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Background
Neutropenic patients are at risk of abdominal complications and yet the incidence and impact
of these complications on patients’ morbidity and mortality have not been sufficiently evaluat-
ed. We aimed to assess a clinical rule for early detection of abdominal complications leading to
death or transfer to intensive care in patients with chemotherapy-associated neutropenia. 

Design and Methods
This observational multicenter study was carried out in seven German hematology-oncology
departments. For inclusion, neutropenia of at least 5 consecutive days was required. Risk fac-
tors for “transfer to intensive care” and “death” were assessed by backward-stepwise binary
logistic regression analyses. Chemotherapy-associated bowel syndrome was defined as a com-
bination of fever (T ≥37.8 °C) and abdominal pain and/or lack of bowel movement for 72 hours
or more. Five hundred and twenty-one neutropenic episodes were documented in 359 patients. 

Results
The incidence of chemotherapy-associated bowel syndrome was 126/359 (35%) in first
episodes of neutropenia. Transfer to intensive care occurred in 41/359 (11%) and death
occurred in 17/359 (5%) first episodes. Chemotherapy-associated bowel syndrome and dura-
tion of neutropenia were identified as risk factors for transfer to intensive care (P<0.001; OR
4.753; 95% CI 2.297-9.833, and P=0.003; OR 1.061/d; 95% CI 1.021-1.103). Chemotherapy-
associated bowel syndrome and mitoxantrone administration were identified as risk factors for
death (P=0.005; OR 4.611; 95% CI 1.573-13.515 and P=0.026; OR 3.628; 95% CI 1.169-11.256). 

Conclusions
The occurrence of chemotherapy-associated bowel syndrome has a significant impact on
patients’ outcome. In future interventional clinical trials, this definition might be used as a
selection criterion for early treatment of patients at risk of severe complications.

Key words: neutropenia, chemotherapy-associated bowel syndrome, risk prediction.

Citation: Vehreschild MJGT, Meißner AMK, Cornely OA, Maschmeyer G, Neumann S, von
Lilienfeld-Toal M, Karthaus M, Wattad M, Staib P, Hellmich M, Christ H, and Vehreschild J-J.
Clinically defined chemotherapy-associated bowel syndrome predicts severe complications and death
in cancer patients. Haematologica 2011;96(12):1855-1860. doi:10.3324/haematol.2011.049627

©2011 Ferrata Storti Foundation. This is an open-access paper. 

Clinically defined chemotherapy-associated bowel syndrome predicts 
severe complications and death in cancer patients
Maria J.G.T. Vehreschild,1 Arne M.K. Meißner,1 Oliver Andreas Cornely,2 Georg Maschmeyer,3 Silke Neumann,4
Marie von Lilienfeld-Toal,5 Meinholf Karthaus,6 Mohammed Wattad,7 Peter Staib,8 Martin Hellmich,9 Hildegard Christ,9
and Jörg Janne Vehreschild1

11st Department of Internal Medicine, University of Cologne, Cologne; 21st Department of Internal Medicine, University of Cologne,
Cologne; Clinical Trials Centre Cologne, ZKS Köln (BMBF 01KN0706), University of Cologne, Cologne; Center for Integrated
Oncology COI KölnBonn, University of Cologne, Cologne; Cologne Excellence Cluster on Cellular Stress Responses in 
Aging-Associated Diseases CECAD, University of Cologne, Cologne; 3Department of Hematology, Oncology and Palliative Care,
Ernst-von-Bergmann Klinikum, Potsdam; 4Department of Hematology and Oncology, Georg-August-University Göttingen, Göttingen;
53rd Department of Internal Medicine, University Hospital Bonn, Bonn; 6Department of Hematology and Oncology, Klinikum
Neuperlach, Munich; 7Department of Hematology/Oncology/Stem-Cell-Transplantation, Kliniken-Essen-Süd, Essen; 8Department 
of Hematology/Oncology, St. Antonius Hospital, Eschweiler, and 9Department of Medical Statistics, Informatics and Epidemiology,
University of Cologne, Cologne, Germany

ABSTRACT

Original Articles

haematologica | 2011; 96(12) 1855



Introduction

Empirical antimicrobial treatment has been recognized as
an efficient means to reduce the morbidity and mortality of
neutropenic patients with cancer. Major guidelines offer
detailed treatment strategies for the management of fever
or pulmonary infiltrates during neutropenia.1-3 While
abdominal complications are common in neutropenic
patients, they have not been studied to a similar extent,
leaving treating physicians at a loss for effective treatment
strategies. A review of the literature reveals that diarrhea
and neutropenic enterocolitis are the two major clinical
complications in this field.4-11
Where specified, definitions of diarrhea vary only slightly

across trials, usually requiring at least three or four
unformed stools within 24 h.4-12 Clostridium difficile (C. diffi-
cile) has frequently been identified as the causative
pathogen, with reported incidence rates ranging from 4.8-
9% in patients with acute myelogenous leukemia, from 4.9-
7.5% in patients undergoing autologous stem cell transplan-
tation and from 14-30.4% in those undergoing allogeneic
stem cell transplantation.5,6,9,11,13,14 Other associated factors
include prior use of antibiotics or certain antineoplastic
agents, e.g. fluoropyrimidines, irinotecan hydrochloride,
methotrexate or cisplatin.4,15-17
The pathogenesis of neutropenic enterocolitis is regarded

as a multifactorial process. After administration of cytotoxic
agents damage to the mucosal barrier is exacerbated by bac-
terial, fungal and/or viral invasion. In patients with
impaired host defenses, these pathogens may cause blood
stream infections after penetrating bowel wall.12,18
Neutropenic enterocolitis has been associated with mortal-
ity rates of 50% and higher.9,12,19,20 Incidence rates between
3.5 and 28% have been reported.4,12,21 In a meta-analysis, a
pooled incidence rate of 5.3% was calculated for patients
with hematologic malignancies or receiving high-dose
chemotherapy for solid tumors or aplastic anemia.10 All tri-
als included were limited by their small size, retrospective
design and/or varying case definitions.
Heterogeneity among the definitions of neutropenic ente-

rocolitis is a particular matter of concern.4,7,9,10 Most authors
agree that fever, abdominal symptoms, e.g. pain, tenderness
and diarrhea, as well as demonstration of bowel wall thick-
ening in imaging studies should be part of the definition.
While such a definition can be useful to describe the full-
blown picture of neutropenic enterocolitis, any intervention
at this stage holds little promise with respect to the patients’
outcome. Furthermore, little is known about the outcome
of patients who do present with abdominal symptoms but
do not fulfill the above mentioned criteria for neutropenic
enterocolitis. For example, a patient may present with fever
and ileus, but without bowel wall thickening. The current
basis of evidence does not allow any predictions with
respect to a patient’s prognosis. Neutropenic enterocolitis
might be one possible result of chemotherapy-associated
impairment of intestinal function; however, other clinical
constellations might be just as relevant. 
In conclusion, the authors believe that patients at risk of

clinical deterioration due to abdominal complications
should be identified at the earliest stage possible. The
authors hypothesize that changes in bowel habits or
abdominal pain associated with fever and neutropenia are
the lowest common denominator of all chemotherapy-
associated abdominal conditions. In this context, the pres-
ent study evaluates a clinical rule for early detection of

abdominal complications that might lead to death or trans-
fer to intensive care in patients with chemotherapy-associ-
ated neutropenia. 

Design and Methods

Study design
The present study was carried out as a multicenter observational

study at seven German hematology-oncology departments from
June 2009 to May 2010. All centers were using the CoDan
(Cologne Nursing Standard for the Documentation of Diarrhea
and Abdominal Complaints during Neutropenia) – a daily self-
assessment distributed to all patients after administration of
chemotherapy until the end of neutropenia – as a standard of care.
Assessment included abdominal pain (yes/no), frequency of overall
stools, number of formed stools, number of unformed stools, green
coloration of feces (yes/no) and melena (yes/no). All patients were
regularly offered assistance in filling in the CoDan. For patients
unwilling or unable to fill in the CoDan, study documentation was
based on the patients’ records.
Patients recovering from neutropenia were screened by a study

assistant (site personnel) with respect to inclusion and exclusion
criteria. Inclusion criteria were an absolute neutrophil count of less
than 500 neutrophils/mL or a white blood count below 1,000
leukocytes/mL for at least 5 consecutive days. Exclusion criteria
comprised prior diagnosis of an inflammatory bowel disease such
as ulcerative colitis or Crohn’s disease, presence of diarrhea (prede-
fined as ≥3 unformed stools per day or >200 mL loose stool in
patients with a rectal stool collector) or abdominal pain during or
prior to administration of chemotherapy and use of prophylactic
intravenous or oral metronidazole or oral vancomycin. All study
assistants had been personally trained by the study coordinator
(MV) before initiation of screening.
The study was approved by the ethics committee of the

University of Cologne, Germany (#09-094). Being a non-interven-
tional observational trial engaging only site-personnel involved in
the care of the patients for documentation of anonymized data, no
informed consent was needed for inclusion in the analysis. The
study was registered at the German Clinical Trials Register (ID:
DRKS00000111).22

Documentation
Data from eligible patients were anonymized and entered into

web-based electronic case report forms.23 The information col-
lected included: year of birth, gender, weight, height, underlying
disease requiring chemotherapy, current chemotherapy regimen,
administration of laxatives, proton pump inhibitors, H2 receptor
blockers, anti-infective agents, duration of current neutropenic
episode, frequency of formed and unformed stools, presence of
abdominal pain, presence of fever (T ≥37.8°C), duration of stay
in an intensive care unit, partial or total colectomy, death, and
death attributable to abdominal complications. The design of the
database enabled documentation of these items on a day-to-day
basis. 
In the event of (i) diarrhea, defined as three or more unformed

stools per day or more than 200 mL of loose stool in patients with
a fecal collector, or (ii) chemotherapy-associated bowel syn-
drome (CABS), defined as a combination of fever (T ≥37.8 °C)
and abdominal pain and/or lack of bowel movement for at least
72 h, the documentation was extended to include the following
items: pathological findings on abdominal ultrasound, X-rays,
magnetic resonance imaging and computed tomography scans,
results of stool and blood cultures, and C-reactive protein and
procalcitonin values. The documentation for each episode started
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with the first day of chemotherapy and ended with the last day
of neutropenia or death, whichever occurred first.

Statistical analysis
All statistical analyses were carried out using SPSS software

(SPSS, version 18.0.2, Somer, NY, USA). Incidence rates were cal-
culated. To assess potential risk factors for the occurrence of CABS,
a backward-stepwise binary logistic regression analysis was per-
formed. Variables were pre-defined based on a literature search on
potential risk factors for abdominal complications: administration
of antibiotics, duration of neutropenia and underlying disease
(acute myeloid leukemia, myelodysplastic syndrome, acute lym-
phoblastic leukemia, solid tumor, multiple myeloma).
Chemotherapeutic agents were included as follows: high dose
nitrogen mustard alkylating agents (cyclophosphamide >50 mg/kg,
ifosfamide >10,000 mg/m2 or melphalan >200 mg/m2), low dose
nitrogen mustard alkylating agents (cyclophosphamide ≤50 mg/kg,
ifosfamide ≤10000 mg/m2 or melphalan ≤200 mg/m2), steroids,
topoisomerase inhibitors, anthracyclines, high-dose cytarabine (>3
g/m2), other pyrimidine analogues, high-dose methotrexate (>1000
mg/m2), and mitoxantrone.
To assess potential risk factors for the endpoints “transfer to

intensive care” and “death”, another literature search was carried
out to pre-define a set of variables: age, occurrence of fever, dura-
tion of neutropenia, occurrence of diarrhea, occurrence of CABS
and underlying disease (acute myeloid leukemia, myelodysplastic
syndrome, or acute lymphoblastic leukemia). Chemotherapeutic
agents were included as follows: anthracyclines, high dose cytara-
bine (>3 g/m2), mitoxantrone. Using these variables a second back-
ward-stepwise binary logistic regression analysis was performed.
The t-test for dependent samples was used to compare maxi-

mum C-reactive protein values within 3 days prior to and after the
diagnosis of CABS.
For all analyses, a P value less than 0.05 was considered statisti-

cally significant.

Results

Study population and outcomes
The study progress is shown in Figure 1. At the end of

the study period, 1,622 neutropenic episodes in 1,071
patients had been screened: 526 episodes in 362 patients
fulfilled the study inclusion criteria. Five files could not be
found, so 521 episodes in 359 patients were entered into
the study. At least one consecutive episode was docu-
mented for 105 patients (29%).
Of the 359 patients, 208 (58%) were male. The median

age was 56 years (range, 18 - 83), the median weight 75
kg (range, 38 - 154), and the median height 172 cm (range,
147-204). The median duration of first episodes of neu-
tropenia was 9 days (range, 5-47). Indications for
chemotherapy and chemotherapeutic agents adminis-
tered during first episodes of neutropenia are shown in
Table 1.
The overall incidence of diarrhea was 160/359 (45%) in

first episodes of neutropenia and 206/521 (40%) in all
episodes, while the incidence of CABS was 126/359
(35%) in first episodes and 161/521 (31%) in all episodes.
Out of the 105 patients with a documented second neu-
tropenic episode, 21/34 patients (62%) who had experi-
enced diarrhea during their first episode relapsed in the
second episode and 9/24 patients (38%) who had experi-
enced CABS during their first episode of neutropenia
relapsed in the second episode. 
Transfer to intensive care was documented in 41/359

(11%) first episodes of neutropenia and in 54/521 (10%)
overall episodes of neutropenia. Death occurred in 17/359
(5%) first episodes and 20/521 (4%) overall episodes.

Diarrhea
In 14/160 patients (9%) with diarrhea during their first

episode of neutropenia, a potentially causative pathogen
could be identified: C. difficile in eight patients, Rotavirus
in four patients, and Adenovirus and Norovirus in one
patient each. One patient with Norovirus and one patient
with C. difficile were positive for the same pathogens in a
consecutive episode of neutropenia. Other causative
agents of diarrhea identified in consecutive episodes
included C. difficile (n=4), Rotavirus (n=1), Norovirus
(n=1) and enteroaggregative E. coli (n=1).

Abdominal complications in high-risk neutropenic patients
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Figure 1. Flow chart of study progress.

Screening:
episodes= 1622, patients= 1071

Documented and analyzed:
526 episodes, 362 patients

Excluded:
episodes= 1101, patients= 712

Not meeting inclusion criteria:
episodes= 1096, patients= 709
Missing files: episodes= 5, patients= 3



Chemotherapy-associated bowel syndrome
Backward-stepwise binary logistic regression analysis

yielded duration of neutropenia as the only risk factor for
CABS (P<0.001; OR 1.067/d; 95% CI 1.026-1.110). In
124/161 episodes (77%) of neutropenia with documented
CABS, C-reactive protein values were documented within
3 days prior to and after the diagnosis of CABS. For 124
episodes, the comparison of mean maximum values in
these two time periods (before, 109 mg/L; after, 197 mg/L)
by t-test showed a significant rise in C-reactive protein in
the 3 days after the diagnosis of CABS (P<0.001; 95% CI
67-109 mg/L). Figures 2 and 3 show the absolute increase in
the risk of transfer to intensive care and dying in patients
with CABS.
Most patients who fulfilled the criteria for CABS and for

whom a pathogen was identified from a stool sample also
presented with diarrhea (95%). Only patient who tested
positive for C. difficile had signs of CABS alone.
A pathological abdominal imaging result was document-

ed in 23/161 neutropenic episodes (14%) with a clinical

presentation of CABS and in 23/521 overall episodes of
neutropenia (4.4%). Imaging methods included abdominal
ultrasound (n=17), X-ray of the abdomen (n=10) and com-
puted tomography of the abdomen (n=10). Documented
pathological findings included pneumointestine (n=1), air-
fluid levels (n=3), ileus (n=5), peritoneal cavity fluid (n=7),
enterocolitis not further specified (n=13), and intestinal wall
thickening (n=19). In seven cases of intestinal wall thicken-
ing, the extent was specified (mean, 15 mm; range, 4-60
mm). Colectomy was performed in 2/359 (1%) first
episodes of neutropenia. There were no additional colec-
tomies during consecutive episodes.
In 52/161 episodes (32%) of neutropenia with CABS, a

positive blood culture was recorded. In the case of coagu-
lase-negative staphylococci, only repeatedly positive cul-
tures were considered. Isolates were distributed as follows:
coagulase-negative staphylococci (n=13), E. faecium (n=12),
and Gram-negative rods (n=26). Of these 26 blood cultures,
ten displayed resistance to third-generation cephalosporins
(i.e. Pseudomonas aeruginosa, Acinetobacter baumanii,
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Table 1. Indications for chemotherapy and cytostatic agents adminis-
tered during first episodes of neutropenia.
Characteristic Overall (n=359)

Indication for chemotherapy – n. (%)

Acute myelogenous leukemia 120 (33)
Acute lymphoblastic leukemia 38 (11)
Non-Hodgkin’s lymphoma 91 (25)
B-cell non-Hodgkin’s lymphoma 73 (20)
T-cell non-Hodgkin’s lymphoma 18 (5)
Hodgkin’s lymphoma 27 (8)
Multiple myeloma 61 (17)
Solid tumors 19 (5)
Others* 9 (3)
Type of chemotherapy - n. (%)

Pyrimidine anti-metabolites 223 (62)
Cytarabine >3 g/m2 68 (19)
Steroids 218 (61)
Nitrogen mustard alkylating agents 187 (52)
Cyclophosphamide >50 mg/kg, 12 (3)
Ifosfamide >10000 mg/m2, 
Melphalan >200 mg/m2

Anthracyclines 129 (36)
Topoisomerase inhibitors 99 (28)
Vinca alkaloids 63 (18)
Alkylating nitrosourea compounds 55 (15)
Methotrexate 53 (15)
>1000 mg/m² 19 (5)
Rituximab 51 (14)
Mitoxantrone 39 (11)
Purine anti-metabolites 36 (10)
Platinum analogs 21 (6)
PEG-Asparaginase 10 (3)
Tretinoin 10 (3)
Other† 29 (8)

*Chronic lymphoblastic leukemia=6, Chronic myelogenous leukemia=3 †Hydroxyurea=6,
Azacitidine=3, Imatinib=3, PK 412 vs. Placebo=3, Bleomycin=4, Bortezomib=2,
Clofarabine=2, Nilotinib=2, Teniposide=2, Alemtuzumab=1, Sorafenib=1.

Figure 2. Absolute increase in the risk of transfer to intensive care
in patients with chemotherapy-associated bowel syndrome
(P<0.0001). Error bars denote the standard error of proportion
(Wilson’s method). 

Figure 3. Absolute increase in mortality in patients with chemother-
apy-associated bowel syndrome (P<0.0043). Error bars denote the
standard error of proportion (Wilson’s method).
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Capnocytophaga sputigena, Brevundimonas diminuta and ESBL-
producers).

Risk factors for transfer to intensive care and death
Table 2 shows the results of backward-stepwise binary

logistic regression analysis assessing potential risk factors
for the endpoints “transfer to intensive care” and “death”.
After multivariate analysis, only duration of neutropenia
and occurrence of CABS were identified as risk factors for
“transfer to intensive care” with associated odds ratios of
1.061 (95% CI 1.021-1.103) and 4.753 (95% CI 2.297-
9.833), respectively.
Concerning “death”, administration of mitoxantrone and

occurrence of CABS were identified as risk factors with
associated odds ratios of 4.611 (95% CI 1.573-13.515), and
3.628 (95% CI 1.169-11.256), respectively.

Discussion

This is the first study to assess the epidemiology, treat-
ment and clinical outcome of chemotherapy-associated
abdominal complications in a multicenter approach. Our
analysis shows a significant association between a clinical
bedside rule for detection of CABS – defined as a combina-
tion of fever (T ≥37.8 °C) and abdominal pain and/or lack of
bowel movement for at least 72 h – and an increased mor-
tality in patients with chemotherapy-induced neutropenia
lasting at least 5 days. Mitoxantrone was also associated
with an increased risk of death. This is a plausible finding,
since mitoxantrone was exclusively administered as part of
induction chemotherapy for acute myelogenous leukemia,
a regimen associated with a particularly high risk of compli-
cations. At the same time, mitoxantrone administration
was not associated with the occurrence of CABS, thus
underlining the independence of the latter as a risk factor.
Duration of neutropenia is a well-established risk factor

for infectious complications.24 In our study, duration of neu-
tropenia was associated with the occurrence of CABS.
However, the multivariate analysis of risk factors for trans-
fer to an intensive care unit and death identified CABS as an
independent risk factor, while – among others - duration of
neutropenia was less powerful or even refused as a predic-
tor of these events. This underlines that CABS is indeed a
distinct risk factor for patients’ morbidity and mortality.
In a prior meta-analysis by Gorschlüter et al., neutropenic

enterocolitis was defined as a combination of fever, abdom-
inal pain and bowel wall thickening in any segment on
ultrasound or computed tomography studies.10 A pooled
incidence of neutropenic enterocolitis was reported to be
5.3% in a population of hematology and oncology
patients.10 In comparison, the incidence of CABS in our
study was 126/359 (35%) in first episodes of neutropenia
and 161/521 (31%) in all episodes. Gorschlüter’s criteria of
neutropenic enterocolitis were fulfilled in 23/521 episodes
(4.4%). Our clinical rule for CABS was designed to identify
patients at an early pathophysiological stage of intestinal
impairment. Considering that not all patients with abdom-
inal symptoms eventually progress to develop neutropenic
enterocolitis, the higher rate of CABS than of neutropenic
enterocolitis was to be expected.
Of note, diarrhea alone was not associated with an

increased risk of transfer to the intensive care unit or death.
The incidence rates of 45% during first episodes and 40%
during all episodes were well within the range of 19-67%

found in prior observational studies in hematology/oncolo-
gy patients.4,6,9
It is conceivable that some risk factors for the develop-

ment of CABS or for death were not detected by our analy-
sis. We tried to minimize this risk by including diverse
underlying diseases and treatment regimens, and using a
multicenter approach and a large sample of patients. Being
a non-interventional study, some potential dispositional fac-
tors, e.g. genetic risk factors, could not be considered for the
analysis.
In contrast to current reports of increasing incidence rates

of C. difficile-associated diarrhea, in this study we docu-
mented only a moderate incidence of 5% during first
episodes of neutropenia.25,26 The same was true for the inci-
dence of C. difficile in patients with CABS (6%). These find-
ings are in line with results from Avery et al., who recently
reported a 5% incidence of C. difficile-associated diarrhea in
61 patients with diarrhea after autologous stem cell trans-
plantation.6 A second study reported an incidence rate of
7% in 875 chemotherapy-associated neutropenic episodes
lasting at least 5 days.8 Both publications, however,
described a time period prior to the emergence of the epi-
demic C. difficile strain NAP1/027. Since 2003, this strain has
been repeatedly described as the cause of hospital out-
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Table 2. Results of backward-stepwise binary logistic regression analy-
sis assessing risk factors for “transfer to intensive care” and “death”.
Dependent variable: transfer to intensive care

univariate multivariate (only remaining
variables)

Variable P value Odds Ratio 95% CI 

Age 0.570
AML or MDS 0.124
Acute lymphoblastic leukemia 0.850
Anthracyclines 0.144
Diarrhea 0.576
Duration of neutropenia 0.000 1.061* 1.021-1.103
Fever 0.025
High dose cytarabine (>3g/m2) 0.572
Mitoxantrone 0.154
CABS 0.000 4.753 2.297-9.833
Constant 0.000 0.026 n.a.
Dependent variable: death

univariate multivariate (only remaining
variables)

Variable P value Odds Ratio 95% CI 

Age 0.096
AML or MDS 0.477
Acute lymphoblastic leukemia 0.875
Anthracyclines 0.271
Diarrhea 0.765
Duration of neutropenia 0.028
Fever 0.123
High dose cytarabine (>3 g/m2) 0.247
Mitoxantrone 0.010 4.611 1.573-13.515
CABS 0.002 3.628 1.169-11.256
Constant 0.000 0.022 n.a.

AML: acute myelogenous leukemia;*per day, CABS: chemotherapy-associated bowel
syndrome;  MDS: myelodysplastic syndrome.



breaks with high morbidity and mortality rates in North
America and Europe.27-29
In contrast to these reports, a third observational study

from 2007, including only hematology/oncology patients,
found a comparatively high rate of C. difficile in 8/48
patients (17%) with diarrhea and in 1/11 patients (9%) with
neutropenic enterocolitis.4 Given the small number of
patients in that single-center study, the differences from our
study are hardly significant and may be caused by differ-
ences in local epidemiology.
In conclusion, our study succeeded in quantifying the rel-

evance of CABS as a complication in hematology/oncology
patients and provides a bedside rule that allows prediction
of adverse outcomes. This clinical rule could be of key sig-
nificance in the design of interventional clinical trials,30
allowing the development of prophylactic and therapeutic
strategies based on easily available criteria. The interven-
tion assessed in such a study remains to be defined. Given

the low number of anaerobic infections in the study popu-
lation, the common approach of empirical metronidazole
treatment does not seem promising. However, the cases of
bacteremia observed during the present study may hint at
the potential of empirical antibiotic regimens. Other poten-
tial approaches include the reduction of intestinal bacterial
colonization or targeted intestinal colonization with non-
pathogenic bacteria.
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