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Resistant Pseudomonas aeruginosa in Murine Carriers
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Intestinal carriage of multi-drug resistant (MDR) Gram-negative bacteria including Pseudomonas aeruginosa (Psae)
constitutes a pivotal prerequisite for subsequent fatal endogenous infections in patients at risk. We here addressed
whether fecal microbiota transplantation (FMT) could effectively combat MDR-Psae carriage. Therefore, secondary
abiotic mice were challenged with MDR-Psae by gavage. One week later, mice were subjected to peroral FMT
from either murine or human donors on 3 consecutive days. Irrespective of murine or human origin of fecal trans-
plant, intestinal MDR-Psae loads decreased as early as 24 h after the initial FMT. Remarkably, the murine FMT
could lower intestinal MDR-Psae burdens by approximately 4 log orders of magnitude within 1 week. In another
intervention study, mice harboring a human gut microbiota were perorally challenged with MDR-Psae and sub-
jected to murine FMT on 3 consecutive days, 1 week later. Strikingly, within 5 days, murine FMT resulted in lower
loads and carrier rates of MDR-Psae in mice with a human gut microbiota. In conclusion, FMT might be a promis-
ing antibiotics-independent option to combat intestinal MDR-Psae carriage and thus prevent from future endoge-
nous infections of patients at risk.

Keywords: Multi-drug resistant Pseudomonas aeruginosa, fecal microbiota transplantation, antibiotics-independent
intervention strategies, human microbiota associated mice, pro-inflammatory immune responses, host-pathogen-in-
teraction, intestinal multi-drug resistant Gram-negative bacterial carriage
Introduction

Pseudomonas aeruginosa (Psae) are responsible for approxi-
mately 15% of nosocomial infections affecting up to one third
of intensive care unit (ICU) patients [1]. In the United States,
Psae causes over 50,000 healthcare-related cases annually pos-
ing a serious threat particularly to immunocompromised indi-
viduals infected with multidrug-resistant (MDR) strains [2].
Especially patients suffering from cystic fibrosis, post-surgery
or burn wounds are at increased risk of infection [3, 4].
Complications of Psae infection include respiratory morbidities
including ventilator-associated pneumonia, urinary tract infec-
tions, bacteremia, and sepsis with potentially fatal outcome [3,
4]. In addition to exerting a broad variety of metabolic func-
tions enabling the bacteria to utilize even antimicrobial agents
as substrate, Psae display a primary (i.e., natural) resistance to
multiple antibiotic compounds [1, 5]. In addition, almost one
third of all isolates obtained in the European Union exhibited a
secondary (i.e., acquired) resistance to at least one bactericidal
group out of piperacillin ± tazobactam, fluoroquinolones, cef-
tazidime, aminoglycosides, and carbapenems, with the highest
incidence of resistance found for fluoroquinolones according
to the Antimicrobial Resistance Surveillance Report 2017 pub-
lished by the European Center for Disease Prevention and
Control (ECDC) [6]. Various mechanisms of adaption and sur-
vival help Psae to acquire novel resistance mechanisms when
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encountering various classes of antibiotics, which leads to an
increasing spectrum of antimicrobial resistance worldwide, es-
pecially in isolates recovered from ICU patients [7]. Bacterial
evasion strategies comprize a plethora of multi-drug efflux sys-
tems, OprD loss in the outer membrane, target mutations such
as changes in the penicillin-binding proteins and production of
β-lactamases, carbapenemases, and 16S rRNA methylases, for
instance [8]. Whereas Psae is not considered as part of the
commensal intestinal microbiota, rectal carriage of the opportu-
nistic pathogen was shown to be a predictor of Psae-associated
infections in ICU patients [9]. The human gastrointestinal tract
(GIT) should therefore be regarded as a potential internal Psae
reservoir. Especially in conditions when the gut commensal
bacterial ecosystem is disturbed upon antibiotic treatment, the
compromized colonization resistance preventing from estab-
lishment of (opportunistic) pathogens [10, 11] may facilitate
stable Psae colonization within the GIT [12, 13]. However,
valid data regarding the immunopathological potential of intes-
tinal Psae colonization in the vertebrate host is scarce. For
the first time, our group provided evidence that MDR Psae
carriage resulted in pronounced pro-infammatory immune re-
sponses in intestinal as well as extra-intestinal including sys-
temic compartments of otherwise healthy wild-type mice [14,
15]. Moreover, pre-existing inflammatory conditions in the gut
facilitated stable intestinal Psae colonization in mice which
subsequently aggravated the underlying disease [16–19].

Hence, application of antimicrobial compounds for combat-
ing Psae infections provides only rather limited therapeutic
(“health-benefical”) success, given the collateral damages
caused by the antimicrobial compound itself resulting in
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depletion of the commensal microbiota in other non-infected
body compartments and further by the emergence of MDR
strains due to extensive antimicrobial resistance selection pres-
sure. Furthermore, we were able to show that broad-spectrum
antimicrobial treatment resulted in inhibition of secretory Im-
munoglobulin A (IgA) production at mucosal interfaces ren-
dering the host susceptible to acquisition of bacterial strains
[20]. Therefore, the development of alternative antimicrobial-
independent approaches for prevention and therapy of infec-
tions is utmost appreciated to help out the above-mentioned
and in many cases fatal dilemma.

The reintroduction of a complex microbiota into the host
via fecal microbiota transplantation (FMT) is a well-known
therapeutical approach dating back to the Chinese Dong-jin
dynasty in the fourth century [21] and has undergone a renais-
sance for the treatment of recurrent and refractory Clostridium
difficile toxin-induced acute necrotizing pseudo-membranous
enterocolitis for instance [22–26]. In the present study, we
therefore addressed whether fecal FMT from murine or human
donors could effectively combat MDR Psae carriage.

Material and Methods

Generation of Secondary Abiotic Mice. Female C57BL/6j
mice were bred under specific pathogen-free (SPF) conditions
at the Forschungseinrichtungen für Experimentelle Medizin
(Charité – University Medicine, Berlin, Germany). The
murine gut microbiota was depleted as described previously
[27]. In brief, 8-weeks-old mice were transferred into sterile
cages and subjected to a broad-spectrum antibiotic treatment
for 8 to 10 weeks by adding ampicillin plus sulbactam (1 g/L;
Ratiopharm, Germany), vancomycin (500 mg/L; Cell Pharm,
Germany), ciprofloxacin (200 mg/L; Bayer Vital, Germany),
imipenem (250 mg/L; MSD, Germany), and metronidazole
(1 g/L; Fresenius, Germany) to the drinking water (ad libitum)
resulting in secondary abiotic mice. Three days before
infecton, the antibiotic cocktail was replaced by autoclaved
tap water to assure antibiotic washout in mice.

P. aeruginosa Infection. Secondary abiotic mice were
perorally infected with 109 colony forming units (CFU) of a
MDR P. aeruginosa strain by gavage in a total volume of
0.3 mL phosphate buffered saline (PBS; Gibco, life
technologies, UK) on two consecutive days (days 0 and 1) as
reported earlier [16]. The P. aeruginosa isolate had been
initially cultured from respiratory material of a patient suffering
from nosocomial pneumonia and was kindly provided by Prof.
Dr. Bastian Opitz (Charité – University Medicine, Berlin,
Germany). Notably, the bacterial strain displayed antimicrobial
sensitivity to fosfomycin and colistin only [16].

Cultural Analysis of P. aeruginosa. In order to
quantitatively survey intestinal P. aeruginosa loads, fecal
pellets were homogenized in sterile PBS. Serial dilutions were
streaked onto Columbia agar supplemented with 5% sheep
blood (Oxoid, Germany) and cetrimid agar (Oxoid) and
incubated in an aerobic atmosphere at 37 °C for at least 48 h
as reported earlier [16].

Fecal Microbiota Transplantation. Seven days following
the initial Psae infection, mice were subjected to peroral FMT
from either human or murine donors on 3 consecutive days
(i.e., days 7, 8, and 9 postinfection [p.i.]) as reported earlier
[15]. In brief, fresh fecal samples, free of enteropathogenic
bacteria, viruses, and parasites, were collected from 5
individual healthy human volunteers, dissolved in sterile PBS,
aliquoted, and stored at −80 °C, as stated elsewhere [10, 14,
28]. Immediately before FMT, individual fecal aliquots were
thawed and pooled. In addition, fresh murine fecal samples
were collected from 10 age-and-sex-matched SPF control
mice, pooled, dissolved in 10 mL sterile PBS, and the
supernatant served as murine donor suspension. For FMT
intervention studies, Psae-infected mice were subjected to
peroral FMT either with 0.3 mL of the human or murine
donor suspension by gavage on 3 consecutive days [10, 14,
28, 29]. Immediately before respective FMT, aliquots from
each human and murine fecal donor solutions were collected
for quantitative molecular analyses of main intestinal bacterial
communities, as described elsewhere [10, 27, 30]. Seven days
after the first out of three FMT, mice were sacrificed by
isofluran inhalation (Abbott, Germany).

Murine Fecal Microbiota Transplantation in Psae-
Infected Mice Harboring a Human Gut Microbiota. For
murine FMT intervention studies, mice harboring a human gut
microbiota were obtained by peroral human FMT of
secondary abiotic mice on 3 consecutive days [28]. One week
later, the thus-obtained (with respect to their gut microbiota
composition) “humanized” mice were subjected to 109 CFU
MDR Psae on days 0, 1, and 2 by gavage, followed by
peroral murine FMT on days 7, 8, and 9 p.i. and necropsy on
day 14 p.i.

Molecular Analysis of Gut Microbiota Composition.
DNA was extracted from fecal samples or fecal donor
suspensions as described previously [27, 31]. In brief, DNA
was quantified by using Quant-iT PicoGreen reagent
(Invitrogen, UK) and adjusted to 1 ng per μL. Then, the total
eubacterial loads, as well as the main bacterial groups abundant
in the murine and human intestinal microbiota including
enterobacteria, enterococci, lactobacilli, bifidobacteria,
Bacteroides/Prevotella species, Clostridium coccoides group,
Clostridium leptum group, and Mouse Intestnal Bacteroides,
were assessed by quantitative real-time polymerase chain
reaction (qRT-PCR) with species-, genus-, or group-specific
16S rRNA gene primers (Tib MolBiol, Germany) as described
previously [10, 30, 32] and numbers of 16S rRNA gene copies
per ng DNA of each sample determined.

Statistical Analysis. Medians and levels of significance
were determined using Mann–Whitney test (GraphPad Prism
v7, USA) as indicated. Two-sided probability (p) values ≤0.05
were considered significant. Experiments were reproduced
three times.

Ethical Statement. All animal experiments were conducted
according to the European Guidelines for animal welfare
(2010/63/EU) with approval of the commission for animal
experiments headed by the “Landesamt für Gesundheit und
Soziales” (LaGeSo, Berlin; registration numbers G0097/12
and G0039/15). Animal welfare was monitored twice daily by
assessment of clinical conditions and weight loss of mice.

Results

Changes in Intestinal Loads of Multi-Drug Resistant
P. aeruginosa Following Fecal Microbiota Transplantation
in P. aeruginosa-Challenged Mice. Secondary abiotic mice
were challenged with 109 CFU Psae on days 0 and 1 by
gavage. Immediately before FMT on 3 consecutive days
starting on day 7 p.i., the commensal microbiota composition
of fecal suspensions derived from either human or murine
donors were assessed by culture-independent 16S rRNA-based
methods. Human fecal suspensions contained more
enterobacteria, enterococci, Bacteroides/Prevotella species,
and both, Clostridium coccoides and Clostridium leptum
group, as compared to those from murine donors, whereas
suspensions from murine donors contained more lactobacilli
and Mouse Intestinal Bacteroides compared to those of human
donors (Figure 1). Cultural analyses revealed that immediately
before the first FMT (i.e., day 7 p.i.), mice from either cohort
15



Figure 1. Microbiota composition of human and murine fecal suspensions used for the fecal microbiota transplantation. Immediately before fecal
microbiota transplantation, the commensal microbiota composition of fecal suspensions derived from human (closed circles) and murine donors
(open circles) was assessed by culture-independent 16S rRNA-based methods. The total eubacterial load (TL) and main bacterial groups including
enterobacteria (EB), enterococci (EC), lactobacilli (LB), bifidobacteria (BB), Bacteroides/Prevotella species (BP), Clostridium coccoides group
(CC), Clostridium leptum group (CL), and Mouse Intestinal Bacteroides (MIB) were quantitated (expressed as gene copies per ng DNA). Data
shown were pooled from 3 independent suspensions from respective origin

Fecal Microbiota Transplantation and MDR P. aeruginosa
harbored comparably high median fecal Psae loads of
approximately 108 CFU per g (Figures 2 and 3). As early as
24 h following the first FMT, however, fecal Psae loads were
approximately one order of magnitude lower as compared to
mock-treated mice, irrespective whether the fecal suspension
had been generated from human or murine donors (p < 0.001;
Figures 2 and 3). Seven days post-FMT from either origin
(i.e., on day 14 p.i.), mice harbored even up to 3.5 log orders
of magnitude lower Psae numbers in their intestine as
compared to mock control animals (p < 0.001; Figures 2 and
3). Of note, individual mice from the FMT cohort had even
completely lost the MDR Psae until day 14 p.i. (Figures 2 and
3). When compared to the respective Psae loads assessed
immediately before the first FMT, mice challenged with
complex microbiota from human and murine donors had lost
approximately 2.5 and 4.0 log orders of magnitude of the
MDR bacterial strain, respectively (p < 0.001; Figure 3).
16
Hence, FMT (irrespective whether from human or murine
fecal donors) could effectively lower the intestinal loads of
MDR Psae with most prominent effect exerted by fecal
microbiota of murine origin.

Changes in Intestinal Microbiota Composition Following
Human or Murine FMT in Multi-Drug Resistant P. aeruginosa-
Challenged Mice. We further addressed how the gut microbiota
composition had changed in mice 7 days following respective
FMT. Given that we applied molecular 16S rRNA-based
qPCR methodology, bacterial gene copies could also be
amplified from Psae-infected secondary abiotic mice (i.e.,
mock group) at relatively low levels (Figure 4), even though
fecal samples were culture-negative for any bacteria except for
Psae (not shown). Following either FMT regimen, mice
displayed higher fecal loads of lactobacilli (p < 0.05),
Bacteroides/Prevotella species (p < 0.01–0.001), and
Clostridium leptum group (p < 0.001; Figure 4). Whereas



Figure 2. Fecal multi-drug resistant P. aeruginosa loads over time, following human or murine fecal microbiota transplantation in the infected sec-
ondary abiotic mice. Secondary abiotic mice were challenged with multi-drug resistant P. aeruginosa on day (d) 0 and d1 by gavage and subjected
to peroral fecal microbiota transplantation (FMT) from either human (closed circles) or murine donors (open circles) at d7, d8, and d9 postinfec-
tion (p.i.) or to PBS (mock, open diamonds). Immediately before and at defined time points after the FMT, fecal samples were taken to assess in-
testinal P. aeruginosa loads by culture (expressed as colony forming units per gram, CFU/g). Medians, significance levels (p-values) determined
by the Mann–Whitney U test, and the number of P. aeruginosa positive mice out of the total number of animals (in parentheses) are indicated.
Data shown were pooled from 4 independent experiments
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following murine FMT only bifidobacteria and Mouse
Intestinal Bacteroides had increased (p < 0.01 and p < 0.001,
respectively; Figure 4), this held true for the Clostridium
coccoides group following FMT from human donors
(p < 0.01, Figure 4). When compared to FMT from human
donors, mice that had been subjected to murine FMT harbored
more bifidobacteria (p < 0.01) and Mouse Intestinal
Bacteroides (p < 0.001), but less Bacteroides/Prevotella
species (p < 0.05) and Clostridium coccoides group (p < 0.01)
in their feces at day 14 p.i. (Figure 4). Hence, the commensal
gut microbiota composition differed considerably following
FMT from human and murine donors.

Changes in Intestinal Multi-Drug Resistant P. aeruginosa
Loads Following Murine Fecal Microbiota Transplantation
in P. aeruginosa-Challenged Mice Harboring a Human Gut
Microbiota. We next addressed whether murine FMT could
sufficiently lower intestinal MDR Psae loads in mice harboring
a human gut microbiota. Therefore, secondary abiotic mice
were perorally challenged with human feces on 3 consecutive
days. One week later, the thus-obtained (with respect to their
gut microbiota composition) “humanized” mice were subjected
to 109 CFU MDR Psae on days 0, 1, and 2 p.i. by gavage,
followed by peroral murine FMT on days 7, 8, and 9 p.i.
Immediately before the initial FMT (i.e., day 7 p.i.), the
“humanized” mice harbored median fecal Psae loads of
104 CFU per g (Figure 5). As early as 3 days following the
latest murine FMT, however, more than half of mice with a
human gut microbiota were culture-negative for fecal Psae and
harbored median loads of 0 CFU per g in their intestines
(Figure 5). Whereas immediately before the initial murine FMT,
75.0% of the humanized mice harbored Psae in their intestines,
this was true in only 45.8% of cases on day 14 p.i. (i.e., 7 days
following murine FMT start; p < 0.05 vs d7 p.i.; Figure 5).
Hence, murine FMT resulted in lower loads and carrier rates of
MDR Psae in mice with a human gut microbiota.

Changes in Intestinal Microbiota Composition Following
Murine FMT in Multi-Drug Resistant P. aeruginosa-Challenged
Mice Harboring a Human Gut Microbiota. We next surveyed
changes in the gut microbiota composition of Psae-infected
“humanized” mice, 7 days following murine FMT. Whereas
fecal numbers of enterobacteria (p < 0.005), enterococci
(p < 0.05), Bacteroides/Prevotella species (p < 0.001),
Clostridium coccoides (p < 0.05), and Clostridium leptum
(p < 0.001) groups had decreased upon 3 murine FMT, higher
fecal loads of lactobacilli (p < 0.001), bifidobacteria
(p < 0.05) and Mouse Intestinal Bacteroides (p < 0.001) could
17



Figure 3. Kinetic survey of intestinal multi-drug resistant P. aeruginosa loads, following human or murine fecal microbiota transplantation in the
infected secondary abiotic mice. Secondary abiotic mice were challenged with multi-drug resistant P. aeruginosa (Psae) on day (d) 0 and d1 by ga-
vage and subjected to peroral fecal microbiota transplantation (FMT) from either human (closed circles) or murine donors (open circles) at d7, d8,
and d9 postinfection (p.i.; i.e., D0, D+1 and D+2) or to PBS (mock, open diamonds). Immediately before and at defined time points (D) after the
FMT, fecal samples were taken to assess intestinal P. aeruginosa loads by culture (expressed as colony forming units per gram, CFU/g). Medians,
significance levels (p-values) determined by the Mann–Whitney U test, and the numbers of analyzed mice (in parentheses) are indicated. Data
shown were pooled from 4 independent experiments
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Figure 4. Changes in intestinal microbiota composition, following human or murine fecal microbiota transplantation in the multi-drug resistant P.
aeruginosa infected mice. Secondary abiotic mice were challenged with multi-drug resistant P. aeruginosa on day (d) 0 and d1 by gavage and sub-
jected to peroral fecal microbiota transplantation (FMT) from either human or murine donors at d7, d8, and d9 postinfection (p.i.; i.e., D0, D+1,
and D+2) or to PBS (mock). Seven days later (i.e., D+7), the fecal commensal microbiota composition was assessed applying culture-independent
16S rRNA methods quantitating the total eubacterial load and main commensal bacterial groups such as enterobacteria, enterococci, lactobacilli,
bifidobacteria, Bacteroides/Prevotella species, Clostridium coccoides group, Clostridium leptum group, and Mouse Intestinal Bacteroides
(expressed as gene copies per ng DNA). Box plots represent the 75th and 25th percentiles of medians (black bar inside the boxes). The total range,
significance levels (p-values) determined by the Mann–Whitney U, and total numbers of analyzed mice are indicated. Data were pooled from 4 in-
dependent experiments

Figure 5. Kinetic survey of intestinal multi-drug resistant P. aeruginosa loads, following murine fecal microbiota transplantation in the infected
mice harboring a human gut microbiota. Mice with a human gut microbiota were challenged with multi-drug resistant P. aeruginosa (Psae) on day
(d) 0 and d1 by gavage and subjected to peroral murine fecal microbiota transplantation (mFMT) at d7, d8, and d9 postinfection (as indicated by
the arrows; i.e., D0, D+1, and D+2). Immediately before and at defined time points after the FMT, fecal samples were taken to assess intestinal
P. aeruginosa loads by culture (expressed as colony forming units per gram, CFU/g). Medians, significance levels (p-values) determined by the
Mann–Whitney U test, and the number of P. aeruginosa positive mice out of the total number of analyzed animals (in parentheses) are indicated.
Data shown were pooled from 4 independent experiments
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Figure 6. Changes in intestinal microbiota composition, following murine fecal microbiota transplantation in the multi-drug resistant P. aerugi-
nosa infected mice harboring a human gut microbiota. Mice with a human gut microbiota were challenged with multi-drug resistant P. aeruginosa
(Psae) on day (d) 0 and d1 by gavage and subjected to peroral murine fecal microbiota transplantation (mFMT) at d7, d8, and d9 postinfec-
tion (i.e., D0, D+1, and D+2) or to PBS (mock). Seven days later (i.e., D+7 and d14 p.i.), the fecal commensal microbiota composition was
assessed applying culture-independent 16S rRNA methods quantitating the total eubacterial load (TL) and main commensal bacterial groups
including enterobacteria (EB), enterococci (EC), lactobacilli (LB), bifidobacteria (BB), Bacteroides/Prevotella species (BP), Clostridium coc-
coides group (CC), Clostridium leptum group (CL), and Mouse Intestinal Bacteroides (MIB) and expressed as gene copies per ng DNA. Box
plots represent the 75th and 25th percentiles of medians (black bar inside the boxes). The total range and significance levels (p-values) deter-
mined by the Mann–Whitney U are indicated. Data were pooled from 4 independent experiments (n = 24)

Fecal Microbiota Transplantation and MDR P. aeruginosa
be assessed, 7 days following the initial murine FMT (i.e.,
day 14 p.i.; Figure 6). Hence, within 1 week following murine
FMT, the gut microbiota composition of Psae-infected
“humanized” mice had substantially changed.

Discussion

In recent years, MDR bacterial strains are progressively
emerging as collateral damages of inappropriate usage of
20
broad-spectrum antimicrobial compounds leading to severe in-
fections with high mortality rates due to limited treatment op-
tions for the often multi-morbid patients [13, 33]. This
prompted the World Health Organization (WHO) to rate MDR
Gram-negative bacteria including Psae as a serious global
threat to human health further emphasizing the need for novel
antibiotics-independent treatment strategies [34]. FMT consti-
tutes an established antibiotics-independent way to treat gas-
trointestinal morbidities with a complex gut ecosystem



K. Mrazek et al.
consisting of microbes and their metabolites [21, 35]. In our
present study we applied fecal samples derived from either
murine and human donors for peroral FMT in mice carrying a
clinical MDR Psae isolate in 2 different clinical conditions. In
the first case, mice with a depleted gut microbiota had been
stably colonized with up to 109 viable Psae bacteria per g fe-
ces. Remarkably, irrespective whether from human or murine
donors, FMT could effectively lower intestinal MDR Psae
loads by up to 4 log orders of magnitude with most prominent
effects following peroral application of complex murine feces.
Our comprehensive molecular survey of the gut microbiota
composition post-FMT revealed substantial quantitative differ-
ences in distinct gut bacterial groups and species dependent
on the host-specific fecal donors. For instance, following mu-
rine FMT, mice harbored more bifidobacteria and Mouse
Intestinal Bacteroides in their feces as compared to mice upon
human FMT, whereas fecal loads of Bacteroides/Prevotella
species and Clostridium coccoides group were lower in the
former as compared to the latter. These results are well in line
with our previous results following human FMT of initially
secondary abiotic mice [15].

In the other clinical scenario, we obtained, with respect to
their gut microbiota, “humanized” mice that were subse-
quently perorally challenged with the clinical MDR Psae iso-
late. Following peroral murine FMT, not only the intestinal
Psae loads could be lowered by up to 4 log orders of magni-
tude, but also the intestinal MDR bacterial carrier rates
dropped below 50%. Of note, the commensal gut microbiota
composition in “humanized” mice harboring MDR Psae sub-
stantially changed within 1 week following murine FMT as in-
dicated by decreases in fecal loads of enterobacteria,
enterococci, Bacteroides/Prevotella species, and Clostridia,
whereas numbers of lactobacilli, bifidobacteria, and Mouse
Intestinal Bacteroides were higher in the feces derived post-
FMT as compared to the pre-FMT status. It is tempting to
speculate that, particularly, the higher loads of lactobacilli and
bifidobacteria might be involved in the MDR-Psae-clearing ef-
fect due to more pronounced production of bacteriocins and
short chain fatty acids (SCFA), for instance [36, 37].

When considering transferring our results for clinical appli-
cation (“from bench to bedside”), our obtained results might
be promising for future clinical (i.e., therapeutic or prophylac-
tic) application, particularly in immunocompromised and hos-
pitalized subjects, the main patient groups at risk for
acquisition of MDR bacterial infections [35, 38]. In support, a
few clinical studies have reported successful intestinal decolo-
nization of MDR bacteria including extended spectrum β-lac-
tamase (ESBL)-producing enterobacteria, vancomycin-
resistant enterococci (VRE), and methicillin-resistant Staphy-
lococcus aureus (MRSA), following FMT from healthy hu-
man donors so far [35, 39–41].

In our previous studies, we could further prove the feasibility
and reliability of murine and human FMT in secondary abiotic
mice for mimicking host-specific gut microbiota conditions in
different infection and inflammation models of the small as
well as the large intestinal tract, which may also be used in pre-
clinical intervention studies [10, 11, 15–17, 28, 29, 42–44].
In this context, we are currently investigating FMT as a treat-
ment option for infections by enteropathogens such as Cam-
pylobacter jejuni.

In conclusion, FMT might be a promising antibiotics-inde-
pendent option to combat intestinal MDR-Psae carriage and
thus prevent from endogenous infections of patients at risk. In
the future, the distinct bacterial strains and metabolites defining
the gut luminal milieu, as well as the exact mechanisms that
are involved in the observed MDR bacterial lowering effects
of FMT need to be identified and unraveled in more detail.
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