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Gut colonization by antibiotic-resistant bacteria may underlie hard-to-treat systemic infections. There is also
accumulating evidence on the immunomodulatory function of gut microbiota after allogeneic stem cell
transplantation (alloSCT) and its impact on graft-versus-host disease (GVHD). We investigated the epide-
miology and clinical impact of gut colonization after alloSCT and retrospectively analyzed data on 107
alloSCTs performed at a single transplant center. Pretransplant microbiology screening identified colonization
in 31% of cases. Colonization had a negative impact on overall survival after alloSCT in univariate (34% versus
74% at 24 months, P < .001) and multivariate (hazard ratio, 3.53; 95% confidence interval, 1.71 to 7.28;
P < .001) analyses. Nonrelapse mortality was significantly higher in colonized than in noncolonized patients
(42% versus 11% at 24 months, P ¼ .001). Colonized patients more frequently experienced bacteremia (48%
versus 24%, P ¼ .01), and more deaths were attributable to infectious causes in the colonized group (42%
versus 11% of patients and 67% versus 29% of deaths, P < .05). We observed a significantly higher incidence of
grades II to IV acute GVHD in colonized than in noncolonized patients (42% versus 23%, P < .05), especially
involving the gastrointestinal system (33% versus 13.5%, P ¼ .07). In summary, we determined that gut
colonization by antibiotic-resistant bacteria decreases the overall survival of patients undergoing alloSCT by
increasing nonrelapse mortality and the incidences of systemic infection and acute GVHD.

� 2016 The American Society for Blood and Marrow Transplantation.
INTRODUCTION to spread through the gut wall, causing life-threatening

The incidence of infections by antibiotic-resistant bacteria

(ARB) is rising because of selection pressure caused by
increasing use of broad-spectrum antibiotics [1]. The field of
hematology is particularly affected, because patients with
neoplastic blood disorders undergo frequent antimicrobial
prophylaxis and treatment [2]. Pathogenic bacteria can
colonize niches in the human body, including the gastroin-
testinal tract [3], whereas chemotherapy-induced damage to
the gut epithelium and overlap neutropenia enable bacteria
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systemic infections [4,5]. In patients who have undergone
allogeneic stem cell transplantation (alloSCT), systemic in-
fections with ARB are associated with a mortality rate of 36%
to 95% [4,6,7].

To our knowledge, no study has addressed the epidemi-
ology of gut colonization by ARB in patients undergoing
alloSCT or its impact on the outcomes of the procedure. We
hypothesized that colonization would increase the incidence
of bacterial infections after alloSCT, thereby increasing non-
relapse mortality (NRM) and decreasing overall survival (OS).
We also postulated that gut colonization and associated
systemic infection would influence the immune system after
alloSCT, affecting the incidence of graft-versus-host disease
(GVHD). To test these assumptions, we retrospectively
analyzed the outcomes of allogeneic transplantations
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performed in 107 patients at a single transplant center ac-
cording to gut colonization status.

METHODS
Study Design

This retrospective, single-center studywas performed using clinical data
on consecutive patients who underwent alloSCT between 2010 and 2013 in
the Department of Hematology, Oncology and Internal Diseases of the
Medical University of Warsaw, Poland. All patients were routinely screened
for gut colonization by the following ARB: methicillin-resistant Staphylo-
coccus aureus (MRSA), vancomycin-resistant Enterococcus (VRE), extended-
spectrum b-lactamase (ESBL)-producing Enterobacteriaceae, and
carbapenemase-producing Enterobacteriaceae.

Colonization status was ascertained by themicrobiologic examination of
rectal swabs cultured on the following chromogenic media: MRSA Agar
(Graso, Gda�nsk, Poland), VRE Agar (Graso), chromID ESBL (bioMérieux S.A.,
Marcy l’Etoile, France), and CHROMAgar Klebsiella pneumoniae carbapene-
mase (Graso). Pathogens were streaked on Columbia Agar plates with 5%
sheep blood (Becton, Dickinson and Company, Franklin Lakes, NJ) and
identified using a MALDI Biotyper (Bruker Daltonics Inc., Billerica, MA).
MRSA, VRE, ESBL, and carbapenemase-producing Enterobacteriaceae were
verified using a phenotypic method, according to national recommenda-
tions [8-10]. Additionally, the ability of isolates to produce carbapenemases
(metallo-b-lactamase, K. pneumoniae carbapenemase, expanded-spectrum
oxacillinase-48) was investigated using the Rapidec Carba NP biochemical
assay (bioMérieux S.A.) and/or the GeneXpert qualitative real-time PCR
method (Cepheid, Sunnyvale, CA). The pathogens identified were desig-
nated ARB [11]. Colonization was defined as the detection of an antibiotic-
resistant microorganism in at least 1 rectal swab. Patients colonized with
at least 1 ARB before alloSCT were termed “colonized,” whereas the
remaining patients were termed “noncolonized.”

Transplants were conducted according to local procedures and treat-
ment protocols. Blood cultures were performed during every febrile episode
and repeated depending on clinical indications. Microbiologic blood testing
was undertaken using standard techniques. For patients on antibiotics, Plus
Aerobic/F and Plus Anaerobic/F culture bottles were used (Becton, Dickinson
and Company) and monitored using the Bactec FX system (Becton, Dick-
inson and Company) for 7 days. Microorganisms were identified using a
MALDI Biotyper (Bruker Daltonics Inc.). Antimicrobial susceptibility was
tested and interpreted according to current European Committee on Anti-
microbial Susceptibility Testing recommendations [12].

Bacteremia was defined as at least 1 positive blood culture, irrespective
of clinical symptoms. To diagnose bacteremia caused by coagulase-negative
pathogens, 2 consecutive positive cultures were required. In case of febrile
episodes during the neutropenic period, the transplantation protocol
included the use of antibiotics targeting the gut-colonizing ARB in addition
to standard, broad-spectrum antibiotics. Toxicities, including mucositis,
were graded and modified using the toxicity criteria of the Common Ter-
minology Criteria for Adverse Events, version 4.0 [13]. GVHD was diagnosed
and graded according to standard criteria [14,15]. Transplant risk was
assessed using the updated European Society for Blood and Marrow
Transplantation (EBMT) risk score [16]. Low-risk disease before alloSCT was
defined as early-stage disease, and high-risk disease was defined as inter-
mediate- and late-stage disease, according to EBMT definitions.

All patients provided standard informed consent for alloSCT, data
analysis, and publication. Collection of rectal swabs was performed as a
standard practice in all hospitalized patients according to the local guide-
lines. According to Polish law, the approval of the institutional review board
was not required because of the noninterventional nature of the study.

Statistical Analysis
The primary endpoint of the study was OS after alloSCT, which was

defined as the probability of survival after transplantation, irrespective of
disease state, at any point in time. Surviving patients were censored at the
last follow-up examination or at the date of subsequent alloSCT. NRM was
defined as the time to death without relapse/progression. Deaths from any
cause without prior progressionwere considered events, whereas relapse or
progression was considered a competing event. Patients were censored at
last follow-up or, in case of relapse/progression, on the date of relapse/
progression. Relapse incidence (RI) was defined as the time to relapse or
progression. Deaths without relapse or progression were considered
competing events.

Patients’ baseline characteristics were summarized and tested with
appropriate statistical analyses (the t-test and Mann-Whitney U-test for
continuous variables and the chi-square test and Fisher’s exact test for
categorical variables). NRM and RI were calculated using the cumulative
incidence method. Survival estimates were calculated using the Kaplan-
Meier method, and curves were compared using the log-rank test. The
association between time to death and colonization status and other rele-
vant variables was evaluated in a multivariate analysis using Cox’s propor-
tional hazards regression analysis. All statistical analyses were performed
using SPSS versions 18.0 and 19.0 (SPSS Inc., Chicago, IL, and IBM Corp.,
Armonk, NY, respectively) and R version 2.12.2 with the package “survival”
(http://www.r-project.org/foundation).

RESULTS
Patient Characteristics

The study included 107 patients who underwent 115
alloSCTs. Eight cases of second and third transplantations
were excluded from the analysis. Clinical characteristics are
shown in Table 1. Briefly, most patients were male (51%) with
amedian age of 47 years (range,18 to 78). Acute leukemiawas
the most common diagnosis (53%). The median time from
diagnosis to transplantation was 10.8 months (range, 2 to
241). Conditioning was either myeloablative (61%) or reduced
intensity (39%). Thirty-eight percent of transplants were
performed from matched related donors, 47% from matched
unrelated donors, and 16% from mismatched unrelated do-
nors. Peripheral blood was the source of the transplant in
most cases (94%), and transplantation from female donors to
male recipients occurred in 31% of cases. The average EBMT
transplant risk score was 4 (range, 1 to 7). GVHD prophylaxis
included antithymocyte globulin (50%), cyclosporine A (97%),
methotrexate (80%), or mycophenolate mofetil (20%). There
were no differences in transplant characteristics between the
colonized and noncolonized groups (Table 1).

At the time of alloSCT, 31% of patients were colonized by
ARB: 21% by vancomycin-resistant Gram-positive bacteria,
20% by ESBL-producing Gram-negative rods, and 6% by
strains of Gram-negative bacteria resistant to carbapenems
(Figure 1). Eighteen patients were colonized by more than 1
(up to 4) antibiotic-resistant pathogen. Moreover, 14% of
patients were identified as past carriers of ARB (up to 1 year
before but not at the time of alloSCT), and their colonization
characteristics and outcomes are shown in Supplementary
Table 1.

Outcomes
After transplantation, neutrophil engraftment was

observed after a median of 18 days (range, 11 to 101) and
platelet engraftment after a median of 13 days (range, 0 to
102; Table 2). Grades 3 to 4 mucositis occurred in 24% of
patients, and its incidence did not differ between colonized
and noncolonized patients. Acute GVHD (aGVHD) was
observed in 48% of patients; grades II to IV aGVHD occurred
in 29% of patients and was more frequent in colonized (42%)
than in noncolonized (23%) patients (P < .05). Organ mani-
festations involved the gastrointestinal tract in 40%, liver in
4%, and skin in 61% of patients with aGVHD. Colonized pa-
tients developed gastrointestinal manifestations of aGVHD
more often than noncolonized patients (33% versus 13.5%,
P ¼ .07). Chronic GVHD developed in 52% and extensive
chronic GVHD in 18% of patients, and there was no difference
in their incidences between the groups (Table 2).

In the early post-transplant period, 69% of patients expe-
rienced infections, which were confirmed to be bacterial in-
fections in 53%. Overall, 74% of patients required blood
sampling for microbiologic testing; the sampling frequency
was similar between colonized and noncolonized patients. A
total of 294 blood cultures was performed, with a median of 2
blood cultures per patient (range,1 to 18). In 32% of patients at
least 1 blood culture was positive, whereas in 16% of the total
ARB were detected. The most common causes of bacteremia
were coagulase-negative Staphylococcus spp. (37% of positive

http://www.r-project.org/foundation


Table 1
Baseline Demographic Characteristics of the Study Population

Characteristics All Patients (n ¼ 107) Noncolonized (n ¼ 74) Colonized (n ¼ 33) P

Year of alloSCT, median (range) 2012 (2010-2013) 2012 (2010-2013) 2012 (2010-2013) NS
Male sex 55 (51) 39 (53) 16 (48) NS
Age at alloSCT, yr, median (range) 47 (18-78) 47 (18-65) 48 (20-78) NS
Time from diagnosis to alloSCT, mo, median (range) 10.8 (2-241) 10.6 (2-206) 10.8 (2.5-241) NS
Diagnosis
AML 48 (45) 35 (47) 143 (39) NS
ALL 9 (8) 4 (5) 5 (15)
MPD 8 (7) 6 (8) 2 (6)
MDS 11 (10) 7 (9) 4 (12)
Lymphoma 14 (13) 10 (14) 4 (12)
MDS/MPD 4 (4) 4 (5) 0
Other 13 (12) 8 (11) 5 (15)

Disease risk at alloSCT*
Low 39 (58) 30 (40) 9 (27) NS
High 52 (27) 34 (46) 18 (55)
Unknown 16 (15) 10 (14) 6 (18)
EBMT risk score, median (range) 4 (1-7) 4 (1-7) 4 (1-6) NS
Conditioning: myeloablative/RIC 65/42 (61/39) 46/28 (62/38) 19/14 (58/42) NS
Stem cell source: PBSCT/BMT 100/2 (94/2) 67/2 (92/3) 33/0 (100) NS
WBC before conditioning, �109/L 3.9 (.1-119.5) 3.95 (.1-79) 3.3 (.3-119.5) NS
ANC before conditioning, �109/L 2.1 (0-74) 2.2 (0-74) 1.35 (0-31) .06

Stem cell donor
MRD 39 (38) 28 (40) 11 (33) NS
MUD 48 (47) 32 (46) 16 (48)
MMUD 16 (16) 10 (14) 6 (18)
Sex mismatch, female to male 33 (31) 27 (37) 6 (18) .08
MTX post-alloSCT 84 (80) 59 (80) 25 (7) NS

NS indicates nonsignificant (P � .1); AML, acute myeloblastic leukemia; ALL, acute lymphoblastic leukemia; MPD, myeloproliferative disorders; MDS, myelo-
dysplastic syndrome; RIC, reduced-intensity conditioning; PBSCT, peripheral blood stem cell transplantation; BMT, bone marrow transplantation; ANC, absolute
neutrophil count; MRD, matched related donor; MUD, matched unrelated donor; MMUD, mismatched unrelated donor; MTX, methotrexate.
Values are number of cases with percents in parentheses, unless otherwise noted.

* Low-risk group means early disease stage and high-risk means intermediate and late disease stage according to EBMT transplant risk score (see Methods).
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cultures), followed by VRE (17%) and K. pneumoniae ESBLþ

(15%; Figure 1). A positive blood culture was observed more
often in colonized than in noncolonized patients (48% versus
24%, P¼ .01), and ARB bacteremia occurred significantly more
21
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Figure 1. Frequencies of bacterial species isolated from (A) rectal swabs collected at th
MBL indicates metallo-b-lactamase; KPC, Klebsiella pneumoniae carbapenemase.
frequently in colonized than in noncolonized patients (30%
versus 9% of patients, P < .01). Notably, only 5 colonized pa-
tients (14%) experienced confirmed systemic infection with
gut-colonizing microorganisms: 3 of 9 patients (33%) who
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Table 2
Transplant-Related Events and Outcomes

Variable All Patients
(n ¼ 107)

Noncolonized
(n ¼ 74)

Colonized
(n ¼ 33)

P

ANC > .5 � 109/L,
days, median
(range)

18 (11-101) 18 (11-101) 19 (11-101) NS

PLT > 20 � 109/L,
days, median
(range)

13 (0-102) 13 (0-102) 13 (0-101) NS

Mucositis 64 (60) 43 (58) 21 (64) NS
Grades III-IV 26 (24) 18 (24) 8 (24) NS
aGVHD 51 (48) 31 (42) 20 (61) NS
aGVHD grades II-IV 31 (29) 17 (23) 14 (42) <.05
GI aGVHD 21 (20) 10 (13.5) 11 (33) .07
cGVHD 57 (52) 41 (51) 17 (49) NS
Extensive 19 (18) 14 (19) 5 (15) NS
Relapse 24 (22) 17 (23) 7 (21) NS
Blood cultures
Patients with

�1 performed
79 (74) 51 (69) 28 (85) NS

Number per
patient, average
(range)

2.8 (0-18) 2.5 (0-18) 3.3 (0-18) NS

Patients with
positive blood
culture

34 (32) 18 (24) 16 (48) .01

Patients with
ARB in blood
culture

17 (16) 7 (9) 10 (30) <.01

Cause of death (% of all patients; % of all deaths)
Infection 22 (21; 45) 8 (11; 29) 14 (42; 67) <.05
Relapse/progression 17 (16; 35) 14 (19; 50) 3 (9; 14)
GVHD 6 (6; 12) 3 (4; 11) 3 (9; 14)
Other* 3 (3; 6) 2 (3; 7) 1 (3; 5)
Unknown 1 (1; 2) 1 (1; 4) 0

OS, % (95% CI)
At 3 mo 87 (81-94) 94 (88-99) 77 (63-94) <.001
At 12 mo 72 (64-82) 81 (72-91) 53 (38-75)
At 24 mo 62 (52-73) 74 (64-86) 34 (19-60)

NRM, % (95% CI)
At 3 mo 9 (5-16) 6 (2-14) 16 (6-32) .001
At 12 mo 18 (11-26) 9 (4-18) 37 (20-54)
At 24 mo 20 (13-29) 11 (5-20) 42 (23-60)

PLT indicates platelets; GI, gastrointestinal; cGVHD, chronic graft-versus-
host disease.
Values are number of cases with percents in parentheses, unless otherwise
noted.

* Graft failure, heart failure, toxicity of conditioning.
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were colonizedwith K. pneumoniae ESBLþ and 2 of 21 patients
(9%) who were colonized with Enterococcus faecium VRE.
K. pneumoniae ESBLþ bacteremia occurred significantly more
frequently in patients colonized with this bacterium (33%)
compared with noncolonized patients (4%, P < .001), whereas
there was no significant difference in the incidence of
E. faecium VRE bacteremia between the groups. Similar ana-
lyses of transplant outcomes were performed in the group of
patients not colonized at the time of alloSCT but colonized
within 1 year before alloSCT (n ¼ 15, past colonizers). The
results are shown in Supplementary Table 1. Although the
statistical comparisons with remaining patients could not be
done because of a low number of observations, it seems that
the outcomes of transplantation in this group are comparable
with noncolonized patients. Notably, 2 past colonizers
developed bacteremia with gut-colonizing organism previ-
ously identified (K. pneumoniae ESBLþ and E. faecium VRE).

During their inpatient stay, piperacillin-tazobactam was
used in 56%, meropenem in 58%, linezolid in 27%, and
colistin in 6% of patients. When analyzed separately, a
significantly higher proportion of colonized patients
received linezolid (42% versus 20% of noncolonized, P ¼ .05),
whereas colistin was used exclusively in patients colonized
with carbapenem-resistant strains. Meropenem and
piperacillin-tazobactam were used in comparable pro-
portions of colonized and noncolonized patients (70% versus
55% and 55% versus 59%, both nonsignificant, respectively).

Kaplan-Meier estimates of OS for all patients and for each
of the groups are shown in Figure 2. Forty-nine patients (46%)
died. The median length of follow-up was 26.5 months
(range, 10 to 56). The estimated rate of OS for all patients was
87% (95% confidence interval [CI], 81% to 94%) at 3 months,
72% (95% CI, 64% to 82%) at 12months, and 62% (95% CI, 52% to
73%) at 24 months after transplantation. It was significantly
lower in the colonized group than in the noncolonized group
(77% versus 94% at 3 months, 53% versus 81% at 12 months,
and 34% versus 74% at 24months, P< .001; Figure 2B, Table 2).
The standard risk factors for alloSCT (age, donor type, in-
tensity of conditioning, stage of disease) were associatedwith
a less pronounced impact on OS than bacterial colonization
status (Figure 2). To determine the impact of colonization on
OS after alloSCT corrected for other potentially confounding
factors, we performed a multivariate analysis (Table 3): Only
gut colonization had a significant impact on OS (hazard ratio,
3.53; 95% CI, 1.71 to 7.28; P < .001).

The estimated incidence of NRM in all patients was 9%
(95% CI, 5% to 16%) after 3 months, 18% (95% CI, 11% to 26%)
after 12 months, and 20% (95% CI, 13% to 29%) after
24 months (Figure 3, Table 2). Colonized patients exhibited a
significantly higher NRM than noncolonized patients: 16%
(95% CI, 6% to 32%) versus 6% (95% CI, 2% to 14%) after
3 months, 37% (95% CI, 20% to 54%) versus 9% (95% CI, 4% to
18%) after 12 months, and 42% (95% CI, 23% to 60%) versus
11% (95% CI, 5% to 20%) after 24 months (P ¼ .001).

The RI was 5% (95% CI, 2% to 11%) after 3 months, 14% (95%
CI, 8% to 22%) after 12 months, and 21% (95% CI, 14% to 31%)
after 24months; there were no differences in RI between the
groups (Figure 3).

Regarding causes of death, infection dominated (45%),
followed by relapse/progression (35%) and GVHD (12%). The
distribution of causes of death differed between colonized
and noncolonized groups. Infection was responsible for 67%
versus 29%, relapse for 14% versus 50%, and GVHD for 14%
versus 11% of deaths in colonized and noncolonized patients,
respectively (P < .05). Only 4 patients (4%) died of bacterial
sepsis caused by ARB (K. pneumoniae ESBLþ, K. pneumoniae
carbapenemase-positive, E. faecium VRE, and Pseudomonas
aeruginosa metallo-b–lactamase-positive). All 4 were
colonized by these bacteria within 1 year before alloSCT,
although 2 had negative colonization status at trans-
plantation (K. pneumoniae ESBLþ and E. faecium VRE).

DISCUSSION
In this retrospective, single-center analysis, we identified

gut colonization with at least 1 ARB in about one third of
patients undergoing alloSCT. Most frequently, patients were
colonized by VRE or Enterobacteriaceae ESBLþ; however, a
proportion was colonized by as many as 4 different ARB. Gut
colonization in these patients probably resulted from the
development of drug-resistance mechanisms under the
strong pressure exerted by numerous lines of antibiotic
treatment or the acquisition of new gut-colonizing patho-
gens via contact with other patients and medical staff.

Our study revealed that estimated OS after alloSCT is
over 2-fold lower in colonized patients than in non-
colonized patients (34% versus 74% at 2 years). Gut coloni-
zation was the only factor that significantly affected
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Figure 2. Overall patient survival after allSCT. (A) All patients. (B) Stratified by colonized (dashed line) versus noncolonized (solid line): 34% (95% CI, 19% to 60%)
versus 74% (95% CI, 64% to 86%), P < .001. (C) Stratified by age > 50 (dashed line) versus <50 years (solid line): 69% (95% CI, 57% to 84%) versus 21% (95% CI, 4% to
89%), P < .05. (D) Stratified by unrelated donor (dashed line) versus related donor (solid line): 70% (95% CI, 56% to 88%) versus 34% (95% CI, 18% to 67%), nonsig-
nificant. (E) Stratified by low-risk disease (dashed line) versus high-risk disease (solid line): 46% (95% CI, 32% to 67%) versus 46% (95% CI, 24% to 89%), P ¼ .07. (F)
Stratified by myeloablative conditioning (dashed line) versus reduced-intensity conditioning (solid line): 53% (95% CI, 39% to 73%) versus 51% (95% CI, 35% to 76%),
P ¼ .08, at 24 months.
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survival. Moreover, colonization showed a strong effect on
OS after multivariate adjustment for other clinical pre-
dictors, with a hazard ratio of 3.53 for positive colonization
status, whereas the presence of high-risk disease at alloSCT
was associated with a lower risk of mortality. Although the
negative impact of gut colonization by pathogenic bacteria
on OS after alloSCT seems obvious, to our knowledge this
has not been documented to date. Our observations are
consistent with those of Taur et al. [17], who reported that
loss of heterogeneity of the gut microbiome contributes to a
significantly decreased OS after alloSCT. Given that gut
colonization is only enabled in patients with a poor micro-
biome repertoire [18-20], it is possible that gut colonization
Table 3
Multivariate Analysis of Predictors of OS after AlloSCT

Risk Factor Hazard Ratio 95% CI P

Colonized patient 3.53 1.71-7.28 .0006
Age of recipient > 50 yr 1.21 .58-2.52 NS
High-risk disease 2.00 .96-4.22 .07
Unrelated donor 1.56 .71-3.44 NS
Myeloablative conditioning .59 .28-1.26 NS
serves as a surrogate marker of a poor gut microbiome.
However, this assumption requires further study, including
complex analysis of bacterial microbiome.

In this study there were no differences in the character-
istics of patients in the 2 groups, and RI was also comparable.
Conversely, NRM was significantly higher in colonized pa-
tients than in noncolonized patients (42% versus 11% at
2 years). We hypothesize that this was attributable to a
higher incidence of hard-to-treat infections. Infections were
the most common cause of death, and the proportion of
deaths caused by infection was significantly higher in the
colonized than in the noncolonized group (67% versus 29% of
all deaths). This higher incidence of systemic bacterial in-
fections was also reflected in the significantly higher pro-
portion of positive blood cultures (48% versus 24%) and
cultures with an identified ARB (30% versus 9%, P< .01) in the
colonized group than in the noncolonized group. Interest-
ingly, there was almost no overlap between the colonizing
bacteria and pathogen identified by blood culture. Overlap
was found only for K. pneumoniae ESBLþ, for which positive
blood cultures were identified in 33% of colonized patients
and 4% of noncolonized patients (P < .001). This contrasts
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with data from published studies in which the frequency of
systemic infections caused by pathogens previously colo-
nizing nonsterile body sites is considerable and dependent
on the pathogen: 58% for P. aeruginosa multidrug-resistant
(MDR) [21], 40% for carbapenem-resistant K. pneumoniae,
47% for Enterobacteriaceae ESBLþ [22], and 2% for VRE [23].
The differences may depend on the low sensitivity of the
traditional blood culture techniques used but are more likely
to reflect different standards of empiric antibiotic treatment
in patients with confirmed colonization. At our center colo-
nized patients routinely receive antibiotics targeted at gut-
colonizing bacteria during every febrile episode when neu-
tropenia is present; therefore, the results of repeated blood
cultures are likely to be negative.

There is growing evidence that the gut microbiome
exerts immunomodulatory effects during alloSCT [24,25].
Traditionally, it was thought that anaerobic bacteria in the
gut contribute to the development of GVHD, because
decontamination with metronidazole before alloSCT was
found to contribute to a decreased incidence and severity
of GVHD [26]. Given that colonization is usually related to
an impaired gut microbiome, we hypothesized that it
could affect the development of GVHD. Our analyses
revealed that colonized patients more frequently devel-
oped clinically relevant (grades II to IV) aGVHD (42% versus
23%, P < .05) and that about twice as many colonized pa-
tients developed gut manifestations of aGVHD compared
with noncolonized patients (33% versus 13.5%, P ¼ .07).
This effect was not observed for chronic GVHD. It is
possible to argue that colonized patients suffer more
frequently from Clostridium difficile colitis, which has
similar symptoms to intestinal GVHD. However, a stool
analysis for C. difficile toxin and stool culture are routinely
performed in all patients with post-transplant gastroin-
testinal symptoms at our center, and in cases described
here, the diagnosis of isolated intestinal GVHD was made
only in patients negative for C. difficile infection. It is more
plausible that the more frequent infections in colonized
patients could have an adjuvant effect and trigger aGVHD
via the activation of alloreactive lymphocytes. Further-
more, if gut colonization reflects a poor and pathologic gut
microbiome that does not fully support the immunoregu-
latory functions of commensal bacteriadsuch as the
development of regulatory T cells, balancing of nutrients,
and provision of short-chain fatty acidsdalloimmune re-
sponses may be triggered [24,27].

Our data suggest that gut colonization with ARB is asso-
ciated with a significantly decreased OS because of an
increased NRM. The factors responsible for this include an
increased rate of bacterial infections and a higher incidence
of aGVHD. It should be noted, however, that despite
numerous studies linking the intestinal microbiomewith the
OS, NRM or GVHD in alloSCT patients it has not been proven a
direct cause-and-effect link, and these associations should be
regarded as hypotheses. Patients who were colonized could
be potentially those who had serious infections during pre-
vious chemotherapy and spent more time in the hospital,
enabling colonization with resistant flora. Our study may
stimulate discussion on the role of gut colonization as a
factor to be considered during the selection of patients for
alloSCT. In our opinion, it is worthwhile to routinely screen
patients for gut colonization with ARB before alloSCT. Un-
fortunately, even empiric antibiotic therapy targeted at
colonizing microorganisms during febrile episodes post-
alloSCT did not protect the group of colonized patients
from the detrimental effects of colonization on survival after
transplantation. Therefore, our observations support the
need for decolonization strategies before alloSCT involving,
for instance, the restoration of healthy gut flora by the
transplantation of fecal microbiota.
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