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ABSTRACT
Background: The diagnosis of bacterial meningitis is challenging
because of the vague clinical presentation primarily in infants and
children. The S100B protein is a biomarker of the inflammatory process
in the brain. It is thought to have a relationship with neuron damage
and oxidative stress in bacterial meningitis.
Methods: In this study, we measured the levels of S100B protein
in cerebrospinal fluid (CSF) and serum by using ELISA method, in
children with suspected bacterial meningitis. The diagnosis of proven
bacterial meningitis is based on a positive culture that confirmed the
causing bacteria. We analyzed the data by using MedCalc-version
17.6 programme.
Results: Eighty patients suspected of bacterial meningitis included
in this study. As many as 47 (58.8%) are males. The mean of age was
29.8 months (SD ± 32.1). Prevalence of proven bacterial meningitis was
21 out of 80 (26.25%). The primary clinical symptoms were seizures,

decreased consciousness, clinically sepsis, positive meningeal sign,
vomiting and focal neurologic deficits. The comparison of CSF S100B
levels between a positive culture and negative culture were 31.4
(SD ± 32.81) and 29.2 (SD ± 27.13). The serum S100B level in a positive
culture was 114.1 (SD ± 95.67) and in a negative culture was 74.9
(SD ± 75.84). The area under the curve (AUC) of CSF S100B and serum
S100B were 0.523 and 0.655, respectively. For diagnosing bacterial
meningitis, the optimal level of CSF S100B protein is ≥ 54 ng/L
(sensitivity 29%, specificity 98%), while the optimal level of serum
S100B is ≥ 177 ng/L (sensitivity 19%, specificity 98%).
Conclusion: CSF S100B and serum S100B protein have prospective
value with high specificity to confirm the diagnosis of bacterial
meningitis in children. Serum S100B may be used as an additional
test for diagnosing bacterial meningitis in children when there is a
contraindication for lumbar puncture.
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BACKGROUND
Meningitis is an inflammation of the meninges
and or cerebrospinal fluid (CSF) which surround
and protect the brain and spinal cord. Bacterial
meningitis is a bacterial infection on meninges
which can be proved by the positive result of the
culture, Polymerase Chain Reaction (PCR), Gram
stains, or antigen test on the CSF.1,2
The incidence of meningitis is varied between
countries. Moreover, without adequate treatment,
the mortality rate of bacterial meningitis could
be up to 70%. The incidence of meningitis was up
to 35-40 cases per year in Sanglah Public General
Hospital, Bali.
Bacterial detection methods with CSF or blood
Gram stain and culture are not always able to determine the diagnosis, especially in patients who have
received antibiotics therapy prior to the culture
and lumbar puncture examination. The results of
the CSF analysis on bacterial meningitis are not
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always specific and not consistently can be used to
establish the diagnosis.1,3
The S100B protein is a calcium-binding
protein that physiologically produced, primarily by
astrocytes in the central nervous system (CNS). It
is involved in the development and maintenance of
the nervous system. The S100B protein is one of the
biomarkers known to be indicating neural damage
in the process of circulation failure, stroke, and
head injury. The S100B protein is also reported to
contribute to the damage of the neurons and oxidative stress on sepsis encephalopathy and bacterial
meningitis in children.4,5
In the research, we measured the level of S100B
protein in CSF and serum from patients with
suspected bacterial meningitis. The diagnosis of
proven bacterial meningitis is established based on
positive clinical signs of meningitis, positive CSF
analysis, and positive CSF culture. The main objective
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of this research is to determine the accuracy of S100B
protein levels in the CSF and serum in diagnosing
bacterial meningitis in children. The secondary
purpose is to compare the Area Under the Curve
(AUC) between the CSF and serum S100B protein in
diagnosing bacterial meningitis in children.

MATERIALS AND METHODS
The type of the research is cross sectional. This diagnostic test accuracy study was done from 1 February
2016 to 31 March 2017 in the Department
of Pediatrics, Faculty of Medicine, Udayana
University/Sanglah Hospital, Denpasar, Bali.

Subjects
The subject of this research were children ≤ 12 years
who were treated in our pediatric ward suspected
with bacterial meningitis and met other criteria
for sample selection. The inclusion criteria were:
age ≤ 12 years, positive clinical signs and symptoms
of meningitis, CSF analysis showed leukocytes
>10 cell/mm3, peripheral blood leukocytes
≥10.000 cell/uL, and the parents agreed for the
patient to participate in this study. The clinical
symptoms of meningitis are considered positive
when there is a fever accompanied by the presence
of at least one of the following symptoms: meningeal
irritation sign, decreased consciousness, seizure,
vomiting, headache, and or bulging of the anterior
fontanels in children under 18 months. The subject
was proven to have bacterial meningitis when the
clinical signs and symptoms are accompanied by
positive CSF culture. The exclusion criteria were:
previous nerve surgery or V-P shunt placement, the
patient or parents refused lumbar puncture and the
presence of local bacterial infections on the lumbar
puncture area.
The nutritional status is calculated based on the
criteria of Waterlow: body weight according to age.
Data on gender are collected according to CDC
standards.
Laboratory Tests
Complete blood count (CBC), CSF analysis and
culture were done as routine laboratory tests in
Sanglah General Hospital. Human S100B Protein
ELISA Kit (E3669Hu) by Bioassay Technology
Laboratory was used to examine the level of S100B
protein in CSF and serum used. The ELISA test
was based on the Biotin double antibody sandwich
technology to assay the human S100B protein for in
vitro quantitative measurement of S100B in human
serum and other biological fluids.
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Sample size
The sample size was 80, calculated using the AUC
test formula, with AUC estimation of the serum
S100B protein 0.80 and CSF S100B protein 0.95,
α = 0.05 and β = 0.10 and two-tailed hypothesis.
The eligible subjects were enrolled by consecutive
sampling.
Statistical Analysis
The analysis of the comparison of AUC and diagnostic accuracy of CSF S100B and serum S100B
used MedCalc-version 17.6 programme.
Ethics
The research was approved by the Research Ethics
Commission of Medical Faculty of Udayana
University and Sanglah Hospital in Denpasar.
The ethical clearance number was 129/UN.14.2/
Litbang/2016.

RESULTS
Eighty subjects were examined for S100B protein
in the CSF and serum. The data distribution was
normal. The sample characteristics, the results of
CBC and CSF analysis from the unproven and the
proven bacterial meningitis patients, are shown
in Table 1. The mean age was 29.8 months (SD ±
32.1). The sample was equally distributed to the
under 18 months old group and the older than
18 months old (f = 40). The nutritional status was
categorized based on the Waterlow criteria (body
weight for age). The undernourished subject was
45%, well-nourished 36.2%, and overweight 18.8%.
The clinical symptoms found were seizures,
decreased consciousness, sepsis, vomiting, meningeal signs, paresis or paralysis, and headache.
Mean levels of CSF S100B protein were 31.40 ng/L
in bacterial meningitis and 29.22 ng/L in non-bacterial meningitis (p = 0.767; 95% CI: -16.69−12.34).
Mean levels of serum S100B protein were 114.12 ng/L
in bacterial meningitis and 74.12 ng/L in non-bacterial meningitis (p=0.062; 95%CI: -80.34.48−2.01).
Receiver operating characteristic (ROC) curve
of CSF S100B was shown in Picture 1. Prevalence
of the disease was 26.25%, and the AUC was 0.523
(95% CI: 0.408−0.636) and not significantly different with the diagonal lines (p = 0.768). The Youden
Index with the associated criterion of CSF S100B
protein > 54.20 ng/L had a sensitivity of 28.57% and
specificity 86.44%.
The accuracy of CSF S100B is shown in Table 2.
Using cut-point above 54 ng/L, the sensitivity was
28.57 and specificity 86.44%. The positive predictive
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Table 1 Characteristics of the subjects
Non-Bacterial
meningitis

Proven Bacterial
meningitis

Total

n = 59

n = 21

n = 80

mean ( ± SD)

mean ( ± SD)

mean ( ± SD)

Age (in month)

29.9 (33.3)

29.5 (29.2)

29.8(32.1)

Gender, male

36 (61.0%)

11 (52.4%)

47 (58.8%)

Undernourished

24 (40.7)

12 (57.1)

36 (45.0)

Well nourished

24 (40.7)

5 (23.8)

29 (36.2)

Overweight

11 (18.6)

4 (19.0)

15 (18.8)

Leucocytes (103/uL)

12.1 (6.6)

16.9 (15.3)

13.3(9.8)

Neutrophils (%)

61.5 (18.9)

59.3 (24.8)

60.9(20.5)

Lymphocytes (%)

28.2 (18.2)

29.9 (22.7)

28.7(19.4)

Cells

46.6 (115.4)

343.3 (872.5)

124.5 (468.8)

Neutrophils (%)

21.4 (27.2)

25.2 (26.2)

22.4(26.8)

Lymphocytes (%)

78.2 (27.2)

74.7 (26.2)

77.3(26.8)

Glucose (mg/dL)

70.5 (34.5)

59.1 (33.8)

65.5(35.2)

Protein (mg/dL)

62.9 (71.0)

117.2 (93.3)

77.17 (80.55)

CSF S100B (ng/L)

29.22 (27.13)

31.40 (32.81)

29.79 (28.52)

Serum S100B (ng/L)

74.95 (75.84)

114.12 (95.67)

85.23 (82.71)

Subject Characteristics

Nutritional status

Peripheral blood

CSF analysis

Table 2 Accuracy of S100BCSF for bacterial meningitis diagnosis
CSF S100B cut-point
>2.23
>5.22
>7.10
>8.24
>54.21*
>86.22**

Sensitivity

Specificity

PPV

NPV

(CI 95%)

(CI 95%)

(CI 95%)

(CI 95%)

95.24

1.69

25.6

50

(76.2-99.9)

(0.04-9.1)

(23.8-27.6)

(6.1-93.9)

90.48

10.17

26.4

75

(69.6-98.8)

(3.8-20.8)

(23.3-29.7)

(39.6-93.2)

80.96

27.12

28.3

80

(58.1-94.6)

(16.4-40.3)

(23.4-33.9)

(60.1-91.4)

66.67

35.59

26.9

75

(43.0-85.4)

(23.6-49.1)

(20.5-34.5)

(59.9-85.7)

28.57

86.44

42.9

77.3

(11.3-52.2)

(75.0-94.0)

(22.8-65.6)

(71.8-81.9)

9.52

98.31

66.7

75.3

(1.2-30.4)

(90.9-100)

(16.0-95.4)

(72.6-77.9)

+LR

-LR

0.97

2.81

1.01

0.94

1.11

0.7

1.04

0.94

2.11

0.83

5.62

0.92

*Youden Index, **Optimal Criteria

value (PPV) was 42.9%, and the negative predictive
value (NPV) was 77.3%. The likelihood ratio for
a positive test (LR+) was 2.11, and the likelihood
ratio for a negative test (LR-) was 0.83. The optimal
cut off point for CSF S100B was more than 86 ng/L
with a specificity exceeding 98%. It means that CSF
Published by DiscoverSys | Bali Med J 2018; 7(3): 601-606 | doi: 10.15562/bmj.v7i3.1202

S100B more than 86 ng/L can be used in helping to
establish the diagnosis of bacterial meningitis with
high accuracy, but not good enough for screening
purposes.
ROC curve of serum S100B can also be seen
in Picture 1. The value of the AUC was 0.655
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Table 3 The accuracy of serum S100B protein to diagnose bacterial meningitis in children
Serum S100B
cut-point
>14.79

>28.61
>40.67*
>128.12

Sensitivity
(CI 95%)

Specificity
(CI 95%)

PPV
(CI 95%)

NPV
(CI 95%)

95.24

11.86

27.8

87.5

(76.2-99.9)

(4.9-22.9)

(25.2-30.5)

(47.8-98.2)

90.48

27.12

30.6

88.9

(69.6-98.8)

(16.4-40.3)

(26.4-35.2)

(66.7-97.0)

85.71

42.37

34.6

89.3

(63.7-97.0)

(29.6-55.9)

(28.6-41.2)

(73.7-96.1)

33.33

81.36

(14.6-57.0)

(69.1-90.3)

38.9
(22.1-58.8)

(71.2-82.6)

19.05

91.53

44.4

76.1

(5.4-41.9)

(81.3-97.2)

(19.2-73.0)

(71.8-79.9)

9.52

98.31

66.7

75.3

(1.2-30.4)

(90.9-100)

(16.0-95.4)

(72.6-77.9)

>177.17
>297.22**

77.4

+LR

-LR

1.08

0.40

1.24

0.35

1.49

0.34

1.79

0.82

2.25

0.88

5.62

0.92

*Youden Index, **Optimal Criteria

Table 4 The value of AUC and the difference
Biomarker
Parameters

AUC

CI 95%

Difference

SE (CI 95%)

p-value

CSF S100B

0.523

0.636−0.408

0.132

-0.0693 (0.334−0.103)

0.1984

Serum S100B

0.655

0.758−0.541
in patients suspected of meningitis prior to lumbar
puncture. The cut-point serum S100B above 177 ng/L
can be used to increase diagnostic value of bacterial
meningitis when lumbar puncture could not be done
because of contraindications or other reasons.
The AUC difference of the CSF S100B and
serum S100B was not significant (p = 0.132;
SE = 0.103; 95%CI: -0.069 −0.334; statistic Z = 1.286;
p = 0.1984) as shown in Table 4.

DISCUSSIONS
Picture 1 
CSF and serum S100B ROC in
diagnosing bacterial meningitis
(p = 0.023; 95%CI: 0.541−0.758). The value of
the Youden Index (J) was 0.2809 at the associated
criterion more than 40.67 ng/L.
Table 3 showed that the accuracy of serum S100B
protein. Using cut-point above 28 ng/L, the sensitivity was above 90% and with cut-point over 40 ng/L,
the sensitivity was 85.71%, specificity 42.37%, PPV
34.6%, NPV 89.3%, LR+ 1.49, and LR- 0.34. The optimal cut-point of serum S100B was above 297 ng/L
with specificity 98.31%.
The level of serum S100B more than 28 ng/L can
be used for screening purpose with high accuracy
604

The S100B protein is considered as the C-reactive
protein (CRP) of the brain.6,7 A concentration of
extracellular S100B protein may cause trophic
effect on the cellular function. But, a pathological
concentration can cause glial activation and apoptosis. In vitro, extracellular S100B stimulate proinflammatory cytokine expression and produce
neurotoxic effect that induces apoptosis. A recent
study showed that S100B on micromolar concentrations could cause apoptosis by interaction with
the receptor for advanced glycation end products (RAGE), which can increase reactive oxygen
species (ROS), release of cytochrome C, and activate caspase cascade. The high concentrations of
S100B may cause neuronal damage through the
secretion of nitric oxide (NO) by astrocytes.4,8
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Biological half-time of S100B is approximately
30 minutes. Persistent increase of S100B concentration in serum indicates continuous secretion of
S100B from injured tissue. The concentration of
S100B protein is related to the severity of the brain
damage and the outcome after brain damage. It also
has been proven as a marker of the blood-brain
barrier damage. The concentration of S100B usually
becomes normal in 24 hours after acute injury. If
S100B protein increases continuously, it may reflect
a cellular damage in progress or a secondary cellular injury. Therefore, the increase of S100B concentration not only reflects the tissue damage, but can
also exacerbate the damage.4
Spinella et al. reported the level of CSF S100B in
children with meningitis was significantly different
compared to S100B in healthy children.9 Another
study in adult patients with purulent meningoencephalitis showed the comparison of CSF
S100B between patients with severe to very severe
meningitis and mild to moderate meningitis indicates that the level of S100BCSF can be used to
assess the severity of the clinical condition.10
Our study is the first diagnostic test of S100B
levels in suspected bacterial meningitis cases. The
results showed AUC value of serum and CSF S100B
in bacterial meningitis was above 0.5. But, there
was no significant difference between the two AUC
values. It can be inferred that serum S100B has
similar diagnostic value to CSF S100B. In a condition where there is a contraindication for lumbar
puncture, high concentration of serum S100B may
be used in exchange of CSF S100B to confirm the
diagnosis. S100B protein may have additional diagnostic value, even though AUC values less than 0.8.
A retrospective study that compared CSF S100B
in children with CNS infection (encephalitis and
meningitis grouped based on brain parenchymal damage) and a control group without CNS
pathology showed CSF S100B in encephalitis was
higher than in meningitis.12 An increased level
of CSF S100B had high specificity in predicting a
poor outcome in children with CNS infections.12
Concentration of S100B protein is related to the
severity of the brain damage and the outcome after
brain damage.12 Brain injury causes leakage of the
S100B into the CSF. The protein enters the blood
flow through the damaged blood-brain barrier or
CSF circulation.12 Our study did not examine the
involvement of the brain parenchyma. The literature showed mild to extensive damage on the brain
parenchyma could be found in bacterial meningitis
as well as in non bacterial meningitis. Therefore, it
cannot be distinguished whether S100B is increased
because of bacterial or non bacterial infection, or
inflammation, or whether it is caused by meningitis or not. Increased level of S100B is related to the
Published by DiscoverSys | Bali Med J 2018; 7(3): 601-606 | doi: 10.15562/bmj.v7i3.1202

level of brain parenchyma damage and severity of
the illness. Therefore, the CSF S100B appears to be
a useful biomarker to determine the prognosis on
purulent meningitis or meningoencephalitis.10,11
The S100B protein level has a significant negative correlation with age. A higher level of S100B in
serum is found before the age of 2 years, the highest
level found in neonates, and a basic concentration
appears to be stable after 20 years of age. The pattern
differences of S100B related to age causing interpretation difficulty.12-14 In the future, research of S100B
should include a certain age group to represent the
appropriate population group.
The high level of CSF S100B in bacterial meningitis may reflect infections that have been known
to induce the cascade activation of proinflammatory cytokines, which trigger glial cells to produce
S100B excessively. The high level of S100B extracellular fluid has been proved to be neurotoxic, triggered apoptosis and neurons cell death mediated
by NO.15
There have been only a few studies exploring
the correlation of serum S100B protein to CNS
infection. In our study, the mean serum S100B was
higher compared to CSF S100B. In addition, the
mean S100B in patients with confirmed bacterial meningitis was higher than in patients with
nonbacterial meningitis. However, the difference
is not statistically significant. A study showed the
increase of serum S100B in bacterial meningitis
was higher than in viral meningitis.16 The highest
increase occurred in encephalitis patients. The
concentration of serum S100B in patients with CNS
infections were generally higher than non-CNS
infections.16
The limitation of this study is that the control
group were subjects with clinical symptoms of
meningitis but had negative culture. Further
research is needed to prove the role of the S100B
protein in bacterial meningitis infections. Research
to test the validity of the scoring system of the
clinical symptoms by adding the value of serum
S100B protein to prove the accuracy of S100B
protein for diagnosis of bacterial meningitis may be
recommended.

CONCLUSION
The study showed that the S100B in CSF and
serum were consistently in a higher concentration
in patients with bacterial meningitis with positive
culture compared to meningitis with negative
culture. There was no significant difference in the
AUC value between S100B in CSF and serum.
S100B protein has moderate accuracy as a diagnostic biomarker for diagnosing bacterial meningitis in
children.
605

ORIGINAL ARTICLE

ACKNOWLEDGEMENT
Special thanks to Irawan Mangunatmadja in
Pediatric Neurology Division, Department
of Pediatrics, Indonesia University/Dr. Cipto
Mangunkusumo Hospital, Jakarta, Indonesia. The
authors are thankful to all staffs in Microbiology
Department and Clinical Pathology Department,
Faculty of Medicine, Udayana University/Sanglah
General Hospital, Denpasar, Bali, Indonesia. This
research was granted by Research and Development
Unit of Udayana University.

REFERENCES
1.

2.

3.
4.
5.
6.
7.

8.

606

9.

10.

11.

12.

Dutch Working Party on Antibiotic Policy (SWAB).
Guidelines on antibacterial therapy of patients with bacterial
central nervous system infections. 2012. Downloaded from:
h t t p s : / / w w w. s w a b. n l / s w a b / c m s 3 . n s f / u p l o a d s /
FE54A057082AA54CC1257A2B00293B1D/$FILE/
SWAB_CNSguideline_%20June12.pdf.
Brouwer MC, Tunkel AR, Van De Beek D. Epidemiology,
diagnosis and antimicrobial treatment of acute bacterial meningitis. Clin Microbiol Rev. 2010 23: 467-492.
DOI: 10.1128/CMR.00070-09.
Van de Beek D. Progress and challenges in bacterial
meningitis. The Lancet. 2012; 380 (9854),: 1623-1624.
DOI: 10.1016/S0140-6736(12)61808-X.
Yardan T, Erenler A, Baydin A, Aydin K, Cokluk C.
Usefulness of S100B protein in neurological disorders.
J Pak med Assoc,2011.; 61(3): 276-28.
SA, Hamed Hamed EA, Zakary MM. Oxidative stress
and S100B proteins in children with bacterial meningitis.
BMC Neurology. 2009; 9: 51. doi: 10.1186/1471-2377-9-51.
Sen J, Belli A. S100B in neuropathologic states: The
CRP of the brain? J. Neurosci .Res. 2007; 85: 1373-1380.
DOI: 10.1002/jnr.21211.
Michetti F, Corvino V, Geloso MC, Lattanzi W,
Bernardini C, Serpero L, Gazzolo D. The S100B protein in biological fluids: More than a lifelong biomarker
of brain distress. J. Neurochem, 2012;120: 644-59.
DOI: 10.1111/j.1471-4159.2011.07612.x
Donato R, Sorci G, Riuzzi F, Arcuri C, Bianchi R, Brozzi F,
Tubaro C, Giambanco I. S100B's double life:

13.

14.

15.

16.

intracellular regulator and extracellular signal.
Biochimica et Biophysica Acta. 2009; 1922:1008-1022.
DOI: 10.1016/j.bbamcr.2008.11.009
Spinella PC, Donoghue A, Rajendra A, Drott HR,
Dominguez TE, Helfaer M. Cerebrospinal fluid levels
of S-100beta in children and its elevation in pediatric
meningitis . Pediatr Crit Care Med. 2004; 5(1): 53-57.
DOI: 10.1097/01.PCC.0000102221.98378.7D
Kepa L, Oczko-Grzesik B. Evaluation of cerebrospinal fluid
S100B protein concentration in patients with purulent,
bacterial meningitis - own observations. Przegl Epidemiol,
2013; 67: 415-419.
Peng QL, Tao SH, Yu N, Zhou XZ, Peng YZ, Fu N.
Elevated levels of the cerebrospinal fluid S100B are associated with traumatic injury and unfavorable outcomes
in children with central nervous system management.
Int J Neurosci. 2017; 127(1): 1-9. DOI: 10.3109/00207454.
2015.1135334.
Petzold A, Keir G, Lim D, Smith M, Thompson EJ.
Cerebrospinal fluid (CSF) and serum S100B: Release and
wash-out pattern. Brain Research Bulletin. 2003; 61(3):
281-285. DOI: 10.1016/S0361-9230(03)00091-1.
Portela LV, Tort AB, Schaf DV, Ribeiro L, Nora DB,
Walz R, Rotta LN, Silva CT, Busnello JV, Kapczinski F,
Gonçalves CA, Souza DO. The serum S100B concentration
is age dependent. Clin Chem. 2002; 48(6):950-952.
Bouvier D, Castellani C, Fournier M, Dauphin J, Ughetto S,
Breton M, Labbé A, Weinberg A & Sapin V. Reference
ranges for serum S100B protein during the first three years
of life. Clinical biochemistry. 2011; 44(10-11): 927-929.
DOI : 10.1016/j.clinbiochem.2011.05.004.
Gazzolo D, Grutzfeld D, Michetti F, Toesca A, Lituania M,
Bruschettini M, Dobrzanska A, Bruschettini P. Increased
S100B in cerebrospinal fluid of infants with bacterial meningitis: Relationship to brain damage and routine cerebrospinal fluid findings. Clinical Chemistry. 2004; 50(5):
941-944. DOI: 10.1373/clinchem.2003.021048.
Unden J, Christensson B, Bellner J, Alling C, Romner B.
Serum S100B levels in patients with cerebral and extracerebral infectious disease. Scand J Infect Dis. 2004;
36(1):10-13.

This work is licensed under a Creative Commons Attribution

Published by DiscoverSys | Bali Med J 2018; 7(3): 601-606 | doi: 10.15562/bmj.v7i3.1202

