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Risk Factors of Bloodstream Infection Associated Mortality in
Pediatric Patients with Hemato-oncologic Disease

Hye Won Park, M.D., Hoi Soo Youn, M.D., Ho Joon Im, M.D.,
Mi-Na Kim, M.D.1, Jong Jin Seo, M.D. and Hyung Nam Moon, M.D.

Departments of Pediatrics and 'Laboratory Medicine, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Background: Bloodstream infection is one of the important causes of mortality, and morbidity in pediatric
patients with hemato-oncologic disease. The purpose of this study was to identify the risk factors related
to mortality in patients who suffered from a bloodstream infection.

Methods: We retrospectively reviewed and analyzed the medical records of 133 pediatric patients with
hemato-oncologic diseases who had episodes of bloodstream infection documented at Asan Medical Center
from June 2002 through May 2005.

Results: A total of 288 pathogens were isolated, and there were 17 episodes of polymicrobial infections.
Among the episodes of bloodstream infection, 93.4% were caused by bacteria of which 60.1% were
gram-positive bacteria, and 33.3% were gram-negative bacteria. Fungal infections accounted for 6.6% of
the infections. The main pathogens included Staphylococcus epidermidis (31.3%), Pseudomonas aeru-
ginosa (8.3%), and Klebsiella pneumoniae (7.3%). Gram-positive organisms were isolated more frequently
than gram-negative organisms, and non-albicans Candida species were documented more frequently than
C. albicans in our study. Infection related mortality was 8.3% (11 of 133 patients). The pulmonary
infiltration on chest X-ray (CXR) (P=0.001), and a low absolute neutrophil count (<500/ L) (P=0.017)
at the time of blood culture were significantly associated with mortality. Gram-negative bacterial infection
(especially with Stenotrophomonas maltophilia) and fungal infection often progressed to the septic shock
or death.

Conclusion: This study revealed that the presence of pulmonary infiltration on a CXR, neutropenia (<
500/ L), and gram-negative bacterial infection might be important risk factors of mortality in pediatric
patients with hemato-oncologic diseases necessitating more aggressive and vigilant supportive care.
(Korean J Hematol 2007;42:343-352.)
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Hy-blocker), &
s o 3\_764 ol Oﬂ 01: }\]

welo]
Z 20 oz»ﬂ 69 HE
2005»4 599 717+ Wl Al g f‘ii@ﬂ Hj oF Aol A,
ol A E 1337 9] So}, 2713 9] ik A AHE
ez st 13399 o755 Tl S
o3t Al ET} o] o} FAH AAES T o B
O]‘AAE}'~
24A17F o] 9o} Ao] 37.5°C o] 23] Ee
38.3°C o] 13] o]} SAE 7AF A wigF HALE

o

AT gl wjok AAF A3 GA] CXRA 7 A
& ol %, o] A4 ANCS datt 5, 7
olF, FY FAAWY o ZAu 7

i,

2H|Zo|E 9 Hy-blocker AFE of B

2. A

1) 4 Hiek

24717 o]l A e} Ao] 37.5°C oF 23] =
383°C oA 132 Tdo] old AL HAH HjokS A
g5} o, BACTEC PEDS PLUS/F bottle (Becton
Dickinson, Sparks, Maryland, USA)3} Ao} %= Lytic/10
Anaerobic/F bottle 2% o]Atol] T AEfolA] 2} &
ifﬂoﬂ 0.5~5mLZ XJZ_-E,—],—y in‘s:lz‘sL z‘s:loﬂ HHol:tﬂ.Q 24
AIZE Woll AARE o 43t BACTEC 9240 A] A€l
(Becton Dickinson, Sparks, Maryland, USA)ol % 2+&}
aiL, 35°c<>1 Ai 4 77}%] HH °¥6}91E‘r. s, "4,

al
= 7x & 5%94 we 3 el A
ot S wjFstnh A o] oilEH = Bve
w717k 1049704 A7sta, 104 74A] #kghs Ao
2l= 7 9= Sabouraud dextrose agarol|A] w7 Ath uj
ok&} i th. Coagulase negative Staphylococcus (CNS)7}
A v A AEE A5 95 AT 299 9
o 7be s oAl o glo], BEol S W 27]15H
Hagh T A ol dd it HALE AlPstRa,

Corynebacterium species, Bacillus species, Propionibac-
terium acnes, Strep[ocaccus mitis7} A A A&H A
= T4 ol delA TLE #Fol THEHAS | A

T= T
AFo A

3. EA

57 A2l SPSS 12.0 K for Windows (SPSS Inc.,
Chicago, IL, USA) T2 13 & AFE3F3 1
test, Student t-test®} Logistic regression analysisE ]?'fg
Sk Pvalue7t 0.05 WIREQl A A4 FoAde] $
L Aoz FAsy

FIII

, Chi-square
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2ol 2 A0 EASY BAUAML & 2E

T 5ol o] AQZNY 34, Ma—%eﬂz‘gﬂg 2¢l,
AP L 24 TF4 Zo] 26|t} 1P| A Foll
NARATE 14, FRATE 7, JELEE 3

<
d, ZtRAEZ 49, F A A ZZ(oligodendrocytoma),
2G8E AAAEE So] 27 26 A H(Table 1).

2713]] ol v F HALA @l o Aoz A
ZE = FE AQsta BT 2887 F 7} v ke, o
= 171(6.3%)= 3 o  wjkoA F 7k
F7E U SFE B3 830l em, Al 7HA] o] te] o

H A= gl ddd ez e Aol 269
o (93.4%), Zto] 194](6.6%) o™, Al FodH &
gk AT 17390(60.1%), 138 L4 0] 964(33.3%)
S TH(Table 2). 1% FA 1 Foll A= CNSSI Staphyio-
coccus epidermidis?t 909 (31.3%) 2 7}% ©t1, En-

—

s

Table 1. Distribution of the underlying diseases of 133
pediatric patients with bloodstream infections

Underlying diseases p,\;(t)iér?tfs Frequency (%)

Hematologic diseases
Acute lymphocytic leukemia 34 25.56
Lymphoma 18 13.53
Acute myeloid leukemia 18 13.53
Mixed lineaged leukemia 9 6.77
Myelodysplastic syndrome 5 3.76
Aplastic anemia 3 2.26
Chronic myeloid leukemia 2 1.50
Hemophagloc.ytlc ' 2 150

lymphohistiocytosis

Total 91 68.42

Solid tumors
Neuroblastoma 14 10.53
Medulloblastoma 7 5.26
Rhabdomyosarcoma 5 3.76
Hepatoblastoma 4 3.01
Oligodendrocytoma 2 1.50
Osteosarcoma 2 1.50
Germ cell tumor 2 1.50
Others* 6 452

Total 42 31.58

*Include PTLD, PNET, Ewing’s sarcoma, ganglioneuroma,
hepatocellular carcinoma, other carcinoma.
Abbreviations: PTLD, post-transplantation lymphoprolifer-
ative disorder; PNET, primitive neuroectodermal tumor.
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e AL AT 345

Il
1]

terococcus faecium 14| (4.9%), Streptococcus hominis
109 (3.5%), 2L 9| Staphylococcus aureus 99|, Entero-
coccus faecalis 69|, Enterobacter cloacae 69 S°] A&
H QT (Table 2). 28 ST 0 2= Pseudomonas aer-
uginosa?} 24¢)(8.3%) 2 7VA Bk 31, Klebsiella pneu-
moniae 219 (7.3%), Stenotrophomonas maltophilia 14<]
(4.9%), Burkholderia cepacia 12<1(4.2%), Escherichea
coli 1191 (3.8%), Acinetobacter baumanii 4 (1.4%)3,
o Klebsiella oxytoca 3¢, 7L &]9] 2% 24 1o| 7

Table 2. Main pathogens (288 organisms) responsible for
271 episodes of bloodstream infection

Gram (+) bacteria (n=173)
Staphylococcus epidermidis 90
Enterococcus faecium 14
Staphylococcus hominis 10
Staphylococcus aureus 9
Enterococcus faecalis 6
Enterococcus cloacae 6
Streptococcus mitis 5
Micrococcus spp. 4
Strepcococcus pneumoniae 4
Others* 25
Gram (-) bacteria (n=96)
Pseudomonas aeruginosa 24
Klebsiella pneumoniae 21
Stenotrophomonas maltophila 14
Burkholderia cepacia 12
Escherichea coli 11
Acinetobacter baumanii 4
Klebsiella oxytoca 3
Others " 7
Fungi (n=19)
Candida tropicalis 9
Candida parapsilosis 5
Candida albicans 3
Candida krusei 2

*Alcaligenes xylosoxidans (3), Corynebacterium spp. (3),
Staphylococcus capitis (3), Streptococcus sanguis (2), Sta-
phylococcus warneri (2), Bacillus spp. (2), Enterococcus
aerogenes (1), Streptococcus bovis (1), Streptococcus con-
stellatus (1), Staphylococcus hemolyticus (1), Strepto-
coccus mutans (1), Streptococcus pyogenes (1), Stomato-
coccus spp. (1), Streptococcus viridans (1), Corynebacte-
rium spp. (1), Clostridium difficile (1). Aeromonas hydro-
phila (2), Moraxella spp. (2), Kingella kingae (1), Neisseria
sicca (1), Salmonella group D (1).
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d oA A= HTable 2). AT 2= Candida tro-
picalis 99| (3.1%), Candida parapsilosis 59 (1.7%)<};
Candida krusei 29)(0.7%)= non-albicans Candida’}
5.5%, Candida albicans= 3| (1.0%)% T},

A Aol W Qo R AAZ M= S ep-
idermidis7} 4144 %
K. pneumoniae 154¢] 52| o]3om,
MNe 7V B FE AASE d2
A9d]| | A v = Q3L, B cepacia 79|, K. pneumoniae
69, P. aeruginosa?} 6|4 o™ 1 99 o] Aol A
AZH Ao

ol B9 1379 Bol 3 FAC ARG 117

ANA AP Al L7137 Bt AldE 203] 9 Fod ul ek
e B¢ g¥€Fe s 2357 jgEda, 9
QI © 2 P aeruginosa 591, C. tropicalis 5|, S. malto-
philia 39|, K. pneumoniae 39\, E. faecium 2\, C. albi-
cans 19, E. coli 19, Aeromonas hydrophila 19| 2 1%
Gt 2015 AT 19¢] BFIF O ST A
19Ath. o] & AFg Al71ell mpx|eto. = Alefgh Yo uf

A& Q3 P aeruginosa 189,
1Sk ol

S. epidermidis=

[e]

o AAld M AZEH #o2E K pneumoniae®t E. coli

7 SAld AZE 149 B g2 x3sio] o
8T 7o, 2% Fdate] 24 %em, Rto] 349

Table 3. Documented organisms of bloodstream infections
in patients with septic shock and in mortality cases

No. of No. of
mortality septic shock
cases episodes

Documented organisms

Aeromonas hydrophila 1 1
Candida albicans 1 1
Candida krusei 0 2
Candida tropicalis 2 2
E. coli 1* 2t
Enterococcus faecium 2 6
Klebsiella pneumonia 2% 37
Pseudomonas aeruginosa 1 4
S. aureus 0 1
S. hominis 0 1
Staphylococcus epidermidis 0 1
Stenotrophomonas maltophilia 2 57
Total 12 29

*Include 1 polymicrobial episode: K. pneumoniae/E. coli
(1), finclude 2 polymicrobial episodes: K. pneumoniage/E.
coli (1), Enterococcus faecium/Stenotrophomonas malto-
philia (1).

of. deFS 77 AR S maltophilia 29, K.
pneumoniae 29|, E. coli 19, P aeruginosa 19,
Aeromonas hydrophila 1|, E. faecium 2\, C. tropicalis
29|, C albicans©] 19X AZ5 A cH(Table 3). 78
SAAM APgem B FHAE AHS A 5-(274)
2 ¥z a3z 7559 on, gl vk AAl A}
2019 B3 852 Xt F 290 T} vl FE QL
o} gd= &30 AT LR S maltophilia?} 59, P
aeruginosa 4|, K. pneumoniae 301] E coli 2|, A. hy-
drophila7} 1|2 0% A7 % 154900, 2%
A& E faecium 69, S, hominis, S. epidermidis, S.
aureus?’} 247+ 1|2 % 9| ith o] 3 249 B3
22 K pneumoniac®}t E. coli7} A0 AEH 7

9} E faecium® S, maltophilia7} o] =3 H —?~7]—
271 149} 28la Ad-& C tropicalis 29|, C. kru-
sei 290, C albicans7} 14 < thH(Table 3).
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Table 4. Analyzed variables for bloodstream infection-
associated mortality

Variables Episodes Mortality (%) P-value

Pulmonary infiltration

on CXR 0.001
Yes 73 9 (12.3)

No 159 2 (1.3)

Indwelling central line 0.528
Yes 256 11 (4.3)

No 15 0 (0)

Total parenteral nutrition 0.326
Yes 61 5 (8.2)

No 210 6 (2.9)

Use of steroid 0.219
Yes 74 2 (2.7)

No 197 9 (4.6)

Use of antacid 0.161
Yes 71 5 (7.0)

No 200 6 (3.0)

Blood glucose level 0.406
<250mg/dL 168 8 (4.8)
>250mg/dL 10 1 (10.0)

Absolute neutrophil count 0.017
<500/ L 165 12 (7.2)
>500/ 1L 84 0 (0)

Platelet count 0.460
<20,000/ L 47 3 (6.4)
>20,000/ L 222 8 (4.5)
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FAA S BDI FAFNA AR STt ©E CNS
4 Wz Fpt #F Wste] Qe g #3lx 9l
o Viscoli 5'7¢] BN AA #8F F 45%
7 a% °Wﬁ, 41%7} 1% %*éih 2 9%, Yo A

FA o] 60.1%= 1% AT 33.3%°) HlE) H& Hl
T5 Holw glom, 3dzte] wick Antoz ¥igl
A g7ldle Fe7F A a4 #8359 4 5
O FAdo] B2 vES AA s AT
g3 7o YeoldS e Ayrd, g 03.%1
e a3 o] 51.2%, 1T ST 29.6%9

CNS7F 7H4 29k 1(16.2%), H1& 0101
S, aureus, Streptococcus, Acinetobacter, Pseudomonas ‘&
o o Huslm Yot b AFeME N7} 7}
A e e E AA3t Yo (21%), P. aeruginosa
(14%), Klebsiella-Enterobacter-Serratia 7°) 11%, Viri-
dans group streptococci®t E. coli7} Zt7Z+ 10%9) 3l 33}t
Qo™ Staphylococcus, Candida, Enterococcus®] ¥l %
o2 AZHAR” B AFqME CNSQ S epi-
dermidis7} 7V B M= g wjoy o] oo Bt
I} v =3k oFAtolg o, I 9] P aeruginosa, K. pneu-
moniaeZ} S, aureus, Streptococcus THEETH B& WL
AN WFElo] 1 EAE dAA sk
QA7 LofddA 27t ¥ TS doT|=
Hantt} 2po] S Bof, Krupova 59 Ao AE &
o} Sk} X &= Stapylococci®t S, maltophiliaZ}t, 73 €19
M & P aeruginosa$t Acinetobacter’} &2 M2 HE
59t} Hann £7& Zolo] AL Aol shajo] H]J
Streptococcusl 23 7+ ] HIE 7} o A]Ql oA
Staphylococcus &l 2t A =7} =& 3o
Z B3t gtk B AFoME thado] 184 o]3te]
2ol gt o ' wgtE]o] glo] A}l ghatete] Apol=
v 8 4 g1l Krupova 59 B9} o] S ep-
idermidis 909 & &3+ Staphylococcus 0] & 115
(39.9%) 2 71} B& RER HAHAY. 2 F
73%7} AR M EE HHstn D Hann”'o] B3
o Hlgl, & dFolAe SAZHAS BhHstn e
Zlolo] Hl g0 94.5%% o CNSE X388l Staphylo-
coccus E2 A W=7t E9kE Aoz FHHh
FEZL o= oo wet 8= 329
APe 24 e, sjdF £3E dove 9
22 Viscoli =72 Ruo| e Peeudomonas?} 77
woly, Lo B2E E colilow, Klebsiella, Viridans

22
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ANTEE

Streptococcus, S aureus, CNS®} Candida 2.2 71 &5

9T}, Velasco & IFTEAFE Hole 43Rt

A Aska x] J wrol 71 A <kl 2 Enterobacter-

jacea, P. aeruginosa 53 & 1% Ao 4830

MER o7 L}E} F LS Busty o HE =

&35 Hole $hAko] 78.3%¢ A
o

e i o“é%‘o%l o)gt #8 o H]3) Zz &3
o wimwak ope! FHZo) ofF A E EH 2
T SAFAA =gt B AP gz aas
Kol 3ol A HAEH 297FF Z 159(51.7%) 7 1%
SAFOE Cho SV A9} H]%e ATE Holm
A =

S ma]tophzba (Table 3)= ‘?4_0—3101 AAE &
Ao F2 DS 4oy A Ao, AL o
2l 7HA] A E AHEShe Ay A Ax T4 A
g A A Sol Ah AZAAR delA
12 a3, S maltophilia= THEA] W) Z (multi-
drug efflux system) 52| 7]|A S 2 t}okA) o
Wi, #EA 267~40.6%9] & AHEES Bt
= 04?01]/# S ma]toph1]1a7]— wjokE oA g
3
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AA #8 S 1% ARt A 3 Aol 8%
A2 BYY Velascod A77¢l vl&a A7

19900t Zof] Al ¥ o2 AFoA Ad A4 F C
albicans 739 0] 59.4%% A #A9] dFES 2A 8
g o} 2000l o] E0] = o] 9} tF2 A non-albicans
Candida7} 19%% %7} ZM S Holx gtk B A3
AN = C tropicalis?y C. parapsilosis, C. krusei S non-
albicans Candida7} C. albicans©] Y&l ©] B& HIE=
Hj) 2k % 2 Th. Non-albicans Candida %2 Z71= A
7+ dukS 93t fluconazoled A0 2 C kruseit
Candida glabrata®) 7+@o] Z7}3t Az} Zx wlof ok

= AlgstAY AW RS 73 e A5 C par-
apsilosis®] 7+A T AP S Koz glo],” AT
At-8-9] Z7}% non-albicans Candida 7392 Hl=7} =
7heh Qo2 AztEr,

Aspergilluse 7}37%23, #Aael AS AlgEe] 70~
90%¢°] ]2, WA A Jejol IAY =& =¥ =
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