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Characteristics N=104 Characteristics N=104
(%) (%)
Gender — Male 65(62.5)  Predisposing factor 32(30.8)
Age (month) Preterm birth 19 (59.4)
< 3 months 40 (38.5) Immunocompromised 4(12.5)
3-36 months 49 (47.1) Paracranial infection 3(9.3)
> 36 months 15(14.4) Other predisposing factors 6(18.7)
Mean + SD 19.5+34.0  Body temperature
Median (IQR) 5(1-144) <38c 42 (40.4)
Seizure type at 57 (54.8) 38-40 ¢ 57 (54.8)
presentation
Focal seizure 14 (24.6) >40 ¢ 5(4.8)
Generalized seizure 43 (75.4) Mean + SD 38.3+1.0
Recurrent seizure 14 (13.5) Median (IQR) 383
(37.6-39.0)
Level of consciousness Complications 48 (46.1)
Alert 47 (45.2) Brain abscess 1(2.1)
Drowsy 52 (50.0) Subdural empyema 30 (62.5)
Stupor 3(2.9) Subdural effusion 9(18.8)
Coma 2(1.9) Ventriculitis 1(2.1)
Headache 11 (10.6) Hydrocephalus 10 (20.1)
Meningeal irritation 38 (36.5) SIADH 5(10.4)
Focal neurologic deficit 4(3.9) Hearing impairment 2(4.1)
Hypotension 4(3.9) Functional outcomes
Duration of symptoms 19 (18.3) mRS score 0-1 87 (83.7)
before admission > 7 days mRS score 2-5 15(14.4)
mRS score = 6 2(1.9)
Serum WBC CSF WBC
<10,000 cell/mm’ 30 (29.8) <100 cell/HPF 55(52.9)
10,000 — 20,000 cell/mm’ 47 (45.2) 100-999 cell/HPF 34 (32.7)
> 20,000 cell/mm’ 27(26.0) > 1,000 cell/HPF 15(14.4)
Median (IQR) 12,700 Median (IQR) 58 (5-374.5)
(9,450-
21,050)
Absolute neutrophil count CSF Protein
<7,000 cell/mm’ 52.0 (50.0) <40 mg/dL 23 (22.1)
> 7,000 cell/mm’ 52.0 (50.0) > 40 - <100 mg/dL 39(37.5)
Median (IQR) 6976.5 > 100 mg/dL 42 (40.4)
(3614.5-
11876)
Median (IQR) 83.8 (46.3-
219.9)
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N=104 N=104
Characteristics Characteristics
(%) (%)
Platelet count CSF Glucose
<100,000 cell/mm’ 5(4.8) <25 mg/dL 24(23.1)
100,000 - 400,000 cell/ 60 (57.7) 25 - <50 mg/dL 31(29.8)
mm’
> 400,000 cell/mm’ 39 (37.5) > 50 mg/dL 49 (47.1)
Median (IQR) 364,000 Median (IQR) 47 (28-68)
(248,000-
449,500)
Hemoglobin CSF: Blood glucose ratio
<9 g/dL 21(20.2) <0.25 28 (27.0)
9-11g/dL 50 (48.1) 0.25 - <0.50 51(49.0)
> 11 g/dL 33(31.7) =>0.50 25 (24.0)
Median (IQR) 10.35 Median (IQR) 0.4 (0.2-0.5)
(9.1-11.6)

é’ﬂmumm"lﬁ%’nmmnmﬁammzmnﬁw
Tydunds mnnamIastanaesl §iamsusnsuy
Tulsanennaveuuaunuin gileiosay 64.4 1
A17% leukocytosis (1IAADAYIININAIUNIAY
11,000 cell/mm’) Tasfimsisogiuveaiiiaifonvii
MM 12,700 cell/mm’® (IQR 9,450-21,050) uagf
1183080z 50 10172 neutrophilia (FAABAY YA
neutrophil #1111 7,000 cell/mm3) TaelaA1i5eg1u
VUL AADAU neutrophil 19110 6976.5 cell/mm’
(IQR 3,614.5-11,876) HONINTHAMIANE ML 1
TB8g UV UNAAR AN 364,000 cell/mm’ (IQR
248,000- 449,500) LL@%ﬁ1ﬁ‘ﬁEJ§1WUEN hemoglobin
WA 1035 o/dL (IQR 9.1-11.6) tlefnkAakams
a3 lvdundanui AiheTevay 47.1 Tszdu
dadoavnhnhlydundanniuif 100 cell
HPF Iﬂﬂﬁﬁ”lﬁ‘ﬁﬂf@”luﬂlmlﬁﬂLﬁ@ﬂ‘lﬂﬂuﬁyﬂﬂlﬁuﬁﬁﬁ

@ Y Y
(M 58 cel/HPF (IQR 5-374.5) #il183080% 76.9

=

HszauTdsaulwirlvdundannnnii 40 me/dL Tae
lavisegiuvesldsaulmilvdunauniny 83.8
mg/dL (IQR 46.3-219.9) W“IJ’JEJifJEIﬂu 52.9 UsEAU

shanalinilvdundatosndt 5o mg/dL Tagiian
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g’ 3 2 ad dy dy d'
T lvdundalaedsmsmiziae wenasranulu
{ ]
nIzu@doauINNgane Salmonella spp (30082 38.4)
2R Y 4 :’ [ [
nazhiesosaz 62.5 aranudeluthlvdunds
Ta83TN15@379 counterimmunoelectrophoresis (CIE)
9 1 v
1oNas1WUNINAGARD Haemophilus influenzae
(iﬂﬂaw 40) uag Streptococcus pneumoniae (mﬂm
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AD Streptococcus pneumoniae (39Y0Y 26.7) LAY
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Laboratory results N =32 (%)
Positive hemoculture 14 (43.8)
Haemophilus influenzae 4 (28.6)
Streptococcus pneumoniae 2(14.2)
Salmonella spp. 4(28.6)
Other 4(28.6)
Positive CSF culture 13 (40.6)
Haemophilus influenzae 3(23.1)
Streptococcus pneumoniae 2(15.4)
Escherichia coli 2(15.4)
Salmonella spp. 5(38.4)
Staphylococcus aureus 1(7.7)
Positive CIE 20 (62.5)
Haemophilus influenzae 8 (40.0)
Streptococcus pneumoniae 8 (40.0)
Neisseria meningitidis 1(5.0)
Escherichia coli 1(5.0)
Others 2(10.0)

A = = J 1y o Y
wedAnwamamsasmihludunaslugie 27
& A o oM e w
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Y Y
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Y Y
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<0.05) wazgiheniszauihaaluihlyvdundeae
] g} Y ] e
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Y Y v
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Y
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1 QI = dy ==
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(p-value < 0.05) (m‘JNﬁ 3)
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(Univariate logistic regression analysis)

CSF CSF
culture culture
Odds
Characteristic & CIE & CIE i 95% CI  P-value
ratio
negative positive
(N=77) (N=27)
CSF WBC count 2500 cell/HPF 12(15.6) 10(37.0) 3.18  1.17-8.61 0.022
CSF glucose <40 mg/dl 24(31.8) 17(62.7)  3.75  1.49-9.40 0.005

CSF glucose/serum glucose <0.25 15(19.5) 15(55.6) 5.16  2.00-13.30 0.001

CSF protein =100 mg/dl 25(32.5)  16(59.3) 370  14.99-9.40  0.016

@

9/
ﬂ'liﬁﬂ‘]el'luﬁ %ﬂulﬂﬁﬂ‘]el']Wfﬂﬂiﬂ!TiﬂIﬂﬂﬂ'lﬁ
1)5210U functional outcomes 917 modified Rankin
1 Y o 1
Scale (mRS) ﬂ@uﬁj‘ﬂlﬂgﬂﬁn‘l’iLl"lfli’]@ﬂi]"lﬂIiQWEJ"l‘]ﬂa

Taevudiheaulvgiineinsailsnd uazaulng
50A%30 NA1IAD wamiﬁﬂmﬁwuﬁé}ﬂaﬂ‘ﬁ'ﬁ
functional outcomes NOUIMHIBDONINITINGILIA
32@U mRS Y 0-1 Zovaz 83.7 wena Nt
é’iﬂmﬁiaﬂ%‘immﬁmmﬁﬂﬂﬂﬁmqiwuuﬂswmw
(mRS 11111 2-5) So8az 14.4 uawwuwﬂaﬂmaamm
mﬂTsﬂwafwmmmamaumm%mmﬂmia (mRS
10 6) Fovaz 1.9 (miwﬂ 1)

Lﬁaﬁwﬂ%%’whm 1R 1oAY
Fuiusszrinailadeniag fudeneinseilsn lag
M3AIILHOAD0LAINIUUADIAAN (univariate
logistic regression analysis) W‘].I’hﬂﬁ]%ﬂﬁflﬂ’ﬂuﬁl WS
fumsiianensailsalif (poor functional outcomes)
atatfeddneanai 2 ade laun msasianu
Aol lvdumas (OR = 6.23, 95% CI 1.77-21.96,
p-value 0.004) waznIAsINLE AR (OR=3.61,
95% CI 1.03-12.61, p-value 0.04) (A1571971 4) tuditiiorin
fsoee 4 1ndnziifeanuanuduiiszrig
Yadeans o Aumsinane1nsallsalid (poor functional
outcomes) 1A8A1TIATIZHOADBINHUINLULA

DYGAN (multivariate logistic regression analysis) WUN

a o =
254 NN WNEAITA UAsA

[ 1 [ 1 &Y a 1
Padenianuduiusiumsnanensailsalia (poor
1 v o @ aa Y [
functional outcomes) ’EJEJNﬁuEJﬁ”IﬂﬂJUVINﬁﬂﬁ laun
21M3UIARATHY (OR=8.87, 95%CI 1.24-63.63, p-value
k) Y
<0.05) tazm3asrnume i lvdunda (OR=22.71,
95% CI 3.09-166.91, p-value <0.05) (G]TiNﬁ 5)
d‘ a 4 o A v o
MINN 4. #aMIINTIZHVOINUANUFTUNUT
[ 4 Y o
AoneInTal lsAUoN AU DAL
dy ~A A < a 4
Wwouuanseluan 910n15ATILH
DADBYDNUINLVVABIAAN (Univariate

logistic regression analysis)

Favorable Unfavorable

Characteristic outcomes  outcomes d(.is 95% CI  P-value
o~-8) o1y
Gender — Male 53 (60.9) 12 (70.9) 0.65  0.20-2.00 0.45
Age < 12 months 67(77.0) 11 (64.7) 1.83  0.60-5.56 0.29
Immunocompromised host 3(3.4) 1(5.8) 1.75  0.17-17.9 0.64
Seizure at presentation 47(54.0)  10(58.8) 121 0.42-3.49 0.72
Recurrent seizure 11(12.6) 3(17.7) 1.48  0.37-5.99 0.58
Impair consciousness 46(52.9) 11(64.7) 1.63  0.55-4.81 0.37
Headache 7 (8.0) 4(23.4) 352 0.90-13.7 0.07
High-grade fever (BT 239 °c) 28(32.2) 3(17.7) 045 0.12-1.70 0.24

Presence of meningeal irritation 31(35.6) 7(41.2) 1.26  0.44-3.65 0.66

signs
Focal neurologic deficit 3(3.4) 1(5.9) 1.75  0.17-17.90 0.64

Duration of symptoms > 7 days 14 (16.1) 5(29.4) 2.17  0.66-7.14 0.20

Leukocytosis (WBC = 20,000 25(28.7) 2(11.7) 0.33  0.07-1.55 0.16
cells/mm3)
Absolute neutrophil counts = 45 (51.7) 7(41.2) 0.65 0.23-1.87 0.43

7,000 cells/mm3

Anemia (Hb < 11 mg/dL) 57(65.5) 11(64.7) 096  0.32-2.87 0.95
Low platelet count (< 100,000 3(3.4) 2(11.7) 3.73  0.57-24.26 0.17
cells/mm3)

CSF WBC = 1,000 cells/HPF 12 (13.7) 3(17.7) 1.34  0.33-5.37 0.68
CSF glucose < 30 mg/dL 21(24.1) 7(41.2) 22 0.74-6.50 0.15

CSF: Blood glucose ratio < 0.25 20 (23.0) 7(41.2) 234 0.79-6.96 0.12

CSF protein > 100 mg/dL 35(40.2) 6(32.3) 0.81 0.27-2.39 0.70
Positive hemoculture 9(10.3) 5(29.4) 3.61 1.03-12.61 0.04
Positive CSF culture 7 (8.0) 6(35.3) 6.23  1.77-21.96 0.004
Positive CIE 17 (19.5) 3(17.7) 0.88  0.23-3.42 0.86
Intracranial complication 33(37.9) 12(70.5) 2.58  0.89-7.45 0.08
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(Multivariate logistic regression analysis)
Favorable Unfavorable Crude Adjusted
Characteristic outcomes  outcomes  Odds Odd 95% CI  P-value
(N=87) (N =17) ratio ratio
Headache 7(8.0) 4(23.4) 3.52 9.36 1.54-56.90  <0.05
Low platelet count 3(34) 2(11.7) 3.73 7.88 0.80-77.95  0.077
(< 100,000 cells/mm3)
Positive CSF culture 7 (8.0) 6(35.3) 6.23 23.64  3.12-179.10 <0.05
Positive CIE 17 (19.5) 3(17.7) 0.88 0.24 0.04-1.56  0.136
Leukocytosis (WBC 25(28.7) 2(11.7) 0.33 0.26 0.04-1.60  0.147
> 20,000 cells/mm3)
CSF: Blood glucose 20(23.0) 7(41.2) 2.34 7.18 0.66-77.66  0.105
ratio < 0.25
Age < 12 months 67 (77.0) 11 (64.7) 1.83 7.1 1.41-362  <0.05
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Prognostic factors associated with outcomes
of bacterial meningitis in children

Kasama Bhudhisawasdi, Kanokwan Thanetphonkul

Department of Pediatrics Khon Karn Hospital

Abstract

Introduction: Bacterial meningitis in children is an emergency condition. Without proper
treatment, life-threatening complications may occur. There are scarce studies of bacterial
meningitis in children in the Thai population.

Objective: To study prognostic factors associated with outcomes of bacterial meningitis
in children.

Methods: This retrospective cohort study was conducted on 104 children diagnosed with
bacterial meningitis and admitted to Khon Kaen Hospital from January 1, 2014, to December
31%, 2020. This study was analyzed to determine the prognostic factors associated with
outcomes of bacterial meningitis evaluated by modified Rankin scale. Univariate and
multivariate logistic regression models identified prognostic factors related to outcomes.
Results: One hundred and four patients were diagnosed with bacterial meningitis. The
common pathogens were Haemophilus influenzae (40%), Streptococcus pneumoniae
(26.7%), and Salmonella spp. (13.1%). Most patients presented with seizures (75%) and
altered mental status (54.8%). Forty-four percent of the patients had complications.
According to the functional outcomes assessment, most patients survived without
neurological deterioration (83.7%). The overall mortality rate was 1.9%. This study found
the prognostic factors associated with functional outcomes of bacterial meningitis in children
were headache (OR=8.87, 95%CI 1.24-63.63, p-value <0.05) and positive CSF culture
(OR=22.71, 95% CI 3.09-166.91, p-value <0.05)

Conclusion: Most patients had a good prognosis. Prognostic factors associated with
outcomes of bacterial meningitis in children are positive cerebrospinal fluid culture and
headache.

Keywords: bacterial meningitis, factors, outcomes, children, prognosis
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