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Abstract
Background Meningitis is an inflammatory process involving meninges. It is difficult to diagnose because of the absence of a
diagnostic biomarker. We first report here the possibility of cerebrospinal fluid (CSF) vitamin D-binding protein (VDBP) as a
new biomarker for the diagnosis of meningitis.
Methods This prospective study enrolled a total of 102 subjects (58 patients with non-neurologic disease, 17 patients with
meningitis, and 27 patients with other neurologic diseases) from 2017 to 2018. CSF and blood samples were collected in pairs.
Total 25(OH)D in CSF and serum and VDBP levels in serum were measured. GC genotyping was also performed to determine
polymorphisms of rs4588 and rs7041. CSF total 25(OH)D and VDBP levels were compared with serum total 25(OH)D and
VDBP levels according to disease (meningitis vs. non-meningitis). Receiver operating characteristic (ROC) analysis for the
diagnosis of meningitis using CSF VDBP level was performed.
Results Mean CSF VDBP and serum VDBP levels of all patients were 1.48 ± 1.32 and 181.28 ± 56.90 μg/mL, respectively. CSF
VDBP level in the meningitis disease group (3.20 ± 1.49 μg/mL) was significantly (P < 0.001) higher than that in other disease
groups. According to ROC curve analysis, the appropriate cut-off value for CSF VDBP was 1.96 μg/mL, showing sensitivity of
82.4% and specificity of 85.9%. AUC of CSF VDBP was 0.879 (95% CI: 0.789–0.962).
Conclusions CSF VDBP level showed very good diagnostic performance. It could be used as a potential biomarker for the
diagnosis of meningitis.
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Introduction

Meningitis is an inflammatory process involving menin-
ges. Aseptic meningitis is the most common form. The

annual incidence of meningitis is unknown because of
underreporting. However, European studies have reported
70 cases per 100,000 children younger than 1 year, 5.2
cases per 100,000 children 1 to 14 years of age, and 7.6
per 100,000 adults [1, 2]. Aseptic is differentiated from
bacterial meningitis if there is meningeal inflammation
without signs of bacterial growth in cultures. Bacterial
meningitis is an infectious disease of the central nervous
system (CNS) characterized by significant mortality and
morbidity despite advances in antibiotics [3]. The mortal-
ity of bacterial meningitis varies from 3 to 21%, depend-
ing on the type of organism [4]. Furthermore, survivors of
bacterial meningitis have a high risk of having cognitive
impairment or other neurological deficits [5, 6].

Because of poor performance of clinical signs to rule out
meningitis, all patients who present with symptoms of menin-
gitis should undergo prompt lumbar puncture (LP) and eval-
uation of cerebrospinal fluid (CSF) for definitive diagnosis.
CSF findings typical of aseptic meningitis include relatively

* Min-Chul Cho
mccho@gnu.ac.kr

1 Department of Laboratory Medicine, Gyeongsang National
University Hospital, Gyeongsang National University College of
Medicine, Gangnam-ro, Jinju-si, Gyeongsangnam-do 52727,
Republic of Korea

2 Department of Neurology, Gyeongsang National University
Hospital, Gyeongsang National University College of Medicine,
Jinju, Republic of Korea

3 Biomedical Research Institute, Gyeongsang National University
Hospital, Jinju, Republic of Korea

4 Institute of Health Science, Gyeongsang National University,
Jinju, Republic of Korea

Neurological Sciences (2019) 40:1597–1605
https://doi.org/10.1007/s10072-019-03873-9

http://crossmark.crossref.org/dialog/?doi=10.1007/s10072-019-03873-9&domain=pdf
http://orcid.org/0000-0002-0609-7734
mailto:mccho@gnu.ac.kr


low and predominantly lymphocytic pleocytosis, normal glu-
cose level, and normal to slightly elevated protein level.
Bacterial meningitis classically has very high and predomi-
nantly neutrophilic pleocytosis, low glucose level, and high
protein level [7]. However, this is not the case for all patients.
It can vary in older patients and those who have partially
treated meningitis or immunosuppression [8]. Differential cell
count of CSF can also vary depending on proficiency of the
examiner. Thus, additional new biomarkers are needed to have
more accurate diagnosis of meningitis.

Vitamin D-binding protein (VDBP) is a 58-kDa multi-
functional protein produced in the liver that circulates in
the plasma. VDBP is an acute phase reactant. Thus, its
level can change depending on various conditions [9–12].
VDBP was initially named group-specific component
globulin. It is known to play a major role in vitamin D
metabolic transport. However, other various roles of
VDBP have been recently reported, including actin se-
questration and regulation of immune responses [13].

The gene encoding VDBP (GC) has a high rate of
polymorphism. The frequency of its genotype is different
depending on ethnic population. In addition, differences
in VDBP affinity for 25(OH)D depending on its genotype
have been reported. Two single-nucleotide polymor-
phisms (SNPs), rs7041 and rs4588, give rise to three ma-
jor polymorphic isoforms of VDBP (GC1F, GC1S, and
GC2). Their frequencies also differ among ethnic popula-
tions. The isoform GC1F has the highest affinity for vita-
min D, followed by GC1S and GC2 [14, 15].

The presence of VDBP has been demonstrated in serum,
urine, breast milk, ascitic fluid, cerebrospinal fluid, saliva,
seminal fluid, and surfaces of lymphocytes, neutrophils,
and monocytes. Differential mRNA expression of VDBP
has been reported in brain, heart, lungs, kidneys, placenta,
spleen, testes, and uterus [13, 16]. In comparison with
blood which has the highest concentration of VDBP, lower
expression levels of VDBP have been detected in other
body fluids [17]. Although VDBP has been found in hu-
man CSF [18], it is unclear if it is synthesized in the CNS.
Recently, it has been reported that regions of supraoptic
and paraventricular neurons exhibit VDBP immunoreac-
tivity in the animal experiment [19]. Previous studies have
reported that changes in VDBP concentration are linked to
the pathology of various diseases including multiple scle-
rosis [13, 17, 20]. In addition, Gressner et al. [21] have
reported that intrathecal synthesis of VDBP is increased
in patients with severe neurodegeneration including AD,
suggesting that upregulated VDBP may act as an actin
scavenger in neurodegenerative diseases. However, no pre-
vious study has reported VDBP level in CSF of patients
with meningitis. Thus, the objective of this study was to
evaluate the performance of CSF VDBP as a new biomark-
er of for the diagnosis of meningitis. We first report here

that the VDBP is a candidate for a new biomarker which
needs further evaluation.

Materials and methods

Study subjects

This prospective study enrolled a total of 102 subjects
who underwent lumbar puncture for the purpose of diag-
nosis from September 2017 to May 2018. Patients’ CSF
and blood samples were collected in pairs on the same
day. We collected clinical and laboratory data including
age, sex, cellular differential count of CSF, chemical anal-
ysis of CSF including glucose and protein level, and final
diagnosis from electronic medical records.

These enrolled patients were classified into three
groups (non-neurologic disease, meningitis, and other
neurologic disease) depending on results of CSF analysis
and the final diagnosis. If the result of CSF analysis was
normal and the final diagnosis was not related to neuro-
logic pathology, patients were classified as having non-
neurologic disease. We classified patients as meningitis
if either results of CSF analysis or clinical symptom
strongly suggested meningitis. If the result of CSF analy-
sis was normal while the final diagnosis suggested other
neurologic pathology, then patients were classified as hav-
ing other neurologic diseases. When the number of red
blood cells exceeded 1000 in differential count for CSF,
it was regarded as traumatic tapping and excluded from
this study.

At the time of study enrollment, CSF and blood samples
were collected. Serum and leukocytes were separated and
stored at − 80 °C. The study protocol was approved by the
Institutional Review Board of Gyeongsang National
University Hospital (approval number: 2017-03-010).
Written informed consent was obtained from all participants.

VDBP and total 25(OH)D assays

For CSF and serum samples, VDBP level and total 25(OH)D
level were measured. VDBP level was measured using an
enzyme-linked immunosorbent assay (ELISA) kit (R&D
Systems, Minneapolis, MN, USA) according to the manufac-
turer’s protocol. Total 25(OH)D level was measured using an
Elecsys Vitamin D Total electrochemiluminescence binding
assay (Roche Diagnostics, Mannheim, Germany) and a
Cobas 8000 e602 analyzer (Roche Diagnostics).

GC genotyping

Genomic DNA was isolated from peripheral blood leuko-
cytes using a DNeasy Blood and Tissue Kit (Qiagen,
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Hilden, Germany) according to the manufacturer’s instruc-
tions. GC genotyping for rs7041 and rs4588 was per-
formed using a TaqMan SNP Genotyping Assay (Thermo
Fisher Scientific, Waltham, MA, USA) and an ABI ViiA 7
Real-Time PCR System (Applied Biosystems, Foster City,
CA, USA) according to manufacturers’ instructions.
Common GC alleles were determined as follows: Gc1f
(c.1296T; c.1307C), Gc1s (c.1296G; c.1307C), and Gc2
(c.1296T; c.1307A).

Statistical analysis

Frequencies and percentage (%) are calculated for cate-
gorical variables while median value and range are pre-
sented for continuous variables. We compared vitamin D-
related data and GC genotypes between groups using
Pearson’s Chi-square test for categorical variables. The
significance of normally distributed variables was deter-
mined by one-way analysis of variance (ANOVA)
followed by post hoc Tukey’s test. The relationship be-
tween CSF VDBP and serum VDBP was evaluated by
simple correlation analysis. ROC curve and area under
the ROC curve (AUC) were used to evaluate the perfor-
mance of CSF VDBP. Reference interval was calculated
according to guidelines of the Clinical and Laboratory
Standards Institute. After excluding outliers using
Tukey method, data set was demonstrated using nonpara-
metric analysis (2.5–97.5th percentile interval). All sta-
tistical analyses were performed using PAWS Statistics
software, version 18.0 (SPSS Inc., Chicago, IL, USA)
and MedCalc Stat is t ical software, version 17.2
(Mariakerke, Belgium). P values < 0.05 were considered
statistically significant.

Results

General characteristics of study subjects

General characteristics of study subjects are shown in
Table 1. One hundred and two patients were enrolled in
this study. Male and female ratio was 0.79:1. Median age
of study subjects was 50.5 years. Among these 102 pa-
tients, 58 (56.9%), 17 (16.7%), and 27 (26.4%) patients
were classified into non-neurologic disease, meningitis,
and other neurologic disease groups, respectively. In the
meningitis group, 3 (17.6%), 13 (76.5%), and 1 (5.9%)
patients had bacterial meningitis, viral meningitis, and tu-
berculosis meningitis, respectively. In the other neurologic
disease group, patients had tumors, motor neuron disease,
seizure, hydrocephalus, and others.

Comparison of vitamin D-binding protein (VDBP)
and total 25(OH)D levels in CSF and serum according
to patients’ disease status

Table 2 shows mean ± SD of vitamin D variables according
to patients’ disease status. Mean total 25(OH)D concentra-
tions in CSF and serum of all patients were 37.42 ± 7.58
and 26.29 ± 12.84 ng/mL, respectively. Mean CSF VDBP
and serum VDBP of all patients were 1.48 ± 1.32 and
181.28 ± 56.90 μg/mL, respectively. Total 25(OH)D in
CSF was 1.42 times higher than that in the serum. The
mean serum VDBP level was approximately 122 times
higher than the mean CSF VDBP level in all study sub-
jects. CSF VDBP level in the meningitis group (3.20 ±
1.49 μg/mL) was significantly (P < 0.001) higher than that
in the other two groups. CSF VDBP levels of viral menin-
gitis, bacterial meningitis, and tuberculosis meningitis
were 3.47 ± 1.43, 1.87 ± 1.52, and 3.76, respectively.
However, there were no significant differences in VDBP
levels among the subgroups of meningitis (P = 0.105). CSF
total 25(OH)D, serum total 25(OH)D, and serum VDBP
concentrations were not significantly different among

Table 1 Patients’ characteristics

Characteristics Result

Total number of patients 102

Sex ratio (male/female) 0.79:1 (45:57)

Age, median (IQR) 50.5 (11.5–66)

Age, number of cases

< 1 year 15

1~17 years 16

18~65 years 44

> 65 years 27

Disease, number of cases

Non-neurologic disease 58

Meningitis 17

Bacterial meningitis 3

Viral meningitis 13

Tuberculosis meningitis 1

Other neurologic disease 27

Tumor 7

Motor neuron disease 5

Seizure 5

Hydrocephalus 3

Encephalopathy 2

Plexopathy 2

Decreased mentality 1

Moyamoya syndrome 1

Parkinson syndrome 1

IQR interquartile range
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disease groups. We also obtained box plot graph of CSF
VDBP concentrations in the three disease groups (Fig. 1).

Distribution of vitamin D-binding protein genotypes
and comparison of vitamin D and VDBP levels
in serum and CSF by genotypes

Gc1f-1s (n = 38, 37.3%) was the most common genotype,
followed by Gc2-1f type (n = 18, 17.6%) and Gc1f-1f type
(n = 16, 15.7%) in total study patients. Themost frequent three
genotypes were in the order of Gc1f-1s > Gc2-1f > Gc1f-1f in
the non-neurologic disease group, Gc1f-1s > Gc1s-2 > Gc2-1f
in the meningitis group, and Gc1f-1s > Gc1f-1f > Gc1s-2 in
other neurologic disease group. There was no significant dif-
ference in genotype distribution among the three groups (p =
0.374, Table 3). CSF total 25(OH)D and CSF VDBP concen-
trations were the highest in those with Gc1s-1s genotype, but

the lowest in CSF total 25(OH)D with Gc1s-2 genotype and
CSF VDBP with Gc 1f-1f genotype. Serum total 25(OH)D
and serum VDBP concentrations were the highest in those
with Gc1s-2 genotype. However, there were no significant
differences in CSF/serum total 25(OH)D or VDBP level ac-
cording to VDBP genotype (Table 4).

Receiver operating characteristic analysis
for the diagnosis of meningitis using CSF VDBP level

We calculated the optimal cut-off value of CSF VDBP for
detecting meningitis from ROC curve analysis. According to
ROC curve analysis, the appropriate cut-off value of CSF
VDBP for the diagnosis of meningitis was 1.96 μg/mL with
sensitivity of 82.4% and specificity of 85.9%. AUC of CSF
VDBP was 0.879 (95% CI: 0.789–0.962) (Fig. 2).

Fig. 1 VDBP level in meningitis
and non-meningitis patients. The
central box represents values from
the lower to the upper quartile.
The middle line represents the
median. Bars represent 2.5th and
97.5th percentiles

Table 2 Comparison of vitamin
D and VDBP levels in serum and
CSF by disease

Disease group CSF total 25(OH)D
(ng/mL)

CSF VDBP
(μg/mL)

Serum total
25(OH)D (ng/mL)

Serum VDBP
(μg/mL)

Non-neurologic disease 37.78 ± 7.75 0.91 ± 0.71 27.37 ± 14.05 177.17 ± 58.51

Meningitis 37.94 ± 7.46 3.20 ± 1.49 24.79 ± 11.40 199.29 ± 35.81

Viral meningitis 36.85 ± 8.21 3.47 ± 1.43 22.65 ± 11.55 199.64 ± 37.72

Bacterial meningitis 41.39 ± 2.83 1.87 ± 1.52 28.90 ± 8.05 195.78 ± 41.06

Tuberculosis meningitis 41.64 3.76 40.27 205.26

Other neurologic disease 36.34 ± 7.44 1.62 ± 1.29 24.91 ± 10.99 178.78 ± 63.47

Total 37.42 ± 7.58 1.48 ± 1.32 26.29 ± 12.84 181.28 ± 56.90

P value* 0.69 < 0.001 0.623 0.361

Data are expressed as means ± SD

CSF cerebrospinal fluid, VDBP vitamin D-binding protein, 25(OH)D 25-hydroxyvitamin D

*P value was calculated with non-neurologic disease, meningitis, and other neurologic disease
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Discussion

VDBP is a protein which has many functions such as transport
of vitamin D metabolites, actin sequestration, and regulation
of immune responses [13]. VDBP is mainly synthesized in
hepatic parenchymal cells, although it is also synthesized in
kidneys, testis, yolk sac, and abdominal fat [18]. In case of
animals, it has been confirmed that VDBP is synthesized in rat
hypothalamus [22]. VDBP is also present in human CSF, al-
though it is currently unclear whether VDBP is synthesized in
the CSF. In addition, CSF VDBP has been studied in some
neurologic diseases such as multiple sclerosis [22]. However,
it has never been studied in meningitis. To the best of our
knowledge, this is the first study to investigate VDBP levels
in patients with meningitis.

In this study, we demonstrated that CSF VDBP levels were
significantly (p < 0.001) increased in patients with meningitis
compared to those in patients without meningitis.
Furthermore, ROC curve analysis showed a good predictive
value for CSFVDBP levels in meningitis patients. At a cut-off
value of 1.96 μg/mL, CSF VDBP for the diagnosis of menin-
gitis showed a sensitivity of 82.4% and a specificity of 85.9%.
This finding implies that CSF VDBP level could be a useful
new biomarker to diagnose meningitis. Interestingly, all CSF
samples were collected from patients within 1~2 days after
symptoms developed. Thus, it could be inferred that CSF

VDBP started to increase in the very early phase of meningi-
tis. Additional investigation is needed to determine when CSF
VDBP begins to increase in meningitis. If it is increased early,
it could be used as a good biomarker for early diagnosis of
meningitis which is very useful clinically.

Up to date, very few studies have reported CSF-related
biomarkers to diagnose meningitis. Savonius et al. [23] have
measured CSF cathelicidin in childhood bacterial meningitis
at 12–24-h intervals and compared serum 25 (OH) D values,
without finding a significant correlation. Another study has
shown that CSF procalcitonin concentration > 0.085 ng/mL
appears to be a reliable indicator of bacterial meningitis with
sensitivity of 55.17% and specificity of 95.83% [24]. CSF
VDBP levels in our study showed very good diagnostic per-
formance with AUC of 0.875 compared to results of previous
studies. In fact, few previous studies have detected VDBP
levels in CSF. CSF VDBP concentrations were measured by
qualitative or semi-quantitative methods in most of previous
studies by using electrophoresis method [22, 25]. However, in
our study, CSF VDBP concentrations were quantitatively
measured using ELISA method which could result in more
reliable quantitative results.

In our study, the mean serum VDBP level was approx-
imately 122 times higher than the mean CSF VDBP level
in all study subjects. There was no significant correlation
between CSF and serum VDBP levels (Fig. 3). These

Table 4 Comparison of vitamin
D levels in serum and CSF by
genotypes

Genotype
group

CSF total 25(OH)D
(ng/mL)

CSF VDBP (μg/
mL)

Serum total 25(OH)D
(ng/mL)

SerumVDBP (μg/
mL)

Gc1f-1f
(N = 16)

36.57 ± 8.84 0.89 ± 0.50 23.31 ± 12.16 184.36 ± 74.37

Gc1s-1f
(N = 38)

36.56 ± 8.31 1.77 ± 1.60 26.54 ± 11.91 187.90 ± 56.29

Gc1s-1s
(N = 7)

40.73 ± 2.47 1.90 ± 1.46 24.45 ± 14.11 180.44 ± 47.78

Gc2-1f
(N = 18)

38.45 ± 7.33 1.20 ± 1.27 27.49 ± 13.51 162.34 ± 50.51

Gc2-1s
(N = 12)

36.16 ± 8.76 1.51 ± 1.19 33.55 ± 14.81 190.70 ± 59.51

Gc2-2
(N = 11)

39.25 ± 2.92 1.52 ± 1.07 21.05 ± 11.54 175.18 ± 45.61

Total
(N = 102)

37.42 ± 7.58 1.48 ± 1.32 26.29 ± 12.84 181.28 ± 56.90

P value 0.373 0.232 0.282 0.445

Data are expressed as means ± SD

CSF cerebrospinal fluid, VDBP vitamin D-binding protein, 25(OH)D 25-hydroxyvitamin D

Table 3 Distribution of vitamin
D-binding protein genotypes ac-
cording to disease

Genotype group Gc1f-1f Gc1f-1s Gc1s-1s Gc2-1f Gc1s-2 Gc2-2

Non-neurologic disease 11 17 5 13 5 7

Meningitis 1 6 1 3 4 2

Other neurologic disease 4 15 1 2 3 2

Total 16 38 7 18 12 11

Neurol Sci (2019) 40:1597–1605 1601



results are in line with a previous study showing that the
transition of VDBP from serum to CSF via blood–brain
barrier (BBB) is very limited [26]. In addition, our study
showed that serum and CSF VDBP concentrations were
higher in the meningitis group than those in the other two
groups. In addition, there were significant differences in
CSF VDBP levels among disease groups. Blood proteins
are largely excluded from CSF by the BBB [27].
Inflammation is intrinsically linked to mechanisms of tight
junction deregulation which contributes to loss of BBB
function in the CNS [28]. In case of CNS infections, ele-
vated CSF protein concentrations usually result from dif-
fusion of blood proteins as a consequence of disruption of
tight junctions between endothelial cells of venules and
other small meningeal vessels [27]. Results of the present
study suggest that high CSF VDBP levels in meningitis
might be due to such mechanism. Although not yet clari-
fied, if VDBP is synthesized in the brain, the synthesis of
VDBP in the brain might have been increased in order to
control inflammatory reactions such as meningitis.
Additional investigation is needed to test this hypothesis.

In this study, the mean CSF total 25(OH)D level was gen-
erally 1.4-fold higher than serum total 25(OH)D level. This

Fig. 3 Correlation analysis of CSF and serum VDBP concentrations (r = Pearson correlation coefficient)

Fig. 2 Receiver operating characteristic (ROC) curve analysis of VDBP
level in CSF for diagnosis of meningitis
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relatively higher concentration of vitamin D in the brain may
support the possible role of vitamin D in modulating inflam-
mation and inducing regeneration of the neuron suggested in a
previous study [29]. In addition, our finding may imply that
there is a special unidirectional transport system from general
circulation to brain in BBB to maintain higher intrathecal vi-
tamin D status. Most (85–90%) of the circulating 25(OH)D in
the serum are tightly bound to 58-kDa-sized vitamin D-
binding protein (VDBP), with a smaller amount (10–15%)
loosely bound to albumin. Only less than 1% of circulating
vitamin D exists in free unbound form [30–32]. It has been
reported that VDBP-bound 25(OH)D, the most abundant form
of vitamin D in serum, can be transported by megalin/cubilin
transport system, the only transport system found for VDBP-
bound vitamin D [33]. Thus, this megalin/cubilin transport
system might exist in BBB. To test this hypothesis, further
studies including animal model investigations are needed.

The major GC genotype and allele frequencies are known
to vary among ethnicities [15]. For example, Nielson et al.
have reported that nearly all African American subjects and
all Gambian subjects have the Gc1f allele (Gc1f-Gc1f, Gc1f-
Gc1s, or Gc1f-Gc2). In contrast, most white subjects do not
have the Gc1f allele while Gc1s-Gc1s and Gc1s-Gc2 are the
most frequent genotypes in this group [34]. Koreans have
different GC allele frequencies from African Americans and
whites. Jung et al. [35] have enrolled 203 patients with chronic
obstructive pulmonary disease and 157 control subjects and
reported that Gc1f-Gc2 (25%) is the most frequent genotype,
followed by Gc1f-Gc1f (22%), Gc1f-Gc1s (20%), and Gc1s-
Gc2 (18%). Although their results are not exactly the same as
our results, they are similar in that the three most frequent
genotypes have Gc1f allele. Such difference in the distribution
of Gc genotype could be explained by the relatively small
number of study subjects enrolled in our study.

Recently, studies on VDBP polymorphism related to
various diseases have been steadily researched. In a previ-
ous study, VDBP Gc1f-1f genotype was positively associ-
ated with the risk of acute myocardial infarction in subject
over 45 years after adjusting for potential confounders
[36]. Another study has shown that women with vitamin
D deficiency (< 20 ng/mL), GT allele of VDBP SNP
rs7041, and VDBP allelic combination Gc1f-1f are associ-
ated with increased risk of developing polycystic ovarian
syndrome [37]. In our study, only one patient of Gc1f-1f
genotype was present in the meningitis group. It was pres-
ent at a lower rate than that in other groups. Since the
number of cases in this study was very small, we could
not find any significant difference between meningitis
and VDBP genotype.

This study has some limitations. First, this was a cross-
sectional study. Second, although the disease group includ-
ed various diseases, the number of patients included in
each group was relatively small. Further research with

larger number of patients for each group would be neces-
sary. Third, we did not use liquid chromatography-tandem
mass spectrometry (LC-MS/MS), a gold standard method,
to measure total 25(OH)D levels. However, the Elecsys
Vitamin D Total Kit with the Cobas e602 module (Roche
Diagnostics, Mannheim, Germany), the assay used for this
study, has been previously found to be an assay compara-
ble to LC-MS/MS method [38].

Conclusions

In this study, we observed a significant increase of CSF
VDBP level in Korean patients with meningitis. In addi-
tion, we suggested an optimal cut-off value for CSF VDBP
level to diagnose meningitis. In ROC analysis, CSF VDBP
level at a cut-off value of 1.96 μg/mL showed very good
diagnostic performance, with sensitivity of 82.4%, speci-
ficity of 85.9%, and AUC of 0.875. While we also demon-
strated the distribution of VDBP genotype, there was no
significant relation between VDBP genotype and meningi-
tis. Thus, CSF VDBP could be a potential biomarker for
the diagnosis of meningitis.
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