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Abstract

Purpose The length of neutropenia has a significant impact on the incidence of bloodstream infection (BSI) in cancer patients,
but limited information is available about the pathogen distribution in late BSI.

Methods Between 2002 and 2014, BSI episodes in patients with neutropenia receiving chemotherapy for hematologic
malignancies were prospectively identified by multicenter, active surveillance in Germany, Switzerland and Austria. The
incidence of first BSI episodes, their microbiology and time to BSI onset during the first episode of neutropenia of 15,988
patients are described.

Results The incidence rate of BSI episodes was 14.7, 8.7, and 4.7 per 1000 patient-days in the first, second, and third week
of neutropenia, respectively. BSI developed after a median of 5 days of neutropenia (interquartile range [IQR] 3-10 days).
The medium duration of neutropenia to BSI onset was 4 days in Escherichia coli (IQR 3-7 days), Klebsiella spp. (2-8 days),
and Staphylococcus aureus (3—6 days). In contrast, BSI due to Enterococcus faecium occurred after a median of 9 days (IQR
6-14 days; p <0.001 vs. other BSI). Late onset of BSI (occurring after the first week of neutropenia) was also observed
for Stenotrophomonas maltophilia (12 days, IQR 7-17 days; p <0.001), and non-albicans Candida spp. (13 days, IQR
8-19 days; p <0.001).

Conclusions Over the course of neutropenia, the proportion of difficult to treat pathogens such as E. faecium, S. maltophilia,
and Candida spp. increased. Among other factors, prior duration of neutropenia may help to guide empiric antimicrobial
treatment in febrile neutropenia.
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Introduction

Ten to 25% of neutropenic patients undergoing chemo-
therapy for acute leukemia or hematopoietic stem cell
transplantation (HSCT) develop bloodstream infections
Electronic supplementary material The online version of this (BSI) with crude mortality rates ranging from 11 to 36%

article (https://doi.org/10.1007/s15010-019-01327-0) contains [1-4]. The most frequent portal of entry for BSIin patients
supplementary material, which is available to authorized users.

< Andreas F. Widmer 3 Department of Environmental Health Sciences and Hospital
andreas.widmer@usb.ch Infection Control, University Hospital and Medical Center,
Faculty of Medicine, Albert-Ludwigs-University, Freiburg,
! Division of Infectious Diseases and Hospital Epidemiology, Germany
University Hospital Basel, University of Basel, Petersgraben 4

Division of Hematology, Oncology, and Stem Cell
Transplantation, Department of Medicine I, University
Division of Infectious Diseases, Department of Medicine Hospital and Medical Center, Faculty of Medicine,

II, University Hospital and Medical Center, Faculty Albert-Ludwigs-University, Freiburg, Germany

of Medicine, Albert-Ludwigs-University, Freiburg, Germany

4, 4031 Basel, Switzerland

@ Springer


http://orcid.org/0000-0003-0821-9202
http://crossmark.crossref.org/dialog/?doi=10.1007/s15010-019-01327-0&domain=pdf
https://doi.org/10.1007/s15010-019-01327-0

838

A. F.Widmer et al.

with neutropenia is mucosal barrier injury and central
lines, with leading causes of BSI being coagulase-neg-
ative staphylococci (CoNS), Enterobacteriacea and non-
fermenting Gram-negative rods [5]. Given the high case
fatality rates, timely and adequate empiric antimicrobial
therapy is warranted with current guidelines recommend-
ing a broad-spectrum beta-lactam with antipseudomonal
activity, with or without an aminoglycoside [6, 7]. Hospi-
tal-, host- and treatment-related factors may influence the
distribution of BSI pathogens during neutropenia. Such
factors include the development of mucositis [8, 9], expo-
sure to broad-spectrum antimicrobial agents [10], catheter
dwell time [11], and transmission of nosocomial pathogens
[12].

ONKO-KISS is an ongoing tri-national surveillance
system for infections in neutropenic patients treated with
induction or consolidation chemotherapy for hematologic
malignancies [13—15]. Since 2002, primary BSI that occur
in neutropenic patients receiving high-dose chemotherapy
for autologous and allogeneic HSCT or for induction chemo-
therapy for acute leukemia, are captured prospectively by
active surveillance in participating centers in Germany, Aus-
tria and Switzerland. In previous analyses of the ONKO-
KISS surveillance cohort, we have described the over-
all characteristics of the cohort, the microbiology of BSI
according to cancer treatment modalities with and without
fluoroquiniolone prophylaxis, and an increase of Gram-neg-
ative BSI between 2002 and 2014 with the background of
overall low rates of methicillin-resistant S. aureus, Vanco-
mycin-resistant enterococci (VRE) and extended spectrum
B-lactamase-(ESBL)-producing Enterobacteriaceae [14,
15]. In the current work, we examined changes in the inci-
dence and distribution of BSI over the course of neutropenia
in ONKO-KISS patients.

Methods
Study setting

Patients were recruited between January 2002 and Decem-
ber 2014 by active nosocomial infection surveillance in a
median of 20 participating hematologic centers in Germany,
Austria and Switzerland (ONKO-KISS) [13, 14]. ONKO-
KISS surveillance includes neutropenic patients undergo-
ing allogeneic or autologous HSCT and patients with acute
leukemia receiving induction chemotherapy for hematologic
malignancies [13]. Participating centers are required to treat
a minimum of 20 patients with these conditions per year.
The antimicrobial prophylaxis and antineoplastic treat-
ment regimens are administered according to institutional
protocols.
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Data collection and definitions

The study protocol was approved by the institutional
review board of the Freiburg University Medical Centre
and informed consent was waived. All investigations have
been performed in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki and its later
amendments.

The methods for surveillance of nosocomial BSI
in ONKO-KISS have been described in detail else-
where [13, 14]. For the current study, all adult patients
(aged > 18 years) under surveillance who had the first
episode of neutropenia were eligible for study inclusion.

Neutropenic patients were screened clinically by the
treating physician on a daily basis and at least weekly for
BSI by trained, dedicated staff using diagnostic criteria
outlined by the Centers of Disease Control and Prevention
(CDC) [16]. No surveillance blood cultures were drawn.
Only primary BSI (including those originating from a cen-
tral venous line or mucositis), occurring between the sec-
ond day of neutropenia and 2 days following its resolution,
were captured. BSI that were not considered primary were
not documented by surveillance staff. Surveillance ended
with the resolution of neutropenia or death, discharge or
transfer to another hospital. In patients with neutropenia
upon hospital admission, the day of admission was consid-
ered the first day of neutropenia. The following baseline
variables were captured: demographic data, type of under-
lying malignancy and transplantation, chemotherapy cycle,
fluoroquinolone prophylaxis (since 2009), number of pre-
vious neutropenia episodes, the beginning and end date
of neutropenia, and the day of BSI onset. Information on
antibiotic resistance was only available for vancomycin-
resistance in Enterococcus spp., for Methicillin-resistant
S. aureus, and for resistance to third-generation cephalo-
sporins in Enterobacteriaceae (for infection surveillance
purposes considered to be ESBL-positive, this information
was available since 2010). Data are collected on a stand-
ardized report form and entered into a web-based database.

Neutropenia was defined either as an absolute white
blood cell count of < 1000 x 10%/1, as an absolute gran-
ulocyte count of <500 % 10%/1, or as an absolute granu-
locyte count of < 1000 x 10%/1 with an expected drop
to <500 10%/1. The end of neutropenia was defined as a
rise in white blood cells to> 1000 x 10%/1 for at least two
consecutive days. BSI was defined according to CDC cri-
teria either as growth of pathogenic bacteria from a single
blood culture or as cultivation of skin commensals from
a single blood culture (study period 2002-2010) or two
independent blood culture sets (from 2011 onwards) in
combination with patient symptoms of pyrexia>38.0 °C,
shivering or hypotonia [17].
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If a blood culture grew two different bacterial species and
one isolate was a skin commensal, then only the pathogen
that was not a skin commensal (according to CDC defini-
tions) was included in the final analysis. The day of BSI
onset was defined as the date on which the first positive
blood culture was drawn. BSI occurring within the first 7
days of neutropenia were defined as early-onset BSI; BSI
occurring after more than 7 days of neutropenia were defined
as late-onset BSI. The duration of neutropenia was the sum
of neutropenic days during the first episode of neutropenia.
If a patient was neutropenic upon admission, the admission
day was considered as the first day of neutropenia. Only the
first BSI episodes were considered for analysis.

Statistical analysis

Differences in categorical variables were compared using the
Chi-square test or Fisher’s exact test, as appropriate. Time
periods of neutropenia to first BSI onset (consecutive neu-
tropenia days) were expressed as median (interquartile range
[IQR]) and were compared by use of the Kruskall-Wallis
test or Dunnett’s multiple comparison test. All p values are
two sided with a 0.05 level of significance. We managed and

analyzed all data using of SPSS 21 software (SPSS; IBM,
Chicago, IL).

Results
Study population and baseline characteristics

18,382 adult patients with neutropenia originating from a
median of 20 participating hematology units (range 10-24)
were eligible for study inclusion. A total of 15,988 patients
were analyzed after excluding 476 patients with missing
information on the chemotherapy cycle and 1918 patients
not being in the first neutropenic phase. The baseline char-
acteristics of the study population and information on anti-
neoplastic treatments are summarized in Table 1 and the
distribution of neutropenic days and BSI onset over time are
described in Fig. 1. Overall, the median length of neutrope-
nia was 11 days (IQR, 7-18 days) with a substantially longer
duration in allogeneic HSCT patients (median 16 days; IQR
11-22 days) and in patients receiving induction chemother-
apy without HSCT (median, 18 days, IQR 12-24 days) as

Table 1 Characteristics of

. . . Characteristics No BSI Early-onset BSI  Late-onset BSI  p?
hematologlc patient with (n=13,525) (n=1599) (n=864)
neutropenia

Age® 55  (45-63) 56 (46—63) 56 (44-63) 0.868
Male gender 8050 59.5% 1064  66.5% 510 59.0% <0.001
Antineoplastic chemotherapy/HSCT <0.001
Autologous HSCT 5579 41.2% 853 53.3% 49 57%

Allogeneic HSCT 6833  50.5% 667 41.7% 674 78.0%

Induction chemotherapy only 1113 8.2% 79 49% 141  16.3%
Hematologic malignancy <0.001
Non-Hodgkin lymphoma 2199  16.3% 330 20.6% 73 8.4%

Acute myeloid leukemia 4002 29.6% 418 26.1% 479  554%

Chronic myeloid leukemia 400 3.0% 28 1.8% 18 2.1%

Acute lymphatic leukemia 933  6.9% 122 7.6% 94  10.9%
Myelodysplastic syndrome 656 4.9% 46 2.9% 48  5.6%

Multiple myeloma 3427  253% 461 28.8% 62 7.2%

Other 1907 14.1% 194 12.1% 90 10.4%

Duration of neutropenia® 11 (7-17) 10 (7-17) 22 (16=30) <0.001
Admitted in neutropenia 643  4.8% 4 2.8% 122 14.1% <0.001
Admission to the ICU 539  4.0% 149 93% 120 13.9% <0.001
All-cause mortality during neutropenia 266 2.0% 62 39% 94  10.9% <0.001

First BSI that occurred within 7 days after onset of neutropenia were classified early-onset BSI and first
BSI occurring after the first week of neutropenia were classified as late-onset

Data were expressed as n patients (%) if not stated otherwise

BSI bloodstream infection, HSCT hematopoietic stem cell transplantation, /CU intensive care unit

# p value for comparison of groups with early-onset BSI and late-onset BSI

b Age is expressed in years (median, interquartile range)

¢ Duration of neutropenia is expressed in days (median, interquartile range)

@ Springer



840

A. F.Widmer et al.

A Duration of Neutropenia Time to BSI Incidence rate
» 180004 4001 401
c [’
& 160004 3501 . 2
8 140004 300 879 301
2 120004 @ o E
g 10000 @ 203 £g
S 8000 S 2007 8 9 201
£ S 150 53
@ 6000 z s
£ 40001 1001 Sg 101
S 2000] 501 =
° -
z o 0 0-
0 7 14 21 28 35 0 7 14 21 28 35 0 7 14 21 28 35
days days days
B
@ 100007 200+ 401
& 90001 2
& Joo0] 1501 25 a0
L 7] 8
€ 60007 o g
£ 5000 6 1001 @ 9 204
o " (TR -]
£ 40007 S £3
2 3000 50- 3s 10
% 20007 £3
6 10001 -
= o 0- 0-
0 7 14 21 28 35 0 7 14 21 28 35 0 7 14 21 28 35
Cc d
@ 8000 ays 300- days 40- days
3 70001 2
£ ] 2504 58
8 6000 o 304
£ 50001 @ 200 ﬁi
& 40001 6 150 @ 9 204
(<] A [*]
s 1 ] c5
i o
1 0o 104
i £9
E’- 1000 50 HHH =
E ok Al " y . o
0 7 14 21 28 35 0 7 14 21 28 35 0 7 14 21 28 35
D
» 18007 days 401 days 401 days
& 1600 >
8 14001 304 87T 30
£ 12004 % g
] [+1]
g 1000 S 201 @ % 20
9 800] S es
3 600 z g2
.g 400- 104 ‘_é g 104
G 2001 S
z 0- o 0-
0 7 14 21 28 35 0 7 14 21 28 35 0 7 14 21 28 35
days days days

Fig. 1 Number of patients with neutropenia (black bars) or BSI (grey
bars) and incidence rate of BSI per day of neutropenia (white bars): a
total study cohort; b patients with allogeneic HSCT; ¢ patients with

compared to autologous HSCT recipients (median 7 days,
IQR 6-9 days, p <0.001).

Bloodstream infection during neutropenia

The crude incidence rate of a first BSI episode was 15.4 per
100 neutropenic patients. Overall, the median time period
from the beginning of neutropenia to first BSI onset was 5
days (IQR 3-10 days; Figs. 1, 2). The time was shortest for
autologous HSCT recipients (3 days, IQR 2-5 days). It was
8 days (IQR 4—-12 days) in allogeneic HSCT recipients, and
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autologous HSCT; d patients with acute leukemia treated with induc-
tion chemotherapy. BSI bloodstream infection, HSCT hematopoietic
stem cell transplantation

10 days (IQR 6-14 days) after induction chemotherapy in
patients with acute leukemia.

A total of 1599 of the 2463 first BSI episodes (64.9%)
occurred within the first week of neutropenia and were clas-
sified as early-onset BSI, while 864 (35.1%) BSI developed
after the first week of neutropenia and were classified as late-
onset BSI. The proportion of early-onset BSIs was higher
for autologous HSCT recipients compared to allogeneic
HSCT recipients and patients receiving induction chemo-
therapy without HSCT (853 [94.6%] versus 667 [49.7%]
and 79 [35.9%], respectively). Patients who developed BSI
late-onset BSI differed significantly from patients who with



Early versus late onset bloodstream infection during neutropenia after high-dose chemotherapy... 841

A Number of isolates
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Fig.2 Time from onset of neutropenia to BSI. a Time to BSI for first
BSI episodes, b Time to BSI for all BSI episodes. Squares indicate
the median, whiskers indicate the interquartile range. *p <0.050,
*#*p<0.001 versus all other BSI (Kruskall-Wallis test with Dunn’s

early-onset BSI in regards to gender, the modality of anti-
neoplastic chemotherapy, underlying hematologic malig-
nancy, duration of neutropenia, the proportion of patients
admitted to the intensive care unit, and mortality during
neutropenia (Table 1).

The incidence rate of first BSI episodes was 14.68 BSI
per 1000 neutropenic days in the first week and declined
with increasing duration of neutropenia to 8.71 in the second
week and 4.73 in the third week (Fig. 1). In patients with
autologous HSCT, the incidence rate of first BSI episodes
was highest on the fourth day of neutropenia and declined
rapidly thereafter. In contrast, BSI incidence rate decline was
considerably slower in patients with allogeneic HSCT and
patients with acute leukemia treated with induction chemo-
therapy (Fig. 1). Of note, the BSI incidence rate during the
first week of neutropenia was higher in patients with autolo-
gous HSCT (19.77 per 1000 neutropenic days) compared to
patients with allogeneic HSCT (11.77 per 1000 neutropenic
days, p <0.001) and patients receiving induction chemother-
apy for acute leukemia (8.71, p <0.001, Fig. 1b—d).

Distribution of BSI pathogens during neutropenia

BSI were more frequently caused by Gram-positive than
Gram-negative bacteria (Table 2). Polymicrobial bacteremia
was found in 80 patients (3.2%), and 67 patients (2.7%) had
a fungemia. The most frequent Gram-positive isolates were
CoNS and Enterococcus spp., while E. coli, Pseudomonas
aeruginosa and Klebsiella spp. were the most frequent Gam-
negative BSI isolates.

B Number of isolates
Total BSI —e— 3116
gat il 1060
it 1928
36

Fungi —_— ** 92
") 2 4 6 8 10 12 14 16 18 20 22 24
Days of neutropenia to BSI

Number of isolates

KES —_—— 179
Staphylococcus aureus — 67
Escherichia coli —_— 640
Streptococcus spp. — 242
Coag.-neg. i 1139
i 139
Enterococcus faecalis —— 64
Enterococcus faecium —_—————— = 251
Stenotrophomonas maltophilia § —_—. 44
Non-albicans Candida spp. —_—— - 57

2 4 6 & 10 12 14 16 18 20 22 24

Days of neutropenia to BSI

multiple comparisons test for comparison to all other BSI). BSI
bloodstream infection, KES Klebsiella spp., Enterobacter spp. and
Serratia spp.

The median duration of neutropenia until onset of BSI
was shorter for Gram-negative rods than for Gram-positive
bacteria and fungi (Fig. 2). E. coli bacteremia developed
a median 2 days earlier than other BSI, and E. faecium, S.
maltophilia und non-albicans Candida spp. grew a median
of 3, 6, and 7 days later, respectively (Fig. 2). No differ-
ence in the median duration of neutropenia until onset of
BSI according to pathogen was found between first episodes
compared to all episodes occurring during neutropenia
(Fig. 2a,b).

The changes in the relative proportion of blood stream
pathogens in early and late onset BSI are summarized in
Fig. 3 and Table 2. Overall, the frequency of ESBL-pro-
ducing Enterobacteriacea was comparably low in both
early-onset BSI (50 episodes, 3.1% of early-onset BSI) and
late-onset BSI (19 episodes, 2%). Similar results were found
in analyses stratified by autologous and allogeneic HSCT
(Online resource 1).

Discussion

In this large cohort study of patients receiving antineoplas-
tic treatment for hematologic malignancies, we observed
substantial changes in the spectrum of pathogen over the
duration of neutropenia. While E. coli and CoNS were the
predominant pathogen in the first week of neutropenia, a
higher proportion of more difficult-to-treat organisms such
as E. faecium, S. maltophilia and non-albicans Candida
occurred thereafter. The most pronounced relative reduc-
tion over time was observed for E. coli as a BSI pathogen,
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Table 2 Pathogens in early- and

Jate-onset bloodstream infection Pathogen All BSI Early-onset BSI ~ Late-onset BSI p?
(n=2463) (n=1599) (n=864)
Gram-positive bacteria 1548  629% 967 605% 581  67.3% 0.001
Coagulase-negative staphylococci 959  39.0% 629  393% 330 382% 0.603
Enterococcus spp. 269 10.9% 119 7.4% 150 17.4% <0.0001
Enterococcus faecium 181 7.35% 71 4.44% 110 12.73% <0.0001
Streptococcus spp. 185 7.5% 135 8.4% 50 5.8% 0.016
Staphylococcus aureus 53 2.2% 41 2.6% 12 1.4% 0.059
Gram-negative bacteria 818  332% 595 33.7% 223  25.7% <0.0001
Escherichia coli 495  20.1% 396  24.8% 99 11.5% <0.0001
KES group 129 5.2% 86 5.4% 43 5.0% 0.705
Pseudomonas aeruginosa 99 4.0% 67 4.2% 32 3.7% 0.592
Stenotrophomonas maltophilia 36 1.5% 10 0.6% 26 3.0% <0.0001
Anaerobes 30 1.2% 18 1.1% 12 1.4% 0.568
Fungi 67 2.7% 19 1.2% 48 5.6% <0.0001
Candida spp. 56 2.3% 17 1.1% 39 4.5% <0.0001
Candida albicans 15 0.6% 8 0.5% 7 0.8% 0.417
Non-albicans Candida spp. 41 1.6% 0.6% 32 3.7% <0.0001

BSI that occurred within 7 days after onset of neutropenia were classified early-onset BSI and BSI occur-
ring after the first week of neutropenia were classified as late-onset

Data were expressed as n patients (%)

BSI bloodstream infection, KES Klebsiella spp., Enterobacter spp. and Serratia spp.

p value for comparison of groups with early-onset BSI and late-onset BSI

Fig. 3 Distribution pathogens
during first BSI episodes during
neutropenia. BSI bloodstream
infection

1001

% of BSl isolates
(41
i

Coag.-neg. staphylococci
[ Enterococccus spp.

E= Streptococcus spp.

S. aureus

I E. coli Candida spp.
P. aeruginosa [ other
Klebsiella spp.

S. maltophilia

Y

it

2-5

Number of BSlisolates

which continuously decreased over the first 2 weeks of
neutropenia. In contrast, the proportion of BSI caused by
enterococci and Candida spp. increased in proportion over
this time period. Of note, E. faecium BSI, which are most
often resistant to beta-lactams used in the empiric therapy
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6-10 11-15 16-20 21-25 26-30 31-35 >35

Day of Neutropenia

687 301 108 45 23 15 3

of febrile neutropenia, occurred later than BSI by E. fae-
calis, which in Germany—the country that contributes
most ONKO-KISS surveillance sites—is almost univer-
sally sensitive to aminopenicillins [18]. Interestingly, the
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proportion of BSI caused by P. aeruginosa did not change
significantly over the first 3 weeks of neutropenia.

Previously, we have have reported a higher incidence of
BSI during neutropenia in patients after allogeneic hemato-
poetic stem cell transplantation compared to patients after
autologous HSCT [14, 19]. Although during day 5 to 9 of
neutropenia the cumulative incidence of BSI was in fact
lower in allogeneic HSCT patients, a longer duration of
neutropenia (16 days in allogeneic HSCT versus 6 days in
autologous HSCT), led eventually to higher BSI incidence
in this group [20].

Most factors that influence the risk for BSI in cancer
patients, such as exposure to antimicrobials, a low granu-
locyte count, mucosal damage and the presence of central
venous catheters are time-dependent. Probably the most
important time-dependent variable influencing the incidence
and microbiology of BSI in neutropenic patients is the expo-
sure to therapeutic antimicrobials. Over 80% of patients with
hematologic malignancies develop fever after chemotherapy
and given the high mortality of BSI in neutropenic patients,
prompt empirical antibiotic therapy is mandatory [7]. The
proportion of BSI that likely represent breakthrough infec-
tions after initiation of empiric broad-spectrum antibiotic
therapy, therefore, increases over the course of neutropenia.
The presumably increasing exposure to therapeutic antimi-
crobials over time most likely also explains why the inci-
dence rate of BSI in neutropenia in our cohort continuously
decreases after the fourth day of neutropenia. In addition,
the onset and severity of mucositis during myeloablative
regimens for HSCT peaks in the first week after start of the
conditioning, and strongly correlates with the risk for BSI
[21].

Recent studies have highlighted the profound changes of
the gut microbiome under antimicrobial exposure [10, 22,
23]. For example, a strongly reduced diversity of the gut
microbiome and overgrowth by enterococci, streptococci,
Enterobacteriacea associated with antibiotic treatment has
been described in allogeneic HSCT patients [10] and intes-
tinal colonization with overgrowth flora was a risk factor for
subsequent BSI caused by the same strain in HSCT patients
[22, 24]. In a study by Satlin et al., 101 of a total of 159
BSI in HSCT recipients occurred before the administration
of antibiotics with K. pneumoniae, E. coli, viridans strep-
tococci and P. aeruginosa being the most frequent isolates
[25]. In contrast, 31 of 58 breakthrough-BSI under treatment
with either piperacillin-tazobactam or meropenem were
caused by VRE and the median time from transplantation
until the first BSI by VRE was 18 days compared to 9 days
for all BSI. Other investigators have also reported that the
previous use of carbapenems and prolonged neutropenia are
strong risk factors for BSI caused by vancomycin-sensitive
and vancomycin-resistant E. faecium in cancer patients
[26, 27]. In a retrospective analysis of 120 BSI during the

pre-engraftment phase in allogeneic HSCT recipients from
a Swedish cancer center, the median time to BSI was 4 days
for viridans streptococci, 8 days for E. coli and 11 days for
Enterococcus spp. [28]. In a small retrospective study, all
BSI by S. maltophilia in HSCT recipients occurred later
than 3 weeks after transplantation [29]. In a retrospective
study by Marr et al. blood cultures of 30 patients with bone
marrow transplantation became positive after a median of
28 days after transplantation [30]. Furthermore, prophylaxis
by fluconazole or other azole antifungals have been shown
to select for a gastrointestinal colonization by non-albicans
Candida species [31] and a recent study reported that the
majority of Candida BSI in patients hospitalized for hema-
tologic malignancies were caused by non-albicans species
[32].

Our study has several limitations. Because it was primar-
ily designed as a surveillance program, several variables that
impact the risk for BSI were not recorded. These include the
timing and type of therapeutic antimicrobials, the type of
antineoplastic therapy or induction regimens, or the presence
and severity of mucositis, severity of neutropenia, presence
of lymphopenia, and therapeutic immunosuppressive medi-
cation. For other variables, the sample size was too small to
allow for stratification, such type or source of hematopoetic
stems cell used for transplatation. As shown in Table 1, the
time of onset of BSI during neutropenia correlated with the
type of underlying malignancy and antineoplastic treatment,
and, therefore, the patterns and timing of BSI may be pri-
marily associated with cancer treatment type rather than with
neutropenia duration. However, we observed similar trends
in BSI distribution over time in an exploratory analysis strat-
ified by HSCT method. Further exploratory analyses showed
no relevant change in the timing of BSI during neutropenia
over the study period of ONKO-KISS (data not shown).
Also, our analysis may reflect the pragmatic considerations
of clinicians assessing the pre-test probability for a positive
blood culture result in an individual patient that may differ
greatly over the course of neutropenia and which is perhaps
different across participating centers. Taken together, we,
therefore, did not intend to infer causality between the tim-
ing of BSI onset and respective distribution of pathogens,
as a multitude of known and unknown factors and interven-
tions may contribute to the onset of BSIs caused by specific
pathogens and as the timing of BSIs can be considered as a
predictor but not a causal factor. The strength of our study
was that patients were prospectively identified by active sur-
veillance from 20 study sites in three European countries
using standardized surveillance definitions. In contrast, most
previous studies were retrospective, single center, and had a
relatively small sample size.

In summary, our study results based on a multicenter
cohort of neutropenic patients demonstrates an increasing
proportion of difficult to treat pathogens such as E. faecium,
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S. maltophilia, and Candida spp. in neutropenic patients
with late-onset BSI. At least partly, these changes in BSI
pathogens can be explained by different lengths of at-risk
periods for colonization and infection by nosocomial path-
ogens. Even though most clinicians would expect such a
change in pathogen distributions during neutropenia, this has
so far not been confirmed in a large cohort study. Together
with various other clinical and hospital-specific factors, this
information may support empiric antimicrobial treatment
decisions in patients with febrile neutropenia.
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