibiotics caused a temporary reduc-
tion in Enterobacteriaceae ESBL™ carriage, but were not
successful in decolonization after 4 weeks [69]. This was not
the case in Saidel-Odes et al.’s [70] randomized, double-
blind, placebo-controlled trial, in which selective digestive
decontamination for decolonization of carbapenem-resistant
K. pneumoniae showed sustained effect with 58.8% decolo-
nization rate at 6 weeks.

Nonetheless, use of antibiotics in antibiotic resistance cases
is controversial, because, as stated in the introduction, anti-
biotic use is a catalyst for antibiotic resistance, especially due
to its implications on the gut microbial composition [4]. In an
ICU, where selective digestive tract decontamination was
applied, rapid emergence of colistin resistance among
K. pneumoniae ESBL* was observed [71]. Similarly, in another
study, this regimen was associated with doubling the abun-
dance of antibiotic-resistance genes in the microbiota [72].

Thus, on a preliminary account, compared to other treat-
ments, decolonization of gut antibiotic-resistant bacteria using
FMT is safer and more effective.

Detection of antibiotic-resistant bacteria

All of the studies used standard microbiological culture-
dependent methods, as well as PCR for detection of resist-
ance genes. However, a caveat of culture-dependent methods
is that they are often time-consuming, while PCR methods, due
to their high sensitivity, can give rise to false-positive results
and overestimation of target sequences [73—75]. This gives rise
to uncertainty in decolonization results, where PCR could be
detecting residual bacterial DNA from eradicated bacteria [76].
FMT has also been associated with reducing antibiotic-
resistance genes from the gut resistome below the level of
detection by microbiological testing [77,78].

Hence, definitions of success of decolonization should be
clarified in future research.

Mechanism of action of FMT

It has been acknowledged that colonization resistance
mediated by the gut microbiota is the underlying mechanism
against colonization by pathogens [79]. In a murine model,
Ubeda et al. [23] identified a correlation between VRE
decolonization and reconstitution of microbiota with bacteria
from Barnesiella species.

However, a case series [80] showed that transfer of sterile-
filtered donor stool that did not contain bacteria was sufficient
in resolving recurrent C. difficile infections in five patients.
This signifies that other components, such as bacterial pro-
teins, bacterial metabolites, and bacteriophages might medi-
ate the effects seen in FMT rather than the intact faecal
microbiota. Additionally, a metagenomic analysis [81] showed
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that donor and recipient microbial strains of the same species
coexisted for 3 months after FMT.

This could be an explanation for the non-significant differ-
ence in diversity and composition of microbiota in responders
and non-responders in Bilinski et al. [37] and Singh et al.’s [38]
studies.

Pathogens most responsive to FMT

This systematic review showed that at 1 month,
P. aeruginosa was the most successful pathogen in being
decolonized by FMT, while K. pneumoniae with NDM-1 and ESBL
mechanisms of resistance was least responsive to FMT.

In a mouse model, Mahieu et al. [82] showed that FMT was
more effective in decreasing faecal carriage of VRE (Enter-
ococcus faecium) compared to CPE (Escherichia coli NDM-1%),
however it was unsuccessful in complete decolonization. This
systematic review did not comprise of cases of E. coli NDM-17,
however the NDM-1 mechanism of resistance seems to be
associated with lower response rate to FMT.

It is also speculated that FMT has a different effect on
antibiotic-resistant bacteria compared to C. difficile infec-
tions. A case study [83] of a patient colonized by both
C. difficile and VRE, reported success in curing refractory
C. difficile infection but failure in eradicating VRE.

Another question arises regarding partial versus complete
decolonization. In Bilinski et al.’s [37] study, where most
patients were colonized by more than one type of antibiotic-
resistant bacteria, partial decolonization was achieved in
some participants — some antibiotic-resistant bacteria were
decolonized but not others.

Hence, it can be reasoned that antibiotic-resistant bacteria
differ in their response to FMT and mechanism of resistance
plays an important role in the response.

Time frame to decolonization achievement

This systematic review shows that in 47 successful decolo-
nization cases at the last follow-up across studies, 70% were
achieved within the first week following FMT.

This is similar to the results in a murine model of VRE colo-
nization [23], which showed that decolonization of vancomycin-
resistant E. faecium was achieved within 15 days after FMT and
the density of this pathogen was reduced within 7 days of FMT.
While, a murine model of CRE colonization [84] showed that
within 2 weeks, FMT decreased E. coli NDM™ carriage.

In contrast, in a systematic review and meta-analysis of
decolonization strategies, such as selective bowel decontami-
nation and/or antibiotic therapy versus placebo or no treat-
ment for ESBL/CRE carriage, colonization persisted up to 1 year
in a significant proportion of cases [36].

Likewise, surveillance studies of duration of colonization,
showed that median duration of colonization with VRE was 306
days after selective bowel decontamination [85], mean time to
CRE decolonization without intervention was 387 days [86], and
the median time of colonization with carbapenemase-
producing K. pneumoniae with combined interventions of
contact isolation, infection prevention and control, and staff
training was 205 days [67].

Hence, based on comparisons to evidence from literature, it
can be inferred that in comparison to other methods, FMT
requires less time to achieve decolonization.

Adverse effects

Only mild temporary adverse effects were experienced by
participants of this review, ranging from vomiting and diar-
rhoea to abdominal cramps and pain. However, in Bilinski et al.
[37] where follow-up time period was longer — 6 months
compared to up to 3 months in the other studies, recolonization
and colonization with new bacterial strains was noted in a few
patients (22%). Longer follow-up periods in the other studies,
could have given clearer evidence on this adverse event.

In contrast, in an observational study for targeted anti-
biotic decolonization, 54% of the successful decolonization
cases were recolonized within 3 months [68]. Additionally,
Jouhten et al. [77] showed the possibility of transfer of
resistance genes from donors to FMT recipients, where VanB
resistance gene not present before was observed in recipients
as well as donors. This is congruent with the results by Leung
et al. [87], which showed that acquisition of resistance genes
is likely with FMT.

FMT seems to be safe in terms of short-term side-effects,
however not enough evidence exists for its long-term effects in
terms of recolonization, colonization with new bacterial strains
and transfer of resistance genes.

Strengths and limitations of the studies and this
review

The strength of this systematic review is evidenced by rig-
orous and comprehensive searching of the literature for iden-
tification of relevant studies. However, it had several
limitations. Even though the intention is to be as rigorous and
transparent as possible, only one author conducted this sys-
tematic review, which the reviewer acknowledges as a poten-
tial source of bias [27]. In addition, search was limited to
English-language publications, which could have introduced
language bias, because positive findings are more likely to be
published in English-language journals [88]. There is also a
possibility that some unpublished trials and grey literature
were missed.

Excluding participants who also had recurrent or refractory
C. difficile infections in addition to antibiotic-resistant bacteria
could have excluded important evidence about the effect of
FMT, because patients often have co-colonization of these
bacteria in their gut due to the same state of gut dysbiosis,
which leads to their emergence [11]. In contrast, exclusion of
the paediatric population did not necessarily impact the review
outcome, as only one was found to date as listed in
Supplementary Table 54 [89].

Moreover, the limited number of studies included in this
review, as well as their small sample sizes reduces the prob-
ability of detecting a true effect [90]. The study design of the
included studies was also considered a limitation, because
single-arm trials without comparators make the inter-
pretation of the results more difficult without any frame of
reference [91]. The small sample sizes and limited number of
studies precluded performing subgroup analyses, which may
have provided greater confidence in the findings of this
review.

Finally, all studies were conducted in European countries,
which limits generalizability and any conclusions of wider
applicability to other countries.
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Conclusions

Antibiotic resistance is a growing global problem, which
along with the limited available treatment options, presents a
substantial challenge and a major threat to human health [7].
Based on a small number of studies of small sample sizes and
poor methodological quality, this systematic review can cau-
tiously serve as a preliminary effectiveness review of the
decolonization success of FMT, which is relatively low-cost,
low-risk and cleared half of the cases.

Nevertheless, several gaps were identified. Although FMT
seems to be able to decolonize antibiotic-resistant bacteria
from the gut, RCTs are needed to evaluate the superiority of
this intervention over no-treatment, selective bowel decon-
tamination, and infection prevention and control strategies. In
addition, long-term observational studies are needed for
establishing the time frame needed for decolonization and
determining the long-term effects of this treatment in terms of
recolonization, colonization with new bacterial strains, and
transfer of infectious agents from donor stools. Further
research is also needed on dosage, preparation and admin-
istration techniques of FMT, as well as the effectiveness of
autologous and repeat-FMT.

Moreover, due to the complexity and novelty of use of the
gut microbiota as a biological treatment, future studies should
elucidate the mechanisms or components of the gut microbiota
that underlie the success of FMT, and its indication based on
pathogen response rate. Furthermore, of utmost importance is
the clarification and standardization of what defines decolo-
nization success in future research.

Despite the limitations mentioned above, evidence from
this review does indicate a potential benefit of FMT as a
decolonization intervention, which can only be confirmed by
future well-designed RCTs, based on which implications on
clinical practice can be drawn.

Acknowledgements

The author would like to thank Dr. Simon Goldenberg and Dr.
Mary Malone for their helpful guidance and feedback.

Conflict of interest
The author has no conflicts of interest to declare.

Funding sources
None.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jhin.2019.03.010.

References

[1] Blair JMA. A climate for antibiotic resistance. Nat Clim Change
2018;8:460—1.

[2] WHO. Antimicrobial. Resistance: global report on surveillence.
2014. Available at: http://www.who.int/drugresistance/
documents/surveillancereport/en/ [last accessed May 2018].

[3] Buffie CG, Pamer EG. Microbiota-mediated colonization resist-
ance against intestinal pathogens. Nat Rev Immunol 2013;13:790.

[4] Becattini S, Taur Y, Pamer EG. Antibiotic-induced changes in
the intestinal microbiota and disease. Trends Mol Med
2016;22:458—78.

[5] WHO. Global action plan on antimicrobial resistance. 2015.

Available at: http://www.who.int/antimicrobial-resistance/

global-action-plan/en/ [last accessed May 2018].

O’Neill J. Infection prevention, control and surveillance: limiting

the development and spread of drug-resistance. 2016. Available

at: https://amr-review.org/Publications.html [last accessed July

2018].

O’Neill J. Tackling drug-resistant infections globally: Final report

and recommendations. 2016. Available at: https://amr-review.

org/sites/default/files/160525_Final%20paper_with%20cover.pdf

[last accessed May 2018].

PHE. Health. matters: antimicrobial resistance. 2015. Available at:

https://www.gov.uk/government/publications/health-matters-

antimicrobial-resistance/health-matters-antimicrobial-resistance

[last accessed May 2018].

[9] Arzanlou M, Chai Wern C, Venter H. Intrinsic, adaptive and
acquired antimicrobial resistance in Gram-negative bacteria.

Essays Biochem 2017;61:49.

[10] UK DH. 5 Year antimicrobial resistance strategy 2013 to 2018. Avail-
able at: https://www.gov.uk/government/publications/uk-5-year-
antimicrobial-resistance-strategy-2013-to-2018 [last accessed June
2018].

[11] Khanna S. Microbiota replacement therapies: innovation in gas-
trointestinal care. Clin Pharmacol Ther 2018;103:102—11.

[12] Tortora GJ, Funke BR, Case CL. Microbiology: an introduction.
11th ed. Harlow: Pearson; 2014.

[13] Munita JM, Arias CA. Mechanisms of Antibiotic Resistance.
Microbiol Spectr 2016;4. Available at: https://doi.org/10.1128/
microbiolspec.VMBF-0016-2015.

[14] Thursby E, Juge N. Introduction to the human gut microbiota.
Biochem J 2017;474:1823—36.

[15] Laffin M, Millan B, Madsen KL. Fecal microbial transplantation as a
therapeutic option in patients colonized with antibiotic resistant
organisms. Gut Microbes 2017;8:221—4.

[16] Brandt LJ, Aroniadis OC. An overview of fecal microbiota trans-
plantation: techniques, indications, and outcomes. Gastrointest
Endosc 2013;78:240—9.

[17] Kelly CR, Kahn S, Kashyap P, Laine L, Rubin D, Atreja A, et al.
Update on fecal microbiota transplantation 2015: indications,
methodologies, mechanisms, and outlook. Gastroenterology
2015;149:223-37.

[18] Kassam Z, Lee CH, Yuan Y, Hunt RH. Fecal microbiota
transplantation for clostridium difficile infection: system-
atic review and meta-analysis. Am J Gastroenterol 2013;
108:500.

[19] Quraishi MN, Widlak M, Bhala N, Moore D, Price M, Sharma N,
et al. Systematic review with meta-analysis: the efficacy of
faecal microbiota transplantation for the treatment of recurrent
and refractory Clostridium difficile infection. Aliment Pharmacol
Ther 2017;46:479—-93.

[20] van Nood E, Vrieze A, Nieuwdorp M, Fuentes S, Zoetendal EG, de
Vos WM, et al. Duodenal infusion of donor feces for recurrent
Clostridium difficile. N Engl J Med 2013;368:407—15.

[21] Hamilton MJ, Weingarden AR, Unno T, Khoruts A, Sadowsky MJ.
High-throughput DNA sequence analysis reveals stable engraft-
ment of gut microbiota following transplantation of previously
frozen fecal bacteria. Gut Microbes 2013;4:125—35.

[22] Khoruts A, Dicksved J, Jansson JK, Sadowsky MJ. Changes in the
composition of the human fecal microbiome after bacter-
iotherapy for recurrent clostridium difficile-associated diarrhea.
J Clin Gastroenterol 2010;44:354—60.

[23] Ubeda C, Bucci V, Caballero S, Djukovic A, Toussaint NC,
Equinda M, et al. Intestinal microbiota containing Barnesiella
species cures vancomycin-resistant Enterococcus faecium colo-
nization. Infect Immun 2013;81:965—73.

6

—_—

[7

—

8

—


https://doi.org/10.1016/j.jhin.2019.03.010
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref1
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref1
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref1
http://www.who.int/drugresistance/documents/surveillancereport/en/
http://www.who.int/drugresistance/documents/surveillancereport/en/
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref3
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref3
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref4
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref4
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref4
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref4
http://www.who.int/antimicrobial-resistance/global-action-plan/en/
http://www.who.int/antimicrobial-resistance/global-action-plan/en/
https://amr-review.org/Publications.html
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://www.gov.uk/government/publications/health-matters-antimicrobial-resistance/health-matters-antimicrobial-resistance
https://www.gov.uk/government/publications/health-matters-antimicrobial-resistance/health-matters-antimicrobial-resistance
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref9
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref9
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref9
https://www.gov.uk/government/publications/uk-5-year-antimicrobial-resistance-strategy-2013-to-2018
https://www.gov.uk/government/publications/uk-5-year-antimicrobial-resistance-strategy-2013-to-2018
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref11
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref11
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref11
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref12
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref12
https://doi.org/10.1128/microbiolspec.VMBF-0016-2015
https://doi.org/10.1128/microbiolspec.VMBF-0016-2015
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref14
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref14
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref14
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref15
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref15
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref15
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref15
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref16
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref16
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref16
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref16
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref17
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref17
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref17
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref17
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref17
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref18
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref18
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref18
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref18
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref19
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref19
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref19
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref19
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref19
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref19
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref20
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref20
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref20
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref20
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref21
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref21
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref21
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref21
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref21
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref22
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref22
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref22
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref22
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref22
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref23
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref23
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref23
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref23
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref23

V. Tavoukjian / Journal of Hospital Infection 102 (2019) 174—188 187

[24] Gopalsamy SN, Woodworth MH, Wang T, Carpentieri CT, Mehta N,
Friedman-Moraco RJ, et al. The use of microbiome restoration
therapeutics to eliminate intestinal colonization with multidrug-
resistant organisms. Am J Med Sci 2018;356:433—40.

[25] Manges AR, Steiner TS, Wright AJ. Fecal microbiota trans-
plantation for the intestinal decolonization of extensively
antimicrobial-resistant opportunistic pathogens: a review. Infect
Dis 2016;48:587—92.

[26] Wong WF, Santiago M. Microbial approaches for targeting
antibiotic-resistant bacteria. Microb Biotechnol 2017;10:1047—53.

[27] Higgins JPT, Green S, Cochrane Collaboration. Cochrane hand-
book for systematic reviews of interventions. Chichester; Hobo-
ken NJ: Wiley-Blackwell; 2008.

[28] Reeves BC, Deeks JJ, Higgins JPT, Wells GA. Including non-
randomised studies. In: Higgins JPT, Green S, editors. Cochrane
handbook for systematic reviews of interventions. Chichester,
West Sussex: John Wiley & Sons; 2008.

[29] Boland A, Cherry MG, Dickson R. Doing a systematic review: a
student’s guide. 2nd ed. London: SAGE Publications; 2017.

[30] Odamaki T, Kato K, Sugahara H, Hashikura N, Takahashi S, Xiao J-
Z, et al. Age-related changes in gut microbiota composition from
newborn to centenarian: a cross-sectional study. BMC Microbiol
2016;16:90.

[31] Rigsbee L, Agans R, Paliy O, Kenche H, Michail S, Khamis HJ.
Distal gut microbiota of adolescent children is different from that
of adults. FEMS Microbiol Ecol 2011;77:404—12.

[32] Ringel-Kulka T, Cheng J, Ringel Y, Salojérvi J, Carroll I, Palva A,
et al. Intestinal microbiota in healthy U.S. young children and
adults—a high throughput microarray analysis. PLoS One
2013;8:€64315.

[33] Allegretti JR, Kao D, Sitko J, Fischer M, Kassam Z. Early antibiotic
use after fecal microbiota transplantation increases risk of
treatment failure. Clin Infect Dis 2018;66:134—5.

[34] CDC. Antibiotic resistance threats in the United States. 2013.
https://www.cdc.gov/drugresistance/threat-report-2013/pdf/
ar-threats-2013-508.pdf [last accessed June 2018].

[35] Young VB, Hayden MK. Environmental management in the gut:
fecal transplantation to restore the intestinal ecosystem. Infect
Dis 2016;48:593—5.

[36] Bar-Yoseph H, Hussein K, Braun E, Paul M. Natural history
and decolonization strategies for ESBL/carbapenem-resistant
Enterobacteriaceae carriage: systematic review and meta-anal-
ysis. J Antimicrob Chemother 2016;71:2729—39.

[37] Bilinski J, Grzesiowski P, Sorensen N, Madry K, Muszynski J,
Robak K, et al. Fecal microbiota transplantation in patients with
blood disorders inhibits gut colonization with antibiotic-resistant
bacteria: results of a prospective, single-center study. Clin Infect
Dis 2017;65:364—70.

[38] Singh R, de Groot PF, Geerlings SE, Hodiamont CJ, Belzer C,
Berge I, et al. Fecal microbiota transplantation against intestinal
colonization by extended spectrum beta-lactamase producing
Enterobacteriaceae: a proof of principle study. BMC Res Notes
2018;11:190.

[39] Aveyard H, Payne S, Preston N. A post-graduate’s guide to doing a
literature review in health and social care. Maidenhead, Berk-
shire: Open University Press, McGraw Hill Education; 2016.

[40] Dinh A, Fessi H, Duran C, Batista R, Michelon H, Bouchand F, et al.
Clearance of carbapenem-resistant Enterobacteriaceae vs
vancomycin-resistant enterococci carriage after faecal micro-
biota transplant: a prospective comparative study. J Hosp Infect
2018;99:481—6.

[41] Lahtinen P, Mattila E, Anttila VJ, Tillonen J, Teittinen M,
Nevalainen P, et al. Faecal microbiota transplantation in patients
with Clostridium difficile and significant comorbidities as well as
in patients with new indications: A case series. World J Gastro-
enterol 2017;23:7174—84.

[42] Sohn KM, Cheon S, Kim YS. Can fecal microbiota trans-
plantation (FMT) eradicate fecal colonization with vancomycin-

resistant Enterococci (VRE)? Infect Control Hosp Epidemiol
2016;37:1519-21.

[43] Sterne JAC, Hernan MA, Reeves BC, Savovi¢ J, Berkman ND,
Viswanathan M, et al. ROBINS-I: a tool for assessing risk of bias in
non-randomised studies of interventions. BMJ 2016;355:i14919.

[44] Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R,
et al. Chapter 7: Systematic reviews of etiology and risk. In:
Aromataris E, Munn Z, editors. Joanna Briggs institute reviewer’s
manual. The Joanna Briggs Institute; 2017.

[45] Aromataris E, Munn Z. Joanna Briggs institute reviewer’s manual.
2017. https://reviewersmanual.joannabriggs.org/ [last accessed
June 2018].

[46] Higgins JPT, Altman DG. Assessing risk of bias in included studies.
In: Higgins JPT, Green S, editors. Cochrane handbook for sys-
tematic reviews. Chichester, West Sussex: John Wiley & Sons;
2008.

[47] Agha RA, Fowler AJ, Rajmohan S, Barai |, Orgill DP, Afifi R, et al.
Preferred reporting of case series in surgery; the PROCESS
guidelines. Int J Surg 2016;36:319—23.

[48] Gagnier JJ, Kienle G, Altman DG, Moher D, Sox H, Riley D, et al.
The CARE Guidelines: consensus-based clinical case reporting
guideline development. Glob Adv Health Med 2013;2:38—43.

[49] Balshem H, Helfand M, Schunemann HJ, Oxman AD, Kunz R,
Brozek J, et al. GRADE guidelines: 3. Rating the quality of evi-
dence. J Clin Epidemiol 2011;64:401—6.

[50] Deeks JJ, Higgins JPT, Altman DG. Analysing data and under-
taking meta-analyses. In: Higgins JPT, Green S, editors. Cochrane
handbook for systematic reviews of interventions. Chichester,
West Sussex: John Wiley & Sons; 2008.

[51] DerSimonian R, Laird N. Meta-analysis in clinical trials. Control
Clin Trials 1986;7:177—88.

[52] ELDib R, Nascimento Junior P, Kapoor A. An alternative approach
to deal with the absence of clinical trials: a proportional meta-
analysis of case series studies. Acta Cir Bras 2013;28:870—6.

[53] Murad MH, Sultan S, Haffar S, Bazerbachi F. Methodological
quality and synthesis of case series and case reports. BMJ Evid
Based Med 2018;23:60—3.

[54] Singh R, van Nood E, Nieuwdorp M, van Dam B, ten Berge IJM,
Geerlings SE, et al. Donor feces infusion for eradication of
Extended Spectrum beta-Lactamase producing Escherichia coli in
a patient with end stage renal disease. Clin Microbiol Infect
2014;20:0977-8.

[55] Stalenhoef JE, Terveer EM, Knetsch CW, Van’t Hof PJ,
Vlasveld IN, Keller JJ, et al. Fecal microbiota transfer for
multidrug-resistant gram-negatives: a clinical success combined
with  microbiological failure. Open Forum Infect Dis
2017;4:0fx047.

[56] Moher D, Liberati A, Tetzlaff J, Altman DG, The PG. Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement. PLoS Med 2009;6:e1000097.

[57] Chan K, Bhandari M. Three-minute critical appraisal of a case
series article. Indian J Orthop 2011;45:103—4.

[58] Guillemin F. Primer: the fallacy of subgroup analysis. Nat Clin
Pract Rheumatol 2007;3:407—13.

[59] Sayre JW, Toklu HZ, Ye F, Mazza J, Yale S. Case reports, case
series — from clinical practice to evidence-based medicine in
graduate medical education. Cureus 2017;9:e1546.

[60] Drekonja D, Reich J, Gezahegn S, Greer N, Shaukat A,
MacDonald R, et al. Fecal microbiota transplantation for Clos-
tridium difficile infection: a systematic review. Ann Intern Med
2015;162:630—-8.

[61] Gough E, Shaikh H, Manges AR. Systematic review of intestinal
microbiota transplantation (fecal bacteriotherapy) for recurrent
Clostridium difficile infection. Clin Infect Dis 2011;53:994—1002.

[62] Igbal U, Anwar H, Karim MA. Safety and efficacy of encapsulated
fecal microbiota transplantation for recurrent Clostridium diffi-
cile infection: a systematic review. Eur J Gastroenterol Hepatol
2018;30:730—4.


http://refhub.elsevier.com/S0195-6701(19)30114-8/sref24
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref24
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref24
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref24
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref24
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref25
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref25
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref25
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref25
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref25
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref26
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref26
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref26
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref27
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref27
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref27
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref28
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref28
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref28
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref28
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref29
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref29
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref30
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref30
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref30
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref30
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref31
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref31
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref31
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref31
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref32
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref32
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref32
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref32
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref32
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref33
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref33
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref33
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref33
https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508.pdf
https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508.pdf
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref35
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref35
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref35
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref35
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref36
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref36
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref36
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref36
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref36
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref37
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref37
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref37
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref37
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref37
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref37
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref38
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref38
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref38
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref38
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref38
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref39
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref39
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref39
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref40
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref40
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref40
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref40
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref40
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref40
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref41
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref41
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref41
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref41
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref41
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref41
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref42
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref42
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref42
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref42
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref42
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref43
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref43
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref43
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref43
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref44
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref44
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref44
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref44
https://reviewersmanual.joannabriggs.org/
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref46
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref46
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref46
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref46
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref47
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref47
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref47
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref47
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref48
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref48
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref48
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref48
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref49
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref49
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref49
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref49
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref50
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref50
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref50
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref50
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref51
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref51
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref51
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref52
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref52
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref52
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref52
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref53
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref53
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref53
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref53
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref54
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref54
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref54
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref54
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref54
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref54
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref55
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref55
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref55
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref55
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref55
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref56
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref56
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref56
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref57
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref57
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref57
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref58
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref58
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref58
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref59
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref59
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref59
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref59
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref60
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref60
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref60
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref60
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref60
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref61
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref61
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref61
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref61
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref62
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref62
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref62
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref62
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref62

188
[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

71

[72]

[73]

[74]

[73]

[76]

V. Tavoukjian / Journal of Hospital Infection 102 (2019) 174—188

Bulow C, Langdon A, Hink T, Wallace M, Reske KA, Patel S, et al.
Impact of amoxicillin-clavulanate followed by autologous fecal
microbiota transplantation on fecal microbiome structure and
metabolic potential. mSphere 2018;3. e00588-18.

O’Fallon E, Gautam S, D’Agata EM. Colonization with multidrug-
resistant gram-negative bacteria: prolonged duration and fre-
quent cocolonization. Clin Infect Dis 2009;48:1375—81.
Haverkate MR, Derde LPG, Brun-Buisson C, Bonten MJM,
Bootsma MCJ. Duration of colonization with antimicrobial-
resistant bacteria after ICU discharge. Intensive Care Med
2014;40:564—71.

Hayden MK, Lin MY, Lolans K, Weiner S, Blom D, Moore NM, et al.
Prevention of colonization and infection by Klebsiella pneumo-
niae carbapenemase-producing enterobacteriaceae in long-term
acute-care hospitals. Clin Infect Dis 2015;60:1153—61.
Haverkate MR, Weiner S, Lolans K, Moore NM, Weinstein RA,
Bonten MJM, et al. Duration of colonization with Klebsiella
pneumoniae carbapenemase-producing bacteria at long-term
acute care hospitals in Chicago, Illinois. Open Forum Infect Dis
2016;3:0fw178.

Rieg S, Kiipper MF, de With K, Serr A, Bohnert JA, Kern WV.
Intestinal decolonization of Enterobacteriaceae producing
extended-spectrum B-lactamases (ESBL): a retrospective obser-
vational study in patients at risk for infection and a brief review
of the literature. BMC Infect Dis 2015;15:475.

Huttner B, Haustein T, Uckay |, Renzi G, Stewardson A,
Schaerrer D, et al. Decolonization of intestinal carriage of
extended-spectrum f-lactamase-producing Enterobacteriaceae
with oral colistin and neomycin: a randomized, double-blind,
placebo-controlled trial. J Antimicrob Chemother
2013;68:2375—-82.

Saidel-Odes L, Polachek H, Peled N, Riesenberg K, Schlaeffer F,
Trabelsi Y, et al. A randomized, double-blind, placebo-controlled
trial of selective digestive decontamination using oral gentamicin
and oral polymyxin E for eradication of carbapenem-resistant
Klebsiella pneumoniae carriage. Infect Control Hosp Epidemiol
2012;33:14-9.

Halaby T, Al Naiemi N, Kluytmans J, van der Palen J, Vanden-
broucke-Grauls CM. Emergence of colistin resistance in Entero-
bac-teri-aceae after the introduction of selective digestive tract
decontamination in an intensive care unit. Antimicrob Agents
Chemother 2013;57:3224—9.

Buelow E, Gonzalez TB, Versluis D, Oostdijk EA, Ogilvie LA, van
Mourik MS, et al. Effects of selective digestive decontamination
(SDD) on the gut resistome. J Antimicrob Chemother
2014;69:2215-23.

Cave L, Brothier E, Abrouk D, Bouda PS, Hien E, Nazaret S. Effi-
ciency and sensitivity of the digital droplet PCR for the quanti-
fication of antibiotic resistance genes in soils and organic
residues. Appl Microbiol Biotechnol 2016;100:10597—608.
Colinon C, Deredjian A, Hien E, Brothier E, Bouziri L, Cournoyer B,
et al. Detection and enumeration of Pseudomonas aeruginosa in
soil and manure assessed by an ecfX gPCR assay. J Appl Microbiol
2013;114:1734—49.

Tseng C-P, Cheng J-C, Tseng C-C, Wang C, Chen Y-L, Chiu DT-Y,
et al. Broad-range ribosomal RNA real-time PCR after removal of
DNA from reagents: melting profiles for clinically important
bacteria. Clin Chem 2003;49:306.

Bilinski J, Grzesiowski P, Muszynski J, Wroblewska M, Madry K,
Robak K, et al. Fecal microbiota transplantation inhibits

[77]

(78]

[79]

(80]

(81]

(82]

[83]

[84]

(85]

(86]

(87]

(88]

(89]

[90]

[91]

multidrug-resistant gut pathogens: preliminary report performed
in an immunocompromised host. Arch Immunol Ther Exp
2016;64:255—8.

Jouhten H, Mattila E, Arkkila P, Satokari R. Reduction of anti-
biotic resistance genes in intestinal microbiota of patients with
recurrent Clostridium difficile infection after fecal microbiota
transplantation. Clin Infect Dis 2016;63:710—1.

Millan B, Park H, Hotte N, Mathieu O, Burguiere P, Tompkins TA,
et al. Fecal microbial transplants reduce antibiotic-resistant
genes in patients with recurrent Clostridium difficile infection.
Clin Infect Dis 2016;62:1479—86.

Casals-Pascual C, Vergara A, Vila J. Intestinal microbiota and
antibiotic resistance: Perspectives and solutions. Hum Micro-
biome J 2018;9:11-5.

Ott SJ, Waetzig GH, Rehman A, Moltzau-Anderson J, Bharti R,
Grasis JA, et al. Efficacy of sterile fecal filtrate transfer for
treating patients with Clostridium difficile infection. Gastro-
enterology 2017;152:799—-811.€e7.

Li SS, Zhu A, Benes V, Costea PI, Hercog R, Hildebrand F, et al.
Durable coexistence of donor and recipient strains after fecal
microbiota transplantation. Science 2016;352:586—9.

Mahieu R, Cassisa V, Hilliquin D, Coron N, Pailhories H, Kempf M,
et al. Impact of faecal microbiota transplantation on mouse
digestive colonization with two extensively resistant bacteria.
J Infect 2017;75:75—7.

Jang MO, An JH, Jung SI, Park KH. Refractory Clostridium difficile
infection cured with fecal microbiota transplantation in a
vancomycin-resistant Enterococcus colonized patient. Intest Res
2015;13:80—4.

Mahieu R, Cassisa V, Godefroy A, Joly-Guillou ML, Eveillard M.
Effect of faecal microbiota transplantation on mouse gut colo-
nization with carbapenemase-producing Escherichia coli.
J Antimicrob Chemother 2017;72:1260—2.

Patel R, Allen SL, Manahan JM, Wright AJ, Krom RA, Wiesner RH,
et al. Natural history of vancomycin-resistant enterococcal col-
onization in liver and kidney transplant recipients. Liver Transpl
2001;7:27-31.

Zimmerman FS, Assous MV, Bdolah-Abram T, Lachish T,
Yinnon AM, Wiener-Well Y. Duration of carriage of carbapenem-
resistant Enterobacteriaceae following hospital discharge. Am J
Infect Control 2013;41:190—4.

Leung V, Vincent C, Edens TJ, Miller M, Manges AR. Antimicrobial
resistance gene acquisition and depletion following fecal micro-
biota transplantation for recurrent Clostridium difficile infection.
Clin Infect Dis 2018;66:456—9.

Sterne JAC, Egger M, Moher D. Addressing reporting biases. In:
Higgins JPT, Green S, editors. Cochrane handbook for systematic
reviews of interventions. Chichester, West Sussex: John Wiley &
Sons; 2008.

Freedman A, Eppes S. 1805 Use of Stool Transplant to Clear Fecal
Colonization with Carbapenem-Resistant Enterobacteraciae

(CRE):  Proof of Concept. Open Forum Infect Dis
2014;1(suppl_1):S65.
Button KS, loannidis JPA, Mokrysz C, Nosek BA, Flint J,

Robinson ESJ, et al. Power failure: why small sample size
undermines the reliability of neuroscience. Nat Rev Neurosci
2013;14:365.
Evans SR. Clinical trial structures.
2010;3:8—18.

Exp Stroke Transl Med


http://refhub.elsevier.com/S0195-6701(19)30114-8/sref63
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref63
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref63
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref63
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref64
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref64
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref64
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref64
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref65
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref65
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref65
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref65
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref65
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref66
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref66
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref66
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref66
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref66
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref67
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref67
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref67
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref67
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref67
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref68
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref68
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref68
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref68
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref68
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref69
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref69
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref69
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref69
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref69
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref69
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref69
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref70
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref70
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref70
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref70
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref70
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref70
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref70
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref71
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref71
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref71
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref71
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref71
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref71
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref72
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref72
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref72
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref72
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref72
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref73
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref73
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref73
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref73
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref73
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref74
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref74
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref74
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref74
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref74
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref75
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref75
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref75
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref75
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref76
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref76
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref76
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref76
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref76
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref76
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref77
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref77
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref77
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref77
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref77
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref78
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref78
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref78
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref78
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref78
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref79
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref79
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref79
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref79
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref80
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref80
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref80
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref80
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref80
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref81
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref81
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref81
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref81
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref82
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref82
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref82
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref82
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref82
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref83
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref83
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref83
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref83
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref83
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref84
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref84
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref84
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref84
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref84
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref85
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref85
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref85
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref85
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref85
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref86
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref86
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref86
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref86
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref86
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref87
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref87
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref87
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref87
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref87
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref88
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref88
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref88
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref88
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref89
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref89
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref89
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref89
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref90
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref90
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref90
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref90
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref91
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref91
http://refhub.elsevier.com/S0195-6701(19)30114-8/sref91

	Faecal microbiota transplantation for the decolonization of antibiotic-resistant bacteria in the gut: a systematic review a ...
	Introduction
	Objectives

	Methods
	Study selection criteria
	Types of studies
	Types of participants
	Types of interventions
	Types of outcome measures

	Search strategy
	Data collection and analysis
	Study selection
	Data extraction
	Quality assessment
	Measures of treatment effect
	Data synthesis


	Results
	Assessment of quality
	Risk of bias
	Assessment of quality of reporting
	Effects of interventions
	Decolonization rate at 1-month time point
	Antibiotic-resistant bacteria that FMT is most successful in decolonizing
	Time frame for achievement of decolonization
	Adverse Effects of FMT procedure

	Assessment of heterogeneity
	Clinical heterogeneity
	Methodological heterogeneity
	Statistical heterogeneity


	Discussion
	Decolonization of antibiotic-resistant bacteria from the gut
	Detection of antibiotic-resistant bacteria
	Mechanism of action of FMT
	Pathogens most responsive to FMT
	Time frame to decolonization achievement
	Adverse effects
	Strengths and limitations of the studies and this review

	Conclusions
	Acknowledgements
	Conflict of interest
	Funding sources
	Appendix A. Supplementary data
	References


