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Clinical Analysis of Polymicrobial Bloodstream Infections in Pediatric Patients:
Epidemiology, Clinical Features, Organisms, and Risk Factors

Jung Min Kim, M.D., Hye Jin Park, M.D., Ki Hwan Kim, M.D., and Dong Soo Kim, M.D., Ph.D,

Department of Pediatrics, Yonsei University, College of Medicine, Severance Children's Hospital, Seoul, Korea

Purpose : Although the incidence of polymicrobial bloodstream infection (PBSI) has increased, only a few studies have so
far focused on children, Therefore, in an effort to prevent more serious situations in pediatric patients, we analyzed the
clinical features, organisms, and laboratory results of PBSI,

Methods : We performed a retrospective review of the case records of 97 patients with polymicrobial bloodstream infection
in the Severance hospital, from 2001 to 2008, Using t—test and chi—square test, we analyzed the underlying medical condi-
tions, clinical characteristics, organisms, and laboratory results of those patients,

Results : Annual incidence of polymicrobial bloodstream infection increased from 1.4 % in 2001 to 10.9% in 2008 in pediatric
patients, Immunocompromised hemato—oncological malignancy was found in 31 (31.9%) patients, and was the most common
underlying medical condition; cardiovascular disease was found in 15 patients (15.4%), neurologic disease in 10 patients
(10.3%), and so on, Gram positive organisms were recovered in 143 cases and gram negative organisms were recovered
in 101 cases of PBSI, Staphylococcus epidermidis was the most common organism, Factors affecting mortality included
underlying medical disease, immune status, nosocomial infection, and central catheter—related infection, for which the rate
of mortality showed a greater increase (P¢0.05).

Conclusion : Due to the close connection between PBSI and fatal conditions or high mortality, it requires more aggressive
management, Compared with previous studies, we discovered that immunocompromised hemato—oncological malignancy
was the most common underlying medical condition and that frequency of gram—positive bacteria and fungus isolated has
increased. (Korean J Pediatr Infect Dis 2010;17:83—90)
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Table 1. Annual Incidence of Polymicrobial Bacteremia

Monomicrobial BSI ~ Polymicrobial BSI

Year No. (%) No. (%) Total
2001 300 (98.6) 4 (1.4 304
2002 239 (96.7) 8 (3.3 247
2003 292 (95.7) 13 (4.3 305
2004 213 (90.6) 22 (9.4 235
2005 331 (94.5) 19 (5.5 350
2006 344 (95.0) 18 (5.0 362
2007 129 (89.5) 15 (10.5) 144
2008 115 (89.1) 14 (10.9) 129
Total 1,963 113 2,076

Abbreviation : BSI, bloodstream infection
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Tht s AoF Ak wiFiAL A1 I A=
M 8,059/ul, TFT 5,347/ul, B4 10.9 g/dL,
qA4hT 272,778/uL, C—reactive protein 5.6 mg/dL,
aspartate aminotransferase 60.7 IU/L, alanine ami-
notransferase 44.6 IU/L, total protein 6.2 g/dL,
albumin 3.8 g/dL28] Bt gke B o] FollA AFES
A=) wiek Al DeFAr A3t g WE T 5,896/
ul, S5 4,333/ul, M4 9.6 g/dL, A% 123,619
/ul,, C—reactive protein 11.4 mg/dL, aspartate ami-
notransferase 98.6 IU/L, alanine aminotransferase
70 IU/L, total protein 5.7 g/dL, albumin 3.3 g/dL ©]

2l tH(Table 2).
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Table 2. Initial Laboratory Characteristics of Polymicrobial
Bloodstream Infection

Median count Median count

P value”

of death of survival
WRBC 5,896/uL. 8,673/uL 0.742
ANC 4,333/ul. 7,338/ul 0.507
Hb 9.6 g/dL 11.2 g/dL 0.023
Platelet 123.619/uL 315.108/uL 0.261
CRP 11.4 mg/dL 3.9 mg/dL 0.021
AST 98.68 TU/L 49.47 1U/L 0.001
ALT 70 TU/L 37 IU/L 0.001
Total protein 5.7 g/dL 6.2 g/dL 0.863
Albumin 3.3 g/dL 3.9 g/dL 0.028

"P Value €0.05 was considered statistically significant by t—
test and chi—square test

Abbreviations : WBC, white blood cell; ANC, absolute neut-
rophil count; Hb, hemoglobin; CRP, C-reactive protein; AST,
aspartate aminotransferase; ALT, alanine aminotransferase
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Table 3. Organisms Identified from Patients with Polymicrobial Bloodstream Infections
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Gram positive Cas((:.%i\lo. Gram negative Cas((:.%i\lo. Anaerobics Cas((:.%%\lo. Fungi Cas((:%%\lo.
Staphylococcus epidermidis 40 (17.4) Pseudomonas 15 (6.5)  Actinomyces 3 (1.3 Candida 6 (2.5
aeruginosa viscosus parapsilosis
Staphylococcus 30 (13.1) Acinetobacter 12 (6.2)  Actinomyces 2 (0.9 Candida 6 (2.5
coagulase negative baumanii naerlundiiv albicans
Enterococcus faecium 14 (6.1 Klebsiella 8 (3.5) Clostridium sp. 1 (0.5 Torulopsis 5 Q.1
pneumoniae glabrata
Streptococcus mitis 10 (4.3) Enterobacter 8 (3.9 Candida 1 (0.5
cloacae tropicalis
Corynebacterum sp. 8 (3.5 Comamonas 5 Q.10
acidovorans
Staphylococcus aureus 6 ( 2.6) Stenotrophomonas 5 (2.1)
maltophilia
Bacilius sp. 5 (2.1)  Escherichia coli 4 (1.7
Streptococcus salivarius 4 (1.7) Klebsiella oxytica 3 (1.3)
Staphylococcus angiosus 4 ( 1.7)  Neisseria subflava 3 (1.3)
Enterococcus raffinosus 4 ( 1.7) Citrobacter freundii 2 (0.9)
Streptococcus oralis 2 (0.9 Other gram native 5 (2.1)
orgarnismsJr
Staphylococcus angiosus 2 (0.9
Streptococcus pneumoniae 2 (0.9
Streptococcus intermedius 2 (09
Streptococcus uberis 2 (09
Other streptococcus 3 (13
Total case No. (%) 143 (60.5) 69 (29.2) 6 (2.5 18 (7.6)

Organisms: Streptococcus viridians (1),

Streptococcus constellartus (1), Streptococcus bovis (1)

Organisms: Acinetobacter baumannii (1), Brevundimonas diminuta (1), Leciercia adecarbosylata (1), Morganella morganii (1),

Agrobacterium radiobactor (1)
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4. Fungus+
Gram (+)

or

Gram (-)
11%

3. Gram (+)
+ Gram (-)
25%

1. Gram (+)
+ Gram (+)
50%

2. Gram (-)
+ Gram {-)
14%

Fig. 1. Combination of organisms isolated. This figure
shows prevalence of a combination of organisms
isolated from PBSI.

1 200395

G HlEE HEEL

TRE 2007d%7H4] 3%A 21%7HA4 TF
AT

5.0 =

thtds 3 979
28.8%% eIt O AFYE
A8 A3} 7] A A gko) ol_‘t_:
ﬁ_r 2

>~
—_
ol
s

k1 to
oo
2 o

P
/R A A o

O
2o,
=
N
oY
o2
ol
i
m
1
oZ,
rsL'
o,
o
ofy
N
D)
o2 o

o
°

32 o
rlo >, o,

=Y

o

a4

o

in|
[N rlot
o,

e
do 1o

o &

offt
)
12
il

ﬁﬂn@":k&

=

32
)

Hi

[

thidZo] zh= Al vl Wols
g Aol A ol LAY wlel] Xzl oY
o] wEths A% tdFo dgle] He= #Erict
St W9 o] o)zt Qlor® F wrhrh A7)
7] 451 53] Fof ofAle| st B8} a4 Il

o]

87

A E1 2008Li77}x] 2o} 3

2 thtd a4 A= FA}
of sl EHL@ZA H&2 5.4%%
Epytt}, o]8] 8t Axk= Mackowiak SV oltela] 1.
8 Ot ES HAE 7% Bk WA YER oY Jang
TV Aol 9d 7719 ek 2,259¢] FolA 22¢]
(0.97%) ollX thtdFo] Uebed AdRo= 54 U
ERstth 1 9he] vt S g Ee] tigh o] HES

A3 A ﬁ%%

=z

Fa R, 5%l 20%7HA theket HHES wol1
QG 10 o) ubgEo] ZJolo] thato] Jang
TV Aol 7} 7| BAR SRR SRS

Zpo] & A& Aolo] W AE B QI9ith
2 oM o] Tt dF Aot #aF 7 A} 781, o4#F 19
Moz 4.1:19) AHE Sutter 5V Ao BYH
2 1478 (48%), AIAF 1578 (51.7%) 2 vl sl R &
4o Ayt FAte] vt ds WA vl =4 e
wek olelek W] W& 9] Apolel| gt A& Mac-
kowiak 5V AFeME £ 1849 F14190] Hat=

3.3:19) AN BT Jang SV Ao A= Y
Hl-go] 2:19] An]E Hof 9] AFA dajelA &
< BAES Hlo o]t Aol st Ao w o

T8F A Foll Aot 68% 3L o] FelA 73 %7t
Hold Aol 711 Ao nelvta spirk skt
L) A5 Aol 2 9*31(28%) °o}g7] 3178 (32 %),
s3] 29‘33 (28%), %2=d7] 8% (8%) 0% P9 &

4 27 B2 Heilglal 714 Ak oA d
%xm 319 (31.9%) 417 A 5l WA 4%
165 (16.4%), 10 (10.3%) 0.2 71A 2 %]
LX)

d

Aol gl AdEiolM g e By A

W] % 2 E H Bed gow

2=



Korean J Pediatr Infect Dis Vol 17, No.2, 2010

Eof|A] ttETol A gdFolA] YeRd
W7 AR A3 20019 490 (1.4%) <A
14 (10.9%) & A A 02 7ok
& o]g3t A= Bizzarro 509 ATtel|A
1988HFE] 2006\ d7HA] Ao} He A m Aol Ay
g thrd5 o] Tt A o oju] QA Skl
91¢-S Waet As} Shin 1V ATelA 19873
B 1993974 vt d52) o] 1.5%0AM 5%% =
7heteleta Baakle A Kiani %9 9174 1970
HHE] 19779744 6%01H 13% 0.2 F7Ft 213t 5
gk AvE Bylvh 2eu 299 A9 200593 2006
Ao dod35s 238 14 359 o] adt
BE-2 99 AFETFE U AR o) oA 2005
el S W52 A o]F 2 WAl Alde W
A g} AAE 0w AYziE ol o]of thaljAl= A4
QA A 3kel oJgh Agget Ag7F BT Ao 7 Am AL
thtdZ 359 714 Adtel] tfgh 24} A3s
2 7137} v)ws] BA Shin S109) 2 23] A
3(28.5%), &7 AE(17.5%), L2 AT (16.1%)
/] HEE E‘B\ig‘/]r B ?ﬂ:rLoﬂ}ﬂl“’ oLH @oﬂ}.ok ﬁ.;(}
9] 497} 31.3%% 71 e WEE nol 7|4 gk
Ztol= 713 BEAT A § Alsﬁbg G A7Igh 3
o] 9it}= Ao g Azle S 7red o] Aol 7
Hy Q907 Ay Z%Oégi f‘& 7rdo] 540 (48%)
2 et 7107 Hol Sutter 579 Afoa thrdZ
Zele] 98 Axtol] Yk xAF A3t Ay 29l vtd
9] A FAACRE ou] = AF AL S
23} 32 Ay Holal 9l
SE7NA FAo] 2491(21%), T4 AW =3

ol 1691(14%), 948A 7ol
(11.5%) °.2 Jepyrh 24 Awe i dad
=l LH'J A= Sutter 579 AFeA] thtdFE 29
I 1(93%)7} 4 A S AvE 3
4&% sty S g
3 Zo tjst AFE Simon 5
I3 ?-%101 83%Lo% 7P Wil I3 &

Bl
HEs A
2008 el=

KN :131

o

ot (o ;3

L
fu

o &

88

A TRto]l 111%°0.% v AAe 249 Aifelrs
Coagulase—negative staphylococcus”} 129 (62%),
Enterococcus faecium 49| (12%) = H]52s A5 B
oJrjl0. 16-18)

Trd5o A el thsth AL A3E 1134 F
o4 1014(89%) oA 2714 ol &g thrds<
HAT, 1191(9.7%) ollA 37FA d5ell dgt i
& B30 1(0.9%) A 4714 &l <5t ttd
= Koj gl st o] 57H7HA] IIE Sutter
Vo AR Al g A9 #E0E 1
Fdatol Al AEHUEH ol HE uE
T=IAE 85 Al #Fo® I3 A #E0l
7V who] BarEa QIR 10 Bgk ste] 2pA)a
= HlEo] A HtdFY 7.6%° % Hebd=d Ste-
phen 579 Aol 1960 t)H-E] 20001714 Tt
G5olA vERd M) AAER 3%0lA 8%l 7t
gitta Barshe wke} o] XHdFe A 9ot
F5l0] Hola el 2% 54 w8 A Pseudomo-

nas aeruginosa’} 7F& o] AZE Y=, Acineto-

01“ ol Nl

=23

d

bactor baumanii, Klebsiella pneumoniae, Enterobac-
tor cloacae, E. coli 52 1% 573 Al Aldo] 14—
27%2] V&2 HOE HuSh= v o R A7
thdat Q179 714 Agke] zjolof] uhbE zpojoll A Bl
g Aoz wogd 6 1L 141D,

Tt ES 9259 doshs S4S dotry] gl ¥
g9t 55 A4, d49 C—reactive protein, as-
partate aminotransferase, alanine aminotransferase,
total protein @ albumin®] FX& FAFF oW, A&
g ghapel AP ghake] Htghe Tekal ol E v e
= T-A4E& sl £As A3 Apdst dxpel A&t
Sha}ol A A A9 albumin®] A4 ¢} C—reactive pro-
tein, aspartate aminotransferase, alanine amino-
transferase? =7} 59| d&o] EA A0 7 {23t
AfolE BAITHP<0.05).

AEA o P FAAME
oM trdFe] BAES ke

Zrotollx] A #8F
Alon vdds



o AEE 28.8% ¥ AIEL ugth 019 o
T Avte) vastel it B4 /AR B
YA AR B4 F 53 ANFSBA} M Bl
WS BAT 5 Ugow A FEol o $A0
crEEe W v
Aoz oldur)

NFFEX
=
S
2 Zto] ke
59] H]—/Rgol
% ghgiek. o

o] gz uhEIE 1 oJAER S ol
o7 w# At 228

o
1
e
gt
ol
©
a
it
s
<

o
o
>
N
gohl_g
)
02,
o
>
=0

ofr
o
A

4
ok
o
=t
e
ofN
rlo

EJ-[O o
o
il
ro
:(I:rl:t
58
rlo

re
-
N
i)
o o
o
-z
Sh?
o
i
=
)
=

>
i
rlo
o &
ay
ne

=
J‘icﬁ 4!

Z 1p: 2001956 2008 d7kA] 220} Bt A & 97
, 113¢)19] thtdFo] glolom o] 52 Pt 781, o
1902 4.1:19 AvE Bt thtdFo] A
ZolM veht s ded® 2ARE A3} 2001
o 41 (1.4%) 01]*1 Ldoﬂvt— 141(10.9%) 2 AA
s7ksh= et 714 A3 drdF
o] HAEH+= HJE-E e Xﬂﬁ}% Bl o Fof W}
31.9%, a3 @_% 15.4%, A7 A% 10.3%,
7] A% 8.2%9 HIER »}E‘mﬂ% AA A W
J1% oF4do] 60.5%, 1%} 57d0] 29.2%, F717d

2.5%, Ato] 7.6%°.% AZHA thtd S FAf

EL
—I-— =

'3‘
1:]

=
R

il —[gl Frl

9]

89

re
)
oX
o
2
¥
o
<
AN
(@)
o
)

AAH SR F7lehe FAE Kol
#8Fo] Sl Aol At A A
lﬁH Fom HIAQ AdAAte} FFe
*ﬁﬂi el A 57} ol PR v A=A
Ao R HRlth 29 A= o]
Hlwste] bt ds $xse] 7)AAg o7
Aspatell Al 7H wo] et zlito] &

g #Fel % 7o) ojHETh=
Aot o]y st Axte] tisr=

TP £ o TR =

ey
ktl
N o
q ME
o o= 2
| ruoi' T

<
1o£rE§§

o

2

lo fUo 2

FSL'}U:EE
1—?

sk

pad)
o
Hl
fz
o,
)

References

1) Mackowiak PA, Browne RH, Southern PM, Jr., Smith
JW. Polymicrobial sepsis: an analysis of 184 cases using
log linear models. Am ] Med Sci 1980;280:73-80.

2) Rolston KV, Bodey GP, Safdar A. Polymicrobial infection
in patients with cancer: an underappreciated and under-
reported entity. Clin Infect Dis 2007;45:228-33.

3) Sutter D, Stagliano D, Braun L, Williams F, Arnold ],
Ottolini M, et al. Polymicrobial bloodstream infection
in pediatric patients: risk factors, microbiology, and anti-
microbial management. Pediatr Infect Dis ] 2008;27:
400-5.

4) Weinstein MP, Reller LB, Murphy JR. Clinical importance
of polymicrobial bacteremia. Diagn Microbiol Infect Dis
1986,5:185-96.

5) Klotz SA, Chasin BS, Powell B, Gaur NK, Lipke PN.
Polymicrobial bloodstream infections involving Candida
species: analysis of patients and review of the literature.
Diagn Microbiol Infect Dis 2007;59:401-6.

6) Kiani D, Quinn EL, Burch KH, Madhavan T, Saravolatz
LD, Neblett TR. The increasing importance of polymi-
crobial bacteremia. JAMA 1979;242:1044-7.

7) Downes KJ, Metlay JP, Bell LM, McGowan KL, Elliott



8)

9)

10)

Korean J Pediatr Infect Dis Vol 17, No.2, 2010

MR, Shah SS. Polymicrobial bloodstream infections
among children and adolescents with central venous
catheters evaluated in ambulatory care. Clin Infect Dis
2008;46:387-94.

Marschall J, Fraser V], Doherty J, Warren DK. Between
community and hospital: healthcare—associated gram—
negative bacteremia among hospitalized patients. Infect
Control Hosp Epidemiol 2009;30:1050—6.

Yogaraj JS, Elward AM, Fraser V]. Rate, risk factors,
and outcomes of nosocomial primary bloodstream infec-
tion in pediatric intensive care unit patients. Pediatrics
2002;110:481-5.

Shin D, Uh Y, Jang I, Yoon K. Analysis of Polymicrobial
Bacteremia During Recent Seven Years. Korean ] Clin
Pathol 1995:15:430-8.

11) Jang S, Chung S, Choi T, Kim K, Kim CH. Polymicrobial

12)

13)

14)

bacteremia. K.J.C.P. 1984;4:105-12.

Shah SS, Downes K], Elliott MR, Bell LM, McGowan
KL, Metlay JP. How long does it take to "rule out" bac-
teremia in children with central venous catheters? Pedi-
atrics 2008;121:135-41.

Bizzarro MJ, Dembry LM, Baltimore RS, Gallagher PG.
Matched case—control analysis of polymicrobial blood-
stream infection in a neonatal intensive care unit. Infect
Control Hosp Epidemiol 2008;29:914-20.

Gray ], Gossain S, Morris K. Three—year survey of bacte-
remia and fungemia in a pediatric intensive care unit.

90

Pediatr Infect Dis J 2001;20:416-21.
Simon A, Fleischhack G, Hasan C, Bode U, Engelhart
S, Kramer MH. Surveillance for nosocomial and central

15)

line—related infections among pediatric hematology—
oncology patients. Infect Control Hosp Epidemiol
2000;21:592-6.

Lin YC, Chen TL, Ju HL, Chen HS, Wang FD, Yu KW,
et al. Clinical characteristics and risk factors for attribu-

16)

table mortality in Enterobacter cloacae bacteremia. ]
Microbiol Immunol Infect 2006;39:67-72.

El-Mahallawy H, Sidhom I, EI-Din NH, Zamzam M,
El-Lamie MM. Clinical and microbiologic determinants
of serious bloodstream infections in Egyptian pediatric

17

~

cancer patients: a one—year study. Int J Infect Dis 2005;
9:43-51.

Cheng YR, Lin LC, Young TG, Liu CE, Chen CH, Tsay
RW. Risk factors for candidemia—related mortality at

18)

a medical center in central Taiwan. ] Microbiol Immunol
Infect 2006;39:155-61.

19) Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel
RP, Edmond MB. Nosocomial bloodstream infections
in US hospitals: analysis of 24,179 cases from a prospec-
tive nationwide surveillance study. Clin Infect Dis 2004;
39:309-17.

20) Sheng WH, Wang JT, Lin MS, Chang SC. Risk factors
affecting in—hospital mortality in patients with nosoco-
mial infections. ] Formos Med Assoc 2007;106:110-8.



