
Fecal Microbiota Transplantation and Successful Resolution of
Multidrug-Resistant-Organism Colonization

Nancy F. Crum-Cianflone,a,b Eva Sullivan,c Gonzalo Ballon-Landaa

Infectious Disease Division, Scripps Mercy Hospital, San Diego, California, USAa; Infectious Disease Division, Naval Medical Center San Diego, San Diego, California, USAb;
Pharmacy Department, Scripps Mercy Hospital, San Diego, California, USAc

We report a case in which fecal microbiota transplantation (FMT) utilized for relapsing Clostridium difficile colitis successfully
eradicated colonization with several multidrug-resistant organisms (MDROs). FMT may have an additive benefit of reducing
MDRO carriage and should be further investigated as a potential measure to eradicate additional potentially virulent organisms
beyond C. difficile.

CASE REPORT

A66-year-old male was admitted to Scripps Mercy Hospital in
June of 2012 for debridement of a large sacral wound. His past

medical history was significant for a spinal epidural abscess in
March of 2011 that resulted in C4-level spinal cord injury (quad-
riplegia). His condition required residence in a skilled nursing
facility and placement of a tracheostomy and a feeding tube and
chronic Foley catheterization. While at the facility, he was found
to be colonized by multiple multidrug-resistant (MDR) organ-
isms (MDROs), including carbapenem-resistant Enterobacteria-
ceae (CRE), methicillin-resistant Staphylococcus aureus (MRSA),
and MDR Acinetobacter baumannii, and developed sepsis on a
monthly basis during the 6 months preceding admission. Three
days prior to admission, he was diagnosed with a CRE Klebsiella
pneumoniae urinary tract infection (UTI).

As a result of his ventilator-dependent condition and complex
medical needs, he was admitted to the intensive care unit (ICU) at
our facility. The sacral wound was treated with debridement and
flap placement as well as a diverting colostomy. He was diagnosed
with Clostridium difficile colitis during the first week of admission
and treated with oral vancomycin (250 mg orally [p.o.] via a feed-
ing tube 4 times/day). In addition, during the first 15 weeks of hos-
pitalization, a variety of MDROs were isolated, including
carbapenem-resistant (CR) Pseudomonas aeruginosa (respiratory
tract), MDR Acinetobacter baumannii (wound and respiratory
tract), CRE Klebsiella pneumoniae (wound), vancomycin-resis-
tant Enterococcus faecalis (VRE) (wound), and MRSA (respiratory
tract, urine, and abdominal fluid) (Fig. 1A). The patient received
antibiotic courses for these infections, but these were limited to
short courses due to concurrent C. difficile colitis and MDROs that
were resistant to all or the majority of antibiotics.

Despite continual oral vancomycin therapy for C. difficile colitis
over the first 3.5 months of hospitalization, multiple episodes of
relapsing C. difficile colitis occurred when vancomycin therapy
was tapered. Hence, in September 2012, voluntary informed con-
sent was obtained for a FMT. A stool donation was obtained from
his sister, who underwent predonation blood and stool screening
that excluded a variety of bacterial, parasitic, and viral pathogens
(i.e., HIV, hepatitis A, B, and C virus, and Treponema pallidum
[syphilis], plus stool examination for ova and parasites [O&P], C.
difficile, and enteric pathogens). Vancomycin treatment was dis-
continued on the day prior to FMT, and the donor stool (480 ml)

was transferred to the patient via a colonoscope. He tolerated the
procedure without complication, and all signs and symptoms of
C. difficile colitis resolved. After the FMT, he received no further
antibiotic therapy for C. difficile colitis and all results of follow-up
testing (nine C. difficile stool toxin tests over the next 2 years) were
negative.

In addition to the resolution of the C. difficile infection post-
FMT, a marked reduction in MDRO colonization and in episodes
of sepsis, infections, and antibiotic use was noted. During the pe-
riod of the 15 weeks from hospital admission to the FMT (6 June
2012 to 21 September 2012), a total of 12 MDROs were isolated
from the total of 24 cultures obtained (23 for clinical and 1 for
surveillance purposes). During the period from 1 week after FMT
and for the next 15 weeks (28 September 2012 to 11 January 2013
[a period chosen to match the pre-FMT time range]), only 4
MDROs (from the total of 11 cultures) were noted; the lower
number of cultures was due to fewer clinical indicators of infec-
tion during this period (Fig. 1A). In the pre-FMT period, there
were two episodes of sepsis, four infections, and five antibiotic
courses utilized. In the post-FMT period, there were no episodes of
sepsis and only one infection, which was treated with a single antibi-
otic course (5 days for a UTI due to a newly acquired pathogen, Provi-
dencia rettgeri, not previously isolated from the patient). Due to
the patient’s debilitated condition, he received continuous treat-
ment in the intensive care unit (ICU) and thus remained at risk for
potential acquisition of new MDROs; despite this, the number of
MDROs detected post-FMT was markedly reduced. Additionally,
during the post-FMT period, there was an absence of more-viru-
lent MDROs, including CREs, CR Pseudomonas spp., VRE, or
MRSA.
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The patient continued to reside in the ICU during the 2 years
following FMT secondary to placement issues. During this period, he
never had detected colonization or infection with a CRE, an extend-
ed-spectrum-beta-lactamase (ESBL)-producing organism, or VRE.
He did become recolonized with MRSA in his urine, which occurred
several months after the FMT (Fig. 1B). The patient was clinically
stable throughout his 2-year stay post-FMT, with the exception of
one septic episode secondary to Streptococcus pyogenes bacteremia
and cellulitis treated with cefazolin. In October of 2014, over 2
years after the FMT, he developed bacteremia with Escherichia coli
and Pseudomonas aeruginosa (non-MDROs). A respiratory tract
culture found CRE Klebsiella pneumoniae which was deemed a
colonizer and which had a susceptibility pattern slightly different
from that seen with the prior CRE in 2012. Due to his debilitated
state, he was made comfort care and expired.

Fecal microbiota transplantation (FMT) is a strategy which

utilizes the fecal microbiota of a healthy donor to provide exoge-
nous bacterial flora as a therapeutic agent. Since the infusion of
human feces (described as a “yellow soup”) for treatment of intes-
tinal infections reportedly 1,700 years ago (1) and its sporadic use
for treatment of pseudomembranous colitis since the 1950s (2),
FMT has recently become an area of intense scientific investiga-
tion for the eradication of recurrent or relapsing Clostridium dif-
ficile colitis. FMT has demonstrable efficacy in curing C. difficile
infections based on case series (3, 4) and, more recently, on a
randomized clinical trial (5). The current case report demon-
strates not only the successful treatment of relapsing C. difficile
colitis using FMT but also the concurrent resolution of MDRO
colonization at multiple body sites. Since MDRO colonization
may lead to subsequent infections with few antibiotic treatment
options, the elimination of such carriage is of clinical interest.

The intact human microbiome is a primary host defense for
the prevention of the colonization, dominance, and infection of
pathogens and pathobionts (6). For example, C. difficile recur-
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FIG 1 (A) MDR pathogens isolated during 15 weeks pre-FMT and post-FMT. (B) MDR pathogens isolated subsequently during the remainder of the hospitalization
period. CR, carbapenem resistant; CRE, carbapenem-resistant Enterobacteriaceae; MDR, multidrug resistant; MRSA, methicillin-resistant Staphylococcus aureus;
VRE, vancomycin-resistant Enterococcus faecalis. 1, Pseudomonas aeruginosa (respiratory tract). Resistant to gentamicin, imipenem, levofloxacin, meropenem, and
tobramycin; intermediate to piperacillin-tazobactam; susceptible to amikacin, cefepime, ceftazidime, and ciprofloxacin. 2, Acinetobacter baumannii (Jackson-Pratt
[JP] drain in wound). Resistant to amikacin, cefepime, ciprofloxacin, gentamicin, levofloxacin, tobramycin, and trimethoprim-sulfamethoxazole; susceptible to
ceftazidime, imipenem, and meropenem. 3, Klebsiella pneumoniae (ulcer). Resistant to amikacin, ampicillin-sulbactam, cefepime, ceftazidime, ciprofloxacin,
gentamicin, imipenem, levofloxacin, meropenem, and piperacillin-tazobactam; susceptible to trimethoprim-sulfamethoxazole. 4, Acinetobacter baumannii
(respiratory tract). Resistant to amikacin, cefepime, ceftazidime, ciprofloxacin, gentamicin, imipenem, levofloxacin, meropenem, and tobramycin. 5, methicil-
lin-resistant Staphylococcus aureus (respiratory tract/urethral meatus/urine/abdominal fluid). Resistant to clindamycin and oxacillin; susceptible to doxycycline,
linezolid, rifampin, and vancomycin (MIC � 1 per Phoenix method). 6, vancomycin-resistant Enterococcus faecalis (neck wound). Resistant to vancomycin; susceptible
to ampicillin, daptomycin, and linezolid. 7, Providencia stuartii (respiratory tract). Resistant to ampicillin-sulbactam, cefazolin, ceftazidime, ceftriaxone, ciprofloxacin,
gentamicin, tobramycin, and trimethoprim-sulfamethoxazole; intermediate to imipenem and piperacillin-tazobactam; susceptible to amikacin, cefepime, and mero-
penem. 8, Providencia rettgeri (urine). Resistant to ampicillin-sulbactam, cefazolin, ceftazidime, ceftriaxone, imipenem, and trimethoprim-sulfamethoxazole; interme-
diate to gentamicin; susceptible to amikacin, ciprofloxacin, levofloxacin, meropenem, piperacillin-tazobactam, and tobramycin. 9, Klebsiella pneumoniae (respiratory
tract). Resistant to ampicillin-sulbactam, cefazolin, cefepime, ceftazidime, ceftriaxone, ciprofloxacin, imipenem, levofloxacin, meropenem, piperacillin-tazobactam, and
tobramycin; intermediate to amikacin; susceptible to gentamicin and trimethoprim-sulfamethoxazole.
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rences are associated with both the loss of intestinal microbiota
biodiversity and persistence of C. difficile spores. FMT reintro-
duces a complex and diverse luminal microbiota that inhibits col-
onization by pathogenic organisms (such as C. difficile) through
various mechanisms, including out-competition for nutrients and
binding sites, alteration of environmental conditions (e.g., pH),
and release of metabolic waste products. Additionally, genetic sig-
nalizing and host-microbiome interactions may play a role in in-
hibiting pathogens (6).

The mechanism by which FMT may clear MDRO colonization
remains unknown but is likely similar to that ascribed to eradicat-
ing C. difficile—repopulation with normal intestinal microbiota
together with subsequent out-competition of MDROs (7). Since
the gastrointestinal tract serves as a reservoir for MDROs, eradi-
cation from the intestine may also result in their disappearance
from other body sites. In our case, VRE, MDR Enterobacteriaceae,
and CR Pseudomonas spp., which often have their primary resi-
dence in the gastrointestinal tract, were no longer observed after
FMT. Prior studies have shown that the dominance of pathogenic
Gram-negative bacteria and enterococcus in the gastrointestinal
tract often precedes colonization at other body sites and subse-
quent infections, especially among critically ill patients (8, 9).

We are aware of only two other reports of FMT resulting in
successful MDRO decolonization. The first case described a 14-
year-old immunosuppressed girl (with hemophagocytic lympho-
histiocytosis treated with chemotherapy and steroids) who persis-
tently carried CRE Klebsiella pneumoniae in her gastrointestinal
system (10). After FMT, 3 stools over the next 8 months were
negative for the pathogenic organism and no further CRE infec-
tions occurred. The second case involved a 60-year-old male with
end-stage renal disease with recurrent ESBL E. coli pyelonephritis
and persistent stool carriage. After FMT, ESBL E. coli infection was
found in the stool at 1 week but was resolved for up to 12 weeks
with no further infections noted (11). Our case is unique as it
demonstrates the concurrent resolution of C. difficile colitis and
eradication of MDROs at nongastrointestinal body sites (e.g.,
urine, wound, and respiratory tract). While FMT is not currently
indicated as a MDRO decolonization strategy, these cases demon-
strate its potential additive benefit among patients requiring FMT
for other purposes (i.e., C. difficile colitis), especially among crit-
ically ill patients at risk for MDROs.

After FMT, our patient experienced not only the resolution of
MDRO colonization but also a marked reduction in episodes of
sepsis, infections, and antibiotic use. Since our patient received
standard clinical care and treatment, it is difficult to estimate the
precise effect of FMT; however, there was a notable temporal de-
cline in MDRO colonization and infections, and studies have
shown that decolonization often prevents future infections (9).
Not all MDRO infections resolved in our patient after FMT; how-
ever, their appearance typically occurred many months later and
the MDROs were often “new” pathogens not previously isolated.
Further, it is important to consider potential alterations in the
fitness of MDROs in causing persistent colonization or infection.
Although mutations that lead to antibiotic resistance may result in
reduced fitness, studies have shown that additional mutations
over time may compensate for these fitness costs and that MDROs
can subsequently become even more virulent even in settings free
of antimicrobials (12–15).

Overall, the impact of FMT on MDRO carriage and infections
should be investigated among future recipients. Specifically, fu-

ture randomized clinical trials investigating FMT for recurrent
or relapsing C. difficile infections, or for other novel indications,
should evaluate pre- and post-FMT surveillance cultures for
MDROs. Further randomized studies evaluating the efficacy of
FMT among patients with recalcitrant MDRO colonization and
infections should also now be considered.

FMT is currently not a commonly used treatment entity; how-
ever, this may rapidly change. Efficacy data for FMT are rapidly
emerging, especially in regard to C. difficile colitis (3–5). Further,
FMT has been suggested for conditions that include inflammatory
bowel disease, irritable bowel syndrome, and metabolic disorders,
although efficacy data are currently lacking (3, 16). Advances to
make FMT easier, less invasive, and more esthetically acceptable
are under way. The reasons for reluctance to undergo FMT have
been multifaceted, including the labor intensity of screening do-
nors and collecting stool for donation, the associated costs for
screening tests and stool installation, and the well-described
“yuck” factor (17). However, the possibility of encapsulated cryo-
preserved, concentrated, fecally derived bacteria that may allay
many of these concerns is on the horizon (18).

In summary, the results of the current case suggest that FMT may
have additional benefits beyond its efficacy in treating C. difficile coli-
tis, including eradicating MDRO colonization. Whether FMT
could prevent future MDRO infections and reduce antibiotic use
(an important goal to limit subsequent C. difficile infections)
should be further investigated.
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