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Bacterial meningitis in children experienced at a university hospital, 1993-2006

Sung Yoon Cho, M.D., Tae Yeon Kim, M.D., Hyunju Lee, M.D., Kyung Hyo Kim, M.D.
Eun Sun Yoo, M.D., Hae Soon Kim, M.D., Eun Ae Park, M.D., Kyung Ha Ryu, M.D.
Jeong Wan Seo, M.D., Sejung Sohn, M.D., and Seung Joo Lee, M.D.

Department of Pediatrics, School of Medicine, Ewha Womans University, Seoul, Korea

Purpose : Despite the seriousness of bacterial meningitis in children, there is little information on the incidence, causative
organisms, mortality rate and age distribution. We studied the frequency by age group and causal pathogens, and clinical
characteristics in children with bacterial meningitis in the private sector in Korea.

Methods : The medical records containing the data on bacterial meningitis patients under 18 years of age confirmed by
cerebrospinal fluid (CSF) findings were retrospectively analyzed from September, 1993 to August, 2006 at Ewha Womans

University Mokdong Hospital

Results : Fightyone cases of bacterial meningitis were observed. Overall the most common organism was Streptococcus
agalactiae (group B streptococcus, GBS) B0 cases, 37.0%) followed by Haemophilus inflienzae Q2 cases, 27.2%)
Streptococcus pneumoniae (12 cases, 14.8 %), Escherichia coli 3 cases, 3.7 %), Neisseria meningitidis (1 case, 1.2%) and
others (13 cases, 16.0%). In neonates and young infants under 2 months, the most common organism was GBS. In children
between 3 months, and 5 years, the most common organism was H influenzae. S. pneumoniae was the most common
organism in children over 5 years of age. Thirty-one patients (8.3 %) had complications. Of all ages, the mortality rate of
bacterial meningitis markedly decreased compared with the previously reported rate.

Conclusion : In neonates, GBS meningitis was most common. The frequency of H influenzae meningitis decreased after
the introduction of H influenzae type b vaccination. A strategy for the prevention of GBS meningitis in neonates should be
established. The influence of the pneumococcal conjugate vaccine on S. pneumoniae meningitis should be studied. (Korean

J Pediatr 200851:1077-1084)
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1. Liololl mE |lelwe

H

=
=

Aok 1A 270€, 370l 11714, 1270 €l A 2370
4, 247NN A 3571, 3670l A 5970E, SHIl A 1841 te]
ol e AtEe] EE= veat 2ti(Table 1). 7HE &7
Y32 GBSZE 30d1(37.0%) 1R o2 H. influenzae
7} 22#1(27.2%), S. pneumoniae”} 128(14.8%)°103L E. coli7}t
3#(3.7%), N. meningitidis”7} 191(1.2%), 71€} o] 13d(16.0
%)olTh 71Ek ol Staphylococcus haemolytocus 38,
Enterobacter cloacae 29, Klebsiella pneumoniae 287} A1
a1 Pseudomonas aeruginosa, Enterococcus fecalis, Proteus
mirabilis, Streptococcus mitis, Staphylococcus aureus,
Acinetobacter baumannii7t Z+7t 1812 ATk A X9
AN A 71€F 7to] 2k 3ol S, qureus”t A1l 309 #
okt A. baumannii7t 9913l 1712 FolE A3t 11804
B30 wgke] AlAjele] itk A, baumanniiZt Y1l Fhol
1EE AQde 1264 27 dds FNekelar, ¥ 2o dh
o, e g g "ol

1709 mvke] Al Agoto A Q1S AA 298 % GBS7F 194

(65.5%) % 7Hg Bt o] F o] 28 oAt Vel #& F
10#1(34.5%)°1 2™, coagulase negative staphylococcus”’} 2
A, E. cloacae, K. pneumoniae’t Z}7Z} 2#°|903, P. aerugi-
nosa, E. fecalis, P. mirabilis, S. mitis7} 27+ 148 A}t

1ol A 2718 9] Fob= HA 158 F GBS7F 7#1(48.7%) =
7V wdew H. influenzae?} 38(20.0%), E. coli7} 2#(13.3
%), S. pneumoniae’t 18(6.7%)°1Q03 7€} o2 A. bau-
mannii 18(6.7%), coagulase negative staphylococcus 1%
(6.7%)7F ATk

NG ol Aol F 37HE, o F MY £
influenzaeZ 19#81(51.4%)°l9 o™ 22 S. pneumoniae”}t
11#1(29.7%), GBS7F 4#1(10.8%)©194 2™, E. coli, N. meningi-
tidis, S. aureus’t 27y 191(2.7%) 1At} ©] 5 59714 o]s}<]
Sloli= 31922 H. influenzae”’t 1981(61.3%)5 AR 3L S.
pneumoniae”t 68(19.4%)°1 AW WHH 54 o]l A &= Al 67
% S. pneumoniae”} 58(83.3%) 13 N. meningitidis7} 12
(16.6%) 0192 H. influenzae= ST

[

QATEe

2. Lo] =

A Fog golse] ol oAl A 1341714 X5 0] gl
A3 Hit(mean) YolE 1471€0lden 1171€E ol5l7t 663
(81.5%) & A9 tjF-2-& AR5k YAk o] FolA 171€ vk
o] 1Ao7} 298(35.8%) = 7H4 ko 298 F 655%¢<1 19
g7} GBSOl L) ol 14| wigko] gyl & A+t A GBS7h
7 e Ao et} theo2E 3/1gdA 1171€Ee] 22
d1(27.2%) % Bokth 170€elA 271 o] 158(185%)°11 1L, 12
Mol A 2371€ 0] 521(6.2%), 2471 €lA 3571€e] 38(3.7%)
o1t} 341 o142 72(8.6%)°1UTh.

& Fholo] == 19939l A 2006
3oz gdlth(Fig. 1). 19959, 1997,
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4. |oIT0 ME A=Y 22X

GBSZ 1%k =942 1993l A 200613 7HA] 3] AT
S. pneumoniae® A3 A2 19930l A 2006714 A &4 o
2 A7} A} A H influenzae® 3 592 1993 9l
A 2001 d7HA = BAb7E gllem ool Rl &bt /It
(Fig. 1).

H. influenzae =99 7-5-9l= Hib #2lo] g-gitefe] =
Y7l Q1 19936l 4] 1996171 9 -2 vhete] wlale] &S]
o] AREE 7] A& 1997 o] 2 o] Hlaskgdth 19934
oAl A 1996WA7FA= 27 98 A 1997 o] Fofl = 1387+
AN o5 138 F 11dE M HFsA &gk 2d= 9

A AFTHel W Aro gl
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H. influenzae <549 & 2282 27195 H 3671€97H4 &
A7b Bt 2/0€9E 39, 37MLelA 5/MEe 17, 671
A 1112 1098 ol e, 12716l 4] 237192 59, 24714 o]
42 30l

5. QA

0]

A

o] 80#l(98.8%)F A iR UL Hoje]l 507
(61.7%), 21 &30 448(54.3%), AT Fo7t 418(50.6%) ]
At wHo] 3421(42.0%), TEZ} 348(42.0%), HN = 7H =
“gol 2981(35.8%) A1, AHo] 2081(24.7%), 22 A3H7} 114
(13.6%), F&°] 981(11.1%) %A

yHGo] WME Y S AAJoto] A QoA 22,000/mm’E H
T 2,325/mm°elglom tEE A¥EE Hi 54%0]rh Ao}
7] o] Fel| M HHgee] WE T 471 0ol A 16,650/mm’E 3
F 610/mm’olglon] TS AEE I 68%0I%Th BE AY
ol A M H oo WM S2= 0o A 22,000/mm’ o2 Bt 276/
mm’e1 ¢ T A¥E i 62060] T HH 5] W
T4 AAH 02 100-199/mm’7F 30.29% % 7Hd Bkl 1,000~
1,999/mm’7} 32.9%, 0-99/mm’7} 25.3%, 10,000/mm’ ©]’de]

r

Table 1. Etiology of Bacterial Meningitis

25%°1t}. HH Ao MPT 7} 5/mm” PREO & 1} 3
g 3709 oldtoll e Q1S S, haemolytocus, S. aureus,
A. baumannii®) Atk ¥ 29 o] G Thaleks ) W ol
A ZA BloluA] & Bo 28el A &, A85%,
=R T ol o] gd 1A% 2

o
=
(<3}
AA
403, 5oy 5, FurelelA
i

S5 = s B H| o] Al Fadol 2l
ATk Ao A HH ol ) BFEFS Hit 42 mg/dLel L

2 Hit 044010018 A Ao}r] o] Fd
A HH N g g mg/dL, &5 o ddef T
H| &2 Hyr 0.28°]10 k. BE A olA A5 ] T Hat
38 mg/dLollen w2 4ol o) Fole] T uj&-S Ht 03501
o} AAH 22 10-49 mg/dL7} 405% 2 7H8 Bkem 50 mg/
dL o]’ 34.2%, 0-9 mg/dLE 25.3%°]U Tk A Aolol A
Gl ) @2 430 A 1,096 mg/dLE 1t 304 mg/dLol AL
W AlAol7] o] Fell A= 220014 960 mg/dLE Hit 223 mg/dL
ojAth RE A A HH A W @ e 22014 1,096 mg/
dLZ 3t 259 mg/dLoldtt. AAA = 100-499 mg/dL7}
59.5%= 7H¢ Bekow 50-199 mg/dL7} 21.5%, 500 mg/dL ©I
dol 15.2%, 45 mg/dL "Rkl 3.8%°]ATH Table 2).

i

5e) o) Poje] ]

o, Mo
=T
e &

Age GBS E. coli Hi S pneumo Meningo Others” Total

<1 mo 19 0 0 0 0 10 29 (35.8)"
1-2 mo 7 2 3 1 0 2 15 (18.5)
3-11 mo 4 1 11 5 0 1 22 (27.2)
12-23 mo 0 0 5 0 0 0 5 (6.2)
24-35 mo 0 0 2 1 0 0 3 (37
36-59 mo 0 0 1 0 0 0 1 (1.2)
5-18 yr 0 0 0 5 1 0 6 (7.4)
Total 30 (37.0) 3 (37 22 (27.2) 12 (14.8) 1(1.2) 13 (16.0) 81 (100)

“Staphylococcus haemolytocus, Enterobacter cloacae, Klebsiella pneumoniae, Pseudomonas aeruginosa, Enterococcus fecalis, Proteus
mirabilis, Streptococcus mitis, Staphylococcus aureus, Acinetobacter baumannii

TNumber (%)

Abbreviations : GBS, group B streptococcus; S pneumo, Streptococcus pneumoniae; Hi, Haemophilus influenzae;, Meningo, Neisseria

meningitidis; mo, month(s); yr,years

Table 2. Cerebrospinal Fluid Findings in Patients with Bacterial Meningitis

Beyond Neonate Total

Neonate
Leukocytes 4
Total (/mm’) 2,325 (0-22,000)°
PMN (%) 54 (0-100)
Glucose (mg/dL) 42 (0-114)

0.44 (0.01-1.29)
304 (43-1,096)

Glucose (CSF/blood)
Protein (mg/dL)

610 (12-16,650) 2,076 (0-22,000)

68 (0-100) 62 (0-100)

35 (0-115) 38 (0-125)
0.28 (0-0.96) 0.35 (0-1.29)
223 (22-960) 259 (22-1,096)

"Mean (range)
Abbreviation : PMN, polymorphoneuclear leukocyte
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7. D™ st SE 2 A (latex agglutinin test)

GBS3= 80.0% (24/30)9l1 4 === &4l 35 HAAE Fdo]
A E colit 33.3% (1/3), H. influenzae= 95.5% (21/22), S.
pneumoniae= 75.0% (9/12), N. meningitidis= 100% (1/1)°ll
Al o)k AAH R FASHFAS] FHES 80% (24/
8L)elAtt. ¥ H A M FHAL A3 SAdo] vhghot Foulek 4
Atell Al GBS7F AHe 18lell A A 248 a3 JAA e ol
t}.

8. Lo 0]29 MYUAM ZHIY 2ME

AA 818 & 502(61.7%)0llA =<l o]9]e] v Al
Al o] Agkom 31#](38.3%) A thE Aol A= o] e
kokt}, GBS+ 63.3%, E. coliv 100%, H. influenzae'= 59.1%,
S. pneumoniae:= 50.0%°1 41 H ol A ¥ H o} o o] 2}
gk 13#1(16.0%) ol A= el A = A=A 22 o] z}ghth
(Table 3).

QA 818 % 730,194 2 &), AAsEFHRY, A7)
589 % ﬂoﬂ“ 29e @ %% V3 AR By

Z 9 HEFo] g9l
10. Dexamethasone?| 04

H. influenzae 223 % 20#1(90.9%)°1A Foakala 2#(9.1
%)M = FolabA] sttt o] T 17#(77.3%) 1A FAAE +

Table 3. Culture Positivity of Other Body Fluids

BAlol dexamethasones Fo13t3H. S, pneumoniae®)
B ZF 128 F 9#(75.0%) 9141 FolatA il 3#(25.0%) oA =
FolakA] gk T3k gol F 4u(33.3%) A FAAE F

71 A L& FA9 dexamethasones FI3Sith

HTtA okl o] A7) 7Y ollol| A 50U o] kA thok
st o 15964 219 0] 302(37.0%)2 71 ki 8ol A
14 0] 1431(17.3%), 22914 28] 132(16.0%) ] ATh,

ALY E

=

12. &

0

=
S

o

2
32
o

A 819 F 31#(38.3%) 4 FHZ v 5081(61.7
%)ollA Sl gtk FHIToRE As AEol 154
(185%)% 71 Bdom thfox RA-HS ojw T2 7
H)7} 1381(16.0%), %] 88(9.9%), F& “Fel7} 2#(25%),
=73 o] 281(25%), H&Eol 12(1.2%) 1At ARAwk1], Aoi
of, HAArH] ATAA o FHFTE A= fiddrh

Qi W= Wz A W GBSO 93 ke Sholo) A
g Zol ANY 198 Foll Al AEo| 64, FHEE Folx
FEEo] Buje} $550] Zhz) 50|, A Al Ao
2z} 24, o] 180Utk E. colidl 93 2 19olA At
g s FAAES goln s By Ade] gldlen H

influenzae®l <

o

kel ghol 7oA Autet A&

o] FH7F 48], FFFe] 28 ATk S, pneu-

moniae®l €g 7 Fof 4¥ oA FAHE Folw s 2o

Bnl7E 34, sk Aksel 28, 5ol 18 AATHTable 4).
tholdl g2 alAololl A 1181(37.9%), 171l A 2714 <]

Golell Al 8e(53.3%), 37/NE °o]/dollA 12a(32.4%) 7} A3}

1m

r.)

43 Folw &

Age
Culture Bacteria Total
<lmonth 1-2 months >3 months

No growth 11 (37.9)" 4 (26.7) 16 (43.2) 31 (38.3)

Growth 18 (62.1) 1 (73.3) 21 (56.8) 50 (61.7)

Blood GBS 12 4 3 19 (63.3)
E. coli 0 2 1 3 (100)
Hi 0 2 11 13 (59.1)
S pneumo 0 1 5 6 (50.0)
Meningo 0 0 0 0C 0
Others 6 1 0 7 (53.8)

Urine GBS 2 1 0 3 (10.0)
E. coli 0 1 0 1 (33.3)
Hi 0 2 6 8 (36.4)
Others 0 0 1 1077

“‘Number (%)

Abbreviations : GBS, group B streptococcus; S pneumo, Streptococcus pneumoniae; Hi, Haemophilus influenzae;, Meningo, Neisseria

meningitidis
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Table 4. Complications of Bacterial Meningitis

GBS E. coli Hi S. pneumo Others Total

(N=30) (N=3) (N=22) (N=12) (N=14) (N=81)
No complication 11 (13.6)" 2 (2.5) 15 (18.5) 8 (9.9 14 (17.3) 0 (61.7)
Any complication 19 (23.5) 1 (1.2) 7 ( 86) 7 (8.6) 0C0) 31 (38.3)
Subdural effusion 6 1 6 2 0 14 (17.3)
SIADH 5 1 4 3 0 (11.1)
Hydrocephalus 5 0 2 1 0 8 (9.9
Hearing impairment 2 0 0 0 0 2 (25
Infarct 2 0 0 0 0 2 (25)
Convulsion 1 1 0 0 0 1 (1.2

“Number (%)

Abbreviations : GBS, group B Streptococcus, Hi, Haemophilus influenzae; S pneumo, Streptococcus pneumoniae; SIADH, syndrome

of inappropriate antidiuretic hormone

B cthers
OS5 pneumo
mHi

M GB3

LFH B

"93°94°95°96°97°98'39°00°01'02°03°04°05°06

Years

numbarof petimrte

SRR

Fig. 1. Yearly distribution of bacterial meningitis. Abbreviations : Hi,
Haemophilus influenzae; S pneumo, Streptococcus pneumoniae; GBS,

group B streptococcus.
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B A AP Solo] RIS B 171€ Rkl A GBS
1ol e 35 7ks/g o] glo 5]"45} Zrolo] A2 171€
m Rkl A GBS 18, 171X 2709 Atolell A GBS 2, 671€
S. pneumoniae 1812 25 401t} 7Hdo] qlo] HHAs o}
A AbeE Zo R 7Hgeld GBSE 4#1(13.3%), S. pneu-
monige 18(83%)Z HAHL= 62%°] AHEES EATh

[
b

199348 2006744 137 o s el A @7t Axo}
At et 7 &3 e GBSOl tEo® O,
influenzae, S. pneumoniae?l X2 YERSITEH H. mﬂuenzaeﬂ
3ME o] Ao} 374 FolA= 1981(651.4%) 2 7 o)A
Ak Hib #lo] =91d ol 1 2001 o] Foll= &

A & Ao Kol O Wyt dA S Hadsivte A

<
A} H inﬂuenzaef] AP e 1A XolA H in-

fluenzae oA 727F Hib 999 24E A2 o= on)
bl & S5 1oy H influenzael 93 5% d 3] 959%
7} H1b°ﬂ & 79l uHE w olyEe] s A B}t

st 4 Aok H. influenzae 943 @2 S, pneumoniae 23
= JFTEO] A G QUSATE 54 o] 48] Aot A S, pneumoniae
7} 68 & 52l(83.8%) 2 71 &3 ol N. meningitidis<
182 =7t vlg- AT} ol A2 N. meningitidis7} 7V &gk
TRl w5 AR, ofxzeE gl Sake g2l Aifolt) o]
Ao A Bold whet & sole] AuA FEbde] e
GBS7} 714 &3hol 30#(37.0%) 5 A Ak lelth
Hib WMAlo] =% 7] Heof Aol AMtA S A 713 &

3t A1 H. influenzae, S. pneumoniae, N. meningitidis2]
wol o 1 influenzaed e Furel e WAl o] WS-
ot Hib Al =98] o] delli= A AlAIA o= vid 20,0008 ol
Eiiloq‘jrg) H. influenzae 92 A3 A sl 714 W=7}
xo o] 371l A 34 Abelot?, o] A& AF R 5 )

42 EH%% A A 93] Bor) EHH 34 Ol ol = A4
oz W s¢o] Y55 yio|tl”, 1990t % Hib %3
o] Rz Q3 Hib7l vldFol Hesleles AS AaAfHo

2 H. influenzae 57FG0] @A FolEATPTEI0W S
el Al Hib 2 #e] WA Nl 95e w3l stolba] 1999-2001
d detsmol el Aol o 108y 6ol ATk, e
A Fzol & 4 93 AYEE L ddolge d7) oln)
e F7MEoA HoE vl Hib #ile] fEo] ofF 431m
% ol whe-S wolA] o= obdF MAIglS nEE o’ %
ok A HM 2 FEsAd Hib M2lg 712 ozl £
F a.3tt},

=7 ARl E H influenzae® A3t ool
FAR HAEHA S pneumoniae®t N. meningitidis= A%t
Fetgel Arid o Frbsta glom 7h ATt v A
Ao ANRE S pneumonige 13 FErE el A AE B
Ox Busy Qui? da4 2ol FEEHa
o e AR wWale

it

A= 77k AT
7% 4, 6B, 9V, 14, 18C, 19F, 23F= ¥3
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Iyt o S5 A
gAACl Aol A= S pneumoniae2] 3% 18] peni-
cilline® ¥378 %] cephalosporin®l ¥Hg-aF#] ¢7] wj&o]™® 1)
= Zotaahso A= 171E o] BE AotoA A e
XAl vancomycin@ cefotaxime©]Y ceftriaxones H 3l A
»e2 Ansth® o)} 2e S pneumoniae® WAEA
5 FAA ] AFs Ae9A AE-S B8l A T8-S Hol
ola, Elvtel Aol F&3¢ S pneumoniae WA HE
3 siAdsioF & Aol

A 2Kt oA RES AAEE E colit 3E
(3.7%) %ol St} 1970 N 7HA] = 2 A okA 7ol E. coli7} 74 €
ooz 4 A glglev Fulold GBS7F Baig o] % EEd
= GBS7F AlAek Al7]o] A8EH S dod)= T &%
o s a glom ) we vt A 371Y vwke] AT
el GBS7F 7H B8t Slel A= 1960-80 el 1.
o Al Ao} utde] Y9l #FE E coliE FE T 54 157
o woka, gk A EFAAE GBSTF 2ElE A= A 9l
Aot 1980 ) R GBS7F Bat¥] 7] Al&skaL, 2o w}
2HA= GBS7E A3 E &S AX|st AE 3o vERa 9
o @ Aol A 19890l 1992 7HA) Aok A4 42k
A 218 F 1281(57.1%) A GBS7} vl g =S Bagh bt 9l
o9 B el A 11709 o]kt 81.5% & TE-Eola T F
ANM= 170 wwto] 358%= 7Hg k] Wil GBS7F 7
wokom o7l Mo A Kol Wl FA9 e gAfolrh

-

Fol 2#lo3lar FEg o] 28 & e A

P

f

2 349 99 &

PP = T 2 0o %
Zeob BAIGle] 53 el gt P oA Gyl g of
o Aeko] ALE AR Ao} FEkele] g Fol Fuwrye) 7}
o= A7) 7)o]EA] o= Ao Kol 9B Ry Zube o)
RES A sk Skl gk o ko] W Qsith AT
whel o o]d 2 ket 4] o]she] RS A .

=& Al W ol & 4 Q3 U4 TRo A
o W@ AeAe BuE + QoY ag dae A9 23

Az, B Ao g GANA FAo] e 3
(75.3%)°190ek, AL ol Ho] FYAE Foldt
& QA3 AL S olehE A Felo

) 7]
CRP 36 mg/dLo|Ath. 15 A6 A 13k A
R FYSHAHALNA GBS FAdolen dof iy
GBS7F A4S AT WY A FAA Bgol it BA=e Bs}
A gkorom
< Ak 3 Uk a7 AL W9 4Y
o FAEH A E WY 19UA7EA G olirt
3394 Fojxof gAdo] HT g AFelA FL-SHAARE N
meningitidis®l g WHES} Eol=7t 2+ 957%<F 100%°]
3, Hibol disiA 95.2%<F 100%, S. pneumoniae®] t3|A]
93%9F 100%, 123 919 Al 74A 3 BTl tal A 93.0% 9
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