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Background: The incidence of bacteremia caused by Gram-negative bacteria has increased recently in febrile neutropenic patients
with the increase of antibiotic-resistant Gram-negative bacterial infections. This study aimed to identify the distribution of causative
bacteria and the proportion of antibiotic-resistant bacteria in bacteremia diagnosed in febrile neutropenic children.

Materials and Methods: The medical records of febrile neutropenic children diagnosed with bacteremia between 2010 and 2014
were retrospectively reviewed. The causative bacteria and proportion of antibiotic-resistant bacteria were investigated and com-
pared yearly during the study period. The clinical impact of antibiotic-resistant bacterial infections was also determined.

Results: A total of 336 bacteremia episodes were identified. During the entire study period, 181 (53.9%) and 155 (46.1%) episodes
were caused by Gram-negative and Gram-positive bacteria, respectively. Viridans streptococci (25.9%), Klebsiella spp. (16.7%),
and Escherichia coli (16.4%) were the most frequent causative bacteria. The overall distribution of causative bacteria was not sig-
nificantly different annually. Antibiotic-resistant bacteria were identified in 85 (25.3%) episodes, and the proportion of antibiot-
ic-resistant bacteria was not significantly different annually. Extended-spectrum B-lactamase-producing E. coli and Klebsiella spp.
were most common among antibiotic-resistant Gram-negative bacteria, and they accounted for 30.6% (n = 34) of the identified
E. coli and K. pneumoniae. Methicillin-resistant coagulase-negative staphylococci were most common among antibiotic-resistant
Gram-positive bacteria, and it accounted for 88.5% (n = 23) of the identified coagulase-negative staphylococci. Antibiotic-resistant
bacterial infections, especially antibiotic-resistant Gram-negative bacterial infections, caused significantly higher mortality due to
bacteremia compared with non-antibiotic-resistant bacterial infections (P <0.001).

Conclusion: Recently, Gram-negative bacteria caused more bacteremia cases than Gram-positive bacteria in febrile neutropenic
children, and antibiotic-resistant Gram-negative bacterial infections increased. Antibiotic-resistant bacterial infections caused
poorer prognosis compared with non-antibiotic-resistant bacterial infections, and therefore, continuous surveillance for changing
epidemiology of antibiotic-resistant bacterial infections and their clinical impact is necessary.
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Introduction

Bacteremia is identified in approximately 20% of febrile neu-
tropenic patients [1]. Because empirical antibiotic therapy tar-
geting the common and virulent pathogens is important for
febrile neutropenic patients [1], continuous surveillance of
the causative bacteria of bacteremia in febrile neutropenic pa-
tients should be conducted. In the 1960s and 1970s, most cas-
es of bacteremia in febrile neutropenic patients were caused
by Gram-negative bacilli, such as Escherichia coli, Klebsiella
pneumoniae, and Pseudomonas aeruginosa [2, 3]. However,
bacteremia caused by Gram-positive cocci increased in the
1980s with the introduction of fluoroquinolone prophylaxis,
widespread use of central venous catheters, and use of potent
anticancer chemotherapy causing severe mucositis [2-4].
Such a change was also observed in our hospital: 57.4% of
bacteremia cases in febrile neutropenic children were caused
by Gram-positive bacteria (GPB) in 2009 [5].

Recently, bacteremia due to Gram-negative bacteria (GNB)
increased again [2, 6-8]. This increase in GNB infections ap-
pears to be associated with increases in fluoroquinolone-re-
sistant GNB that have arisen from a wide application of fluo-
roquinolone prophylaxis, extended-spectrum B-lactamase
(ESBL)-producing Enterobacteriaceae, multidrug-resistant
(MDR) P, aeruginosa and Acinetobacter baumannii [2]. There-
fore, the frequency of antibiotic-resistant (AR) bacterial infec-
tions as well as the distribution of the causative bacteria of
bacteremia diagnosed in febrile neutropenic patients should
be determined. We previously reported the frequency of ES-
BL-producing strains and their impact on prognosis in febrile
neutropenic children with E. coli and K. pneumoniae bactere-
mia [9]. Although 34.4% of the identified E. coli and K. pneu-
moniae strains produced ESBL, a significant impact on prog-
nosis was not observed [9]. However, reports on the frequency
and clinical impact of AR bacteria other than ESBL-producing
E. coliand K. pneumoniae were scarce in children with febrile
neutropenia and bacteremia [10]. The present study aimed to
identify the distribution of causative bacteria and the propor-
tion and clinical impact of AR bacteria in bacteremia diag-
nosed in febrile neutropenic children after 2010.

Materials and Methods

1. Patients and study design
The medical records of children <19 years of age, who were
admitted to Seoul St. Mary’s Hospital, College of Medicine,

The Catholic University of Korea, Seoul, Korea, between Janu-
ary 2010 and December 2014 were retrospectively reviewed.
Among them, febrile neutropenic children with underlying
hematological/oncological disorders who were diagnosed
with bacteremia were enrolled in the present study. Seoul St.
Mary’s Hospital is a university-affiliated tertiary teaching hos-
pital that has a separate 46-bed ward for children with hema-
tological/oncological disorders. A mean of 1,400 children are
admitted to the ward annually, and a total of 346 allogeneic
and autologous hematopoietic cell transplantations were per-
formed during the study period.

In our hospital, empirical antibiotic therapy for febrile neu-
tropenic children has been performed in accordance with the
recommendations of the committee for “Guidelines for the
Empirical Therapy of Neutropenic Fever Patients based on
Literature in Korea” [11]. In the presence of neutropenia, pro-
phylaxis with oral trimethoprim/sulfamethoxazole (150 mg
trimethoprim/m® once daily, three times weekly) against
Pneumocystis jirovecii was administered, but fluoroquinolone
prophylaxis was not given. When febrile neutropenia oc-
curred, empirical antibiotic therapy with piperacillin/tazobac-
tam and isepamicin was started, and a reassessment was per-
formed 3-5 days later. If the causative pathogen was identified,
the antibiotics were adjusted accordingly. If the fever persist-
ed without the identification of a definite cause, meropenem
was administered as a second-line empirical antibiotic agent.
Glycopeptides were added based on the recommended indi-
cations [11], and antifungal therapy was started based on the
results of serum galactomannan tests and chest imaging stud-
ies. The first-line empirical antibiotic agents were changed
from piperacillin/tazobactam and isepamicin to cefepime in
children with underlying acute myeloid leukemia (AML) in
January 2013; however, piperacillin/tazobactam and isepami-
cin combination therapy was continued in the remaining chil-
dren. Although neither antibiotic cycling nor antibiotic mixing
has been recommended as a strategy to reduce antibiotic re-
sistance [12], the antibiotic change was performed in prepara-
tion of the presumable effect of antibiotic heterogeneity on re-
ducing antibiotic resistance in our hospital.

Demographic data including sex and age, and clinical data
including the type and status of the underlying hematological/
oncological disorders, duration of neutropenia and fever, and
the occurrence of severe complications and death were evalu-
ated for the enrolled children. The annual distribution of caus-
ative bacteria and proportion of AR bacteria were compared.
The frequency of severe complications and mortality were
compared between children infected by AR bacteria and
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those infected by non-AR bacteria to determine the clinical
impact of AR bacterial infection. The present study was con-
ducted in accordance with the Declaration of Helsinki. This
study was approved by the Institutional Review Board of Seoul
St. Mary’s Hospital, and the need for informed consent was
waived (Approval number: KC16RISI0244).

2. Microbiological tests

Blood samples for culture were withdrawn using a sterile
technique from a peripheral vein and each lumen of a central
venous catheter. Each 1-3 mL of the blood samples was im-
mediately inoculated into a culture bottle (BD BACTEC™
Peds Plus Culture Vial, Becton Dickinson, Sparks, MD, USA)
and an automated culture system (BACTEC™ FX, Becton
Dickinson, Sparks, MD, USA) was used. Bacterial identifica-
tion and antibiotic susceptibility tests were performed using
an automated system (VITEK®2, bioMériux, Hazelwood, MO,
USA).

3. Definition

Fever was identified when the tympanic membrane tem-
perature was >38.0°C or axillary temperature was >37.5°C [11].
Neutropenia was identified when the absolute neutrophil
count (ANC) was <500/mm”® or the ANC was expected to be
<500/mm’ within 2-3 days [11]. Bacteremia was diagnosed
when at least one blood sample collected during febrile neu-
tropenia grew any bacteria. Normal skin flora, such as coagu-
lase-negative staphylococci (CNS), Bacillus spp., and Coryne-
bacterium spp., were considered true pathogens in cases of
the presence of an intravascular catheter and the initiation of
antimicrobial therapy [13]. If bacteremia was diagnosed with-
in 1 month after the completion of antibiotic therapy for bac-
teremia caused by the same pathogen, it was considered in-
complete eradication of the previous infection and not
included as a separate episode of bacteremia. A polymicrobial
infection was identified when two or more species of patho-
gens grew from a same blood sample or separate samples col-
lected on the same day.

Severe complications included hypoxia, shock, renal dys-
function, hepatic dysfunction, intensive care unit admission,
receiving mechanical ventilator care, and death. Hypoxia was
defined as an SpO, <90% identified using a pulse oximeter,
while shock was defined when the patient showed a systolic
blood pressure <5" percentile of an age-matched normal
range and received volume expansion or inotropic agents to
raise blood pressure [14]. Renal dysfunction was diagnosed
when a serum creatinine level was increased to more than

two times of that checked before febrile neutropenia [15]. He-
patic dysfunction was diagnosed when a serum aspartate
transaminase or alanine transaminase level increased to more
than two times of that checked before febrile neutropenia
with a serum total bilirubin level >2.0 mg/dL and a prothrom-
bin time international normalized ratio >1.5 [16]. Overall mor-
tality included death of any cause within 30 days after the di-
agnosis of bacteremia [17]. Mortality due to bacteremia was
defined when the patient died within 1 week after the diagno-
sis of bacteremia without clinical improvement or bacterial
eradication from the blood [17].

Methicillin-resistant Staphylococcus aureus (MRSA), methi-
cillin-resistant CNS (MRCNS), and vancomycin-resistant En-
terococci (VRE) among GPB and ESBL-producing E. coli and
Klebsiella spp., carbapenem-resistant Enterobacteriaceae
(CRE), MDR P. aeruginosa, and carbapenem-resistant A. bau-
mannii (CRAB) among GNB were defined as AR in the pres-
ent study. MDR among P. aeruginosa was defined when the
identified strain was non-susceptible to more than three of
eight categories of antibiotics recommended to be tested [18].

4. Statistical analysis

The annual distribution of causative bacteria and proportion
of AR bacteria were compared using a chi-square test. Clinical
factors and the frequency of complications and mortality rates
between children infected by AR and non-AR bacteria were
compared. Continuous factors were compared between groups
using a Mann-Whitney test and categorical factors were com-
pared using a chi-square test. A multivariate analysis using a bi-
nary logistic regression test was performed to identify risk fac-
tors for AR bacterial infection. Factors showing a P value <0.10
between the two groups on univariate analysis were assessed
for association with AR bacterial infection through a multivari-
ate analysis. The statistical analysis was performed using SPSS
Statistics 17.0 (SPSS Inc., Chicago, IL, USA), and statistical sig-
nificance was defined as a two-tailed P value of <0.05.

Results

1. Characteristics of febrile neutropenic children
diagnosed with bacteremia
During the study period, 336 episodes of bacteremia were
diagnosed in 186 febrile neutropenic children. The median
age of the enrolled children was 11 years (range: 0-18 years),
and 207 (61.6%) episodes were diagnosed in boys (Table 1).
AML (n = 150, 44.6%) and acute lymphoblastic leukemia (ALL;
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n =112, 33.3%) were the most frequent underlying hematolog-
ical/oncological disorders. Consolidation chemotherapy (n =
126, 37.5%) was the most common therapy administered prior
to the development of bacteremia. Re-induction or palliative
chemotherapy was administered in 155 (46.1%) episodes pri-
or to bacteremia, and 57.6% of the bacteremia episodes in

children with malignancies occurred during non-complete
remission or response (CR) states.

Fever persisted for a median of 3 days (range: 1-99 days),
and severe complications occurred in 94 (28.0%) episodes
(Table 1). Oxygen administration (n = 80, 23.8%) and septic
shock (n =47, 14.0%) were most common among severe com-

Table 1. Characteristics of febrile neutropenic children diagnosed with bacteremia
- ______________________| ]

Non-antibiotic-resistant

Antibiotic-resistant

Factor bacteria (n = 251) bacteria (n = 85) P-value
Age, years, median (range) 10 (0-18) 11 (1-18) 0.580
Sex, male (%) 156 (62.2) 51 (60.0) 0.724
Underlying disorders 0.052
Acute myeloid leukemia 122 (48.6) 28 (32.9)
Acute lymphoblastic leukemia 72(28.7) 40 (47.0)
Solid tumors 20 (8.0) 6(7.1)
Lymphoma 11 (4.4) 7(8.2)
Severe aplastic anemia 16 (6.4) 2(2.4)
Mixed phenotype acute leukemia 5(2.0) 2(2.4)
Chronic myeloid leukemia 2(0.8) 0(0.0)
Non-malignant hematological disorders 2(0.8) 0(0.0)
Myelodysplastic syndrome 1(0.3) 0(0.0)
Administered therapy prior to bacteremia® <0.001
Consolidation chemotherapy 111 (46.1) 15(17.8)
Re-induction chemotherapy 76 (31.5) 28 (33.3)
Palliative chemotherapy 25(10.4) 26 (31.0)
Allogeneic hematopoietic cell transplantation 12 (5.0) 7(8.3)
Induction chemotherapy 14 (5.8) 5 (6.0)
Autologous hematopoietic cell transplantation 1(0.4) 2(2.4)
Completion of chemotherapy 1(0.4) 1(1.2)
Immune suppression therapy 1(0.4) 0(0.0)
Remission state of underlying malignancy” <0.001
Complete remission/response 115 (49.4) 19 (22.9)
Non-complete remission/response 118 (50.6) 64(77.1)
Central venous catheter 0.347
Hickman catheter 181 (72.1) 55 (64.7)
Subcutaneously implanted chemoport 57 (22.7) 26 (30.6)
None 13 (5.2) 4(4.7)
Fever duration, days, median (range) 2(1-99) 3(1-51) 0.477
Polymicrobial infection 33(13.1) 8(9.4) 0.363
Severe complications 57 (22.7) 37 (43.5) <0.001
Oxygen therapy 49 (19.5) 31(36.5) 0.002
Shock 34 (13.5) 13 (15.3) 0.688
Admission to the intensive care unit 21(8.4) 15(17.6) 0.017
Renal dysfunction 17 (6.8) 11(12.9) 0.075
Mechanical ventilator care 14 (5.6) 12(14.1) 0.011
Hepatic dysfunction 13(5.2) 5(5.9) 0.784
Overall mortality 32(12.7) 31(36.5) <0.001
Mortality attributable to bacteremia 14 (5.6) 17 (20.0) <0.001

Data are numbers (%).

“There were no administered therapy prior to the development of febrile neutropenia in 11 episodes (Nine episodes of severe aplastic anemia and two episodes of non-

malignant hematological disorder).

“The remission states of underlying malignancies were determined in 316 episodes except for 20 episodes with underlying severe aplastic anemia or non-malignant dis-

orders.
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plications. A total of 63 children (18.8%) died within 1 month
after the diagnosis of bacteremia, and 31 (49.2%) of them died
due to bacteremia.

2. Periodic change of the distribution of causative
bacteria and antibiotic-resistant bacteria

During the whole study period, GNB and GPB caused 181
(53.9%) and 155 (46.1%) episodes of bacteremia, respectively
(Table 2). The annual proportions of GNB and GPB were sig-
nificantly different (P = 0.049). The proportion of GPB in 2010
was similar to that in 2014 (P = 0.292) and significantly higher
than those in 2011-2013 (P = 0.010); however, there were no
significant differences from 2011 to 2014 (P = 0.391). Viridans
streptococci (n = 87, 25.9%), Klebsiella spp. (n = 56, 16.7%), and
E. coli (n = 55, 16.4%) were the most frequent causative bacte-
ria (Table 2). The overall distribution of causative bacteria was
not significantly different annually. Enterobacter spp. showed
a significant change in the proportion in bacteremia (P =
0.042); however, it accounted for only 3.3% of bacteremia
during the whole study period.

AR bacteria were identified in 85 (25.3%) episodes, and the
frequency of AR bacteria was not significantly different annual-
ly (Table 3). ESBL-producing E. coli and Klebsiella spp. were
most common among AR GNB, and they accounted for 30.6%
of the identified E. coli and K. pneumoniae. ESBL-producing
strains were 30.9% of E. coli and 30.4% of Klebsiella spp., pro-
portions that were not significantly different (P = 0.950). MRCNS
was most common among AR GPB, and it accounted for 88.5%

of the identified CNS. During the study period, the proportions
of each AR bacterium were not significantly different annually.

3. Clinical impact of antibiotic-resistant bacterial
infection

Significantly more children with an AR bacterial infection
received palliative care and were in a non-CR state compared
with those with non-AR bacterial infection (Table 1). On mul-
tivariate analysis, only the non-CR state of underlying malig-
nancy was a significant risk factor for AR bacterial infection
among the type of underlying disorder, administered therapy,
and remission state of underlying malignancy (P = 0.047; odds
ratio, 5.847; 95% confidence interval, 1.026-33.307).

The frequency of complications and mortality rate were
compared between children infected by AR and non-AR bac-
teria to determine the clinical impact of AR bacterial infection
(Table 1). Severe complications occurred more frequently in
children infected by AR bacterial than in those infected by
non-AR bacteria (P <0.001). Children infected by AR bacteria
were prone to receiving oxygen therapy (P = 0.002) and me-
chanical ventilator care (P =0.011) and admitting to the inten-
sive care unit (P = 0.017) compared with those infected by
non-AR bacteria. AR bacterial infections caused significantly
higher rates of overall mortality (P <0.001) and mortality due
to bacteremia (P <0.001) compared with non-AR bacterial in-
fections.

In GPB infections, AR GPB infections caused a significantly
higher mortality rate compared with non-AR GPB infections;

Table 2. The annual distribution of causative bacteria in bacteremia of febrile neutropenic children

Bacteria Whole period 2010 2011 2012 2013 2014 P-value
GNB  Klebsiella spp. 56 (16.7) 4(7.5) 13 (22.0) 16 (20.5) 12 (14.1) 11(18.0)  0.222
Escherichia coli 55 (16.4) 12 (22.6) 7(11.9) 16 (20.5) 13(15.3) 7(115) 0341
Pseudomonas aeruginosa 28(8.3) 1(1.9) 8(13.6) 8(10.3) 7(8.2) 4(6.6) 0.229
Enterobacter spp. 11 (3.3) 0(0.0) 2(3.4) 1(1.3) 7(8.2) 1(1.6) 0.042
Acinetobacter baumannii 8(2.4) 3(5.7) 0(0.0) 2(2.6) 2(2.4) 1(1.6) 0.400
Other GNB 23 (6.8) 0(0.0) 4(6.8) 5(6.4) 9(10.6) 5(8.2) 0.202
Total of GNB 181 (53.9) 20 (37.7) 34 (57.6) 48 (61.5) 50 (58.8) 29(475)  0.049
GPB  Viridans streptococci 87 (25.9) 15(28.3) 16 (27.1) 20 (25.6) 18 (21.2) 18(29.5)  0.807
CNS 26 (7.7) 6(11.3) 4(6.8) 3(3.8) 6(7.1) 7(115) 0415
Enterococcus spp. 20 (6.0) 4(7.5) 3(5.1) 4(5.1) 4(4.7) 5(8.2) 0.878
Staphylococcus aureus 7(2.1) 2(3.8) 1(1.7) 0(0.0) 3(3.5) 1(1.6) 0.497
Others GPB 15 (4.5) 6(11.3) 1(1.7) 3(3.8) 4(4.7) 1(1.6) 0.087
Total of GPB 155 (46.1) 33(62.3) 25 (42.4) 30 (38.5) 35(41.2) 32(525)  0.049
Total 336 (100.0) 53(100.0)  59(100.0)  78(100.0)  85(100.0) 61 (100.0)

Data are numbers (%).

GNB, gram-negative bacteria; GPB, gram-positive bacteria; CNS, coagulase-negative staphylococci.
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Table 3. Frequencies of antibiotic-resistant bacteria identified in children with febrile neutropenia and bacteremia during the study period
' e e A

Whole
. . 2010 2011 2012 2013 2014
Bacteria period P-value
(n = 336) (n=53) (n=59) (n=78) (n=85) (n=61)
Gram negative bacteria
ESBL-producing Escherichia coliand ~ 30.6 (34/111) 18.8(3/16) 25.0(5/20) 37.5(12/32) 20.0(5/25) 50.0(9/18) 0.160
Klebsiella spp. 54(7/129)  0.0(0/16)  43(1/23) 29(1/34) 11.4(4/35) 4.8(1/21) 0.426
Carbapenem-resistant Enterobacteria- 32.1 (9/28) 0.0(0/1) 37.5(3/8) 37.5(3/8) 14.3(1/7)  50.0(2/4) 0.682
ceae® 87.5(7/8)  100.0(3/3) NA 100.0 (2/2)  50.0(1/2) 100.0(1/1)  0.330
MDR Pseudomonas aeruginosa
Carbapenem-resistant Acinetobacter
baumannii
Gram positive bacteria
Vancomycin-resistant Enterococci 35.0 (7/20) 75.0(3/4)  66.7(2/3) 0.0 (0/4) 25.0(1/4) 20.0(1/5) 0.138
Methicillin-resistant CNS 88.5(23/26) 100.0(6/6) 75.0(3/4) 100.0(3/3) 833(5/6) 857(6/7)  0.719
Methicillin-resistant Staphylococcus ~ 14.3 (1/7) 0.0 (0/2) 0.0 (0/1) NA 33.3(1/3) 0.0 (0/1) 0.670
aureus
Total 25.3(85/336) 28.3(15/53) 22.0(13/59) 25.6(20/78) 20.0 (17/85) 32.8(20/61)  0.453

Data in brackets are the proportion of antibiotic-resistant bacteria to the total identified strains of each bacterial strain.
“Three isolates of carbapenem-resistant Enterobacteriaceae were also positive for the extended-spectrum B-lactamase.
ESBL, extended-spectrum B-lactamase; MDR, multidrug-resistant; CNS, coagulase-negative staphylococci; NA, not available.

however, mortality due to bacteremia was not significantly
different between the two groups (Table 4). Among the GNB
infections, AR GNB infections caused significantly higher
rates of overall mortality (P = 0.001) and mortality due to bac-
teremia (P <0.001) compared with non-AR GNB infections
(Table 4).

Discussion

In the present study, the causative bacteria of bacteremia di-
agnosed in febrile neutropenic children after 2010 were inves-
tigated. GNB caused 41.8% of bacteremia cases in febrile neu-
tropenic children in our hospital in 2009 [5], while the
proportion of GNB increased to 53.9% in the present study.
However, a further increase in GNB infections after 2010 was
not identified in the present study. AR bacterial infections had
a poorer prognosis than non-AR bacterial infections; however,
the proportion of AR bacteria among bacteremia cases in fe-
brile neutropenic children has not significantly increased
since 2010.

The proportion of GNB in bacteremia diagnosed in febrile
neutropenic patients or those with underlying hematological/
oncological disorders varied among geographical locations
and time periods [2, 6]. GNB caused a median 42% (range: 14-
69%) of bacteremia cases in children with hematological/on-
cological disorders in the 2000s, and the proportion of GNB

infections tended to increase after the 2000s [6-8]. Among the
GNB infections, the proportion of AR bacterial infections also
tended to increase recently [2, 7, 8, 10, 19-21]. In Korean chil-
dren with hematological/oncological disorders, GNB caused
49-62% of bacteremia cases in the 2000s, a higher proportion
than in western children [22-24]. In the present study, 53.9%
of bacteremia cases were caused by GNB, which was similar
to the previous results in Korean children; however, it was
higher than previously reported proportion of GNB, 41.8%, in
our hospital in 2009. In the present study, GPB caused more
bacteremia cases than GNB in 2010 and 2014. Although the
proportion of GPB was significantly higher in 2010 than in
2011-2014, the proportion of GPB in 2014 was not significant-
ly different from that in 2011-2013. As a result, the overall pro-
portion of GNB in bacteremia of febrile neutropenic children
increased again after 2010.

Previous studies on Korean children with hematological/
oncological disorders reported that 15-21% of bacteremia due
to E. coli and Klebsiella spp. was caused by ESBL-producing
strains and 71% of bacteremia due to A. baumannii was
caused by CRAB [22-24]. In addition, 42-75% of bacteremia
cases due to Enterococci were caused by VRE, 29-50% of bac-
teremia cases due to S. aureus were caused by MRSA, and 82-
87% of bacteremia cases due to CNS were caused by MRCNS
[22-24]. In the present study, MRCNS comprised 88.5% of this
proportion, which was similar to previously reported propor-
tions in Korean children (82-87%) and adults admitted to he-
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Table 4. Clinical impact of antibiotic-resistant bacterial infection

Non-antibiotic- Antibiotic- Non-antibiotic- Antibiotic-
Factor resistant GPB resistant GPB P-value® resistant GNB resistant GNB P-value®
(n=124) (n=31) (n=127) (n=54)

Severe complications 27 (21.8) 12 (38.7) 0.052 30(23.6) 25 (46.3) 0.002
Oxygen therapy 24 (19.4) 12 (38.7) 0.022 25(19.7) 19 (35.2) 0.026
Shock 11(8.9) 2(6.5) 0.664 23 (18.1) 11 (20.4) 0.722
ICU care 5(4.0) 5(16.1) 0.028 16 (12.6) 10 (18.5) 0.299
Renal dysfunction 7(5.6) 3(9.7) 0.420 10 (7.9) 8(14.8) 0.153
Mechanical ventilator care 5(4.0) 4(12.9) 0.079 9(7.1) 8(14.8) 0.103
Hepatic dysfunction 4(3.2) 3(9.7) 0.143 9(7.1) 2(3.7) 0.510

Mortality 14 (11.3) 11 (35.5) 0.001 18 (14.2) 20(37.0) 0.001

Mortality due to bacteremia 7(5.6) 3(9.7) 0.420 7(5.5) 14 (25.9) <0.001

°P-values were determined between antibiotic-resistant and non-antibiotic-resistant GPB groups.
*P-values were determined between antibiotic-resistant and non-antibiotic-resistant GNB groups.

GPB, gram-positive bacteria; GNB, gram-negative bacteria; ICU, intensive care unit.

matology wards in our hospital (92.9%) [25]. However, the
proportions of VRE and MRSA decreased to 35.0% and 14.3%,
respectively. For AR GNB, the proportion of ESBL-producing
E. coli and Klebsiella spp. increased to 30.6% in the present
study; however, it was lower than the proportion of 43.7% in
adults admitted to hematology wards in our hospital (P =
0.048) [25]. The proportion of CRAB also increased to 87.5% in
the present study. Although MDR P. aeruginosa caused 32.1%
of bacteremia cases due to P. aeruginosa in the present study,
there were no previous comparable data in Korean febrile
neutropenic children. As a result, the proportion of AR bacte-
ria cases tended to increase among GNB rather than among
GPB; therefore, the strategies for appropriate antibiotic thera-
py should target the increasing AR GNB proportions. In par-
ticular, ESBL-producing E. coli and Klebsiella spp. were the
most common pathogens among AR bacteria. An appropriate
strategy for carbapenem use for these pathogens should be
established.

It is well known that bacteremia due to AR GNB causes pro-
longed hospitalization and increased mortality because of the
inappropriateness of empirical antibiotics against AR GNB [2,
10, 26]. AR bacterial infections caused significantly more se-
vere complications and higher mortality rates than non-AR
bacterial infections in the present study. In particular, AR GNB
infections rather than AR GPB infections caused poorer prog-
nosis attributable to bacteremia than non-AR bacterial infec-
tions. Fortunately, the mortality rate of febrile neutropenic
children with bacteremia in the present study was not higher
than that reported previously despite the increased propor-
tion of AR GNB infections. The overall mortality rate of febrile
neutropenic children with bacteremia in our hospital was
20.3% between 2004 and 2006 [24], while that of the children

in the present study was 18.8%. This result may show the ap-
propriateness of the current strategy for antibiotic therapy in
febrile neutropenic children despite increasing AR GNB infec-
tion rates. If we consider that there was no significant differ-
ence in the annual proportion of AR bacterial infections after
2010 in the present study, the current antibiotic therapy strat-
egy can be maintained.

The present study had some limitations. First, we could not
determine the occurrence rate of bacteremia in the whole
population receiving anticancer chemotherapy, and the viral
etiology of febrile neutropenia was not determined because
laboratory studies for viral infection had not been performed
for febrile neutropenic children in our hospital. Second, the
administered antibiotic agents and their appropriateness for
each child were not determined because they were outside
the range of the present study. Finally, the results of the pres-
ent study, which was conducted in a single hospital, may be
inadequate to be adopted by all other hospitals. The distribu-
tion of causative bacteria and their antibiotic susceptibilities
in bacteremia of febrile neutropenic patients are influenced
by the AR status of each community and each country as well
as strategies of infection control and antibiotic use in each
hospital [2]. Therefore, each hospital should be aware of indi-
vidual data of the causative bacteria and their antibiotic sus-
ceptibilities in bacteremia of febrile neutropenic patients.
Nevertheless, the present study could be helpful for other hos-
pitals, which use a similar strategy for antibiotic therapy in fe-
brile neutropenic patients or are located in countries with
similar antibiotic resistance rates to those of Korea.

In conclusion, the proportion of GNB in bacteremia cases in
febrile neutropenic children increased after 2010 in our hospi-
tal, and this increase was in parallel with the increase in AR
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GNB infections, especially ESBL-producing GNB. AR GNB in-
fections caused poorer prognosis compared with non-AR bac-
terial infections, and therefore, continuous surveillance for
changing epidemiology of AR bacterial infections and their
clinical impact in neutropenic patients with bacteremia
should be performed. In addition, strategies for reducing the
occurrence of AR bacterial infections and their spreading in
the hospital should be established.
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