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ABSTRACT

ecal microbiota transplantation is an effective treatment in recurrent

Clostridium difficile infection. Promising results to eradicate multidrug-

resistant bacteria have also been reported with this procedure, but
there are safety concerns in immunocompromised patients. We report
results in ten adult patients colonized with multidrug-resistant bacteria,
undergoing fecal microbiota transplantation before (n=4) or after (n=6) allo-
geneic hematopoietic stem cell transplantation for hematologic malignan-
cies. Stools were obtained from healthy related or unrelated donors. Fecal
material was delivered either by enema or via nasogastric tube. Patients
were colonized or had infections from either carbapenemase-producing
bacteria (n=8) or vancomycin-resistant enterococci (n=2). Median age at
fecal microbiota transplantation was 48 (range, 16-64) years. Three patients
needed a second transplant from the same donor due to initial failure of the
procedure. With a median follow up of 13 (range, 4-40) months, decolo-
nization was achieved in seven of ten patients. In all patients, fecal micro-
biota transplantation was safe: one patient presented with constipation dur-
ing the first five days after FMT and two patients had grade I diarrhea. One
case of gut grade III acute graft-versus-host disease occurred after fecal
microbiota transplantation. In patients carrying or infected by multidrug-
resistant bacteria, fecal microbiota transplantation is an effective and safe
decolonization strategy, even in those with hematologic malignancies
undergoing hematopoietic stem cell transplantation.

Introduction

During the last decades, the prevalence of multidrug-resistant bacteria (MDRB)
has largely increased, becoming a serious worldwide problem.' Under physiological
conditions, commensal microbiota prevents gut colonization from MDRB.
However, in particular conditions, such as in patients with hematologic malignan-
cies, use of chemotherapeutic agents and broad spectrum antibiotics may favor
selection of resistant pathogens through the alterations of the gastrointestinal bar-
rier and the consequent dysbiosis.” Patients undergoing allogeneic hematopoietic
stem cell transplantation (allo-HSCT) are at even higher risk of dysbiosis due to
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their profound immune depression.® In cases of
bloodstream infections from MDRB, outcomes are even
poorer, leading to increased mortality.* For example, an
Italian study showed that carbapenemase producing (CP-)
bacteria, including Pseudomonas aeruginosa, were inde-
pendent predictors of death in patients diagnosed with
acute leukemia, while this was not observed in cases of
extended-spectrum B-lactamase (ESBL) Enterobacteriaceae.’

In order to prevent bacteria spreading to other patients,
preventive measures are required, including isolating
patients, limitating transfer to other healthcare centers,
and management by dedicated staff. These measures
result in an increase in healthcare costs, which cannot
always be met.® According to French recommendations,
patients colonized with MDRB may be denied access to
healthcare facilities if dedicated staff are not available.”

New classes of antibiotics are under study to treat infec-
tions related to MDRB, and research is ongoing to find
effective decolonization strategies.” The use of oral gen-
tamicin was initially proposed in some MDR-gram nega-
tive strains but failure is common, and management of
gentamicin-resistant strains may also be an issue.”"

Fecal microbiota transplantation (EMT) is a procedure
that has been proved to be effective and safe in the treat-
ment of recurrent Clostridium difficile infection (CDI), and it
is now a recommended therapy in this setting." Use of
FMT in patients carrying MDRB is still at an investigation-
al stage, but there are reports and case series showing its
efficacy in this setting.””® Many concerns were initially
raised about the feasibility of FMT in immunocompro-
mised patients, such as those affected by hematologic
malignancies, because of the theoretical potential for local
and bloodstream infections. However, recent case reports
revealed the efficacy and safety in this particular popula-
tion.""" Recently, Bilinski et al. reported the results of a
prospective study evaluating FMT in 20 patients with
MDRB gut colonization and contemporarily affected by
hematologic malignancies. Overall 25 FMT were per-
formed and 15 of 20 patients experienced complete
MDRB decolonization,” including some of them with
graft-versus-host disease (GvHD) after allo-HSCT.

In this retrospective study, we report our experience
with FMT in patients diagnosed with hematologic malig-
nancies and undergoing FMT either before or after allo-
HSCT.

Methods

In this single-center study, we retrospectively analyzed data on
all consecutive adult patients diagnosed with hematologic malig-
nancies who underwent EMT before or after allo-HSCT due to
MDRB colonization. In our center, microbiological screening is
performed weekly in all inpatients, with consequent preventive
measures in positive patients in order to limit MDRB spread,
according to national guidelines.” (See Online Supplementary
Appendix for details).

This study was approved by the institutional ethics commit-
tees. The treatment plan was discussed in advance by a multidis-
ciplinary team (hematologist, gastroenterologist, pharmacist) who
approved the procedure. The decision was made on a patient-to-
patient basis. All patients signed informed consent explaining the
theoretical risks of the procedure because of the current investiga-
tional use of FMT in the field of MDRB and in patients with hema-
tologic malignancies.

Eligibility criteria included: asymptomatic carriers or systemic
infections from vancomycin-resistant enterococci (VRE), car-
bapenemase-producing Enterobacteriaceae (CPE) or CP-Pseudomonas
aeruginosa. The rationale for FMT and MDRB decolonization were
mainly to limit infectious complications related to these bacteria
and to facilitate patient transfer to other departments, such as
intensive care units or rehabilitation centers.

Contemporary colonization from ESBL-producing bacteria was
also registered in patients undergoing FMT. We, therefore, subse-
quently evaluated whether FMT also allowed decolonization
from these MDRB.

For the purpose of this retrospective analysis, we also classified
MDRB as multi-drug (MDR), extensive-drug (XDR) and pan-drug-
resistant (PDR), according to the definition proposed by
Magiorakos et al;'* MDR was defined as the presence of acquired
non-susceptibility to at least one agent in three or more antimicro-
bial categories, XDR as non-susceptibility to at least one agent in
all but two or fewer antimicrobial categories (i.e. bacterial isolates
remain susceptible to only one or two categories), and PDR as
non-susceptibility to all agents in all antimicrobial categories.
Details on donor selection, microbiological testing, fecal material
preparation and delivery are available in the Online Supplementary
Appendix.

Decolonization from VRE, CPE or CP-Pseudomonas aeruginosa
after negative results on a minimum of three consecutive microbi-
ological cultures (performed weekly) was defined as “major decol-
onization”, while “persistent decolonization” was defined as the
persistence of negative rectal swab until last follow up after a first
or second FMT, whenever this was feasible. In patients concomi-
tantly colonized by ESBL-producing Enterobacteriaceae, “concomi-
tant decolonization” was defined as negative results on at least
three consecutive rectal swabs after FMT. The safety of the proce-
dure was also registered. For all patients, data on significant infec-
tions (defined as bacteriemia or sepsis occurring during the first 90
days after EMT) were also collected. Although febrile neutropenia
or fever of unknown origin was not considered a significant infec-
tious episode, such events were also recorded. A second attempt
could be proposed in those patients presenting either a relapse of
MDRB colonization or experiencing FMT failure.

Results

During the period between 2014 and 2017, ten patients
underwent FMT: seven due to gut colonization without
systemic infection by either CPE (Escherichia coli, n=1;
Citrobacter freundii, n=2; Klebsiella pneumoniae, n=1), or CP-
Pseudomonas aeruginosa (n=1) or VRE (n=2), and three after
having experienced systemic infections from CP-
Pseudomonas aeruginosa. Median age at FMT was 48 (range,
16-64) years. Four patients underwent FMT as a decolo-
nization strategy before allo-HSCT, with a median inter-
val from FMT to transplant of 28 (range, 9-46) days. Of
note, one patient was contemporarily colonized by three
different CPE. Two patients started conditioning regimen
three days after FMT and the other two after a month. Six
patients underwent EMT after allo-HSCT, with a median
time from allo-HSCT to EMT of 163 (range, 98-344) days.
Of note, all patients undergoing FMT after allo-HSCT
were still on immunosuppressive therapy at the time of
EMT, with only one of six presenting active grade IV
steroid-dependent gut GvHD. Overall, six patients were
also colonized by ESBL-producing Enterobacteriaceae. All
ESBL-producing bacteria were classified as MDR.

A frozen product was used in eight of ten patients and
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Figure 1. Results of fecal microbiota transplantation. FMT: fecal microbiota transplantation; allo-HSCT: allogeneic hematopoietic stem cell transplantation; CPE: car-
bapenemase-producing Enterobacteriaceae; CP-Pseudomonas Aeruginosa: carbapenemase producing Pseudomonas Aeruginosa; VRE: vancomycin resistant ente-
rococci. *A third patient achieved decolonization from vancomycin-resistant enterococci and then experienced recurrence of colonization 20 months after fecal

microbiota transplantation, concomitantly to disease relapse.

enema was the preferred method of administration in all
but one patient who presented a compromised neurologi-
cal status due to a cerebral toxoplasmosis and was not
considered eligible for enema. Median donor stool quan-
tity was 84 g (range, 43-104 g). At the time of FMT, neu-
trophil count was >1x10°/L in all patients but one who
had a neutrophil count of 0.17x10°/L (with steroid-resis-
tant GvHD). Platelet count was count >20x10°/L in all
patients.

Three patients required a second FMT. In one patient,
after initial efficacy, VRE was again detectable two
months after the first FMT. This patient developed multi-
ple infectious episodes (particularly sinusitis and pneumo-
nia), prompting the frequent use of large spectrum antibi-
otics; this probably led to recurrence of VRE colonization.
In the other two patients, a second attempt was made due
to the failure of the first procedure. In one patient, failure
was mainly attributable to incorrect preparation with PEG
(insufficient intake). After a second attempt with a correct
preparation, VRE eradication was achieved and main-
tained until 20 months after EMT, at which point, VRE
was detectable at the same time as recurrence of hemato-
logic disease. In the last patient, administration of first and
second FMT was mainly for compassionate use to treat
active grade IV gut GvHD and multiple infectious
episodes which made withdrawal of antibiotics impossi-
ble, even during the 72 hours (h) following EMT (see
below).

Globally, major decolonization (three consecutive nega-
tive microbiological cultures) was achieved in seven of ten
patients, including two patients after a second FMT
(Figure 1). Persistent decolonization (negative microbio-
logical cultures at last follow up) was achieved in six of ten
patients after a median follow up of 13 months (range,
4-40 months) from FMT. Indeed, as already mentioned,
one patient presented a positive rectal swab for ERV 20
months after FMT contemporary to disease relapse. She
later died due to hematologic progression.

Failure occurred in the remaining three patients. The
patient undergoing FMT for compassionate use had pre-
sented  multiple  infectious  episodes  from
CP-Pseudomonas aeruginosa, making it impossible to stop
antibiotics during the 72 h after EMT. Moreover, grade IV
gut GvHD was associated with intestinal occlusion,

requiring aspiration via a nasogastric tube, at time of FMT.
Despite two attempts with FMT, the procedure was a fail-
ure and the patient later died. In the second patient, due to
the problems encountered in the positioning of a nasogas-
tric tube, FEMT was administered by enema and the
patient was not able to retain the product for the advised
2-3 h; she refused a second attempt. The third patient
underwent FMT by enema from an unrelated donor and
the reason given for FMT failure was that she had not
received sufficient stool quantity (43 g); however, this is
not logical given that decolonization from concomitant
ESBL-producing Enterobactetiaceae had been achieved. A
second attempt in this patient was not possible due to the
unavailability of additional material.

Among the six patients concomitantly colonized from
ESBL-producing Enterobacteriaceae, three obtained con-
comitant decolonization.

Details on FMT performed before or after allo-HSCT
are reported in Table 1. As an example of successful FMT,
Figure 2 shows the case of the patient undergoing FMT
from nasogastric tube, after experiencing breakthrough
infectious episodes related to colonization from
CP-Pseudomonas aeruginosa requiring continuous hospital-
ization for the first year after allo-HSCT. After FMT, this
patient did not experience any other infectious episode
and could finally be cared for as an outpatient.

With regards to the safety of EMT procedure, one
patient presented constipation during the first five days
after FMT which was favorably resolved after the use of
laxatives, while two patients presented grade I diarrhea
the day after FMT. No other major adverse events were
observed.

Only one patient undergoing FMT before allo-HSCT
developed a grade III acute gut GvHD at day +30 after
allo-HSCT and at day +51 after FMT. A differential diag-
nosis with CMV colitis was made and she responded
favorably to both antiviral and steroid treatment.

When looking at severe infectious episodes during the
90 days following FMT, in two of those patients undergo-
ing FMT before allo-HSCT, documented bacteriemia
without sepsis occurred early after allo-HSCT; these
responded favorably to the introduction of large-spectrum
antibiotics. In particular, one patient experienced a docu-
mented bacteriemia from multi-sensitive Pseudomonas
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aeruginosa at day +80 after allo-HSCT while the other the use of large spectrum antibiotics, no cases of MDRB *
patient experienced a documented bacteriemia from an recurrence were observed in these four patients.
ESBL-producing Escherichia Coli at day 60 after allo-HSCT. Fungal and viral infections were observed in only one
The additional two patients undergoing FMT before allo-  patient more than six months after FMT, but these were
HSCT also received a large spectrum antibiotic such as not considered to be related to EMT because this patient
piperacillin-tazobactam or cephalosporins for febrile neu-  was under systemic immunosuppressive treatments for a
tropenia without documentation. Interestingly, despite cortico-resistant extensive GvHD (lung, skin, mucosal)
Table 1. Characteristics of patients undergoing fecal microbiota transplantation before (A) or after (B) hematopoietic stem cell transplantation.
A1 2 3 4 |
Patient sex M M F M
Age at time of FMT, years 64 42 45 47
B |
Hematologic malignancy AML AML AML BPDCN
Identified MDRB CP- Pseudomonas aeruginosa CP-Pseudomonas aeruginosa ©na GRER
Antimicrobial resistance category XDR MDR MDR MDR
Concomitant MDR-ESBL-producing bacteria colonization, bacteria Y N Y N
Systemic infections due to MDRB before FMT Y N N N
Time from FMT to allo-HSCT (days) 41 46 16 9
FMT donor Daughter Sister Husband Sister
Way of administration Enema Enema Enema Enema
Major decolonization Y Y Y Y
Persistent decolonization Y Y Y Y
Concomitant ESBL-producing bacteria decolonization Y NA N NA
Follow up after FMT, days 820 368 148 399
Follow up after allo-HSCT, days 79 322 132 390
Status Alive Dead Alive Alive
Cause of death /A Disease progression N/A NA
Patient sex F M F F F F
Age at time of FMT, years 50 54 16 19 62 54
Hematologic malignancy MPN MPN AML ALL MPN ALL
Identified MDRB CP- Pseudomonas ~ CP- Pseudomonas VRE VRE GRH

aeruginosa aeruginosa GEE)
Antimicrobial resistance category PDR XDR XDR XDR MDR XDR
Concomitant MDR-ESBL-producing bacteria colonization N Y Y Y N Y
Systemic infections due to MDRB before FMT Y Y N N N N
Time from allo-HSCT to FMT 324 344 98 160 123 167
FMT donor Husband Unrelated Mother Mother ~ Brother  Unrelated
Way of administration Nasogastric tube Nasogastric tube Enema Enema Enema Enema
Second FMT N Y Y Y N N
Time from first to second FMT, days N/A 27 118 84 N/A N/A
Major decolonization Y N Y Y N N
Persistent decolonization Y NA Y N NA N/A
Concomitant ESBL-producing bacteria decolonization N/A N N Y A Y
Colonization relapse N NA N Y NA N/A
Follow-up after FMT, days 678 33 1220 595 184 307
Follow-up after allo-HSCT, days 1002 404 1436 839 307 474
Status Alive Dead Alive Dead Alive Alive
Cause of death NA Uncontrolled NA Disease NA N/A

GvHD and infection progression

°Three different types: Citrobacter freundii, Klebsiella Pneumoniae, Enterobacter Cloacae.F: female; M: male; FMT: fecal microbiota transplantation; AML: acute myeloid leukemia;
BPDCN: blastic plasmacytoid dendritic cell neoplasm; MDRB: multidrug-resistant bacteria; CP: carbapenemase-producing; CPE: carbapenemase-producing Enterobacteriaceae;
XDR: extensively-drug resistant; MDR: multi-drug resistant; ESBL: extended-spectrum f-lactamase; Y: yes, N: no; allo-HSCT: allogeneic hematopoietic stem cell transplantation;
GvHD: graft-versus-host disease; N/A: not applicable; MPN: myeloproliferative neoplasm; ALL: acute lymphoblastic leukemia; VRE: vancomycin-resistant enterococci; PDR: pan-
drug resistant.
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Figure 2. Evolution of Patient n. 5 as model of successful fecal microbiota transplantation. CP: carbapenemase-producing; FMT: fecal microbiota transplantation;

HSCT: hematopoietic stem cell transplantation.

and infectious episodes exacerbated during immunosup-
pressive treatment. None of the other patients presented
fungal or viral infections.

Discussion

The increasing emergence and diffusion of MDRB rep-
resents a major public health problem, with higher mortal-
ity in patients experiencing infections. This involves high
costs of prolonged in-hospital care and preventive meas-
ures used to limit diffusion to other patients.*”

Human gut microbiota, also named as “gut resistome”,
is the primary site for MDRB acquisition and colonization,
being an important reservoir of antibiotic resistant genes.”
Patients diagnosed with hematologic malignancies are at
high risk of colonization from MDRB. In fact, condition-
ing regimens for allo-HSCT and intensive chemotherapy
significantly alter the gastrointestinal barrier and this
modifies the composition of intestinal microbiota.
Moreover, patients affected by hematologic malignancies
or undergoing allo-HSCT are at particular risk for MDRB
colonization or infection due to the large, prolonged and,
sometimes, improper use of large spectrum antibiotics.’
Most bloodstream infections in hematologic patients
derive from the gut, and infections are even more severe
in those patients undergoing allo-HSCT, with high mortal-
ity rates of 36-95%.%*

It has been widely reported that microbioma modifica-
tions are associated to worse survival, and higher risk of
infections and GvHD in patients undergoing allo-

HSCT.*** Therefore, efficacious decolonization strategies
in this particular setting of patients are urgently needed.

Fecal microbiota transplantation is a fascinating decolo-
nization strategy that has been proved to be efficacious in
patients with recurrent CDI.*** On the other hand, con-
cerns were initially raised for the use of FMT as a decolo-
nization strategy in immunocompromised patients, due to
the possible risk of local or systemic infections after the
inoculum of microbiota pathogens.

Recently, DeFilipp et al. investigated the use of third-party
EMT with the use of oral capsules as a strategy to restore
microbioma diversity in patients undergoing allo-HSCT.
The authors support the safety and feasibility of this proce-
dure, underlining the possibility that microbiome restora-
tion early after allo-HSCT may be of benefit.”

Here we describe the results of FMT in ten patients diag-
nosed with hematologic malignancies and undergoing FMT
for MDRB colonization, namely CPE, CP-Pseudomonas aerug-
inosa or VRE, either before or after allo-HSCT.
Decolonization was achieved in seven of ten patients, this
being persistent at last follow up in six of ten patients. Our
retrospective study not only suggests the efficacy of this
procedure, but also its safety in patients with hematologic
malignancies undergoing allo-HSCT. Interestingly, despite
not being a selection criterion for FMT, we also registered
patients concomitantly colonized from ESBL-producing
enterobacteriaceae, with decolonization in three of six cases.
We also showed that, in patients experiencing failure or
relapse of MDRB colonization, a second FMT is feasible
and efficacious. Interestingly, only three patients experi-
enced significant infections after FMT.



Moreover, it is worth underlining the significant benefit
of major decolonization in the patient who had experi-
enced multiple infectious episodes due to a
CP-Pseudomonas aeruginosa, limiting breakthrough infec-
tions.

Our results also highlight that, despite the fact that
administration of large spectrum antibiotics may hypo-
thetically represent a risk for decolonization failure, the
procedure remained effective in the majority of patients,
without recurrence of MDRB in the majority of them
despite use of broad spectrum antibiotics early after FMT.
Interestingly, in one patient, VRE was detectable again at
the time of disease relapse, despite no large-spectrum
antibiotics having been used just before. One can specu-
late that disease relapse may probably have been associ-
ated to dysbiosis favoring selection of VRE, but conclu-
sions cannot be drawn on just one case.

Despite the initial aforementioned concerns in immuno-
compromised patients, results of FMT in this setting are
promising in terms of both efficacy and safety.*"'° A
recent prospective study showed that EMT allowed total
eradication of MDRB in 60% of cases, without any signif-
icant adverse event after the procedure.” This is the only
prospective study published to date using FMT in 20
patients with blood disorders and colonized with MDRB.
Differently from our series, in this study, all types of
MDRB were included and only a few patients underwent
allo-HSCT.

In our Center, we only chose patients colonized with
highly resistant bacteria, and in particular those classified
as eXDR according to French guidelines or those known
to cause a significant higher risk of systemic infection with
very poor prognosis (i.e. CP-Pseudomonas aeruginosa).

So far, no specific guidelines have been defined as to the
ideal timing, the best preparation of stools for FMT, and
the best method of administration. In our experience,
EMT was successfully undertaken either before or after
allo-HSCT and, interestingly, it was also successful in two
patients starting conditioning regimen for allo-HSCT three
days after FMT.

As for stool preparation, frozen material was preferred
in our center for logistical reasons, although in two cases
fresh stools were used; this did not modify the results of
EMT. It has recently been reported in a meta-analysis of
patients receiving EMT for CD], that the success rate of
EMT was similar when using frozen or fresh stools.” In
contrast to most of the reported series of FMT for MDRB
decolonization, we preferred enema as a method of
administration as this is associated with lower risk of
inhalation as compared to nasogastric administration.

The mechanisms underlying the efficacy of FMT for
MDRB decolonization are still not clear. Recent studies
showed that recipient stool assumed donor-like taxonom-
ic and functional composition immediately following
EMT.” Therefore, we hypothesize that EMT for MDRB
decolonization works through the restoration of a more
physiological microbiome, thus increasing the ecological
pressure on MDRB. However, given the absence of trans-
lational studies on antibiotic resistance genes and micro-
biota composition on the patient’s stool after FMT, we
cannot exclude the possibility that EMT works through
lowering MDRB below the threshold of detection rather
than through true elimination.

In our series, after FMT, almost all patients had no major
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infectious complications during the first three months
after FMT. Interestingly, in those patients subsequently
undergoing allo-HSCT, no severe infectious bacterial com-
plications occurred during the early transplant phase.

Regarding the impact of FMT on GvHD, only one of our
patients had a grade IV acute gut GVHD concomitant to a
carbapenemase-producing Pseudomonas aeruginosa at the
time of FMT. In this specific case, the procedure was not
efficacious either for MDRB or for GvHD. However, it is
worth underlining that FMT was performed at a very late
stage for compassionate use, and this may also explain the
failure of the procedure. Importantly, among the nine
remaining patients, only one experienced grade III acute
gut GvHD after FMT (with a possible differential diagno-
sis with CMV colitis). A role for FMT in causing GvHD in
this patient cannot formally be excluded and this point
may be addressed in a prospective clinical trial.

Early studies in mice and humans suggested a link
between gut microbiota and propensity to GvHD, with
mice treated with gut-decontaminating antibiotics devel-
oping GvHD less often.”®” Recent results of a pilot study
also highlight the possible advantage of microbiota mod-
ulation with EMT in patients affected by steroid-refracto-
ry or steroid-dependent GvHD.*

With regards to donor choice, when available, people
living in the same household of the patient were preferred
as they widely share the same pathogens and environ-
mental exposure, thus reducing the risk of transferring
additional infectious agents from the donor to the recipi-
ent.

In line with previous reports, we consider that targeting
gut microbiota in patients with impaired immune recon-
stitution in an attempt to reinstate a more equilibrated
flora may favor stable eradication of the carrier status and
prevent subsequent life-threatening infections.

This study has some limitations, including its retrospec-
tive nature, low number of patients, heterogeneous inclu-
sion criteria, and differences in EMT procedure, making it
difficult for any definitive conclusions to be drawn.
However, we consider that our results support the use of
EMT as a promising strategy to manage the considerable
potential risks associated with the MDRB carrier status in
immunocompromised patients with intestinal dysbiosis
and in those patients having experienced single or multi-
ple systemic infections. The majority of patients experi-
enced no breakthrough infections after decolonization or
MDRB recurrence despite the use of broad spectrum
antibiotics. Furthermore, our results provide fresh evi-
dence of the safety of the procedure in this population,
despite previous concerns in immunocompromised
patients. These preliminary results underline the need for
further prospective studies on the safety and efficacy of
EMT.
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