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Predictors of Meningitis in Febrile Infants Aged 3 Months or Younger

Hyang Soon Song, M.D., Eun Ok Kim, M.D., and Young Taek Jang, M.D.

Department of Pediatrics, Presbyterian Medical Center, Jeonju, Korea

Purpose : The purpose of this study was to identify useful predictors for diagnosing bacterial meningitis and performing
CSF studies in febrile infants three months or younger.

Methods : Six hundred and fifty two febrile infants with a rectal temperature =38,0C presented from January 2003 to April
2008 and were retrospectively studied, The total white blood cell count (WBC), band count, absolute neutrophil count (ANC),
quantitative C—reactive protein (CRP) and blood cultures were performed on admission, The clinical variables associated
with bacterial meningitis were analyzed,

Results : In patients with bacterial meningitis, the clinical variables including CRP (P=0.036), band count (P=0.037), ANC
(P=0.036) and age (P=0.001) were significantly different, The area under the receiver—operating characteristic curve was
0.969 for CRP, 0,946 for the band count, 0,765 for the ANC and 0.235 for age. A CRP cutoff point of 8 mg/dL was determined
to maximize both the sensitivity and specificity (sensitivity 83%, specificity 95%, likelihood ratio 16.6). A CRP concentration
of (7 mg/dL "ruled—out" bacterial meningitis, with a likelihood ratio of 0,17, a posttest probability of {0.1% and negative
predictive value 91%. A CRP concentration greater than 9 mg/dL had a much higher likelihood ratio (20.1) than the band
count (16.6) and ANC (2.2).

Conclusion : The CRP concentration was a useful laboratory test for the differential diagnosis of bacterial meningitis among
febrile infants three months of age or younger. A CRP concentration of {7 mg/dL effectively ruled out bacterial meningitis;
a value =9 mg/dL increased the clinical suspicion of bacterial meningitis and the need for CSF evaluation, (Korean J
Pediatr Infect Dis 2009;16:40—46)

Key Words : Fever, Bacterial meningitis, C—reactive protein

o] 9 3] SfsiA ol 7] HARE 3| Hed, AR

M = B 2= HAE sPlolks o= 7] o] E o 7] mieel,
ok Wkl w31, vlgo] AA SaL, Fo] A2 HAE
3784 olste] FotollAIM dof Q= 7-7oll, Bf o] AeishA "ok, 2™ Sg ofdd o | U= A7 e
utol2] L Aglo] o7t ZQIA], oh i utdolt R =, S/go] A LERA] oL, Haeel] PAle Fapgo] Al 4
WEF 5 At At g 2Rt ZIQIA, S/l ok e A5 gel7] mzel, kel vk AAE X5
7S Fajo] PP ol A7t Wol girk web I of BX] RS a1 ofe] 7] g s Hept Y, o]
AAEE 3704 ofste] ofol7h B TR WHsHHS

Tl 12009 1€ 23, 32009 2¢ 2 - =
o000 o ol = Alt/d et B QAE FSIIA] ARG w2l
HQURIX} : HEE, FE oY AoFH AT} HARE REEA] Asofshs 7395 doliy] st A<

Tel : 063)230—8923, Fax : 063)230—892 =
e ) , Fax )230-8926 A R¥shT)

E—mail : godlove@nitel net

40



Chat 2

20084 195} 20084 47b HFNH L 29 A
20 38C ol4o] WA FAR U 34 olste] ot
65202 o Siiek. vi%ol, W A8 1 Folg, T
% W 48ARF ol oEES B A9 Al

E

wowa &4?‘4#%401] 1 l

t}
dake Wil gol 2, o Al

ru%‘.’ x

=y
o
=)
)
1,

=
LFE
QL
2
o
jus)
E
4
[
N
N
of
fo
i
e
>
12

>~
2>,
o
o
~
o
a0
O,
1m
uz
e
1o
rio
ro
o
%
ol
oz
,,
o
™
A
o]
o,
lo

Mo
e
X,
>_J‘ o2
(¢

o HPO]EVI s —O] +
o, Hpolg 2 Zleto] oigh HARE 4] Sk
A= SPSS window version 11,02 AR5} 1L, SI<H
HZ2E H4=0] H|wofl= Chi—square testS
01831t ROC 412 o] 831o] HchHle] ylghs} Solw
2 mol- AUYL THL oA SEvl(multilevel
likelihood ratio)2} AFE-3+E (posttest probability)2 A

fo
fr
ofi
5
o

‘1? of

= t—testE,

Table 1. Testing and Cultures by Patient Age
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A geated 1119 (17, 0%), HA)71 282 3978(6.0%), H] AT
4 A4 2578(3.8%), #IE 149(2.1%), w85 T8(1.1%), Al
/g e 698(0.9%), Alitd BEY 178(0.2%), 718 47
(0.6%)°]ItHTable 2).

RIS Escherichia coli 113%4(17.3%), Klebsiella pneu-
moniae 11%9(1,7%), Staphylococcus aureus 7T3(1.1%), En-

terococcus faecalis TH(1.1%), Streptococcus agalactiae 5

Age (month) No. CBC  Blood culture UA Urine culture CRP  CSF study CSF culture
0-1 199 ( 30.5%) 100.0% 98.9% 100.0% 99.5% 99.5% 82.4% 82.4%
1-2 203 ( 31.2%) 100.0% 96.5% 99.0% 98.5% 98.5% 72.4% 72.4%
2-3 250 ( 38.3%) 100.0% 93.2% 100.0% 100.0% 99.2% 63.2% 63.2%
Total 652 (100.0%) 100.0% 96.0% 99.7% 99.3% 99.1% 71.9% 71.9%

Abbreviations : CBC, complete blood cell count; UA, urinalysis; CRP, C-reactive protein; CSF, cerebrospinal fluid
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H(0.8%), Enterobacter aerogenes 33(0.4%), Streptoco-

ccus constellatus 29(0.3%), Pseudomonas aeruginosa 2
(0.3%), Corynebacterium species 1%(0.2%), Streptoco
ccus pneumoniae 174(0.2%)©|THTable 3).

Table 2. Final Diagnosis for the 652 Febrile Infants

Diagnosis No. (%)
Viral infection 307 47.1)
UTI 138 (21.2)
Aseptic meningitis 111 (17.0)
Bronchiolitis 39 (6.0
Non-bacterial gastroenteritis 25 (3.8
Pneumonia 14 (2.1
Bacteremia 7 (LD
Bacterial meningitis 6 (0.9
Septic arthritis 1002
Others 4 (0.6)

Abbreviation : UTI, urinary tract infection

Table 3. Causes of Bacterial Disease

Disease No.(%)
UTI 138 (21.2)
Escherichia coli 108 (16.6)
Klebsiella pneumoniae 10 ( 1.5
Enterococcus faecalis 7 (1.1
Staphylococcus aureus 5 (0.8
Streptococcus agalactiae 5(0.8
Enterobacter aerogenes 3004
Bacterial meningitis 6 (0.9
Escherichia coli 2(03)
Streptococcus constellatus 2 (0.3
Corynebacterium species 1 (0.2
Streptococcus pneumoniae 1 (0.2
Bacteremia 7 (1.1
Escherichia col 3 (04
Pseudomonas aeruginosa 2(0.3)
Staphylococcus aureus 1002
Klebsiella pneumoniae 1002
Pyogenic arthritis 1002
Staphylococcus aureus 1(0.2
Total 152 (23.4)

Abbreviation : UTI, urinary tract infection
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Table 4. Characteristics of Children with and without
Meningitis

Patient with Patient without

Characteristic meningitis meningitis

(N=117) (N=535) ~ Value
Age (day) 41 49 0.075
Fever (C) 38.6 38.6 0.990
WBC (mm?) 11,002 11,073 0.892
Band count (mm?) 966 824 0.364
ANC (mm?) 4,489 5,089 0.101
CRP (mg/dL) 2.04 2.23 0.603

Abbreviations : WBC, white blood cell count; ANC, absolute
neutrophil count; CRP, C-reactive protein

Table 5. Characteristics of Children with and without
Bacterial Meningitis

Patient with Patient without

Ch . bacterial bacterial P
aracteristic R e
meningitis meningitis  value
(N=6) (N=646)
Age (day) 13 48 0.001
Fever (C) 38.9 38.6 0.124
WBC (mm?) 17,800 10,997 0.160
Band count (mm?) 4,629 796 0.037
ANC (mm?) 10,169 4,931 0.036
CRP (mg/dL) 17.46 2.05 0.036

Abbreviations : WBC, white blood cell count; ANC:
absolute neutrophil count; CRP, C-reactive protein
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Table 6. Predictors of Bacterial Meningitis

Cutoff Sensitivity Specificity Likelihood ratio PPV NPV

point 95% CI) (95% CI) 95% CI) 95% CI) 95% CI)
Band count (/mm? 2,500 83 (48.2, 95.0) 95 (78.3, 96.5) 16.6 ( 8.8, 26.7) 17 ( 9.1, 24.3) 99 (83.5, 99.5)
ANC (/mm?) 5,100 83 (48.2, 95.0) 62 (33.6, 81.5) 22 (1.2, 33) 12 (6.7, 18.0) 99 (83.5, 99.5)
CRP (mg/dL) 8 83 (48.2, 95.0) 96 (78.3, 96.5) 16.6 ( 8.8, 26.7) 21 (12.5, 31.1) 99 (83.5, 99.5)
Age (day) 15 50 27.7, 70.5) 17 (9.4, 24.1) 0.61 (0.34, 0.91) 3 (1.6, 47) 98 (83.0, 99.5

Abbreviations : PPV, positive predictive value; NPV, negative predictive value; ANC, absolute neutrophil count; CRP, C-reactive
protein
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GRP : centration in the Differential Diagnosis of Bacterial
— Meningitis
75 Band count : ANC CRP
‘ ; . Likelihood ratio Posttest probability of
. ] concentration (95% CI) bacterial meningitis
; (mg/dL) =
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7 {7 0.17 (0.04, 0.64) 0.1%
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3 = Abbreviation : CRP, C-reactive protein
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