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Etiology of Bacteremia in Children with Hemato-oncologic Diseases from a
Single Center from 2011 to 2015
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Purpose: The aim of this study was to identify the pathogens of blood stream infection (BSI) in children with hemato-oncologic disorders,
to analyze susceptibility patterns of microorganisms to guide empirical antimicrobial therapy, and to compare temporal trends of the pathogen
and antimicrobial susceptibility with those of previous studies.

Methods: We retrospectively analyzed the medical records of children with hemato-oncologic disorders whose blood culture grew pathogens
at the Seoul National University Children’s Hospital between 2011 and 2015.

Results: A total of 167 patients developed 221 episodes of bacteremia. Among 229 pathogens, gram-negative bacteria (GNB) accounted
for 69.0% (64.0% in 2002 to 2005, 63.4% in 2006 to 2010); gram-positive bacteria (GPB) accounted for 28.8% (31.3% in 2002 to 2005,
34.6% in 2006 to 2010); and fungus accounted for 2.2%. Among GNB, Klebsiella species (53.2%, 84/158) and Escherichia coli (19.6%, 31/
158) were common. Staphylococcus aureus (48.5%, 32/66) and viridans streptococci (21.2%, 14/66) were frequently isolated among GPB.
The susceptibilities of oxacillin and vancomycin in GPB were 54.8% and 96.9% (51.5% and 95.5% in 2002 to 2005; 34.1% and 90.5% in
2006 to 2010), respectively, whereas in GNB, the susceptibilities of cefotaxime, piperacillin/tazobactam, and imipenem were 73.2%, 77.2%,
and 92.6% (75.9%, 82.8%, and 93.4% in 2002 to 2005; 62.8%, 82.9%, 93.8% and in 2006 to 2010), respectively. There were no signific-
ant differences in the proportion of etiologic agents or the antimicrobial susceptibilities between the current study and that of the previous
two studies from 2002 to 2010. Overall fatality rate was 13.1%.

Conclusions: GNB predominated in BSI among children with hemato-oncologic disorders. The etiology of bacteremia and antimicrobial
susceptibility were comparable to those of the previous studies. Thus, piperacillin/tazobactam can be used as the initial empirical
antimicrobial agent in febrile neutropenia.
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Dickinson) oAl 547F wjstR Tt WA TFA A=
Vitek-2 (bioMérieux, Marcy I'Etoile, France), Microscan
(Siemens Healthcare, Sacramento, CA, USA) 59 A&
3t AHE o835t Hai A sEE S8

EAEA]L SPSS version 23.0 (IBM Co., Armonk, NY,
USA)S o]8319 1, 8 W= ¥l B4 chi-square
test ¥ Fisher exact testE A 33} 11, ALHF+= logistic
regression model& A3t P gto] 0.05 w|wkel A
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1. H& 2iX1e| M A EX

201195H 20153714 & 5zt &xof Y A} 167
oA 22192] FEZo] FJAHALH, F 229 #F7}
E—ﬂﬂﬁi‘ﬂr o] F WA H#IFL 2149(96.8%), Tht
A 85 549(23%)0190H, TE I 29(0.9%)
o] AT,

Z 1678 & FA7F 819 (48.5%) 1A 2.
I 1EEE 18OAAIR F4 dH-L 9.
A Fxjof| A 23] o]ge] FHZFo] HAZ H$-= 387
A=, o] F 23] YT
24, 53] 19 0]t}
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o
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TFolRen, &5 AaTol Yl Ao S aureus,
Streptococcus pneumoniae, Acinetobacter baumannii7}
&3] e Atk (Table 2).

Gdd F8F 2144 T IFSAT FEL 629(29.0
%), 1847 gL 14990(69.6%), 3t 72 39
(1.4%) At thtd #8352 F 59=, 10 571 24
HAo. T AHL F 2400H, 4= 3 75, UHA
ld&= 2 5o o3 #dFo] T8It

< 30409 AR Av 7S] TSR F
30 37 BEHHAL 1 F 219(70%) = F7] FAA
WS THA AL AN e, 99 (30%)= ©7] AN AS

Table 1. Clinical Characteristics of Pediatric Hemato-oncological

= 167‘35]9] :ﬂ_—X]-Oﬂ/\‘] ;ﬂ% %}\] }dﬁg 7‘(4_ % 6‘:120_114%_ Patients with Bacteremia
o] 1309(58.8%) = 7 ©Wekom, o] T 54 Hx Characteristic No. of episodes (%)
T4 MEHo] 62¢](28.1%), B4 =54 “”33%01 324] Sex 7]
(14.5%)Ach 18 FU+L 6294 (28.1%), Y A+ Male 102 (46.2)
© 56])(2.3%)©] Y TH(Table 1). Female 119(53 8)

Median age (yr) (range) .8(0.1-18.9)

2. AS= lolzo| B Underlying disease

2 000 FF F. THRNTL 66 FF(28.8%), LTS HAematolloglchlel|gnlan|cyk . 13(2J (28 213)
S 158 FE(69.0%). AFE 5 H5(2.2%)ATh o] cute lymp 0 astic eukenia 62 (28.1)
Aol 2=l 2002 - 200593 2006 2010 ¢] Ao} Acute myeloid leukemia 32(14.5)
e 13.14) Non-Hodgkin lymphoma 24.(10.9)

=) =

LT A A7l whE ek (2002 - 2005 Hemophagocytic lymphohistiocytosis 5(2.3)
9 31.3%, 200620105 34.6%) 3} TLe5/d (2002 ~ Acute biphenotypic leukemia 3(1.4)
20053 64.0%, 2006 —-2010d 63.4%) &3Eol= ZAst Hodgkin's disease 2(0.9)
Ao 2 {593k 2o 7} §lATHP=0.407) (Fig. 1). Acute unspecified leukemia 2(0.9)

1 =L s XS FFL Klebsiella species Non-hematologic malignancy 62(28.1)
2 84 #F(36.7%) giotq 1 \:}_O_gi 5[aphy]OCOCCUS Medulloblastoma 15 (6.8)
aureus 32 75 (14.0%), Escherichia coli 31 75(13.5%), Neuroblastoma 9(4.1)
.. . — o] Ewing sarcoma 8(3.6)
viridans streptococci 14 7#5(6.1%)2] =] At} _ : :

‘E"—g% %}}\g %}\] 3T Qi%ol %H]’Q 0}\1:4 7ﬂ o Atypical teratoid rhabdoid tumor 5(2.3)

p ) a 00l Ao 16 Hepatoblastoma 5(2.3)
1969(88.7%)Sth. AWl &+ 47} 3= 1694 Osteosarcoma 4018
(76.5%), 100 1Rk 9= 189|(8.1%), 100 o]/ 500 w] Rhabdomyosarcoma 3(1.4)
TRl A= 99(4.1%), 500 ©]d<?1 A= 259(11.3%) ReitallEsiamE 3(1.4)
Art. TFF A ZFo] Tk 196404 B E 204 Others* 10 (4.5)
FoA IHYAAL 47 FF(23.0%), 1H3A 2 153 Stem cell transplantation 23(10.4)
TF(75.0%)F AA AT T ATl (i 259 Off therapy 1(0.5)
A B4 25 #F= A To] 19 #F(76.0%), 1 Non-malignant hematologic disease 5(2.3)

Aplastic anemia 4(1.8)

BeTol 5 HF(2000)F A 16} A 227 423
ol mhe IR 1
ATHP<0.001) (Table 2). &% u¢%°l
= Klebsiella species, E. coli, S. aureus 5°] &3+ 9121

WWW.piv.or.Kr

Myelofibrosis 1(0.5)

*Chondrosarcoma, desmoplastic small round cell tumor, extrarenal malignant
rhabdoid tumor, germ cell tumor, nasopharyngeal carcinoma, primitive neuroecto-
dermal tumor, Wilm's tumor, yolk sac tumor.
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7P<1 Skl A BT T ES A A7) AR

S 7L = A 1219(54.8%) 90 F 123
o R 1 B B) FARHEE A 17.4%e]
A SRR Au FEFo] WA Fa AT
Klebsiella species 30%, S. aureus 13.3%, A. baumannii,
E. coli, 18] 11 viridans streptococci 2} 10%, CoNS 6.7%

3. dE&2| "".:J?_'E'QJ Shx |2t
JHSAT 64 7F2 AYAH (penicillin), A H

(oxacillin), ‘?}iU}O]/‘ﬂ(Vancomycm)-J A A 744
2 13.8%, 54.8%, 96.9% (2002 —2005d 16.7%, 51.5%,
95.5%; 2006 — 201013 14.3%, 34.1%, 90.5%)°] 1t} (Fig.

2). vkxufolAle] WAL HQl 2 #FE% Enterococcus

47 2.0 2.2
100 [ —
80
S
é 60 - 64.0 63.4 69.0
o)
9]
ES
& 40
20 A 313 346 28.8
0
2002-2005 2006-2010 2011-2015
Year

. Fungi

Fig. 1. Proportion of gram-positive, gram-negative bacteria,
and fungus isolated from bacteremia, 2002 to 2015,
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Fig. 2. Antibiotic susceptibilities of gram-positive bacterial
isolates from bacteremia, 2002 to 2015.
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SIXI2 9| 691: AOF B BAXIOIA LASH FEZO| 2Ol

faeciumol o™, YHA 62 oF+= EF HtInlo]Ald
24 BTH(Table 3),

IR T 148 F30] A e (cefotaxime), ¥ H|a}
29 /et x4 (piperacillin/tazobactam), ©] v # 4 (imi-
penem), ZE}A}O] Al (gentamicin), o}u] 7]-/& (amikacin)
o] FAALFAAL 73.2%, 77.2%, 92.6%, 71.0%, 95.2%
(2002 - 20054 75.9%, 82.8%, 93.4%, 78.4%, 85.8%;
2006 —2010%d 62.8%, 82.9%, 93.8%, 67.8%, 86.3%)°]
AtH(Fig. 3). 7F¢ &3 Klebsiella species$} E. colix= A

Table 2. Pathogens in 221 Episodes of Bacteremia from Pe-
diatric Hemato-oncological Patients with or without Neutro-
penia

No. of pathogens (%)

P
Neutropenia ne\{JVti:ES:;ia Total value

Gram positives 47(23.0) 19(76.0) 66 (28.8) <0.001
Staphylococcus aureus 17 (8.3) 15(60.0)  32(14.0)
Viridans streptococci 14 (6.9) 0 14(6.1)
Coagulase negative staphylococci 9 (4.4) 1(4.0) 10 (4.4)
Streptococcus pneumoniae 2(1.0) 2 (8.0) 4(1.7)
Enterococcus faecium 5(2.5) 0 5(2.2)

Others 0 1(4.0) 1(0.4)

Gram negatives 153 (75.0) 5(20.0) 158 (69.0) <0.001
Klebsiella species 83 (40.7) 1(4.0) 84 (36.7)
Escherichia coli 30(14.7) 1(4.0) 31(13.5)
Pneudomonas aeruginosa 10 (4.9) 0 10 (4.4)
Stenotrophomonas maltophilia 8(3.9) 0 8(3.5)
Acinetobacter baumannii 8(3.9) 2 (8.0) 10 (4.4)

Others 14 (6.9) 1(4. 15 (6.6)

Fungus 4(2.0) 1(4. 5(2.2) <0.001

Fusarium species 2(1.0) 0 2(0.9)
Candlida species 2(1.0) 0 2(0.9)
Others 0 1(4.0) 1(0.4)

Total 204 (100) 25(100) 229 (100)

Table 3. Antimicrobial Susceptibilities of Gram-Positive Bac-
teria Causing Blood Stream Infection

No. of strains susceptible to (%)

Penicillin Oxacillin Vancomycin
Staphylococcus aureus 3/32(9.4) 23/32(71.9)  32/32(100)
Coagulase negative staphylococci  0/10 (0) 0/10 (0) 10/10 (100)
Viridans streptococci 4/14 (28.6) 14/14 (100)
Enterococcus faecium 0/5 (0) - 3/5 (60.0)
Streptococcus pneumoniae 2/4.(50.0) - 4/4(100)
Total 9/65(13.8)  23/42(54.8)  63/65(96.9)

www.piv.or.kr
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ZEAC] 71.4%, 83.9%°] S Eow, et
H/EpzurEe 84.7%, 85.7%, ofn]Ftalel 95.2%, 100%
o] ZFAE BYTHTable 4). o=yl thal Al
92.6%= F 148 7 T 11 #FoA Y& Bern, 1
% 9 ¥ A baumannii, 1 75 Klebsiella pnemoniae,
1 T3+ Enterobacter cloacae©]$Jth. Extended spectrum
B-lactamase (ESBL)S AASt= 5= = 27 OFFE,
Klebsiella speciest= 23 5, E. coliv 4 #5321,
Klebsiella species®] 27.4%, E. coli®] 12.9%E Z}A| 3}

+ 221"ﬂ° A BHE AR At DA
A
05,_3}01 A}l 9= 284

Table 4. Antimicrobial Susceptibilities of Gram-Negative
Bacteria Causing Blood Stream Infection

No. of strains susceptible to (%)

Variable . Piperacillin/

Cefotaxime Imipenem  Gentamicin  Amikacin

tazobactam
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(12.7%)°] At}

it #3835 59 F 390(60.0%)7F A s} gt:], =
5 3 24 25 Abdetain ©dd 7 3
AL IHgdT 72 134(21. o%) %%
7HAL 449(29.5%) 0l o TFHSAATFT TTIEA
b &3 WAES FT Aol AATHP=0.130). &
A A 85 W2 174 T AR T2 590(8.1%),
JgeAT Bde 1201](8 1%)olom, THFd+=}
3w T JAE] Aol = AT (P=0.7106). &
A+t #3593 A} I3t 230 F G AE2 4
o, IS AEL 17d=, I987 #dd 1%
S A gholl Tl 93 XAME Y] {7k &fol 7t
DATH11.4% vs. 6.5%, P=0.323).

23 HAELS H|o] Ao A 8.7%, o]AtellA] 28.3%
2 o]/ﬂq-oﬂ/ﬂ &3 Hl/\ggo] .‘:—_A)\—o\,]. 1':_ Zl‘oﬂ _]9’__04
gk zpol7t ¢lAtH(P=0.155). dEF o= Qg XAr&e
H| O] 2l 10.6%, o247 30.4%= o]2T-¢] X|ALgo] Eﬁ
=AU P=0.007). TFT FaTY oAF mE &3 ¥
BES TFT AaTo] e ToAA 26.0%, = 5‘01]
A 28.0%=E zFol7t gAATHP=0.848). =3 TEFT A
Z9] oo WE ARG TFT AAaTo| e TollA

Klebsiella  60/84 (71.4) 61/72 (84.7) 83/84 (98.8) 69/84 (82.1) 80/84 (95.2) 12.8%, Q= T4 12.0%0.2 2o]= Ko|x| ekgrrh(p=
species
— 0.915).
Escherichia  26/31(83.9) 12/14 (85.7) 31/31 (100) 17/31 (54.8) 31/31 (100)
coli
Enterobacter  6/11 (54.5) 9/11(81.8) 10/11(90.9) 9/11(81.8) 11/11(100)
species —
k-,

Pseudomonas 2/4 (50.0) 10/10 (100) 10/10 (100)
aeruginosa
Acinetobacter 1710 (10.0) 1/10(10.0) 0/10(0)  3/7 (42.9) 2 A 20119 1€5H 201549 129704 & 59
baumanni ek e sha oldo] W ele] QST 2o} Rz
Total 93/127 88/114 137/148 98/138 138/145 = = HFAL S == = =2 oo o] M5

g 100 -

2 80 1 - 1

= o

8 S

@ 60

2

E 40

o)

o

S

g 2

€

<

Cefotaxime  Piperacillin/tazobactam  Imipenem Gentamicin Amikacin
[12002-2005 [] 2006-2010 [ 2011-2015

Fig. 3. Antibiotic susceptibilities of gram-negative bacterial isolates from bacteremia, 2002

to 2015.
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FAAAFA, A A3 9 ATl FFE A= s
& BAste] &5 & 7]l A Lot AFTE RS
DA FEF] FPA FAYA e AAHQ =S
A3A} s

2 AT 71BN M= Aof AT Al A] HE Ay
Al EH wj AL A T AEA FAAZ 2002 FH
g d/ e E-S Fojstal ok Al THE
2 RBRS o], & 7)o A 2002 - 20054, 2006 - 2010
o F el AA AWE 2AE vhel oY ey
ol IFPAAFRT ¥ =& HNEE A5 o1 (Fig.
1), 1 % Klebsiella species7} 7} &3}t 2006 -
201047} B w3te] CoNS 37} 7438h L (P=0.042)
S. aureus—= 200533} 2006 — 201039 B]S}le] 2] QA
71 tHP=0.012).

IFFAe] U™ 82 ALY AFox e} at
ZIMA R 13.8% = Sekom, SAMEYY 2 Rksinto]4l €]
A5 vk A 1415 Atk (Fig. 2).

2 AT FARME A% FdFo] 304 F
CoNS7F Rl A= 24(6.7%) 010t 2% S22
AR ZFaolE 28X 2 FAFUBL 255 P

A 783 2 WGBS P22 5+ Ao
77+ gom " Ee vje BN E FAPuR
FZo] gastgrks wast dug”

N
ubad
ol
=
r 2

o

g

. A

2014\ 24 5E| Ao} AFY dAe] F
A #Y S o 2% ER2IA Y SFF3|0]
ARt AESES WSl A-g3k3it) 2002 -
200539] CoNS #2]& 7.9% (1771)¢} 2006 - 2010
28 9.3% (2371)l Hs)A] 2011 -20153<] CoNS %
&L 43% (10322 o] A Fxsteh 47 &
ARHMALS 7L Q= 7ol CoNS E8]&°] 2002 -
20050l 12.7% (7] ST = 3¢ 3.1%),
2006 -201090= 12.7% (7] A4 AHe] Q= A9
2.1%)% =ko} 2011 -20159 4.0% (7] TAAH=
ol §l= B 47%) 2 o] UA AU 2% F2
2N SFIUO|ES AFER F CoNS #E T RlES)
A& ¢ mUE Yol e Aoz YEr)

Viridans streptococcis= 77+ W AAld oz v-g3e] 3
oF As= A% A 7+ Ul Aol = A viridans
streptococel F8Z0] F7behe Ao deld ot
2009 — 201213 ol A A gk Aol A Aol Dol
9 gA}oll A A3 viridans streptococci FEEFS W
3 vo] MEW, FdFo] LA AL 71.9% A 1L
§% AEAL olehu)icale] = Folity ot 2 o

LR

i ol
=
)
o
o i

76

S| 9] 691: AO0F HUTOS Bjof M LA FHFO| 20K L AN A

J

Tl A= 147 9] viridans streptococci 3
FEASH, o] T AEA] ofH] Al EE
ARz 129 (85.7%) 01tk 11 F A& H A|EAl ol
AP EE Fouke 9= 67 (42.9%) .2 viridans
streptococci 8 F Tl 7|35}

T4 FRATTAE-L A ATl vlste] o}
7Ha19] FHrAd o] S7FsE o (P=0.009), MEEH, 39
A /Efznte, ojwlH Y], ZEpAtol Al o] A f-9]
3 W3b7t glAeH(P=0.074, P=0.252, P=0.666, P=0.558)
(Fig. 2). o] ofvtx B AT 7]l A] olu] 74l o] ALg
&Fo] 7] wjFoletal AZtETE 2 AT 717HE <t Aot
GAA AR S AFEDS/1,000 SALFZ AXEIAS
uj, 34t AlZE A (cephalosporin)& 63.89 /1,000
21U 4, FHUA 2 /B-lactamase inhibitor 151.32/1,000
AR A, ofn] 8] ZA| = (aminoglycoside) 43.74/
1,000 x5y, o] = ZFe] A= AFEe] TiEE
2 AlAo} kol Arfeh= ZlEpatolilo] O FE-g 2HA]
st

2006 -20101 &0 BAFY oA g 3
T AT AyoA IS 5 ESBL AR o9 £
+= Klebsiella species®] 14.8%, E. coli®) 19,4%0]213}14),
2011 -2015 ESBL A w5+ Klebsiella species”}
27.4%, E. coli7} 12.9%°]92™ 200620101 d72] =}
o7} AR THP=0.07, P=0.731), &F ESBL A4 #F2]
A Aol tigk RUE Po] A &2 0% I Qs

AzAHo=m 2011dKE 201597k4] 5\ d B¢t Aof F
& AP A LAYgE FEFY Ul ofdE] IESA

o <t =

ol = HEE Bwgon THSATF] 93 FEZ
A &d BAE, A IHSA T 93 FEE3e]
ztol& g1e = Ytk IgeAd ol A& ESBL A4
759 H& 2 T3-S A5 FAA ] WA E] o
A Aot wlawstel WshE gllonw 7|Ee] A9 @
AA A7 DL FA 7 Aotk
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