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= Abstract =

Purpose : The differential diagnosis between aseptic meningitis and bacterial meningitis in 

children is often very difficult. The current study was performed to investigate the clinical 

presentations, cerebrospinal fluid (CSF) and the Bacterial Meningitis Score (BMS) in children 

presenting with CSF pleocytosis (≥10 WBC/mm
3
). 

Methods : We retrospectively analyzed medical records of children (age three months-15 

years) with CSF pleocytosis between January 2012 to January 2013 at Gangnam Severance 

Hospital. 

Results : The dominant clinical symptoms were fever (92.5%), headache (87.5%), and vo-

miting (75%). Neck stiffness was noted in 20% of the patients. Three patients who were younger 

than three years old could not properly present meningeal signs. The majority (36 patients, 

90%) were hospitalized, with a median stay of three days. There was no one who had bacterial 

meningitis. The BMS was calculated for all patients. Among them, 27 patients (67.5%) showed 

a BMS of 0 which represents very low risk for bacterial meningitis and the remaining 13 pa-

tients (32.5%) showed a BMS of 1. 

Conclusion : The BMS may be helpful to guide clinical decision making for the management 

of children with CSF pleocytosis. Additional multicenter studies in Korea are now needed to 

evaluate whether the BMS can be used to safely reduce hospital admission and antibiotic use 

for children with aseptic meningitis. 
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1)

Introduction

Although bacterial meningitis (BM) carries 
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great concern when evaluating children with ce-

rebrospinal fluid (CSF) pleocytosis, only a few 

have BM
1)

. With the widespread introduction of 

highly effective bacterial conjugate vaccines, it 

has further decreased the probability that a child 

with CSF pleocytosis will have BM
2-4)

. Differen-

tiating BM from aseptic meningitis is often diffi-

cult, as their symptoms and laboratory tests are 

frequently overlapping and similar. In addition, 

infants and children also do not seem to reliably 
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Table 1. Bacterial Meningitis Score
8)

Predictor 
Points

Present Absent

Positive Gram stain

CSF protein ≥80 mg/dL

Peripheral ANC ≥10,000 mm
3

Seizure at or before presentation

CSF ANC ≥1,000 mm
3

2

1

1

1

1

0

0

0

0

0

display the classic features of the disease. There-

fore, many pediatricians decide to treat the pati-

ents with antibiotics for two or three days until 

the culture results prove to be negative
5)

. 

Unfortunately, no isolated clinical symptom 

or laboratory test has distinguished bacterial 

meningitis from aseptic meningitis with 100% 

sensitivity and high specificity
6)

. Numerous re-

searchers have investigated some clinical pre-

diction rules that discriminate BM
7-12)

. Among 

them, Bacterial Meningitis Scores (BMS) have 

developed clinical prediction algorithms to help 

exclude the possibility for bacterial meningitis 

and guide physicians to help care for patients 

in the emergency department
8)

. It is the first 

validated multivariate model derived from a 

pediatric population in the post conjugation Hib 

vaccination era and was evaluated perfectly in 

several studies
13-15)

. They predicted patients 

with BMS of 0 to have a very low risk, while 

patients with BMS ≥2 had a high risk of BM. 

However, these studies were conducted mainly 

in the United States and Europe, and there is 

no clinical study evaluating the BMS in Korea 

and it will be an important step towards contri-

buting to limiting unnecessary antibiotic use 

and/or hospital admissions.

Thus our study goal was to apply the BMS to 

children with CSF pleocytosis and investigate 

the clinical presentations of children with aseptic 

meningitis.

Materials and Methods

We conducted a retrospective analysis of chil-

dren (age three months-15 years) who had CSF 

pleocytosis (≥10 WBC/mm
3
) between January 

2012 to January 2013 at Gangnam Severance 

Hospital. 

The cases of encephalitis, of infants younger 

than two months old, of patients whose gram 

stain results represent contamination, of patients 

who had CSF red blood cell count >10.000/mm
3
 

and of patients who received antibiotic treatment 

before lumbar puncture were excluded.  

The BMS was calculated as follows: positive 

CSF Gram stain=2 points, CSF absolute neu-

trophil count ≥1,000 cells/mm
3
, CSF protein ≥

80 mg/dL, peripheral blood absolute neutrophil 

count (ANC) ≥10,000/mm
3
, history of seizure 

with the illness=1 point each. Thus the range of 

the BMS was 0 to 6 points and was shown in 

Table 1. We defined a child as having bacterial 

meningitis if there was a positive CSF culture. 

The data was processed and analyzed by using 

the SPSS statistics software. 

Results

1. Demographic and clinical presentation

Demographic and clinical presentations of pa-

tients were shown in Table 2. The total study 

group consisted of 22 boys and 18 girls. The 

mean age was 6.8 years (range, three months 

to 15 years) and age group with preschool chil-

dren (4 to 6 years-olds) comprised 50% of the 

patients. The dominant clinical symptoms were 

fever (92.5%), headache (87.5%), and vomiting 

(75.0%). Neck stiffness was noted in 30 % of 
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Table 2. Clinical Characteristics and Presentation of the Patients

Parameter Number of patients (%)

Male/ Female

Age in years, mean

Admitted to the hospital

Mean stay in hospital 

History of seizure before or at the time of presentation

Clinical presentation

  Fever/ Headache

  Vomiting/Neck stiffness 

Patients with BMS

  BMS=0

  BMS=1

22 (55.0)/18 (45.0)

6.8 (range, 0.25-15)

36 (90%)

3 days

0 (0%)

 

37 (92.5)/35 (87.5)

30 (75.0)/12 (30.0)

 

27 (67.5)

13 (32.5)

Abbreviations : BMS, bacterial meningitis score

the patients. As expected, three patients who 

were younger than three years old did not pro-

perly present meningeal sings (neck stiffness, 

Brudzinski’s or Kernig’s sign). 

The majority (36 patients, 90%) were admitted 

and the median duration of hospital stay was 

three days and they were treated with intra-

venous antibiotics pending the CSF culture re-

sult. Only four patients (10%) were discharged 

from the emergency room. Four patients with 

early discharge recovered uneventfully as do-

cumented during the outpatient department visit. 

The outcome was favorable in all patients re-

ported in this study with rapid recovery and no 

sequelae reported thus far. 

2. Laboratory findings

Laboratory findings were shown in Table 3. 

The number of leukocytes in the CSF ranged 

from 11 to 680 cells/mm
3
 (mean, 156 cells). 

About 20% of the patients had polymorphonuclear 

cells (PMNs) in the CSF more than 100 cells/ 

mm
3
. The mean CSF protein concentration was 

38 mg/dL (range 12 to 92) and the mean CSF 

glucose concentration was 66 mg/dL (range, 44 

to 102). The mean CSF to serum glucose ratio 

was 0.62 (range, 0.44 to 0.85). There is no 

one who had bacterial meningitis and who had 

positive CSF gram stain. Enterovirus PCR was 

not investigated. 

The mean peripheral white blood cell count 

on admission was 10,326.4±3,510.7 mm
3
 and 

the mean PMNs was 7,665 cells/mm
3
 (range, 

1,910 to 13,970). The differential blood count 

was characterized by a predominance of PMNs 

constituting 71.3±18.6%. The mean C-reactive 

protein was 9.1 mg/L (reference range: 0.1-6.0 

mg/L).

3. Bacterial Meningitis Score

The Bacterial Meningitis Score was calculated 

for all patients. Among them 27 patients (67.5 

%) showed a BMS of 0 and the remaining 13 

patients (32.5%) showed a BMS of 1. None of 

them scored higher than a BMS of 2, which 

represents high risk for BM.

Thus 27 patients were categorized as very 

low risk for BM by the BMS. Among the patients 

who got BMS of 1, 12 patients scored because 

their peripheral blood ANC exceeded 10,000 

mm
3
 and the remaining one scored due to high 

protein concentration. 
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Table 3. Laboratory Findings of the Patients 

Parameter Mean±SD Range 

Peripheral blood,

  White Blood Cell (/mm
3
)

  Absolute neutrophil count (/mm
3
)

CRP (mg/L) 

Cerebrospinal fluid

  White blood cell count, (/mm
3
)

  Absolute neutrophil count (/mm
3
)

  Glucose (mg/dL)

  Protein (mg/dL)

CSF to serum glucose ratio

Positive cerebrospinal fluid Gram stain

 

10,326.4±3,510.7

7,665.6±3,330.0

 9.1±10.6

 

156.2±152.2

59.9±85.4

66.0±10.7

38.0±19.3

0.62±0.1

      

 

 4,250-17,410

 1,910-13,970

0.2-54.4

 

11-680

  0-448

 44-102

12-92

0.44-0.85

0 (0%) 

Abbreviations : SD, standard deviation

Discussion

In the current study, we report a recent ex-

perience with aseptic meningitis in a single hos-

pital in 2012. 

Even though enteroviral infections are most 

common among infants and very young children, 

this age group constitutes only a minor per-

centage of this study. The differential diagnosis 

of the triad of fever, headache, and stiff neck 

includes bacterial or viral meningitis, fungal 

meningitis, tuberculous meningitis, and many 

other medical disorders. The classic meningeal 

signs and symptoms have limited clinical value 

for children with suspected meningitis and they 

could appear in cervical lymphadenitis, pneu-

monia and other infectious disease
16, 17)

. 

In the current study, only 30 percent of chil-

dren had neck stiffness, and the study’s retro-

spective data collection was subject to bias be-

cause of tests for meningeal signs. Only a few 

patients were tested for the presence of Kernig’s 

and Brudzinski’s signs, therefore we have not 

reported the presence of these meningeal signs.

Characteristic CSF findings for bacterial me-

ningitis are polymorphonuclear pleocytosis, hy-

poglycorrhachia, and raised CSF protein con-

centrations
6)

. Based on the direct CSF analysis, 

we report no one showed signs of hypoglycorr-

hachia and only one patient displayed a raised 

CSF protein concentration. While 20% of cases 

present with a CSF white cell count of more than 

100 cells per mm
3
, polymorphonuclear cells can 

predominate in the acute phase of many meningeal 

infection, including those caused by viruses
18)

.

In the current study, we showed all patients 

with a BMS score of 0 proved to be aseptic me-

ningitis. However, there was no one who was 

diagnosed with bacterial meningitis in the current 

study, and therefore we could not investigate 

the sensitivity and the misclassification rate of 

BMS for the patients with BM. Nigrovic’s and 

colleagues validated the Bacterial Meningitis 

Score (BMS) externally with a large retropective 

cohort of 3,295 patients in the USA; of the 

1,714 patients categorized as low risk by the 

bacterial meningitis score, only two had acute 

bacterial meningitis, providing further help for 

decision making for children and young adults 

who present at emergency departments with 
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CSF pleocytosis
13)

. Conversely, a BMS ≥2 pre-

dicted BM with high sensitivity and specificity. 

However, bacterial meningitis can occur among 

rare patients without CSF pleocytosis and a 

BMS score indicating low risk (1.7% in the study 

by Nigrovic et al), and other causes (fungal or 

mycobacterial meningitis) might need to be con-

sidered. And particular caution must be taken 

for infants younger than 2 months for whom the 

Bacterial Meningitis Score may be less accurate, 

and whom may not be appropriate candidates 

for outpatient management. Therefore, this cli-

nical prediction rule should be used in concert 

with careful clinical, epidemiologic and labora-

tory assessment of the patient. 

Diagnostic markers such as CSF lactate, serum 

procalcitonin and serum concentration of C- 

reactive protein also have the role for the diffe-

rentiating bacterial meningitis from aseptic me-

ningitis, but are not routinely available
19, 20)

. 

However, to achieve the sensitivity of BM, it 

may help to achieve this goal. 

Several limitations of the current study should 

be pointed out. First, our study was retrospective 

and therefore subjected to potential information 

bias for clinical presentations. However, the 

BMS includes only objective clinical symptoms 

and laboratory parameters gathered at the time 

of initial presentation, and the results unlikely 

would change. Second, we only analyzed data 

from a small number of patients in a year and 

there was no one who was diagnosed as having 

bacterial meningitis, and therefore it is difficult 

to represent the whole. 

Compared to other studies, the rate of admis-

sion and administration of antibiotics in the cur-

rent study was reported in as high as 90% of 

patients
8, 21)

. The BMS is simple to use and we 

can get variables that are easily available at the 

time of initial presentation and additional multi-

center studies in Korea will be helpful to evaluate 

whether the BMS can be a useful tool to assist 

and guide the care for pediatric patients in Korea. 
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목 적 : 뇌척수액에서 세포가 증가된 환자에서 세

균성 뇌수막염의 비율은 무균성 뇌수막염에 비해 낮

으며 국내에서 예방접종의 도입 및 투여율의 증가로 

세균성 뇌수막염의 위험성은 감소하였다. 하지만 소

아에서 무균성 뇌막염과 세균성 뇌수막염의 감별은 

쉽지 않으며 대부분의 환자들은 척수액 배양 검사 결

과의 확인 까지 입원 및 항생제 치료를 받고 있다. 이

에 저자들은 뇌척수액에서 세포가 증가된 환자 40명

을 대상으로 임상 증상, 뇌척수액 소견 및 BMS를 분

석하였다. 

방 법 : 2012년 1월부터 2013년 1월까지 강남세

브란스 병원에서 척수액 검사를 시행한 소아(생후 2

개월-15세) 환아를 대상으로 후향적으로 조사하였

다. 

결 과 : 임상 증상은 발열(92.5%), 두통(87.5%) 

및 구토(75%) 순으로 나타났고 경부 강직은 전체의 

약 20% 환자에서 보였다. 3세 미만의 환아는 모두 

3명으로 이들은 모두 특징적인 뇌막 자극 증상을 보

이지 않았다. 전체 환자 중 36명(90.0%)에서 입원

치료를 하였고 재원 기간은 3일이었다. 뇌척수액 검

사상 백혈구수는 156 cell/mm
3
 (11-680), 단백질

은 평균 38 mg/dL (12-90), 당은 평균 66 mg/dL 

(44-102)이었다. 말초 혈액 소견상 다핵구가 10,000 

mm
3
 이상이 20%의 환아에서 확인되었다. 세균성 

수막염이 확인된 환아는 없었다. BMS가 전체 환아
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들을 대상으로 조사되었고 이 중 27명(67.5%)에서 

세균성 수막염의 가능성이 낮은 분류인 0점, 13명

(32.5%)에서는 1점으로 기록되었다. 

결 론 : BMS는 국내에서도 뇌척수액 검사의 세포

수가 증가된 환아를 평가함에 있어 적절한 치료 방침

이 될 수 있을 것으로 판단된다. BMS가 무균성 뇌

수막염 환아의 입원 비율과 항생제 사용을 안전하게 

감소 시킬 수 있을 지를 판단하기 위해서는 국내에

서 지속적인 연구가 필요할 것으로 생각된다. 
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