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Enterococcal Bacteremia in Children : A Review of Fifty Episodes in a Pediatric Hospital

Byung Wook Eun, M.D., Eun Hee Chung, M.D., Young Gi Kim*, Je Hak Kim, Ph.D.* and Hoan Jong Lee, M.D.
Department of Pediatrics, Seoul National University College of Medicine, Seoul, Korea
R&D Center of Pharmaceuticals’, Institute of Science & Technology, CHEIL JEDANG Corporation

Background : Episode of Enterococcal bacteremia has increasingly been reported for the past 15
years in USA, but there have been few systematic studies on its occurrence among Korean children.
This study was carried out to determine the epidemiologic, clinical and laboratory characteristics of
enterococcal bacteremia in Korean children.

Methods : Fifty episodes of enterococcal bacteremia among Korean children were retrospectively
analyzed. Clinical and microbiological data were collected for all episodes of enterococcal bacteremia
which occurried during 9-year period between November, 1992, and August, 2001 at the Seoul
National University Children's Hospital.

Results : Significant underlying diseases were present in 47 (94%) episodes, including cardiac or
abdominal surgery (44%), cardiac disease (30%), and chronic gastrointestinal disorders (16%). Thirty—
eight (76%) episodes were nosocomial in origin, and 14 (28%) episodes were polymicrobial bac-
teremia. The source of bacteremia was identified in 16 (32%) episodes, intravascular device being
the most common identifiable source. Of the 47 isolates identified at species level, 20 strains were
Enterococcus faecium, 26 Enterococcus faecalis and one Enterococcus avium. Seventy—two percent
of E. faecium cases were resistant to ampicillin. 36 cases (80%) had high—level resistance to gen-
tamicin and sixteen cases (36%) to streptomycin. There was no strain resistant to vancomycin. Three
clinical patterns were identified; self-limited bacteremia, 20%; low grade sepsis with favorable out-
come after specific therapy, 42%; severe and prolonged infection, 30%; and unclassified, 8%. The
overall mortality rate was 10.8%.

Conclusion : Enterococcal bacteremia in children was usually nosocomial and comprised a hete-
rogeneous group. The majority of cases occurred in children with serious underlying diseases. The
frequency of high—level resistance to gentamicin in enterococcal isolates was high.

Key Words : Enterococcus, Bacteremia
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Aol A Eel¥ A2 inositol DA iAol P33} 70T
of ®¥#Eol gtk A A HANE $18ke] National
Committee for Clinical Laboratory Standardse] W% (NCCLS
M100-S12, 2002)°l F8ke] @3 24 W (agar dilution meth-
od) o2 H2AAF=MIC)E S43ATh Mueller-Minton
agar (Difco, Detroit, USA) #X]oll FAAE At 3|2 5}o]
0.008 pg/mLFE 256 ug/mlL EF=7MA SAsHTE tha-9
FAAES AAP AHE3HATE Penicillin G (238A419F), am-
picillin (37 2F3%), imipenem (Merck & Co, Elkton, USA),
(Lilly, USA), teicoplanin

vancomycin Ind, Indianapolis,

(Aventis Pharma, Aron, France), quinupristin—dalfopristin
(Aventis Pharma), linezolid (Pharmacia & Upjohn, Inc,
North Peapack, USA), gentamicin (>3} 9}), streptomycin
(F29). Hx dF% L faecalis ATCC 292128 AH&-3H
o} Ampicillin W32 MIC >16 pg/mL=Z Z93tA Tt Gen-
tamicin® L= MIC >500 ug/mLEZ, streptomycin
o] =L MIC >1,000 ug/mL=E 7ottt

-r-‘

QR

S xuo} v} 214

= Centers for Disease Control (CDC)ellA] ¥
dY  4BAIRE o]Fel Aldigh FMujFEHATE POl
S 9 == HY F 27 ol AHAS WE B 7
doz EFATE E#A(cholangitis)¥ L=HIS

sepsis)= CDC9] Aol wsith(3). w859 Ydyie=
4 ®ax(focus)] W §U3W TE A A dE
AojatArnt Eg ‘=@ HY
ALl Aol AL B &

ol A A

(uro-

7180l Ae =l il;
3, F 2 ool HomjdA R JAgolwA thE iAo
A7} %’19—‘3‘3, - (vegetation)©] Ho|x| ol 7+A A
Wb o ® FEAttd). ol FAl Ames dES I
A 25 ool A 24AZE o]} AwF A= etk

W =7k (leukocytosis)S AF 1719 olUE 19,500/

B, AF 1341 Atol= 17500/ul. ©]7d<!

AT 4-TA ARelE 15500/ul 013l A, S 8-1341
Abel= 13500/ul. ©1Xdel 9, A 14-164 Aol 11,000/
uL o743l A= AHoJetH s T AAE 500/ul ©l3e!
A2 AoFATH5). AAETS A <360T, AFALS

g3 FdolelA >20 mg/dl = F45 2% u 1)E
Fole dF LEFH T2 >25 meg/dl B aspartate
aminotransferase Fi= alanine aminotransferase’} A\
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tide, quinolones %92 W aminoglycoside®t Hgtato]
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(device) AH&, HFA Al
o Xgetdh S5 gdd A%, 298 A

9] &, penicillin, ampicillin, vancomycin, teicoplanin®] ti

Az

ro

N

447 gentamicin® streptomycin®l w3 LA F5
A Ame A s, A A s, D o A A
TS Xttt

Ay =3 83 Q1T #7719 AHS #HEE #ds
AGA e B A 7227 ool AU wol Gt o
HAZ LA FAQl 9 AR FEh ol dddl F3
el ddg W2 ddF B A 10E ool AAS

wfell, elab Af= HdF T A 270 oluiel SUSlE
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4. TAH &4

FAA A2 Statistical Program for the Social Science
(SPSS) 100 M-S ©]&3t%9 3, Mann-Whitney U-AAH
< AMEsF e two tailed PREe] 0.05 o3ty = F<lstth
3 A

gul

I

944, AT FARA 54

AN T AdE Aot tESe] 58 T 50909 9

x|

Table 1. Clinical and Demographic Characteristics of Child-
ren with Eenterococcal bacteremia

Total . Community—
Characteristics number of Ngsgg%r:;al aoguired
episodes (n=38) episodes
(n=50) (n=12)
Sex (M:F) 29:21
Status or underlying disease
Major surgery 2 (44)*
cardiac 10 (20) 22 (58) 0 O
gastrointestinal 12 (24)
Cardiac disease 15 (30) 13 (34) 2\
Chronic gastrointestinal 16 (32) 14 (37) 2 (17)
pathology”
gastrointestinal 8 (16) 7 (18) 1(8)
hepatobiliary 8 (16) 7 (18) 1(8)
Hematologic malignancy & 8 (16) 5 (13 3 (25)
solid tumor
Prematurity 4 (98 3(8) 1(8)
Immunosuppression 3(6 2 (5 1(8)
Others” 6 (12 5 (13) 1(8)
Focus of infection
Intravascular device 6 (12) 6 (16) 0(0
Biliary tract 5 (10) 4 (1) 108
Urinary tract 2 (4 103 1(8)
Endocarditis 2 (4 1(3) 1(8)
Wound infection 1(2) 1(3) 0(0
Presenting conditions at
presentation
Hepatic dysfunction 13
Hypothermia 12
Neurologic dysfunction 2
Renal insufficiency 2

'I:otal exceeds 100% because two patients had 2 underlying conditions.
“Comprises of chronic intestinal pseudoobstruction (5 cases), chronic

diarrhea (1), necrotizing enterocolitis (1), jejunal atresia (1), biliary atresia
(5), hepatitis (3)
Include vesicoureteral reflux (2), chylothorax (1), postoperative adhesive

ileus (1), hyperimmunoglobulin E syndrome (1).
Numbers in parenthesis, percent
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F7159 HEZ} 7Fssth 500 T 4749 2] oA
TS THE e 265(52%)7t E faecalis, 207(40
%)’V E. faecium®l 2™ 157:02%)7F E. aviumelth. A+
A 9 A 5L Table 13 22th

AER 500le] dHFo] 46 FAAA HAEATH
(= 299:179). 4679 A F 2] o] LAG skt
2ol om Zhzt g FAtell A 4907k, thE gk Fxtell A 24
7} A sl

5(10%) oA &A= FoldaL o] F 3eelA] =
WA GAlel ZFT ATl AT 3eelA "G lAAE
Folrtar gilom 4ele wsolR FAT 27hE mvke] 9
ofdt), 3dlE WhtolE EAISH Aot F 46789 #A)
5 4390l thksk v1A Ags A Q)

AgH(154, 30%), HAEHEH, 16%-71¢] H AT F), *
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olFgHY TSI oItk Rhotm FAT Aol F 2
A 714 Aol il Zz e el A o
Ak 2Ape] tpoli= S 4UHE W 154 Aol AaL(F A,

2.7%42A), °] T 29°1(58%)7F A%
UHTable 2). 3821(76%)7F WA 3] aL(Table 3)
ol 24404881 o] & 2D AVIE

ot
MR

4% 5 9E
BAE BAY A% AAAZFE] FYA (median) 7 280
A3-528) (AN AHE9IF, 139 A3 A9 419)0] ek

Table 2. Age Distribution of Enterococcal bacteremia cases

Total Nosocomial Community—
cases cases acquired cases
Age (n=50) (n=38) (n=12) P
No. % No. % No. %
<1 mo 5 10 4 11 1 8 0.83
<8 mo 16 32 12 32 4 33 0.91
<1yr 29 58 23 61 6 50 0.52
1-5 yr 12 24 9 24 3 25 0.93
6-12 yr 6 12 4 11 2 17 0.57
>12 yr 3 6 2 5 1 8 0.70

Table 3. Types of Acquisition according to Species of
Enterococcal Blood Isolates

E. faecalis E. faecium Other Total
(%) (%) Enterococcus (%)
Nosocomial 19 (38) 15 (30) 4 (8 38 (76
infection
CA" infection 7 (14) 5 (10) 0 12 ( 24)
Total 26 (52) 20 (40) 4 (8) 50 (100)

“Community-acquired

13812699 A8 7 elEe] B ol 354494
ek 714 A8e BAw d93 A9 gd B4 9w
MR W 2 e we AHUE AISIEP-0000)

Frelgk 2ol 7 AT Table 1).
ojFlel #A-tfxat ATENA L Y AAES W
ZARgE A3t ARlE AW =3l 1891(36%), &
12401(24%), Sl 99(18%), F¥e] 101(20
#717] A8 64(129%) 04 AAT 2701 ool
23VIA e T ot 129(24%), 271E ol A%
< o7} 10401(20%) 1 ATH Table 1). 79 24 25
| FAAE Fore dE 319622332 HAW 74a
Aoz 68%, A19A 3] A= 42%2AM BAH R #9
g 2ol FATHP=0.1). 2F T8 1Y ool FAAE
Fofuke o7} 374(74%) At} 3791 & aminoglycosid (gen-
tamicin, amikacin 5)7} 22994, cephalosporin®l 254l A
FolE ey, 7 A MY ool AAAE Fowre o
7b Wy A= 89%, A 9AE] A= 50% AT
(P=0.003). 370 olule] FAAZ Fofue oy 714 4
9] 44904 3M Ul cephalosporin® AHg-o] AP AT} 36%
o] FA7E A A 1Y ool FERAA JAAd H

gol itk AF AAES WA FGH A48 w4
4 gz vastde O w9, o F¥, S A9,
AF 5F7] AHES BE I 49 A5 AU
AWHLE & 5 YA FAZl WAW 749G el
o]

=]
AR e by T3] 6o HEYo] 54¥n 2=t
dol 2o, Aol 24, FdztH o] 14 JTHTable 1). €
e 47t Hee #dd dem A9xE e
el fosk Apolrh gtk ] =@ 5e7t AW
W =#@ollar, 2¢7F Fulg maoldr) a=27de] Ui
299 2dE BT wHsdF{ur e lde d¥8%
AAL QFte] A= Atk AdTede] YN 2
o= 25 st Adierd ol ek
504l F 14d= FEIGoIR e FF o9l €<l

54,
7} 24, AT e7t 340l Atk
moniae’t 37, Escherichia coli, Acinetobacter baumannii,
22 97,

staphylococcus, Enterobacter cloacae, Streptococcus bouis,

Staphylococcus — aureus”} coagulase—negative

Streptococcus maltophilia?t ZYZ} 15, candida species”} 3
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Table 4. Species and Antibiotic Susceptibility Test Results and MIC Values of 46 Blood Cultures lisolates of Enterococci
at the Seoul National University Children’s Hospital, 1992-2001

Susceptibility test results*

No. of strains with

.
indicated result )

Breakpoint (ug/mL

Antimicrobials MIC range/MICso/MICy (rig/mL) S | R S | R
E. faecium
Penicillin 2->128/128/>128 5/18 13/18 <8 - >16
Ampicillin 1->128/64/>128 5/18 13/18 <8 - =>16
Imipenem 0.5->128/8/>128
Vancomycin 0.5-2/1/2 19/19 0/19 <4 8-16 >32
Teicoplanin 0.25-2/1/2 19/19 0/19 <8 16 >32
Gentamicin HLAR 4/19 15/19
Streptomycin HLAR 13/19 6/19
Quinupristin-dalfopristin 1->128/4/8 6/19 419 9/19 <1 2 >4
Linezolid 1-4/2/4 17/19 2/19 0/19 2 4 >8
E. faecalis
Penicillin 1-8/4/8 22/22 0/22 <8 - =>16
Ampicillin 1-4/1/4 22/22 0/22 <8 - =>16
Imipenem 0.5-8/1/8
Vancomycin 1-2/2/2 23/23 0/23 <4 8-16 >32
Teicoplanin <0.06-0.5/0.25/0.5 22/22 0/22 <8 16 >32
Gentamicin HLAR 3/22 19/22
Streptomycin HLAR 15/22 7/22
Quinupristin-dalfopristin 4->128/16/32 0/22 22/22 <1 2 >4
Linezolid 1-4/2/4 18/23 5/23 0/23 2 4 >8
Other Enterococcus
Penicillin 0/4 4/4 <8 - =>16
Ampicillin 0/4 4/4 <8 - =>16
Imipenem
Vancomycin 4/4 0/4 <4 8-16 >32
Teicoplanin 4/4 0/4 <8 16 >32
Gentamicin HLAR 2/4 2/4
Streptomycin HLAR 1/4 3/4
Quinupristin-dalfopristin 2/4 1/4 1/4 <1 2 >4
Linezolid 4/4 0/4 <2 4 >8

*S=susceptible; |=intermediate; R=resistant
Based on the interpretive guideline of the NCCLS
High level aminoglycoside resistance
Susceptibility of 46 isolates was tested by use of an agar dilution method.

Feut.
50 S 44l A A (=380TC)°] Ao,
4o st Aok 539 BAAA A FHB A (no-
) P

tropics) & A&t #A T IFA 7S

2. TAA A
A A3 AAF A= Table 49 2H} Gentamicin®ll

DEWAS Bl 7= 367(80%), streptomycin®] L=

S H FFE 1657(36%)°1A . Vancomycin®  teico-
planin®ll= 25 ZAolAth F(species) @ Z+= E. faecium
o) FAA Ad A3} 72%7F penicillin?t ampicillin®l] 4]
o]al gentamicin IE=WA Ol 79%, streptomycin ILE=UAS O]
32%A T} Quinupristin-dalfopristin®ll =  47%7F WAdo| 9l
linezolidelli= W/ el 190, E. faecalisi= penicillin¥} ampi-
cillin® Aol o gentamicin A=A o] 83%,
streptomycin ZE=WA©] 32% At} Quinupristin-dalfopristin
ol & 5 Ul linezolidll &= Wl o] $IAT
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Table 5. Classification of 50 Episodes of Enterococcal Bacteremia according to Clinical and Laboratory Characteristics of

Episodes in the Various Groups

Characteristics Group | (n=10)

Group Il (n=21) Group Il (n=15) Unclassified (n=4)

4

Hospital-acquired
Previous antibiotic therapy”
Significant underlying disease
Previous gastrointestinal surgery
|dentifiable focus of infection
Polymicrobial
Fever
Leukocytosis
Neutropenia
Enterococcus species

E. faecalis

E. faecium
Fatal outcome
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Numbers in parenthesis, percent
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B -lactam FAYARES] 230l 6%t GlycopeptideAl A
Al (vancomycin %=+ teicoplanin)®t aminoglycoside®] Z3to]
7%, glycopeptideA] @AJA|we] Z3to] 3%t Cephalo-
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