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Abstract 
Purpose of review 

Antimicrobial resistance (AMR) is a rising threat to global health and is associated 

with increased mortality. Intestinal colonisation with multidrug-resistant 

organisms (MDRO) can precede invasive infection and facilitates spread within 

communities and hospitals. Novel decolonisation strategies, such as faecal 

microbiota transplantation (FMT), are being explored. The purpose of this review 

is to provide an update on how the field of FMT for MDRO decolonisation has 

developed during the past year, and to assess the efficacy of FMT for intestinal 

MDRO decolonisation. 

Recent findings 

Since 2020, seven highly heterogenous, small, non-randomised cohort studies 

and five case reports have been published. In line with previous literature, 

decolonisation rates ranged from 20-90% between studies, and were slightly 

higher for CRE than VRE. Despite moderate decolonisation rates in two studies, a 

reduction in MDRO bloodstream and urinary tract infections was observed. 

Summary and implications 

Although a number of smaller cohort studies show some effect of FMT for MDRO 

decolonisation, questions remain regarding the true efficacy of FMT (taking 

spontaneous decolonisation into account), the optimal route of administration, 

the role of antibiotics pre- and post-FMT and the efficacy in different patient 

populations. The observed decrease in MDRO infections post-FMT warrants 

further research. 
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Introduction 
Antimicrobial resistance (AMR) is a rising and significant threat to global 

health. [1] In addition to the considerable economic burden, AMR is associated 

with increased morbidity and mortality. [2] In Europe, more than half of E. coli 

isolates are resistant to at least one antimicrobial group and 7.9% of Klebsiella 

pneumoniae isolates are carbapenem resistant. Moreover, there is a worrisome 

increase in vancomycin-resistant Enterococcus (VRE) (18.3%) and infections with 

extended-spectrum beta-lactamase producing Enterobacteriaceae (ESBL-E). [3, 4] 

Intestinal colonisation with multidrug-resistant organisms (MDRO) facilitates 

spread of MDRO within communities and hospitals. In both immunocompetent 

and immunocompromised hosts, gut colonisation can result in invasive infections, 

with high morbidity and mortality. [5, 6] In a retrospective, single-centre study 

including 107 patients undergoing allogeneic stem cell transplantation (allo-SCT), 

31% of patients were colonised with at least one MDRO. Compared to non-colonised 

patients, colonised patients more frequently experienced bacteraemia post-SCT 

(48% versus 24%) and had a significantly worse two-year overall survival (34% 

versus 74%), with infection being the leading cause of death. [7]

To prevent infections with MDRO, strategies to combat MDRO colonisation must 

be explored. The current ESCMID guideline does not recommend the use of non-

absorbable antibiotics for MDRO decolonisation, as the available evidence on its 

efficacy is insufficient. [8] More importantly, non-absorbable antibiotics can 

contribute to selection of AMR bacteria with subsequent spread to the environment 

and other individuals. [9]

Faecal microbiota transplantation (FMT) has been shown to be an effective 

treatment for patients with recurrent Clostridioides difficile infection (rCDI), a 

condition that is characterised by an antibiotic-induced disruption of commensal 

gut microbiota, i.e. dysbiosis. [10] Compared to healthy stool donors, rCDI patients 

have decreased microbiota diversity and increased numbers of antibiotic resistant 

genes. In these patients, FMT increases microbiota diversity, while decreasing 

the number of antibiotic resistance genes. [11, 12] Contrary to rCDI, less is known 

about the degree of dysbiosis in individuals with MDRO colonisation, though 

some studies report decreased species richness in this population as well. [13, 14] 

Several small studies, including one randomised controlled trial (RCT) [15], have 

explored whether FMT is an effective modality to decolonise patients with MDRO, 

as summarised by several recent reviews. [16-18] These reviews conclude that 
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FMT is a promising treatment strategy for MDRO decolonisation, although the 

RCT by Huttner et al. [15] did not find a significant difference, but was terminated 

early. Conclusions are hampered by the major heterogeneity of studies regarding 

definition of (de)colonisation, type of MDRO, route of administration, number 

of transplantations, periprocedural treatment with antibiotics, and duration of 

follow-up.

The objective of this review is to provide an update on how the field of FMT 

for MDRO decolonisation has developed during the past year, by highlighting 

recently published and ongoing studies, ultimately to assess whether FMT is an 

effective treatment strategy for intestinal MDRO decolonisation. Adding to the 

recent overview provided by Dharmaratne et al. [18], this review includes several 

newer studies, as well as studies with paediatric patients.

Methods 
This systematic review was conducted in accordance with the Preferred Reporting 

Items for Systematic reviews and Meta-analyses (PRISMA) 2020 guidelines. [19] Details 

of the protocol for this systematic review were registered in PROSPERO. [20]

Eligibility criteria 

We included all studies investigating the efficacy of FMT for intestinal MDRO 

decolonisation. This included clinical trials, cohort studies and case reports 

in adult and paediatric patients with intestinal MDRO colonisation, including 

carbapenem-resistant Enterobacteriaceae (CRE), carbapenem resistant non-

fermenters (Pseudomonas and Acinetobacter spp.), VRE and ESBL-E, confirmed 

by at least one positive stool sample or rectal/perianal swab. Studies involving 

immunocompromised patients were eligible for inclusion. We excluded studies 

only investigating patients colonised with both Clostridioides difficile and MDRO, 

since extreme dysbiosis would be likely in this population. For our intervention 

(FMT) we considered all routes of administration: oral (capsule), nasogastric/

duodenal, via colonoscopy or enema. We applied no restrictions to pretreatment 

(antibiotics, proton pump inhibitor (PPI) and bowel lavage), stool volume, fresh 

or frozen stool, donor relationship or number of transplantations. Studies only 

investigating other microbiota-altering treatments, such as probiotics and non-

absorbable antibiotics, were ineligible.
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To be included, a study had to report the number of decolonised patients, 

confirmed by at least one stool sample or rectal/perianal swab post-FMT. 

Studies reporting the number of MDRO infections post-FMT, e.g. in patients 

with recurrent urinary tract infections, were only included if they also reported 

intestinal (de)colonisation. We also included unpublished manuscripts, conference 

abstracts and ongoing trials. To avoid language bias, studies published in non-

English language journals were eligible for inclusion if one of the team members 

could read the foreign language (French, Spanish, German and Dutch). All study 

settings (community, outpatient and inpatient) were allowed. We excluded studies 

published before 2020, since a recent meta-analysis has been performed with 

studies published before 2020. [18] Finally, we excluded murine (or other animal) 

studies, reviews and meta-analyses.

Search strategy 

Multiple electronic databases were searched May 19th 2021; these included PubMed, 

Embase, Web of Science, the Cochrane Library, and Academic Search Premier [21]. 

The search strategy, based on a PICO-style approach, was constructed by librarian 

specialised in literature searches and is provided in the Supplement. Next, a 

‘snowball’ search was performed to identify additional studies by searching 

reference lists of study reports included in this systematic review or earlier 

reviews on the same topic. For ongoing trials clinicaltrials.gov was searched 

July 1st 2021, using the following keywords: ‘faecal microbiota transplantation’ 

and ‘resistance’. No filters regarding start date were applied, as we did not want 

to miss ongoing trials that had started before 2020. The entire search was updated 

in August 2021.

Data extraction and analysis 

After removal of duplications in EndNote, references were imported into Covidence 

software. Title/abstract and full-text screening was performed independently 

by two reviewers (M.P.B., M.M.C.L.). In case of disagreement, a third researcher 

was consulted (E.J.K.). A data extraction form was designed, after which one 

reviewer (M.P.B.) carried out the data extraction using Covidence. For each study, 

the following data was collected: study design, eligibility criteria, population 

characteristics, number of participants, type of pathogen, definition of (de)

colonisation, detection technique, FMT route of administration, pretreatment, 

stool volume and type, donor type, decolonisation rate, MDRO infection rate, 
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microbiota composition and duration of follow-up. The Newcastle Ottawa Scale, 

addressing three specific domains (i.e. selection, comparability and outcome), was 

used for assessing risk of bias in cohort studies. [22] Risk of bias was assessed by 

one reviewer (M.P.B.), but in case of uncertainty, a second reviewer was consulted 

(M.M.C.L.). A meta-analysis was not undertaken due to significant heterogeneity 

regarding study design, population and intervention, and a paucity of included 

studies. A narrative summary of the data is provided below.

Results 
Study selection process 

The study selection process is summarised in a PRISMA flowchart (Figure 1). Most 

records that were excluded during title and abstract screening involved patients 

with rCDI. During full-text screening, 35 reports were excluded that either did not 

include our target population, e.g. patients not colonised with MDRO and receiving 

FMT for different indications, or did not report intestinal decolonisation rate, e.g. 

investigating post-FMT faecal composition or decolonisation of extra-intestinal 

sites instead. Finally, a total of 36 studies were included: seven cohort studies 

[23-29], five case reports [30-34], and 24 ongoing trials.

Study characteristics 

A complete overview of the included cohort studies and case reports is provided 

in Table 1, and ongoing trials are summarised in Supplementary Table 1. A total 

of 254 patients were assessed in the included cohort studies and case reports, 

with only one study investigating paediatric patients. [28] Eight studies included 

immunocompromised patients, mostly undergoing allo-SCT [24, 25, 28, 30-34], 

and three studies included a total of 14 patients with concurrent rCDI. [25, 27, 29] 

While most studies required one positive stool culture or rectal/perianal swab 

for the definition of colonisation, decolonisation was often confirmed by serial 

cultures or swabs. Most patients were colonised with CRE (n = 119), followed by 

VRE (n = 61), both CRE and VRE (n = 21), ESBL-E (n = 14), and multidrug resistant 

Pseudomonas aeruginosa (n = 1). Ghani et al. [25]* did not specify the type of MDRO 

for their control group. To the best of our knowledge, the study by Wang et al. 

[34] is the first study investigating the efficacy of FMT for gut eradication of a 

hypervirulent Klebsiella pneumoniae strain.



7

179

Faecal microbiota replacement to eradicate antimicrobial resistant bacteria in the intestinal tract 

Figure 1: PRISMA flowchart of study selection process. *Large number of records involved patients 

with recurrent C. difficile. **In case of ongoing trials, we assessed the study protocol for eligibility.



180

Chapter 7 

T
ab

le
 1

: 
O

ve
rv

ie
w

 o
f 

in
cl

u
d

ed
 c

oh
or

t 
st

u
d

ie
s 

an
d 

ca
se

 r
ep

or
ts

.

Fi
rs

t 
au

th
or

 
&

 y
ea

r

St
u

dy
 

de
si

gn
P

op
u

la
ti

on
N

um
be

r 
of

 
pa

rt
ic

ip
an

ts
N

u
m

be
r 

of
 

cu
lt

u
re

/P
C

R
 

to
 d

efi
n

e 
(d

e)
co

lo
n

is
at

io
n

T
yp

e 
of

 
p

at
h

og
en

*
FM

T
 

p
ro

ce
du

re
*

*
P

re
tr

ea
tm

en
t

A
n

ti
bi

ot
ic

 u
se

 
p

os
t-

FM
T

D
ec

ol
on

is
at

io
n

 
ra

te
N

u
m

be
r 

of
 M

D
R

O
 

in
fe

ct
io

n
s 

p
os

t-
FM

T

L
ee

 
20

20

K
or

ea

(2
3)

P
ro

sp
ec

ti
ve

 
co

h
or

t 
st

u
dy

 
w

it
h

 c
on

tr
ol

 
gr

ou
p
 

A
du

lt
 p

at
ie

n
ts

 
w

it
h

 C
R

E
 o

r 
V

R
E

 
co

lo
n

is
at

io
n

M
ed

ia
n

 a
ge

, 
ge

n
de

r,
 i

m
m

u
n

e 
st

at
u
s 

n
ot

 r
ep

or
te

d

T
ot

al
 (

n
 =

 
38

) 
FM

T
 (

n
 =

 
21

)
C

on
tr

ol
 (

n
 

=
 1

7)

C
ol

on
is

at
io

n
: 

2 
D

ec
ol

on
is

at
io

n
: 

N
R

FM
T

 c
oh

or
t:

 
C

R
E

 (
n

 =
 1

3,
 

n
ot

 f
u
rt

h
er

 
sp

ec
ifi

ed
),

 V
R

E
 

(n
 =

 5
),

 C
R

E
 

an
d 

V
R

E
 (

n
 

=
 3

)

C
on

tr
ol

s:
 C

R
E

 
(n

 =
 7

),
 V

R
E

 (
n

 
=

 1
0
)

N
R

N
R

N
R

FM
T

: 
8
/2

0
 

(4
0
%

) 
at

 1
 

m
on

th
, 

10
/1

4
 

(7
1.

4
%

) 
at

 3
 

m
on

th
s

C
on

tr
ol

s:
 

0
/1

4
 (

0
%

) 
at

 
1 

m
on

th
, 

1/
9

 
(1

1.
1%

) 
at

 3
 

m
on

th
s

N
R

B
ar

-
Y
os

ep
h

20
20

Is
ra

el

(2
4
)

P
ro

sp
ec

ti
ve

 
co

h
or

t 
st

u
dy

 
w

it
h

 c
on

tr
ol

 
gr

ou
p

A
du

lt
 p

at
ie

n
ts

 w
it

h
 

C
R

E
 c

ol
on

is
at

io
n

M
ed

ia
n

 a
ge

: 
6

2 
ye

ar
s 

M
al

e 
ge

n
de

r:
 5

3%
  

Im
m

u
n

oc
om

p
ro

-
m

is
ed

: 
20

.5
%

T
ot

al
 (

n
 =

 
39

) 
FM

T
 (

n
 

=
 1

5)
C

on
tr

ol
 (

n
 

=
 2

4
)

C
ol

on
is

at
io

n
: 

1 
D

ec
ol

on
is

at
io

n
: 

3

FM
T

 c
oh

or
t:

 
K

le
bs

ie
lla

 
pn

eu
m

on
ia

e 
(n

 =
 7

),
 

En
te

ro
ba

ct
er

 
sp

p
. 

(n
 =

 3
),

 
E.

 c
ol

i 
(n

 =
 

2)
, 

Se
rr

at
ia

 
m

ar
ce

sc
en

s 
(n

 
=

 2
),

 K
le

bs
ie

lla
 

ox
yt

oc
a 

(n
 =

 1
)

C
on

tr
ol

s:
 

K
le

bs
ie

lla
 

pn
eu

m
on

ia
e 

(n
 =

 1
9

),
 

En
te

ro
ba

ct
er

 
sp

p
. 

(n
 =

 2
),

 
E.

 c
ol

i 
(n

 =
 3

),
 

Ci
tr

ob
ac

te
r 

fr
eu

nd
ii 

(n
 =

 1
)

O
ra

l 
(1

5 
ca

p
su

le
s 

p
er

 
da

y 
fo

r 
2 

co
n

se
cu

ti
ve

 
da

ys
) 

St
oo

l:
 2

5-
30

 
gr

am
, 

fr
oz

en
, 

u
n

re
la

te
d 

do
n

or

A
B

: 
n

o 
B

L
: 

n
o 

P
P
I:

 y
es

FM
T

 c
oh

or
t:

 5
/1

5 
(3

3.
3%

)

C
on

tr
ol

s:
 2

1/
24

 
(8

7.
5%

)

FM
T

: 
9

/1
5 

(6
0
%

) 
at

 1
 

m
on

th
, 

8
/1

2 
(6

6
.7

%
) 

at
 6

 
m

on
th

s

C
on

tr
ol

s:
 

10
/2

4
 (

4
1.

7%
) 

at
 1

 m
on

th
, 

7/
13

 (
53

.8
%

) 
at

 6
 m

on
th

s

FM
T

: 
0
/1

5

C
on

tr
ol

s:
 

9
/2

4
 (

37
.5

%
)



7

181

Faecal microbiota replacement to eradicate antimicrobial resistant bacteria in the intestinal tract 

Fi
rs

t 
au

th
or

 
&

 y
ea

r

St
u

dy
 

de
si

gn
P

op
u

la
ti

on
N

um
be

r 
of

 
pa

rt
ic

ip
an

ts
N

u
m

be
r 

of
 

cu
lt

u
re

/P
C

R
 

to
 d

efi
n

e 
(d

e)
co

lo
n

is
at

io
n

T
yp

e 
of

 
p

at
h

og
en

*
FM

T
 

p
ro

ce
du

re
*

*
P

re
tr

ea
tm

en
t

A
n

ti
bi

ot
ic

 u
se

 
p

os
t-

FM
T

D
ec

ol
on

is
at

io
n

 
ra

te
N

u
m

be
r 

of
 M

D
R

O
 

in
fe

ct
io

n
s 

p
os

t-
FM

T

G
h

an
i

20
20

U
n

it
ed

 
K

in
gd

om

(2
5)

P
ro

sp
ec

ti
ve

 
co

h
or

t 
st

u
dy

 w
it

h
 

co
n

tr
ol

 
gr

ou
p

G
ro

u
p

 1
: 

H
ae

m
a-

to
lo

gy
 p

at
ie

n
ts

 
(m

os
tl

y 
al

lo
-

H
SC

T
) 

w
it

h
 C

R
E

, 
V

R
E

 o
r 

E
SB

L
 c

ol
on

is
at

io
n

  
G

ro
u

p
 2

: 
P
at

ie
n

ts
 

w
it

h
 M

D
R

O
-

m
ed

i-
at

ed
 r

U
T

I,
 m

os
tl

y 
re

n
al

 t
ra

n
sp

la
n

t 
re

ci
p
ie

n
ts

, 
n

o 
cu

r-
re

n
t 

in
fe

ct
io

n
C

on
tr

ol
s:

 s
im

il
ar

 
p
at

ie
n

ts
 b

u
t 

n
ot

 
u
n

de
rg

oi
n

g 
FM

T

M
ed

ia
n

 a
ge

 6
2.

5 
ye

ar
s 

M
al

e 
ge

n
de

r 
55

%
Im

m
u
n

oc
om

p
ro

-
m

is
ed

: 
76

%
 

rC
D

I 
(n

 =
 4

)

T
ot

al
 (

n
 =

 
6

0
)

G
ro

u
p
 1

 (
n

 
=

 1
1)

 
G

ro
u
p
 2

 (
n

 
=

 9
)

C
on

tr
ol

 (
n

 
=

 4
0
)

N
R

 (
ju

st
 ‘

se
ri

al
 

re
ct

al
 s

w
ab

s’
)

G
ro

u
p
 1

: 
C

R
E

 (
n

 =
 8

, 
in

cl
u
di

n
g 

E.
 

co
li,

 C
it

ro
ba

ct
er

 
fr

eu
nd

ii 
an

d 
K

le
bs

ie
lla

 s
p
p
.)

 
V

R
E

 (
n

 =
 3

) 
or

 
E

SB
L
 E

. c
ol

i 
(n

 
=

 2
)

G
ro

u
p
 2

: 
E

SB
L
 (

n
 =

 9
):

 
E.

 c
ol

i 
(n

 =
 

7)
, 

K
le

bs
ie

lla
 

pn
eu

m
on

ia
e 

(n
 

=
 2

)

U
p
p
er

 
en

do
sc

op
y/

n
as

o-
du

od
en

al
 

tu
be

St
oo

l:
 5

0
 

gr
am

, 
fr

oz
en

, 
u
n

re
la

te
d 

do
n

or
, 

1-
2 

FM
T

s 
p
er

 
p
at

ie
n

t

A
B

: 
di

sc
on

ti
n

u
ed

 
24

h
 p

ri
or

 
B

L
: 

ye
s

P
P
I:

 y
es

Y
es

, 
al

m
os

t 
al

l 
p
at

ie
n

ts
, 

n
o 

ab
so

lu
te

 n
u
m

be
r 

(o
r 

sp
ec

ifi
c 

an
ti

bi
ot

ic
) 

is
 r

ep
or

te
d

7/
17

 (
4
1%

) 
of

 
gr

ou
p
 1

 a
n

d 
2 

p
at

ie
n

ts
 w

er
e 

de
co

lo
n

is
ed

 
(f

ol
lo

w
-

u
p
 

ra
n

ge
 6

 w
ee

k
s 

-
 2

4
 m

on
th

s)
, 

N
R

 f
or

 c
on

tr
ol

 
gr

ou
p

Si
gn

ifi
ca

n
t 

re
du

ct
io

n
 i

n
 

B
SI

 (
ab

so
lu

te
 

n
u
m

be
r 

N
R

) 
an

d 
M

D
R

O
 U

T
Is

 
(p

re
-

FM
T

 
m

ed
ia

n
 =

 4
 

±
 2

 e
p
is

od
es

, 
p
os

t-
FM

T
 

m
ed

ia
n

 =
 1

 ±
 

2 
ep

is
od

es
) 

in
 g

ro
u
p
 

1 
an

d 
2 

co
m

p
ar

ed
 t

o 
co

n
tr

ol
s.

 

Se
on

g
20

20

K
or

ea

(2
6

)

P
ro

sp
ec

ti
ve

 
co

h
or

t 
st

u
dy

 
w

it
h

 c
on

tr
ol

 
gr

ou
p

A
du

lt
 p

at
ie

n
ts

 
w

it
h

 C
R

E
 o

r 
V

R
E

 
co

lo
n

is
at

io
n

M
ed

ia
n

 a
ge

: 
6

9
 

ye
ar

s 
M

al
e 

ge
n

de
r:

 5
3%

 
Im

m
u
n

oc
om

p
ro

-
m

is
ed

: 
n

on
e 

T
ot

al
 (

n
 =

 
8
3)

 
FM

T
 (

n
 =

 
35

) 
C

on
tr

ol
 (

n
 

=
 4

8
)

C
ol

on
is

at
io

n
: 

1
D

ec
ol

on
is

at
io

n
: 

2

FM
T

 c
oh

or
t:

 
V

R
E

 1
9

/3
5 

(5
4
.3

%
),

 C
R

E
 

4
/3

5 
(1

1.
4
%

),
 

bo
th

 1
2/

35
 

(3
4
.3

%
)

C
on

tr
ol

s:
 V

R
E

 
24

/4
8
 (

50
%

),
 

C
R

E
 2

0
/4

8
 

(4
1.

7%
),

 b
ot

h
 

4
/4

8
 (

8
.3

%
)

A
t 

th
e 

di
sc

re
ti

on
 o

f 
th

e 
p
h

ys
ic

ia
n

: 
u
p
p
er

 
en

do
sc

op
y,

 o
ra

l 
or

 c
ol

on
os

co
p
y

St
oo

l:
 1

0
0
 

gr
am

, 
fr

oz
en

, 
u
n

re
la

te
d 

do
n

or
, 

1 
FM

T
 

p
er

 p
at

ie
n

t

A
B

: 
4
5%

 i
n

 
th

e 
w

ee
k
 

p
ri

or
B

L
: 

ye
s 

if
 

co
lo

n
os

co
p
y

P
P
I:

 y
es

 
if

 u
p
p
er

 
en

do
sc

op
y

19
/3

5 
(5

4
.3

%
) 

in
 

th
e 

w
ee

k
 p

os
t-

FM
T

FM
T

: 
6

5.
7%

 
at

 6
 m

on
th

s,
 

6
8
.6

%
 a

t 
12

 
m

on
th

s

C
on

tr
ol

s:
 

25
.0

%
 a

t 
6

 
m

on
th

s,
 2

7.
1%

 
at

 1
2 

m
on

th
s

N
R

T
ab

le
 1

: 
C

on
ti

n
u

ed



182

Chapter 7 

Fi
rs

t 
au

th
or

 
&

 y
ea

r

St
u

dy
 

de
si

gn
P

op
u

la
ti

on
N

um
be

r 
of

 
pa

rt
ic

ip
an

ts
N

u
m

be
r 

of
 

cu
lt

u
re

/P
C

R
 

to
 d

efi
n

e 
(d

e)
co

lo
n

is
at

io
n

T
yp

e 
of

 
p

at
h

og
en

*
FM

T
 

p
ro

ce
du

re
*

*
P

re
tr

ea
tm

en
t

A
n

ti
bi

ot
ic

 u
se

 
p

os
t-

FM
T

D
ec

ol
on

is
at

io
n

 
ra

te
N

u
m

be
r 

of
 M

D
R

O
 

in
fe

ct
io

n
s 

p
os

t-
FM

T

L
ee

20
21

K
or

ea

(2
7)

P
ro

sp
ec

ti
ve

 
co

h
or

t 
st

u
dy

 
w

it
h

ou
t 

co
n

tr
ol

 
gr

ou
p

A
du

lt
 p

at
ie

n
ts

 
w

it
h

 C
R

E
 o

r 
V

R
E

 
co

lo
n

is
at

io
n

M
ed

ia
n

 a
ge

: 
75

 
ye

ar
s

M
al

e 
ge

n
de

r:
 3

0
%

Im
m

u
n

oc
om

p
ro

-
m

is
ed

: 
N

R
rC

D
I 

(n
 =

 2
)

N
 =

 1
0
 

C
ol

on
is

at
io

n
: 

N
R

D
ec

ol
on

is
at

io
n

: 
3

K
le

bs
ie

lla
 

pn
eu

m
on

ia
e,

 
ca

rb
ap

en
em

as
e 

p
ro

du
ci

n
g 

(n
 =

 8
),

 V
R

E
 

an
d 

K
le

bs
ie

lla
 

pn
eu

m
on

ia
e 

(n
 

=
 2

)

C
ol

on
os

co
p
y 

(n
 =

 9
),

 u
p
p
er

 
en

do
sc

op
y 

 
(n

 =
 7

),
 2

0
 

ca
p
su

le
s 

(n
 =

 1
)

St
oo

l:
 v

ol
u
m

e 
N

R
, 

fr
oz

en
, 

u
n

re
la

te
d 

do
n

or
, 

1-
3 

FM
T

s 
p
er

 
p
at

ie
n

t

A
B

: 
di

sc
on

ti
n

u
ed

 
4
8
h

 p
ri

or
B

L
: 

ye
s

P
P
I:

 n
o

N
R

4
/1

0
 a

t 
1 

m
on

th
, 

5/
10

 
at

 3
 m

on
th

s 
an

d 
9

/1
0
 a

t 
5 

m
on

th
s 

af
te

r 
in

it
ia

l 
FM

T

N
R

M
er

li
20

20

It
al

y

(2
8
)

P
ro

sp
ec

ti
ve

 
co

h
or

t 
st

u
dy

 
w

it
h

ou
t 

co
n

tr
ol

 
gr

ou
p

P
ae

di
at

ri
c 

p
at

ie
n

ts
 

sc
h

ed
u
le

d 
to

 u
n

-
de

rg
o 

al
lo

-
H

SC
T

, 
so

m
e 

h
av

in
g 

a 
h

is
to

ry
 o

f 
sy

st
em

ic
 

in
fe

ct
io

n
s 

w
it

h
 

M
D

R
O

M
ed

ia
n

 a
ge

: 
11

 
ye

ar
s

M
al

e 
ge

n
de

r 
8
0
%

 
Im

m
u
n

oc
om

p
ro

-
m

is
ed

: 
10

0
%

N
 =

 5
N

R
 (

ju
st

 
‘w

ee
k
ly

 r
ec

ta
l 

sw
ab

s)

Ca
rb

ap
en

em
as

e 
re

si
st

an
t:

 E
. 

co
li 

(n
 =

 3
),

 
Kl

eb
si

el
la

 p
ne

u-
m

on
ia

e 
(n

 =
 2

),
 

Kl
eb

si
el

la
 o

xy
to

ca
 

(n
 =

 1
),

 K
le

bs
ie

lla
 

or
ni

th
in

ol
yt

ic
a 

(n
 =

 1
),

 E
nt

er
o-

ba
ct

er
 cl

oa
ca

e 
(n

 
= 

1)
, P

se
ud

om
o-

na
s a

er
ug

in
os

a 
(n

 =
 1

)

U
p
p
er

 
en

do
sc

op
y/

n
as

o-
du

od
en

al
 

tu
be

St
oo

l:
 1

0
0
-

24
0
 m

L
, 

fr
oz

en
 (

8
0
%

),
 

u
n

re
la

te
d 

do
n

or
, 

1 
FM

T
 

p
er

 p
at

ie
n

t

A
B

: 
ye

s,
 8

0
%

 
re

ce
iv

ed
 o

ra
l 

co
li

st
in

 f
or

 3
 

da
ys

 
B

L
: 

n
o

P
P
I:

 n
o

Y
es

, 
br

oa
d-

sp
ec

tr
u
m

 a
n

ti
bi

ot
ic

 
p
ro

p
h

yl
ax

is
 w

it
h

 
p
ip

er
ac

il
li

n
/

ta
zo

ba
ct

am
 w

h
en

 
n

eu
tr

op
h

il
s 

<
50

0
/µ

l 
or

 f
ev

er

4
/5

 (
8
0
%

) 
at

 
1 

w
ee

k
, 

1/
5 

(2
0
%

) 
at

 1
 

m
on

th

1 
ep

is
od

e 
in

 1
 

p
at

ie
n

t 

T
ab

le
 1

: 
C

on
ti

n
u

ed



7

183

Faecal microbiota replacement to eradicate antimicrobial resistant bacteria in the intestinal tract 

Fi
rs

t 
au

th
or

 
&

 y
ea

r

St
u

dy
 

de
si

gn
P

op
u

la
ti

on
N

um
be

r 
of

 
pa

rt
ic

ip
an

ts
N

u
m

be
r 

of
 

cu
lt

u
re

/P
C

R
 

to
 d

efi
n

e 
(d

e)
co

lo
n

is
at

io
n

T
yp

e 
of

 
p

at
h

og
en

*
FM

T
 

p
ro

ce
du

re
*

*
P

re
tr

ea
tm

en
t

A
n

ti
bi

ot
ic

 u
se

 
p

os
t-

FM
T

D
ec

ol
on

is
at

io
n

 
ra

te
N

u
m

be
r 

of
 M

D
R

O
 

in
fe

ct
io

n
s 

p
os

t-
FM

T

Si
lv

a
20

20

P
or

tu
ga

l

(2
9

)

R
et

ro
sp

ec
-

ti
ve

 c
oh

or
t 

st
u
dy

A
du

lt
 p

at
ie

n
ts

 w
it

h
 

C
R

E
 c

ol
on

is
at

io
n

M
ed

ia
n

 a
ge

: 
6

6
 

ye
ar

s
M

al
e 

ge
n

de
r:

 
38

.4
%

Im
m

u
n

oc
om

p
ro

-
m

is
ed

: 
n

on
e

rC
D

I 
(n

 =
 8

)

N
 =

 1
3

C
ol

on
is

at
io

n
: 

1
D

ec
ol

on
is

at
io

n
: 

3

C
R

E
, 

n
ot

 
fu

rt
h

er
 

sp
ec

ifi
ed

U
p
p
er

 
en

do
sc

op
y/

n
as

o-
du

od
en

al
 

tu
be

St
oo

l:
 5

0
 

m
L
, 

fr
es

h
, 

u
n

re
la

te
d 

do
n

or
, 

n
u
m

be
r 

of
 F

M
T

s 
N

R

A
B

: 
on

ly
 

fo
r 

rC
D

I 
p
at

ie
n

ts
 

(u
n

ti
l 

th
e 

da
y 

be
fo

re
 

FM
T

)
B

L
: 

ye
s

P
P
I:

 y
es

N
o

T
ot

al
: 

10
/1

3 
(7

7%
) 

W
it

h
ou

t 
rC

D
I 

(C
R

E
 

ca
rr

ie
rs

 o
n

ly
):

 
4
/5

 (
8
0
%

),
 

m
ed

ia
n

 
ti

m
e 

to
 

de
co

lo
n

is
at

io
n

 
16

 w
ee

k
s

0

T
ab

le
 1

: 
C

on
ti

n
u

ed



184

Chapter 7 

Fi
rs

t 
au

th
or

 
&

 y
ea

r

St
u

dy
 

de
si

gn
P

op
u

la
ti

on
N

um
be

r 
of

 
pa

rt
ic

ip
an

ts
N

u
m

be
r 

of
 

cu
lt

u
re

/P
C

R
 

to
 d

efi
n

e 
(d

e)
co

lo
n

is
at

io
n

T
yp

e 
of

 
p

at
h

og
en

*
FM

T
 

p
ro

ce
du

re
*

*
P

re
tr

ea
tm

en
t

A
n

ti
bi

ot
ic

 u
se

 
p

os
t-

FM
T

D
ec

ol
on

is
at

io
n

 
ra

te
N

u
m

be
r 

of
 M

D
R

O
 

in
fe

ct
io

n
s 

p
os

t-
FM

T

B
ie

rn
at

20
20

P
ol

an
d

(3
0
)

C
as

e 
re

p
or

t
B

ot
h

 p
at

ie
n

ts
 u

n
-

de
rw

en
t 

al
lo

-
H

SC
T

 
(o

n
e 

fo
r 

A
M

L
, 

on
e 

fo
r 

os
te

om
ye

lo
fi

-
br

os
is

)

M
ed

ia
n

 a
ge

: 
28

.5
 

ye
ar

s
M

al
e 

(b
ot

h
 p

a-
ti

en
ts

)
Im

m
u
n

oc
om

p
ro

-
m

is
ed

: 
10

0
%

N
 =

 2
C

ol
on

is
at

io
n

: 
1

D
ec

ol
on

is
at

io
n

: 
1

C
as

e 
1:

 E
SB

L
 

E.
 c

ol
i 
an

d 
E

SB
L
 K

le
bs

ie
lla

 
pn

eu
m

on
ia

e

C
as

e 
2:

 E
SB

L
 

En
te

ro
ba

ct
er

 
cl

oa
ca

e

U
p
p
er

 
en

do
sc

op
y/

n
as

o-
du

od
en

al
 

tu
be

St
oo

l:
 1

0
0
 

gr
am

, 
fr

es
h

, 
u
n

re
la

te
d 

do
n

or
, 

3-
4
 

FM
T

s 
p
er

 
p
at

ie
n

t 

A
B

: 
st

op
p
ed

 
p
ri

or
 t

o 
FM

T
 (

bu
t 

re
ce

n
t 

br
oa

d 
sp

ec
tr

u
m

 
tr

ea
tm

en
t)

B
L
: 

n
o

P
P
I:

 y
es

 

Y
es

C
as

e 
1:

 
E

ra
di

ca
ti

on
 

of
 E

SB
L
 E

. 
co

li 
af

te
r 

fi
rs

t 
FM

T
 a

n
d 

er
ad

ic
at

io
n

 o
f 

E
SB

L
 K

le
bs

ie
lla

 
af

te
r 

th
ir

d 
FM

T
. 

A
cq

u
ir

ed
 

V
R

E
 a

ft
er

 
se

co
n

d 
FM

T
, 

er
ad

ic
at

ed
 

af
te

r 
th

ir
d.

 
C

ol
on

is
ed

 
w

it
h

 M
D

R
 

A
ci

ne
to

ba
ct

er
 

ba
um

an
ni

i 
af

te
r 

th
ir

d 
FM

T
C

as
e 

2:
 

E
ra

di
ca

ti
on

 o
f 

E
SB

L
 E

. c
lo

ac
ae

 
af

te
r 

fi
rs

t 
FM

T
, 

ac
qu

ir
ed

 
V

R
E

 a
n

d 
E

SB
L
 

E.
 c

ol
i 
af

te
r 

se
co

n
d 

an
d 

th
ir

d 
FM

T
, 

er
ad

ic
at

ed
 

af
te

r 
fo

u
rt

h
 

FM
T

1/
2

C
as

e 
1 

di
ed

 
du

e 
to

 
A

ci
ne

to
ba

ct
er

. 
ba

um
an

ni
i 

B
SI

T
ab

le
 1

: 
C

on
ti

n
u

ed



7

185

Faecal microbiota replacement to eradicate antimicrobial resistant bacteria in the intestinal tract 

Fi
rs

t 
au

th
or

 
&

 y
ea

r

St
u

dy
 

de
si

gn
P

op
u

la
ti

on
N

um
be

r 
of

 
pa

rt
ic

ip
an

ts
N

u
m

be
r 

of
 

cu
lt

u
re

/P
C

R
 

to
 d

efi
n

e 
(d

e)
co

lo
n

is
at

io
n

T
yp

e 
of

 
p

at
h

og
en

*
FM

T
 

p
ro

ce
du

re
*

*
P

re
tr

ea
tm

en
t

A
n

ti
bi

ot
ic

 u
se

 
p

os
t-

FM
T

D
ec

ol
on

is
at

io
n

 
ra

te
N

u
m

be
r 

of
 M

D
R

O
 

in
fe

ct
io

n
s 

p
os

t-
FM

T

B
il

in
sk

i
20

20

P
ol

an
d

(3
1)

C
as

e 
re

p
or

t
A

du
lt

 w
it

h
 A

M
L
 

u
n

de
rg

oi
n

g 
al

-
lo

-
H

SC
T

A
ge

: 
36

 y
ea

rs
 

M
al

e 
 

Im
m

u
n

oc
om

p
ro

-
m

is
ed

: 
ye

s

N
 =

 1
C

ol
on

is
at

io
n

: 
1

D
ec

ol
on

is
at

io
n

: 
3

C
R

E
 (

K
le

bs
ie

lla
 

pn
eu

m
on

ia
e,

 
N

D
M

-
1)

U
p
p
er

 
en

do
sc

op
y/

n
as

o-
du

od
en

al
 

tu
be

St
oo

l:
 1

0
0
 

gr
am

, 
fr

es
h

, 
u
n

re
la

te
d 

do
n

or
, 

2 
FM

T
s

A
B

: 
n

o
B

L
: 

ye
s

P
P
I:

 y
es

Y
es

, 
m

et
ro

n
id

az
ol

e 
af

te
r 

fi
rs

t 
FM

T
1/

1 
at

 2
 

w
ee

k
s 

bu
t 

re
ap

p
ea

re
d 

af
te

r 
ch

em
ot

h
er

ap
y 

an
d 

an
ti

bi
ot

ic
 

p
ro

p
h

yl
ax

is
. 

A
ft

er
 a

 
se

co
n

d 
FM

T
 

th
e 

p
at

ie
n

t 
re

m
ai

n
ed

 
de

co
lo

n
is

ed
 a

t 
6

 m
on

th
s

0

K
ee

n
 

20
20

U
n

it
ed

 
St

at
es

(3
2)

C
as

e 
re

p
or

t
P
at

ie
n

t 
w

it
h

 r
U

T
I 

du
e 

to
 E

SB
L
 K

le
b-

si
el

la
 p

ne
um

on
ia

e.
 

H
is

to
ry

 o
f 

k
id

n
ey

 
an

d 
li

ve
r 

tr
an

s-
p
la

n
ta

ti
on

  
 A

ge
: 

6
2 

ye
ar

s
Fe

m
al

e
Im

m
u
n

oc
om

p
ro

-
m

is
ed

: 
ye

s

N
 =

 1
C

ol
on

is
at

io
n

: 
1

D
ec

ol
on

is
at

io
n

: 
N

R
 (

bu
t 

p
at

ie
n

t 
w

as
 t

es
te

d 
m

u
lt

ip
le

 t
im

es
)

E
SB

L
 K

le
bs

ie
lla

 
pn

eu
m

on
ia

e
E

n
em

a

St
oo

l:
 s

in
gl

e 
15

0
 m

L
 

su
sp

en
si

on
 (

>
 

10
7  

or
ga

n
is

m
s 

p
er

 m
L
),

 
fr

oz
en

, 
u
n

re
la

te
d 

do
n

or
, 

1 
FM

T
 

A
B

: 
su

p
p
re

ss
iv

e 
er

ta
p
en

em
 

u
n

ti
l 

2 
da

ys
 

p
ri

or
 t

o 
FM

T
 

B
L
: 

n
o

P
P
I:

 n
o

Y
es

, 
or

al
 a

m
ox

ic
il

li
n

 
6

 w
ee

k
s 

p
os

t-
FM

T
, 

th
en

 i
n

tr
av

en
ou

s 
va

n
co

m
yc

in
, 

p
ip

er
ac

il
li

n
/

ta
zo

ba
ct

am
 8

 
w

ee
k
s 

p
os

t-
FM

T
 

an
d 

am
ox

ic
il

li
n

/
cl

av
u
la

n
at

e,
 

fo
ll

ow
ed

 b
y 

ce
fe

p
im

e 
an

d 
m

et
ro

n
id

az
ol

e 
10

 
w

ee
k
s 

p
os

t-
FM

T

0
/1

 a
t 

1 
m

on
th

 
an

d 
4
 m

on
th

s 
p
os

t-
FM

T

2

T
ab

le
 1

: 
C

on
ti

n
u

ed



186

Chapter 7 

Fi
rs

t 
au

th
or

 
&

 y
ea

r

St
u

dy
 

de
si

gn
P

op
u

la
ti

on
N

um
be

r 
of

 
pa

rt
ic

ip
an

ts
N

u
m

be
r 

of
 

cu
lt

u
re

/P
C

R
 

to
 d

efi
n

e 
(d

e)
co

lo
n

is
at

io
n

T
yp

e 
of

 
p

at
h

og
en

*
FM

T
 

p
ro

ce
du

re
*

*
P

re
tr

ea
tm

en
t

A
n

ti
bi

ot
ic

 u
se

 
p

os
t-

FM
T

D
ec

ol
on

is
at

io
n

 
ra

te
N

u
m

be
r 

of
 M

D
R

O
 

in
fe

ct
io

n
s 

p
os

t-
FM

T

Su
 

20
21

C
h

in
a

(3
3)

C
as

e 
re

p
or

t
P
at

ie
n

t 
w

it
h

 A
M

L
 

u
n

de
rg

oi
n

g 
al

-
lo

-
H

SC
T

, 
co

lo
n

is
ed

 
w

it
h

 C
R

E
 p

ri
or

 
to

 c
on

di
ti

on
in

g 
th

er
ap

y,
 i

de
n

ti
fi

ed
 

on
 r

ou
ti

n
e 

re
ct

al
 

sc
re

en
in

g.

A
ge

: 
4
5 

ye
ar

s
M

al
e

Im
m

u
n

oc
om

p
ro

-
m

is
ed

: 
ye

s

N
 =

 1
C

ol
on

is
at

io
n

: 
1

D
ec

ol
on

is
at

io
n

: 
N

R
 (

bu
t 

p
at

ie
n

t 
w

as
 t

es
te

d 
se

ve
n

 t
im

es
)

C
ar

ba
p
en

em
 

re
si

st
an

t 
K

le
bs

ie
lla

 
pn

eu
m

on
ia

e

U
p
p
er

 
en

do
sc

op
y/

n
as

o-
du

od
en

al
 

tu
be

St
oo

l:
 v

ol
u
m

e 
N

R
, 

fr
oz

en
, 

u
n

re
la

te
d 

do
n

or
, 

2 
co

u
rs

es
 

w
it

h
 1

7 
da

y 
in

te
rv

al
 (

th
re

e 
p
ro

ce
du

re
s 

p
er

 
co

u
rs

e)

A
B

: 
n

o
B

L
: 

n
o

P
P
I:

 n
o

N
o 

1/
1 

(s
to

ol
 

cu
lt

u
re

s 
w

er
e 

C
R

E
 n

eg
at

iv
e 

at
 1

 w
ee

k
, 

1 
m

on
th

, 
2 

m
on

th
s,

 3
 

m
on

th
s,

 6
 

m
on

th
s,

 1
1 

m
on

th
s,

 a
n

d 
26

 m
on

th
s)

0

W
an

g 
20

21

(3
4
)

C
as

e 
re

p
or

t
R

en
al

 t
ra

n
sp

la
n

t 
p
at

ie
n

t 
w

it
h

 C
R

E
 

ba
ct

er
ae

m
ia

 a
n

d 
su

rg
ic

al
 s

it
e 

in
-

fe
ct

io
n

A
ge

: 
37

 y
ea

rs
Fe

m
al

e
Im

m
u
n

oc
om

p
ro

-
m

is
ed

: 
ye

s

N
 =

 1
C

ol
on

is
at

io
n

: 
2

D
ec

ol
on

is
at

io
n

: 
1

C
ar

ba
p
en

em
 

re
si

st
an

t 
an

d 
h

yp
er

vi
ru

le
n

t 
K

le
bs

ie
lla

 
pn

eu
m

on
ia

e

U
p
p
er

 
en

do
sc

op
y/

n
as

o-
du

od
en

al
 

tu
be

St
oo

l:
 v

ol
u
m

e 
N

R
, 

fr
es

h
/

fr
oz

en
 N

R
, 

u
n

re
la

te
d 

do
n

or
, 

1 
FM

T
 

A
B

: 
m

er
op

en
em

, 
ti

ge
cy

cl
in

e,
 

fo
sf

om
yc

in
 

di
sc

on
ti

n
u
ed

 
24

h
 p

ri
or

 t
o 

FM
T

 
B

L
: 

ye
s

P
P
I:

 y
es

N
o

1/
1 

at
 1

 w
ee

k
0

*M
ay

 s
u

rp
as

s 
to

ta
l 

n
u

m
be

r 
of

 p
at

ie
n

ts
 a

s 
so

m
e 

p
at

ie
n

ts
 w

er
e 

co
lo

n
is

ed
 w

it
h

 m
u

lt
ip

le
 M

D
R

O
s.

 *
*
 M

ay
 s

u
rp

as
s 

to
ta

l 
n

u
m

be
r 

of
 p

at
ie

n
ts

 a
s 

so
m

e 
p
at

ie
n

ts
 

h
ad

 m
u

lt
ip

le
 F

M
T

s 
w

it
h

 d
if

fe
re

n
t 

p
ro

ce
du

re
s.

 A
bb

re
vi

at
io

n
s:

 C
R

E
 =

 c
ar

ba
p

en
em

as
e 

re
si

st
an

t 
E

n
te

ro
ba

ct
er

ia
ce

ae
, 

V
R

E
 =

 v
an

co
m

yc
in

 r
es

is
ta

n
t 

En
te

ro
co

cc
us

, 

al
lo

-H
SC

T
 =

 a
ll

og
en

ei
c 

h
ae

m
at

op
oi

et
ic

 s
te

m
 c

el
l t

ra
n

sp
la

n
ta

ti
on

, E
SB

L
 =

 e
xt

en
de

d 
sp

ec
tr

u
m

 b
et

a-
la

ct
am

as
e,

 M
D

R
O

 =
 m

u
lt

id
ru

g 
re

si
st

an
t 

or
g
an

is
m

, r
U

T
I 

=
 

re
cu

rr
en

t 
u
ri

n
ar

y 
tr

ac
t 

in
fe

ct
io

n
, F

M
T

 =
 f

ae
ca

l m
ic

ro
bi

ot
a 

tr
an

sp
la

n
ta

ti
on

, r
C
D

I 
=
 r

ec
u
rr

en
t 

Cl
os

tr
id

io
id

es
 d

if
fi

ci
le

 in
fe

ct
io

n
, A

M
L 

=
 a

cu
te

 m
ye

lo
id

 le
u

k
ae

m
ia

, N
R

 

=
 n

ot
 r

ep
or

te
d,

 N
D

M
-1

 =
 N

ew
 D

el
h

i M
et

al
lo

-
be

ta
-l

ac
ta

m
as

e 
–

 1
, A

B
 =

 a
n

ti
bi

ot
ic

s,
 B

L 
=
 b

ow
el

 la
va

ge
, P

P
I 

=
 p

ro
to

n
 p

u
m

p 
in

h
ib

it
or

, B
SI

 =
 b

lo
od

st
re

am
 in

fe
ct

io
n

T
ab

le
 1

: 
C

on
ti

n
u

ed



7

187

Faecal microbiota replacement to eradicate antimicrobial resistant bacteria in the intestinal tract 

FMT procedure 

The primary route of administration for FMT was upper endoscopy; a minority of 

studies used capsules, enemas or colonoscopy. Whereas stool volume varied (from 

25-100 gram), all stool samples were obtained from healthy, unrelated donors, 

and were mostly frozen. One study [28] pretreated patients with non-absorbable 

antibiotics (oral colistin), and in seven studies patients had used antibiotics 

in the week prior to FMT. [25-27, 29, 30, 32, 34] Patients were pretreated with 

PPI in seven studies, and bowel lavage in six studies. Moreover, the number of 

transplantations varied, with six studies performing multiple transplantations 

per patient.

FMT efficacy: decolonisation and infection rate 

In the seven included cohort studies investigating any MDRO, decolonisation 

rates ranged from 20-90% for patients treated with FMT and 11-66% for 

controls. Duration of follow-up varied from 1-24 months. The largest between 

group difference was seen in the prospective cohort study by Lee et al. [23], 

i.e. a decolonisation rate of 71.4% versus 11.1% for FMT patients and controls 

respectively. Of note, duration of follow-up was only 3 months, while spontaneous 

decolonisation usually occurs at a later time point. [9] In the largest study 

performed thus far [26]**, decolonisation rates were 65.7% (FMT) versus 25.0% 

(controls) at 6 months, and remained similar at 12 months (68.6% versus 27.1% 

for FMT patients and controls respectively).

Four of seven cohort studies included both CRE and VRE patients. Of these, two 

reported decolonisation rates for CRE and VRE patients separately. [23, 26] In 

the study by Lee et al. [23] CRE decolonisation rate at 3 months was 88.9% (8/9 

patients) for the FMT group and 25% (1/4 patients) for the control group. For VRE 

patients, decolonisation was only reported for 1 month post-FMT, being 60% (3/5 

patients) for the FMT group and 0% (number of patients not specified) for the 

control group. In the study by Seong et al. [26]**, the 12-month decolonisation 

rate for CRE patients was 75% (3/4 patients) and 45% (9/20 patients) for the FMT 

and control group respectively. For VRE patients, a 12-month decolonisation rate of 

52.6% (10/19 patients) for the FMT group and 12.5% (3/12 patients) for the control 

group was observed.

In the study by Merli et al. [28] decolonisation was achieved for four out of five 

paediatric recipients after 1 week, but all four patients were recolonised after 1 
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month. All patients received antibiotic prophylaxis after a minimum of 3 days 

post-FMT, as part of the conditioning regimen for allo-SCT. Recolonisation also 

occurred during antibiotic prophylaxis (for allo-SCT) in an adult patient. [31] 

Silva et al. [29], Su et al. [33] and Wang et al. [34] were the only studies in which 

patients did not receive antibiotics after FMT. Prolonged decolonisation was 

achieved in four out of five CRE patients in the first study, and in both patients 

in the case reports.

The occurrence of MDRO infections was reported in four out of seven cohort 

studies. In the two studies with a control group [24, 25], MDRO infections were 

less frequent in the intervention group. While Bar-Yoseph et al. [24] showed a 

modest decolonisation rate 6 months post-FMT (66.7%), no MDRO infections 

occurred in the FMT group. In contrast, 37.5% of patients in the control group 

experienced MDRO infections. A similar effect was reported by Ghani et al. [25], 

where only 41% of patients achieved decolonisation, but there was a significant 

reduction in bloodstream infections (BSI) (no haematology patient developed 

bacteraemia with their pre-FMT MDRO) and MDRO UTIs (pre-FMT median = 4 ± 

2 episodes, post-FMT median = 1 ± 2 episodes), compared to controls.

Microbiota composition pre- and post-FMT 

Three case reports [32-34] and two cohort studies [26, 28] reported pre-FMT 

microbiota composition of patients with MDRO colonisation. Dysbiosis was seen 

in all patients of the case reports, with Proteobacteria making up more than 

a third of their gut microbiota, most likely due to prolonged broad-spectrum 

antimicrobial therapy prior to FMT. Low species richness was also seen in several 

patients in the study by Merli et al. [28], with one patient having a microbiota 

profile that was almost exclusively comprised of Enterobacteriaceae (97%). 

Moreover, Seong et al. [26] showed that patients colonised with VRE had higher 

counts of Proteobacteria en Verrucomicrobia than healthy stool donors. Seven 

studies reported faecal microbiota composition after FMT. [24, 26-28, 32-34] Bar-

Yoseph [24] showed that post-FMT stool samples of responders, i.e. successfully 

decolonised patients, resembled those of donors, which was not seen for non-

responders. While abundance of Enterobacteriaceae decreased in post-FMT stool 

samples of responders, it increased for non-responders. After FMT, significantly 

higher counts of Bifidobacterium bifidum were observed in samples of responders, 

compared to non-responders. Lee et al. [27] showed greater microbiota diversity 
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post-FMT, with a significantly increased abundance of Bacteroidetes, which was 

also observed in three case reports. [32-34]

Ongoing trials 

Currently, there are 24 ongoing trials investigating FMT for MDRO decolonisation, 

including 13 RCTs and 11 prospective cohort studies. The largest RCT (NCT04431934) 

is aiming to enrol 437 patients and is expected to be completed December 2022. 

Very few studies have posted preliminary results, as shown in Supplementary 

Table 1.

Risk of bias assessment 

A summary of the risk of bias assessments for the included cohort studies is 

presented in Supplementary Table 2. Overall, there were concerns about risk of 

bias for two out of seven cohort studies [23, 25], mainly due to dropouts (without 

description of those lost), and inadequate descriptions of the study population 

and outcomes.

Discussion 
In this narrative review, we provide an overview of recent studies investigating 

the efficacy of FMT for MDRO decolonisation. Only a few studies have addressed 

this question since 2020. In line with earlier reviews on the same topic [16, 17, 

35, 36], decolonisation rates varied greatly. Although only two studies reported 

decolonisation rates for CRE and VRE separately and sample sizes were small, 

decolonisation rates were higher for CRE patients, with a large effect size compared 

to controls. To date, only one RCT investigating the efficacy of FMT for MDRO 

decolonisation has been published. [15] In this study, 39 immunocompetent ESBL-E 

or CRE carriers were randomised to either no intervention or a 5 day course of oral 

colistin and neomycin followed by FMT. After 35-48 days, there was no significant 

difference regarding decolonisation rate between the two groups (41% versus 29% 

for FMT patients and controls respectively). However, the study was limited by 

not reaching the calculated sample size, using different routes of administration 

(nasogastric tube and capsules) and pretreating patients with antibiotics in the 

intervention arm. Furthermore, control subjects were not treated with antibiotics, 

further complicating assessment of the true efficacy of FMT.
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A previous review by Yoon et al. [16] showed that post-FMT antibiotic use led to 

lower decolonisation rates. While we could not draw any firm conclusions from 

our included studies, we did observe that recolonisation and a high number of 

MDRO infections occurred in patients that had received antibiotics post-FMT. This 

could be explained by the finding that post-FMT antibiotic use can blunt FMT 

engraftment, as shown by metagenomic analysis in another study. [24]* Another 

phenomenon that needs to be taken into consideration when interpreting results 

is spontaneous decolonisation. A systematic review and meta-analysis by Bar-

Yoseph et al. [9] showed that, in health care settings, ESBL-E and CRE colonisation 

rates spontaneously decreased from 80.2% and 73.9% at 1 month to 35.7% and 

34.6% at 12 months respectively. In another systematic review including thirteen 

studies (n = 1936 patients) 80% of VRE patients were decolonised after 40 weeks, 

however not all studies confirmed decolonisation with three separate swabs. [37] 

These findings raise the possibility that decolonisation may be falsely attributed 

to FMT and underline the necessity of a control group when trying to establish the 

true efficacy of FMT for MDRO decolonisation. Despite this fact, only four of our 

included studies had a control group, considerably limiting the evidence included 

in our review. Notably, only two other controlled studies have been conducted 

prior to 2020. [15, 38]

Intriguingly, while decolonisation rates in two of the larger included cohort 

studies were moderate, a major reduction in MDRO infections was observed. [24, 

25] In another prospective cohort study assessing the incidence of BSI in rCDI 

patients treated with either FMT or antibiotics, FMT patients had significantly 

fewer BSI than patients treated with antibiotics (4% versus 26%). [39] The authors 

hypothesise that FMT may have aided in increasing colonisation resistance 

by restoring a disturbed microbiota. This may be accompanied by decreasing 

intestinal permeability (by treating CDI) and thus preventing translocation of 

Gram negative bacteria into the bloodstream. Other possible explanations include 

that FMT can reduce inflammation (and thereby translocation) as is observed in 

patients with inflammatory bowel disease or graft-versus-host disease, similar 

to patients in the study by Ghani et al. [25, 40, 41] Lastly, even though FMT might 

not have eradicated the MDRO from the gut completely, it may have reduced the 

abundance of Enterobacteriaceae, and thereby reduced the likelihood of BSI.

Next to the low number of controlled studies, the evidence included in our review 

is limited by small samples sizes. Two studies reported dropouts, but did not 

provide a description of those lost. In addition, most studies defined colonisation 
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as one positive stool culture (or PCR) or rectal/perianal swab, while colonisation is 

usually defined as at least two consecutive (positive) samples with the most recent 

confirmation one week prior to FMT. We chose not to exclude studies that only 

used one culture or PCR to define colonisation, since this would have significantly 

reduced the number of eligible studies. Moreover, we observed considerable 

heterogeneity between studies regarding study population (e.g. including 

immunocompromised patients), type of pathogens, FMT procedure and post-FMT 

antibiotic use. Therefore, we need to exercise caution in interpreting the results 

mentioned in Table 1. Since eight studies included immunocompromised patients, 

one might question the generalisability of the results. Although based on small 

numbers, the systematic review by Yoon et al. [16] showed higher decolonisation 

rates for immunocompromised patients, compared to immunocompetent 

patients. For rCDI, FMT is as effective in immunocompromised patients as in 

immunocompetent patients. [42] Nevertheless, invasive MDRO infections are 

a considerable problem in immunocompromised patients, highlighting the 

importance of researching the role of FMT in this specific population.

Our review process had some methodological limitations. While title/abstract and 

full-text screening was done by two reviewers independently, data extraction and 

risk of bias assessment was done by one reviewer. However, a second reviewer 

was always consulted in case of doubt. In case of missing data, we did not contact 

study authors. Strengths of our review include our comprehensive search strategy, 

including many databases, searching for meeting abstracts, and repeating the 

search before submission of our manuscript. 

Future research should include sufficiently powered RCTs with an adequate 

duration of follow-up to account for spontaneous decolonisation. The protocol 

for FMT should be standardised with one or more treatments, including the use 

of different donors to study donor effects. It is possible that different strategies 

should be applied to CRE and VRE gut eradication. Moreover, more stringent 

definitions of (de)colonisation should be applied and different pre- and post-

treatments and routes of administration should be compared to optimise efficacy. 

Next to decolonisation, the number of MDRO infections post-FMT should be 

assessed. As shown in Supplementary Table 1, several large RCTs, including 

both immunocompromised and immunocompetent patients, are currently 

recruiting. At least one RCT (NCT04188743) is using a more stringent definition 

of colonisation, requiring at least two positive rectal swabs prior to FMT. The same 

RCT is comparing the efficacy of donor stool to autologous FMT. Another RCT 
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(NCT04181112) is pretreating one group with antibiotics, while not pretreating the 

other group. Different routes of administration are being investigated, though they 

are not being compared head-to-head within a single upcoming trial.

Conclusion 

Since 2020, only a handful of smaller, non-controlled studies investigating 

the efficacy of FMT for MDRO decolonisation have been published. Although a 

number of these cohort studies show some effect of FMT for MDRO decolonisation, 

questions remain regarding the true efficacy of FMT (taking spontaneous 

decolonisation into account), the optimal route of administration, the role of pre- 

and post-FMT antibiotic use, and the efficacy in different patient populations. 

Interestingly, despite modest decolonisation rates, FMT reduced the number of 

MDRO infections, a finding warranting further exploration. 
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Supplement 
Search strategy 

Databases: 

PubMed 

http://www.ncbi.nlm.nih.gov/pubmed?otool=leiden 

(("Fecal Microbiota Transplantation"[Mesh] OR "fecal microbiota transplantation"[tw] OR "fecal 

microbiota transplantations"[tw] OR "fecal microbiota transplant"[tw] OR "fecal microbiota 

transplant*"[tw] OR "fecal microbiota transfer"[tw] OR "fecal microbiota transfer*"[tw] OR "faecal 

microbiota transplantation"[tw] OR "faecal microbiota transplant"[tw] OR "faecal microbiota 

transplant*"[tw] OR "faecal microbiota transfer"[tw] OR "faecal microbiota transfer*"[tw] 

OR "Intestinal Microbiota Transfer"[tw] OR "Intestinal Microbiota Transplantation"[tw] OR 

"Intestinal Microbiota transplant"[tw] OR "Intestinal Microbiota transplant*"[tw] OR "Donor 

Feces Infusion"[tw] OR "Donor Feces"[tw] OR "Donor Faeces"[tw] OR "Donor Fecal"[tw] OR "Donor 

Faecal"[tw] OR "fecal microbial transplantation"[tw] OR "fecal microbial transplant"[tw] OR "fecal 

microbial transplant*"[tw] OR "fecal microbial transfer"[tw] OR "fecal microbial transfer*"[tw] OR 

"faecal microbial transplantation"[tw] OR "faecal microbial transplant"[tw] OR "faecal microbial 

transplant*"[tw] OR "fecal transplantation"[tw] OR "fecal transplant"[tw] OR "fecal transplant*"[tw] 

OR "fecal transfer"[tw] OR "fecal transfer*"[tw] OR "faecal transplantation"[tw] OR "faecal 

transplant"[tw] OR "faecal transplant*"[tw] OR "fecal microbiome transplantation"[tw] OR "fecal 

microbiome transplantations"[tw] OR "fecal microbiome transplant"[tw] OR "fecal microbiome 

transplant*"[tw] OR "fecal microbiome transfer"[tw] OR "fecal microbiome transfer*"[tw] OR 

"faecal microbiome transplantation"[tw] OR "faecal microbiome transplant*"[tw] OR (("fecal 

microbiota"[tw] OR "feces microbiota"[tw] OR "faecal microbiota"[tw] OR "faeces microbiota"[tw] 

OR "fecal microb*"[tw] OR "feces microb*"[tw] OR "faecal microb*"[tw] OR "faeces microb*"[tw]) 

AND ("transplant*"[tw]))) AND ("colonization"[tw] OR "colonisation"[tw] OR "decolonization"[tw] OR 

"decolonisation"[tw] OR "coloniz*"[tw] OR "colonis*"[tw] OR "decoloniz*"[tw] OR "decolonis*"[tw] 

OR "antibiotic resistance"[tw] OR "Drug Resistance, Microbial"[Mesh] OR "multi-drug resistant"[tw] 

OR "multi-drug resistance"[tw] OR "multidrug resistant"[tw] OR "multidrug resistance"[tw] 

OR "carbapenem"[tw] OR "Carbapenems"[Mesh] OR "Carbapenem*"[tw] OR "Doripenem"[tw] 

OR "Ertapenem"[tw] OR "Thienamycins"[tw] OR "Thienamycin"[tw] OR "Imipenem"[tw] OR 

"Meropenem"[tw] OR "vancomycin"[tw] OR "Vancomycin"[Mesh] OR "Vancomycin*"[tw] OR 

"ESBL"[tw] OR "extended spectrum"[tw] OR "extendedspectrum"[tw] OR "extended spectr*"[tw] OR 

"extendedspectr*"[tw] OR "multi-resistant"[tw] OR "drug resistant"[tw] OR "multi-resistance"[tw] 

OR "drug resistance"[tw] OR "multi-resistan*"[tw] OR "drug resistan*"[tw]) AND ("2019/01/01"[PDAT] 

: "3000/12/31"[PDAT])) 

Embase 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=main&MODE=ovid&D=oemezd 

((*"Fecal Microbiota Transplantation"/ OR "fecal microbiota transplantation".ti,ab OR "fecal 

microbiota transplantations".ti,ab OR "fecal microbiota transplant".ti,ab OR "fecal microbiota 

transplant*".ti,ab OR "fecal microbiota transfer".ti,ab OR "fecal microbiota transfer*".ti,ab OR 

"faecal microbiota transplantation".ti,ab OR "faecal microbiota transplant".ti,ab OR "faecal 

microbiota transplant*".ti,ab OR "faecal microbiota transfer".ti,ab OR "faecal microbiota transfer*".
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ti,ab OR "Intestinal Microbiota Transfer".ti,ab OR "Intestinal Microbiota Transplantation".ti,ab OR 

"Intestinal Microbiota transplant".ti,ab OR "Intestinal Microbiota transplant*".ti,ab OR "Donor Feces 

Infusion".ti,ab OR "Donor Feces".ti,ab OR "Donor Faeces".ti,ab OR "Donor Fecal".ti,ab OR "Donor 

Faecal".ti,ab OR "fecal microbial transplantation".ti,ab OR "fecal microbial transplant".ti,ab OR 

"fecal microbial transplant*".ti,ab OR "fecal microbial transfer".ti,ab OR "fecal microbial transfer*".

ti,ab OR "faecal microbial transplantation".ti,ab OR "faecal microbial transplant".ti,ab OR "faecal 

microbial transplant*".ti,ab OR "fecal transplantation".ti,ab OR "fecal transplant".ti,ab OR "fecal 

transplant*".ti,ab OR "fecal transfer".ti,ab OR "fecal transfer*".ti,ab OR "faecal transplantation".ti,ab 

OR "faecal transplant".ti,ab OR "faecal transplant*".ti,ab OR "fecal microbiome transplantation".

ti,ab OR "fecal microbiome transplantations".ti,ab OR "fecal microbiome transplant".ti,ab OR 

"fecal microbiome transplant*".ti,ab OR "fecal microbiome transfer".ti,ab OR "fecal microbiome 

transfer*".ti,ab OR "faecal microbiome transplantation".ti,ab OR "faecal microbiome transplant*".

ti,ab OR (("fecal microbiota".ti,ab OR "feces microbiota".ti,ab OR "faecal microbiota".ti,ab OR 

"faeces microbiota".ti,ab OR "fecal microb*".ti,ab OR "feces microb*".ti,ab OR "faecal microb*".

ti,ab OR "faeces microb*".ti,ab) ADJ6 ("transplant*".ti,ab))) AND (exp *"microbial colonization"/ OR 

"colonization".ti,ab OR "colonisation".ti,ab OR "decolonization".ti,ab OR "decolonisation".ti,ab OR 

"coloniz*".ti,ab OR "colonis*".ti,ab OR "decoloniz*".ti,ab OR "decolonis*".ti,ab OR exp *"antibiotic 

resistance"/ OR "antibiotic resistance".ti,ab OR *"multidrug resistance"/ OR "multi-drug resistant".

ti,ab OR "multi-drug resistance".ti,ab OR "multidrug resistant".ti,ab OR "multidrug resistance".

ti,ab OR *"carbapenem"/ OR *"carbapenem derivative"/ OR "carbapenem".ti,ab OR "Carbapenem*".

ti,ab OR *"Doripenem"/ OR *"Ertapenem"/ OR *"Thienamycins"/ OR *"Thienamycin"/ OR 

*"Imipenem"/ OR *"Meropenem"/ OR "Doripenem".ti,ab OR "Ertapenem".ti,ab OR "Thienamycins".

ti,ab OR "Thienamycin".ti,ab OR "Imipenem".ti,ab OR "Meropenem".ti,ab OR "vancomycin".ti,ab OR 

*"Vancomycin"/ OR *"Vancomycin derivative"/ OR "Vancomycin*".ti,ab OR *"extended spectrum 

beta lactamase"/ OR "ESBL".ti,ab OR "extended spectrum".ti,ab OR "extendedspectrum".ti,ab OR 

"extended spectr*".ti,ab OR "extendedspectr*".ti,ab OR "multi-resistant".ti,ab OR "drug resistant".

ti,ab OR "multi-resistance".ti,ab OR "drug resistance".ti,ab OR "multi-resistan*".ti,ab OR "drug 

resistan*".ti,ab) AND (2019 OR 2020 OR 2021 OR 2022).yr) 

NOT conference review.pt 

NOT (conference review or conference abstract).pt 

AND (conference abstract).pt 

Web of Science 

http://isiknowledge.com/wos 

((ti=("Fecal Microbiota Transplantation" OR "fecal microbiota transplantation" OR "fecal microbiota 

transplantations" OR "fecal microbiota transplant" OR "fecal microbiota transplant*" OR "fecal 

microbiota transfer" OR "fecal microbiota transfer*" OR "faecal microbiota transplantation" OR 

"faecal microbiota transplant" OR "faecal microbiota transplant*" OR "faecal microbiota transfer" 

OR "faecal microbiota transfer*" OR "Intestinal Microbiota Transfer" OR "Intestinal Microbiota 

Transplantation" OR "Intestinal Microbiota transplant" OR "Intestinal Microbiota transplant*" OR 

"Donor Feces Infusion" OR "Donor Feces" OR "Donor Faeces" OR "Donor Fecal" OR "Donor Faecal" OR 

"fecal microbial transplantation" OR "fecal microbial transplant" OR "fecal microbial transplant*" 

OR "fecal microbial transfer" OR "fecal microbial transfer*" OR "faecal microbial transplantation" 

OR "faecal microbial transplant" OR "faecal microbial transplant*" OR "fecal transplantation" 
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OR "fecal transplant" OR "fecal transplant*" OR "fecal transfer" OR "fecal transfer*" OR 

"faecal transplantation" OR "faecal transplant" OR "faecal transplant*" OR "fecal microbiome 

transplantation" OR "fecal microbiome transplantations" OR "fecal microbiome transplant" OR 

"fecal microbiome transplant*" OR "fecal microbiome transfer" OR "fecal microbiome transfer*" 

OR "faecal microbiome transplantation" OR "faecal microbiome transplant*" OR (("fecal microbiota" 

OR "feces microbiota" OR "faecal microbiota" OR "faeces microbiota" OR "fecal microb*" OR "feces 

microb*" OR "faecal microb*" OR "faeces microb*") AND ("transplant*"))) OR ab=("Fecal Microbiota 

Transplantation" OR "fecal microbiota transplantation" OR "fecal microbiota transplantations" OR 

"fecal microbiota transplant" OR "fecal microbiota transplant*" OR "fecal microbiota transfer" 

OR "fecal microbiota transfer*" OR "faecal microbiota transplantation" OR "faecal microbiota 

transplant" OR "faecal microbiota transplant*" OR "faecal microbiota transfer" OR "faecal microbiota 

transfer*" OR "Intestinal Microbiota Transfer" OR "Intestinal Microbiota Transplantation" OR 

"Intestinal Microbiota transplant" OR "Intestinal Microbiota transplant*" OR "Donor Feces Infusion" 

OR "Donor Feces" OR "Donor Faeces" OR "Donor Fecal" OR "Donor Faecal" OR "fecal microbial 

transplantation" OR "fecal microbial transplant" OR "fecal microbial transplant*" OR "fecal microbial 

transfer" OR "fecal microbial transfer*" OR "faecal microbial transplantation" OR "faecal microbial 

transplant" OR "faecal microbial transplant*" OR "fecal transplantation" OR "fecal transplant" OR 

"fecal transplant*" OR "fecal transfer" OR "fecal transfer*" OR "faecal transplantation" OR "faecal 

transplant" OR "faecal transplant*" OR "fecal microbiome transplantation" OR "fecal microbiome 

transplantations" OR "fecal microbiome transplant" OR "fecal microbiome transplant*" OR "fecal 

microbiome transfer" OR "fecal microbiome transfer*" OR "faecal microbiome transplantation" 

OR "faecal microbiome transplant*" OR (("fecal microbiota" OR "feces microbiota" OR "faecal 

microbiota" OR "faeces microbiota" OR "fecal microb*" OR "feces microb*" OR "faecal microb*" 

OR "faeces microb*") NEAR/6 ("transplant*"))) OR ak=("Fecal Microbiota Transplantation" OR "fecal 

microbiota transplantation" OR "fecal microbiota transplantations" OR "fecal microbiota transplant" 

OR "fecal microbiota transplant*" OR "fecal microbiota transfer" OR "fecal microbiota transfer*" 

OR "faecal microbiota transplantation" OR "faecal microbiota transplant" OR "faecal microbiota 

transplant*" OR "faecal microbiota transfer" OR "faecal microbiota transfer*" OR "Intestinal 

Microbiota Transfer" OR "Intestinal Microbiota Transplantation" OR "Intestinal Microbiota 

transplant" OR "Intestinal Microbiota transplant*" OR "Donor Feces Infusion" OR "Donor Feces" 

OR "Donor Faeces" OR "Donor Fecal" OR "Donor Faecal" OR "fecal microbial transplantation" OR 

"fecal microbial transplant" OR "fecal microbial transplant*" OR "fecal microbial transfer" OR 

"fecal microbial transfer*" OR "faecal microbial transplantation" OR "faecal microbial transplant" 

OR "faecal microbial transplant*" OR "fecal transplantation" OR "fecal transplant" OR "fecal 

transplant*" OR "fecal transfer" OR "fecal transfer*" OR "faecal transplantation" OR "faecal 

transplant" OR "faecal transplant*" OR "fecal microbiome transplantation" OR "fecal microbiome 

transplantations" OR "fecal microbiome transplant" OR "fecal microbiome transplant*" OR "fecal 

microbiome transfer" OR "fecal microbiome transfer*" OR "faecal microbiome transplantation" 

OR "faecal microbiome transplant*" OR (("fecal microbiota" OR "feces microbiota" OR "faecal 

microbiota" OR "faeces microbiota" OR "fecal microb*" OR "feces microb*" OR "faecal microb*" OR 

"faeces microb*") NEAR/6 ("transplant*")))) AND (ti=("microbial colonization" OR "colonization" OR 

"colonisation" OR "decolonization" OR "decolonisation" OR "coloniz*" OR "colonis*" OR "decoloniz*" 

OR "decolonis*" OR "antibiotic resistance" OR "antibiotic resistance" OR "multidrug resistance" 

OR "multi-drug resistant" OR "multi-drug resistance" OR "multidrug resistant" OR "multidrug 

resistance" OR "carbapenem" OR "carbapenem derivative" OR "carbapenem" OR "Carbapenem*" 

OR "Doripenem" OR "Ertapenem" OR "Thienamycins" OR "Thienamycin" OR "Imipenem" OR 
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"Meropenem" OR "Doripenem" OR "Ertapenem" OR "Thienamycins" OR "Thienamycin" OR 

"Imipenem" OR "Meropenem" OR "vancomycin" OR "Vancomycin" OR "Vancomycin derivative" 

OR "Vancomycin*" OR "extended spectrum beta lactamase" OR "ESBL" OR "extended spectrum" OR 

"extendedspectrum" OR "extended spectr*" OR "extendedspectr*" OR "multi-resistant" OR "drug 

resistant" OR "multi-resistance" OR "drug resistance" OR "multi-resistan*" OR "drug resistan*") 

OR ab=("microbial colonization" OR "colonization" OR "colonisation" OR "decolonization" OR 

"decolonisation" OR "coloniz*" OR "colonis*" OR "decoloniz*" OR "decolonis*" OR "antibiotic 

resistance" OR "antibiotic resistance" OR "multidrug resistance" OR "multi-drug resistant" OR 

"multi-drug resistance" OR "multidrug resistant" OR "multidrug resistance" OR "carbapenem" OR 

"carbapenem derivative" OR "carbapenem" OR "Carbapenem*" OR "Doripenem" OR "Ertapenem" 

OR "Thienamycins" OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR "Doripenem" OR 

"Ertapenem" OR "Thienamycins" OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR 

"vancomycin" OR "Vancomycin" OR "Vancomycin derivative" OR "Vancomycin*" OR "extended 

spectrum beta lactamase" OR "ESBL" OR "extended spectrum" OR "extendedspectrum" OR 

"extended spectr*" OR "extendedspectr*" OR "multi-resistant" OR "drug resistant" OR "multi-

resistance" OR "drug resistance" OR "multi-resistan*" OR "drug resistan*") OR ak=("microbial 

colonization" OR "colonization" OR "colonisation" OR "decolonization" OR "decolonisation" OR 

"coloniz*" OR "colonis*" OR "decoloniz*" OR "decolonis*" OR "antibiotic resistance" OR "antibiotic 

resistance" OR "multidrug resistance" OR "multi-drug resistant" OR "multi-drug resistance" OR 

"multidrug resistant" OR "multidrug resistance" OR "carbapenem" OR "carbapenem derivative" 

OR "carbapenem" OR "Carbapenem*" OR "Doripenem" OR "Ertapenem" OR "Thienamycins" 

OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR "Doripenem" OR "Ertapenem" OR 

"Thienamycins" OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR "vancomycin" OR 

"Vancomycin" OR "Vancomycin derivative" OR "Vancomycin*" OR "extended spectrum beta 

lactamase" OR "ESBL" OR "extended spectrum" OR "extendedspectrum" OR "extended spectr*" 

OR "extendedspectr*" OR "multi-resistant" OR "drug resistant" OR "multi-resistance" OR "drug 

resistance" OR "multi-resistan*" OR "drug resistan*")) AND py=(2019 OR 2020 OR 2021 OR 2022)) 

Cochrane 

https://www.cochranelibrary.com/advanced-search/search-manager 

(("Fecal Microbiota Transplantation" OR "fecal microbiota transplantation" OR "fecal microbiota 

transplantations" OR "fecal microbiota transplant" OR "fecal microbiota transplant*" OR "fecal 

microbiota transfer" OR "fecal microbiota transfer*" OR "faecal microbiota transplantation" OR 

"faecal microbiota transplant" OR "faecal microbiota transplant*" OR "faecal microbiota transfer" 

OR "faecal microbiota transfer*" OR "Intestinal Microbiota Transfer" OR "Intestinal Microbiota 

Transplantation" OR "Intestinal Microbiota transplant" OR "Intestinal Microbiota transplant*" OR 

"Donor Feces Infusion" OR "Donor Feces" OR "Donor Faeces" OR "Donor Fecal" OR "Donor Faecal" OR 

"fecal microbial transplantation" OR "fecal microbial transplant" OR "fecal microbial transplant*" 

OR "fecal microbial transfer" OR "fecal microbial transfer*" OR "faecal microbial transplantation" 

OR "faecal microbial transplant" OR "faecal microbial transplant*" OR "fecal transplantation" 

OR "fecal transplant" OR "fecal transplant*" OR "fecal transfer" OR "fecal transfer*" OR 

"faecal transplantation" OR "faecal transplant" OR "faecal transplant*" OR "fecal microbiome 

transplantation" OR "fecal microbiome transplantations" OR "fecal microbiome transplant" OR 

"fecal microbiome transplant*" OR "fecal microbiome transfer" OR "fecal microbiome transfer*" 
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OR "faecal microbiome transplantation" OR "faecal microbiome transplant*" OR (("fecal microbiota" 

OR "feces microbiota" OR "faecal microbiota" OR "faeces microbiota" OR "fecal microb*" OR 

"feces microb*" OR "faecal microb*" OR "faeces microb*") AND ("transplant*"))) AND ("microbial 

colonization" OR "colonization" OR "colonisation" OR "decolonization" OR "decolonisation" OR 

"coloniz*" OR "colonis*" OR "decoloniz*" OR "decolonis*" OR "antibiotic resistance" OR "antibiotic 

resistance" OR "multidrug resistance" OR "multi drug resistant" OR "multi drug resistance" OR 

"multidrug resistant" OR "multidrug resistance" OR "carbapenem" OR "carbapenem derivative" 

OR "carbapenem" OR "Carbapenem*" OR "Doripenem" OR "Ertapenem" OR "Thienamycins" 

OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR "Doripenem" OR "Ertapenem" OR 

"Thienamycins" OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR "vancomycin" OR 

"Vancomycin" OR "Vancomycin derivative" OR "Vancomycin*" OR "extended spectrum beta 

lactamase" OR "ESBL" OR "extended spectrum" OR "extendedspectrum" OR "extended spectr*" 

OR "extendedspectr*" OR "multi-resistant" OR "drug resistant" OR "multi-resistance" OR "drug 

resistance" OR "multi-resistan*" OR "drug resistan*")):ti,ab,kw 

AND py=(2019 OR 2020 OR 2021 OR 2022) 

Emcare 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=main&D=emcr 

((*"Fecal Microbiota Transplantation"/ OR "fecal microbiota transplantation".ti,ab OR "fecal 

microbiota transplantations".ti,ab OR "fecal microbiota transplant".ti,ab OR "fecal microbiota 

transplant*".ti,ab OR "fecal microbiota transfer".ti,ab OR "fecal microbiota transfer*".ti,ab OR 

"faecal microbiota transplantation".ti,ab OR "faecal microbiota transplant".ti,ab OR "faecal 

microbiota transplant*".ti,ab OR "faecal microbiota transfer".ti,ab OR "faecal microbiota transfer*".

ti,ab OR "Intestinal Microbiota Transfer".ti,ab OR "Intestinal Microbiota Transplantation".ti,ab OR 

"Intestinal Microbiota transplant".ti,ab OR "Intestinal Microbiota transplant*".ti,ab OR "Donor Feces 

Infusion".ti,ab OR "Donor Feces".ti,ab OR "Donor Faeces".ti,ab OR "Donor Fecal".ti,ab OR "Donor 

Faecal".ti,ab OR "fecal microbial transplantation".ti,ab OR "fecal microbial transplant".ti,ab OR 

"fecal microbial transplant*".ti,ab OR "fecal microbial transfer".ti,ab OR "fecal microbial transfer*".

ti,ab OR "faecal microbial transplantation".ti,ab OR "faecal microbial transplant".ti,ab OR "faecal 

microbial transplant*".ti,ab OR "fecal transplantation".ti,ab OR "fecal transplant".ti,ab OR "fecal 

transplant*".ti,ab OR "fecal transfer".ti,ab OR "fecal transfer*".ti,ab OR "faecal transplantation".ti,ab 

OR "faecal transplant".ti,ab OR "faecal transplant*".ti,ab OR "fecal microbiome transplantation".

ti,ab OR "fecal microbiome transplantations".ti,ab OR "fecal microbiome transplant".ti,ab OR 

"fecal microbiome transplant*".ti,ab OR "fecal microbiome transfer".ti,ab OR "fecal microbiome 

transfer*".ti,ab OR "faecal microbiome transplantation".ti,ab OR "faecal microbiome transplant*".

ti,ab OR (("fecal microbiota".ti,ab OR "feces microbiota".ti,ab OR "faecal microbiota".ti,ab OR 

"faeces microbiota".ti,ab OR "fecal microb*".ti,ab OR "feces microb*".ti,ab OR "faecal microb*".

ti,ab OR "faeces microb*".ti,ab) ADJ6 ("transplant*".ti,ab))) AND (exp *"microbial colonization"/ OR 

"colonization".ti,ab OR "colonisation".ti,ab OR "decolonization".ti,ab OR "decolonisation".ti,ab OR 

"coloniz*".ti,ab OR "colonis*".ti,ab OR "decoloniz*".ti,ab OR "decolonis*".ti,ab OR exp *"antibiotic 

resistance"/ OR "antibiotic resistance".ti,ab OR *"multidrug resistance"/ OR "multi-drug resistant".

ti,ab OR "multi-drug resistance".ti,ab OR "multidrug resistant".ti,ab OR "multidrug resistance".

ti,ab OR *"carbapenem"/ OR *"carbapenem derivative"/ OR "carbapenem".ti,ab OR "Carbapenem*".

ti,ab OR *"Doripenem"/ OR *"Ertapenem"/ OR *"Thienamycins"/ OR *"Thienamycin"/ OR 
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*"Imipenem"/ OR *"Meropenem"/ OR "Doripenem".ti,ab OR "Ertapenem".ti,ab OR "Thienamycins".

ti,ab OR "Thienamycin".ti,ab OR "Imipenem".ti,ab OR "Meropenem".ti,ab OR "vancomycin".ti,ab OR 

*"Vancomycin"/ OR *"Vancomycin derivative"/ OR "Vancomycin*".ti,ab OR *"extended spectrum 

beta lactamase"/ OR "ESBL".ti,ab OR "extended spectrum".ti,ab OR "extendedspectrum".ti,ab OR 

"extended spectr*".ti,ab OR "extendedspectr*".ti,ab OR "multi-resistant".ti,ab OR "drug resistant".

ti,ab OR "multi-resistance".ti,ab OR "drug resistance".ti,ab OR "multi-resistan*".ti,ab OR "drug 

resistan*".ti,ab) AND (2019 OR 2020 OR 2021 OR 2022).yr) 

Academic Search Premier 

http://search.ebscohost.com/login.aspx?authtype=ip,uid&profile=lumc&defaultdb=aph 

TI(("Fecal Microbiota Transplantation" OR "fecal microbiota transplantation" OR "fecal microbiota 

transplantations" OR "fecal microbiota transplant" OR "fecal microbiota transplant*" OR "fecal 

microbiota transfer" OR "fecal microbiota transfer*" OR "faecal microbiota transplantation" OR 

"faecal microbiota transplant" OR "faecal microbiota transplant*" OR "faecal microbiota transfer" 

OR "faecal microbiota transfer*" OR "Intestinal Microbiota Transfer" OR "Intestinal Microbiota 

Transplantation" OR "Intestinal Microbiota transplant" OR "Intestinal Microbiota transplant*" OR 

"Donor Feces Infusion" OR "Donor Feces" OR "Donor Faeces" OR "Donor Fecal" OR "Donor Faecal" 

OR "fecal microbial transplantation" OR "fecal microbial transplant" OR "fecal microbial transplant*" 

OR "fecal microbial transfer" OR "fecal microbial transfer*" OR "faecal microbial transplantation" 

OR "faecal microbial transplant" OR "faecal microbial transplant*" OR "fecal transplantation" OR 

"fecal transplant" OR "fecal transplant*" OR "fecal transfer" OR "fecal transfer*" OR "faecal 

transplantation" OR "faecal transplant" OR "faecal transplant*" OR "fecal microbiome 

transplantation" OR "fecal microbiome transplantations" OR "fecal microbiome transplant" OR 

"fecal microbiome transplant*" OR "fecal microbiome transfer" OR "fecal microbiome transfer*" 

OR "faecal microbiome transplantation" OR "faecal microbiome transplant*" OR (("fecal microbiota" 

OR "feces microbiota" OR "faecal microbiota" OR "faeces microbiota" OR "fecal microb*" OR "feces 

microb*" OR "faecal microb*" OR "faeces microb*") AND ("transplant*"))) AND ("microbial 

colonization" OR "colonization" OR "colonisation" OR "decolonization" OR "decolonisation" OR 

"coloniz*" OR "colonis*" OR "decoloniz*" OR "decolonis*" OR "antibiotic resistance" OR "antibiotic 

resistance" OR "multidrug resistance" OR "multi drug resistant" OR "multi drug resistance" OR 

"multidrug resistant" OR "multidrug resistance" OR "carbapenem" OR "carbapenem derivative" OR 

"carbapenem" OR "Carbapenem*" OR "Doripenem" OR "Ertapenem" OR "Thienamycins" OR 

"Thienamycin" OR "Imipenem" OR "Meropenem" OR "Doripenem" OR "Ertapenem" OR 

"Thienamycins" OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR "vancomycin" OR 

"Vancomycin" OR "Vancomycin derivative" OR "Vancomycin*" OR "extended spectrum beta 

lactamase" OR "ESBL" OR "extended spectrum" OR "extendedspectrum" OR "extended spectr*" OR 

"extendedspectr*" OR "multi-resistant" OR "drug resistant" OR "multi-resistance" OR "drug 

resistance" OR "multi-resistan*" OR "drug resistan*")) OR SU(("Fecal Microbiota Transplantation" 

OR "fecal microbiota transplantation" OR "fecal microbiota transplantations" OR "fecal microbiota 

transplant" OR "fecal microbiota transplant*" OR "fecal microbiota transfer" OR "fecal microbiota 

transfer*" OR "faecal microbiota transplantation" OR "faecal microbiota transplant" OR "faecal 

microbiota transplant*" OR "faecal microbiota transfer" OR "faecal microbiota transfer*" OR 

"Intestinal Microbiota Transfer" OR "Intestinal Microbiota Transplantation" OR "Intestinal 

Microbiota transplant" OR "Intestinal Microbiota transplant*" OR "Donor Feces Infusion" OR "Donor 

Feces" OR "Donor Faeces" OR "Donor Fecal" OR "Donor Faecal" OR "fecal microbial transplantation" 
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OR "fecal microbial transplant" OR "fecal microbial transplant*" OR "fecal microbial transfer" OR 

"fecal microbial transfer*" OR "faecal microbial transplantation" OR "faecal microbial transplant" 

OR "faecal microbial transplant*" OR "fecal transplantation" OR "fecal transplant" OR "fecal 

transplant*" OR "fecal transfer" OR "fecal transfer*" OR "faecal transplantation" OR "faecal 

transplant" OR "faecal transplant*" OR "fecal microbiome transplantation" OR "fecal microbiome 

transplantations" OR "fecal microbiome transplant" OR "fecal microbiome transplant*" OR "fecal 

microbiome transfer" OR "fecal microbiome transfer*" OR "faecal microbiome transplantation" OR 

"faecal microbiome transplant*") AND ("microbial colonization" OR "colonization" OR "colonisation" 

OR "decolonization" OR "decolonisation" OR "coloniz*" OR "colonis*" OR "decoloniz*" OR 

"decolonis*" OR "antibiotic resistance" OR "antibiotic resistance" OR "multidrug resistance" OR 

"multi drug resistant" OR "multi drug resistance" OR "multidrug resistant" OR "multidrug 

resistance" OR "carbapenem" OR "carbapenem derivative" OR "carbapenem" OR "Carbapenem*" 

OR "Doripenem" OR "Ertapenem" OR "Thienamycins" OR "Thienamycin" OR "Imipenem" OR 

"Meropenem" OR "Doripenem" OR "Ertapenem" OR "Thienamycins" OR "Thienamycin" OR 

"Imipenem" OR "Meropenem" OR "vancomycin" OR "Vancomycin" OR "Vancomycin derivative" OR 

"Vancomycin*" OR "extended spectrum beta lactamase" OR "ESBL" OR "extended spectrum" OR 

"extendedspectrum" OR "extended spectr*" OR "extendedspectr*" OR "multi-resistant" OR "drug 

resistant" OR "multi-resistance" OR "drug resistance" OR "multi-resistan*" OR "drug resistan*")) 

OR KW(("Fecal Microbiota Transplantation" OR "fecal microbiota transplantation" OR "fecal 

microbiota transplantations" OR "fecal microbiota transplant" OR "fecal microbiota transplant*" 

OR "fecal microbiota transfer" OR "fecal microbiota transfer*" OR "faecal microbiota transplantation" 

OR "faecal microbiota transplant" OR "faecal microbiota transplant*" OR "faecal microbiota 

transfer" OR "faecal microbiota transfer*" OR "Intestinal Microbiota Transfer" OR "Intestinal 

Microbiota Transplantation" OR "Intestinal Microbiota transplant" OR "Intestinal Microbiota 

transplant*" OR "Donor Feces Infusion" OR "Donor Feces" OR "Donor Faeces" OR "Donor Fecal" OR 

"Donor Faecal" OR "fecal microbial transplantation" OR "fecal microbial transplant" OR "fecal 

microbial transplant*" OR "fecal microbial transfer" OR "fecal microbial transfer*" OR "faecal 

microbial transplantation" OR "faecal microbial transplant" OR "faecal microbial transplant*" OR 

"fecal transplantation" OR "fecal transplant" OR "fecal transplant*" OR "fecal transfer" OR "fecal 

transfer*" OR "faecal transplantation" OR "faecal transplant" OR "faecal transplant*" OR "fecal 

microbiome transplantation" OR "fecal microbiome transplantations" OR "fecal microbiome 

transplant" OR "fecal microbiome transplant*" OR "fecal microbiome transfer" OR "fecal microbiome 

transfer*" OR "faecal microbiome transplantation" OR "faecal microbiome transplant*") AND 

("microbial colonization" OR "colonization" OR "colonisation" OR "decolonization" OR 

"decolonisation" OR "coloniz*" OR "colonis*" OR "decoloniz*" OR "decolonis*" OR "antibiotic 

resistance" OR "antibiotic resistance" OR "multidrug resistance" OR "multi drug resistant" OR 

"multi drug resistance" OR "multidrug resistant" OR "multidrug resistance" OR "carbapenem" OR 

"carbapenem derivative" OR "carbapenem" OR "Carbapenem*" OR "Doripenem" OR "Ertapenem" 

OR "Thienamycins" OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR "Doripenem" OR 

"Ertapenem" OR "Thienamycins" OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR 

"vancomycin" OR "Vancomycin" OR "Vancomycin derivative" OR "Vancomycin*" OR "extended 

spectrum beta lactamase" OR "ESBL" OR "extended spectrum" OR "extendedspectrum" OR "extended 

spectr*" OR "extendedspectr*" OR "multi-resistant" OR "drug resistant" OR "multi-resistance" OR 

"drug resistance" OR "multi-resistan*" OR "drug resistan*")) OR (TI("Fecal Microbiota 

Transplantation" OR "fecal microbiota transplantation" OR "fecal microbiota transplantations" OR 

"fecal microbiota transplant" OR "fecal microbiota transplant*" OR "fecal microbiota transfer" OR 
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"fecal microbiota transfer*" OR "faecal microbiota transplantation" OR "faecal microbiota 

transplant" OR "faecal microbiota transplant*" OR "faecal microbiota transfer" OR "faecal microbiota 

transfer*" OR "Intestinal Microbiota Transfer" OR "Intestinal Microbiota Transplantation" OR 

"Intestinal Microbiota transplant" OR "Intestinal Microbiota transplant*" OR "Donor Feces Infusion" 

OR "Donor Feces" OR "Donor Faeces" OR "Donor Fecal" OR "Donor Faecal" OR "fecal microbial 

transplantation" OR "fecal microbial transplant" OR "fecal microbial transplant*" OR "fecal 

microbial transfer" OR "fecal microbial transfer*" OR "faecal microbial transplantation" OR "faecal 

microbial transplant" OR "faecal microbial transplant*" OR "fecal transplantation" OR "fecal 

transplant" OR "fecal transplant*" OR "fecal transfer" OR "fecal transfer*" OR "faecal 

transplantation" OR "faecal transplant" OR "faecal transplant*" OR "fecal microbiome 

transplantation" OR "fecal microbiome transplantations" OR "fecal microbiome transplant" OR 

"fecal microbiome transplant*" OR "fecal microbiome transfer" OR "fecal microbiome transfer*" 

OR "faecal microbiome transplantation" OR "faecal microbiome transplant*" OR (("fecal microbiota" 

OR "feces microbiota" OR "faecal microbiota" OR "faeces microbiota" OR "fecal microb*" OR "feces 

microb*" OR "faecal microb*" OR "faeces microb*") AND ("transplant*"))) AND AB("microbial 

colonization" OR "colonization" OR "colonisation" OR "decolonization" OR "decolonisation" OR 

"coloniz*" OR "colonis*" OR "decoloniz*" OR "decolonis*" OR "antibiotic resistance" OR "antibiotic 

resistance" OR "multidrug resistance" OR "multi drug resistant" OR "multi drug resistance" OR 

"multidrug resistant" OR "multidrug resistance" OR "carbapenem" OR "carbapenem derivative" OR 

"carbapenem" OR "Carbapenem*" OR "Doripenem" OR "Ertapenem" OR "Thienamycins" OR 

"Thienamycin" OR "Imipenem" OR "Meropenem" OR "Doripenem" OR "Ertapenem" OR 

"Thienamycins" OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR "vancomycin" OR 

"Vancomycin" OR "Vancomycin derivative" OR "Vancomycin*" OR "extended spectrum beta 

lactamase" OR "ESBL" OR "extended spectrum" OR "extendedspectrum" OR "extended spectr*" OR 

"extendedspectr*" OR "multi-resistant" OR "drug resistant" OR "multi-resistance" OR "drug 

resistance" OR "multi-resistan*" OR "drug resistan*")) 
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