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Bacterial meningitis is a life-threatening condition. Vancomycin (VCM) is one of the antibiotics used as
empirical therapy for bacterial meningitis. It is essential to maintain an adequate concentration of VCM
in cerebrospinal fluid (CSF) to treat bacterial meningitis effectively. VCM administered intravenously
must pass the blood-brain barrier (BBB) to enter the CSF and the extent of VCM penetration into CSF
varies widely among patients. Previous report indicated that CSF albumin level is useful for estimation of
VCM CSF penetration. However, CSF albumin level is not measured in routine practice. We focused on CSF
protein concentration that is generally examined at the beginning of diagnosis and treatment of bacterial
meningitis. We examined the relationship between CSF protein concentration/serum albumin ratio and
the extent of VCM penetration into CSF.

This retrospective study involved 7 patients admitted to our hospital who were treated with VCM for
suspected bacterial meningitis. The VCM concentrations in serum and CSF were 17.6 ± 7.2 mg/mL and
3.31 ± 3.14 mg/mL, respectively. The serum VCM concentrations showed no significant correlation with
CSF VCM concentrations. On the other hand, the protein concentration in CSF/serum albumin ratio
showed a strong positive correlation with the VCM CSF/serum ratio (r ¼ 0.877, p < 0.005). Our study
indicates that the ratio of CSF protein concentration/serum albumin is likely useful for estimating the
approximate VCM CSF/serum ratio. This could contribute to an improvement in the treatment of bacterial
meningitis.

© 2018 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
1. Introduction

Bacterial meningitis is a life-threatening condition, and patients
often suffer severe sequelae even if their lives can be saved. In
general, bacterial meningitis is the rapid development of inflam-
mation of the meninges. Therefore, adequate doses of an appro-
priate antibiotic must be administered immediately from the initial
treatment [1].
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Gram-positive organisms account for most cases of bacterial
meningitis. Due to the emergence of penicillin-resistant Gram-
positive organisms (e.g., Streptococcus pneumoniae, Staphylococcus
aureus, and Staphylococcus epidermidis), vancomycin (VCM) is one
of the antibiotics used as empirical therapy for bacterial meningitis.
The usual VCM minimum inhibitory concentration (MIC) for
staphylococci and streptococci is �1 mg/mL [2]. Based on an
experimental meningitis model in rabbits, it is hypothesized that
the peak concentration of VCM in cerebrospinal fluid (CSF) required
for maximal killing activity is more than 4 times the minimum
bactericidal concentration [3]. Therefore, it is essential to maintain
an adequate concentration of VCM in CSF to treat bacterial men-
ingitis effectively. It has been reported that serum VCM concen-
tration shows a positive correlation with CSF VCM concentration
[4]. The recommended target serum trough concentration of VCM
ous Diseases. Published by Elsevier Ltd. All rights reserved.
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is 15e20 mg/mL for bacterial meningitis [2]. VCM administered
intravenously must pass the blood-brain barrier (BBB) to enter the
CSF, but it penetrates poorly into the CSF because of its hydrophilic
properties and high molecular weight (1450 Da) [5,6]. In the
treatment of bacterial meningitis, its use is based on the hypothesis
that the BBB is disrupted when the meninges are inflamed [7].
However, CSF VCM concentrations are lower than expected in some
cases with bacterial meningitis, even when serum VCM concen-
trations are above the recommended level [8]. Thus, it is predicted
that different factors other than serum VCM concentration affects
the CSF VCM concentration.

The most protein in CSF is derived from serum albumin, but
diffusion into CSF is restricted by the BBB under normal condition.
Previous reports have shown that CSF albumin levels are elevated
in parallel with disruption of BBB, and argued that CSF albumin/
serum albumin ratio reflects the extent of BBB disruption [9,10]. In
addition, Li et al. indicated that CSF albumin level has a statistically
significant positive correlation with CSF VCM concentration and
CSF albumin level is useful for estimation of VCM CSF penetration
when VCM is administered by continuous intravenous infusion
[11]. However, VCM is usually administered by intermittent intra-
venous infusion and CSF albumin level is not measured in routine
practice. On the other hand, the CSF protein concentration is
generally examined at the beginning of diagnosis and treatment of
bacterial meningitis. If the CSF protein concentration/serum albu-
min ratio reflects penetration of VCM into CSF, we can estimate the
extent of VCM penetration into CSF from the initial treatment.
Therefore, we examined the relationship between CSF protein
concentration/serum albumin ratio and the extent of VCM pene-
tration into CSF in order to promote the proper use of VCM for the
treatment in bacterial meningitis.

2. Patients and methods

2.1. Patients

We extracted laboratory data and outcomes of patients who
were treated with intravenous VCM for suspected bacterial men-
ingitis fromApril 2013 to April 2017. The exclusion criterionwas the
absence of measurements of VCM concentrations in CSF and serum.

2.2. Drug administration and sample collection

VCM was intravenously administered 2e4 times per day. We
adjusted the dosage based on therapeutic drug monitoring (TDM)
data to achieve the target serum trough concentrations (15e20 mg/
mL) during treatment.

Blood samples were collected just before VCM infusion, when
steady state concentrations had been achieved, and after at least 2
days of the dosage regimen.

CSF VCM concentrations were measured retrospectively using
residual CSF. Samples were collected through an external ventric-
ular drainage for hydrocephalus or lumbar puncture for CSF ex-
amination after steady-state serum concentrations had been
achieved.

2.3. Sample analysis

VCM concentrations in serum and CSF were measured by a
chemiluminescence immunoassay with an ARCHITECT® analyzer
(Abbott Laboratories, Irving, TX, USA). The method was fully vali-
dated over a concentration range of 3.0e100.0 mg/mL. The lower
limit of quantification (LLOQ) and the lower limit of detection
(LLOD) were 3.0 mg/mL and 0.24 mg/mL, respectively. Serum albu-
min concentrationsweremeasured by bromocresol purplemethod.
CSF protein concentrations were measured by pyrogallol red
method. Glucose concentrations in CSF were measured by hexo-
kinase method. CSF cell counts were performed manually.

2.4. Clinical efficacy

Clinical efficacy of VCM was determined based on the previous
report [12]. “Effective” means that bacteria in CSF disappeared
more than 2 days after treatment. If the culture was negative,
“effective” means that main symptom and CSF glucose level
improved and cell count in CSF decreased to less than 100 cells/mL
during VCM treatment. “Ineffective” means that bacteria in CSF did
not disappear during VCM treatment. If the culture was negative,
“ineffective” means that above-mentioned improvement was not
observed. “Undeterminable” means that we could not judge the
clinical efficacy of VCM for some reason.

2.5. Statistical analysis

Data are presented as the mean ± standard deviation. Correla-
tions were calculated using Pearson's correlation test. P < 0.05 was
considered statistically significant.

Concentrations below the LLOD were treated as one-half of the
LLOD in the analysis. Concentrations below the LLOQ and over the
LLOD were treated as the arithmetic average of the LLOD and LLOQ
in the analysis, according to a previous report [8].

2.6. Ethical approval

Ethical approval was obtained from the medical research ethics
committee at Chiba University (No. 2743). The information disclo-
sure document associated with this study is available on the hos-
pital's website. Patients were notified about their participation in
the study and informed that they were free to opt out of study
participation at any time.

3. Results

Seven patients fulfilled our criteria. The patient characteristics
and CSF findings at the beginning of treatment are shown in Table 1.
The mean cell count and the glucose and protein concentrations in
CSF were 581 ± 803 cells/mL, 48.3 ± 23.6 mg/dL, and
312.9 ± 459.4 mg/dL, respectively.

Table 2 shows the serum and CSF VCM concentrations and
clinical efficacy of VCM. In the patient No. 2 and No. 4, an external
ventricular drainage for hydrocephalus was performed during VCM
treatment and CSF VCM concentrations were measured using
samples collected through the drainage. VCM concentrations in CSF
were measured twice at different times during the administration
of VCM in only 1 patient (No. 4). Therefore, we used 8 VCM con-
centrations in CSF in the analysis. VCM concentrations in serum and
CSF were 17.6 ± 7.2 mg/mL and 3.31 ± 3.14 mg/mL, respectively. In 3
cases, the VCM concentrations in CSF were below the LLOQ. The
CSF/serum ratiowas 0.180 ± 0.152 (range 0.010e0.431). SerumVCM
concentrations showed no significant correlation with CSF VCM
concentrations (r ¼ 0.462, p ¼ 0.201, Fig. 1). In addition, the VCM
CSF/serum ratio showed no significant correlation with cell count
(r ¼ 0.483, p ¼ 0.225) or glucose levels (r ¼ � 0.542, p ¼ 0.165) in
CSF. On the other hand, protein concentrations in CSF/serum al-
bumin ratio showed a strong positive correlation with the VCM
CSF/serum ratio (r ¼ 0.877, p < 0.005, Fig. 2).

The VCM concentration in CSF from patient No. 2 was below the
LLOD. Furthermore, the VCM MIC for staphylococcus epidermidis in
CSF increased from 1 mg/mL to 2 mg/mL and C-reactive protein rose
from 0.1 mg/dL to 6.3 mg/dL during the treatment. It was



Table 1
Patient characteristics and CSF findings at the beginning of treatment.

Patient characteristics Cerebrospinal fluid parameters

Patient
number

Sex Age (year) Body weight (kg) eGFR
(mL/min/1.73 m2)

Culture Cell count (cells/mL) Glucose (mg/dL) Protein (mg/dL)

1 Male 38 63.8 92.2 Negative 281 68 86
2 Female 61 64.5 86.1 Staphylococcus epidermidis (MIC ¼ 1) 520 79 50
3 Female 70 49.1 74.1 Enterococcus faecium (MIC ¼ 1) 586 38 138
4 Female 17 27.8 96.0 Corynebacterium striatum (MIC ¼ 0.5) 290 50 44
5 Male 36 79.2 69.4 Negative 2337 20 1263
6 Male 53 72.2 93.2 Staphylococcus capitis (MIC ¼ 1) 1 64 44
7 Female 17 56.3 173.2 Negative 54 19 569

Table 2
Serum and CSF VCM concentrations and clinical efficacy of VCM.

Patient number Serum VCM
concentration (mg/mL)

CSF VCM concentration
(mg/mL)

VCM CSF/serum ratio CSF protein (mg/dL) Serum albumin (g/dL) Clinical efficacy of VCM

1 25.7 (day 4) 4.60 (day 3) 0.179 169 (day 3) 3.7 (day 3) Effective
2 12.0 (day 4) <0.24 (day 4) 0.010 23 (day 4) 3.9 (day 4) Ineffective
3 11.2 (day 4) 3.50 (day 4) 0.313 124 (day 4) 3.1 (day 4) Ineffective
4 27.7 (day 7)

9.8 (day 10)
<3.0 (day 6e8)
<3.0 (day 10e11)

0.058 (day 7)
0.149 (day 10)

44 (day 1)
25 (day 14)

2.5 (day 7)
3.1 (day 10)

Effective

5 21.6 (day 14) 9.32 (day 14) 0.431 325 (day 14) 3.9 (day 14) Effective
6 11.8 (day 3) <0.24 (day 2) 0.010 44 (day 2) 2.8 (day 2) Undeterminable
7 20.7 (day 5) 5.60 (day 5) 0.271 229 (day 5) 3.8 (day 5) Undeterminable
mean ± standard

deviation
17.6 ± 7.2 3.31 ± 3.14 0.180 ± 0.152 123 ± 111 3.4 ± 0.5
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considered that the meningitis could worsen with low concentra-
tions of VCM in CSF. Therefore, VCMwas switched to linezolid (LZD)
and the bacterial meningitis subsequently improved. In the patient
No. 3, although the CSF VCM concentration (3.50 mg/mL) was over
the VCM MIC for Enterococcus faecium, VCM was ineffective. In the
patient No. 4, although CSF VCM concentrationwas below the LLOQ
(3.0 mg/mL), VCM was effective. In the patient No. 6, cerebrospinal
fluid examination was not performed at the proper timing during
VCM treatment because treatment target was not certain. In the
patient No. 7, VCM administration was stopped on day 8 because
tuberculous meningitis was suspected. Therefore, we could not
judge the clinical efficacy of VCM in the patient No. 6 and 7.

4. Discussion

In this study, protein concentration in CSF/serum albumin ratio
showed a strong statistically significant positive correlation with
the VCM CSF/serum ratio. Our study indicates that CSF protein
concentration/serum albumin ratio is likely useful for estimating
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Fig. 1. The relationship between serum VCM and CSF VCM concentrations. The cor-
relation coefficient is represented by r.
the approximate VCM CSF/serum ratio. This could contribute to an
improvement in the treatment of bacterial meningitis.

Ichie et al. reported that the patients in the cerebral fluid
drainage group showed a significantly lower serum VCM concen-
tration than in the non-drainage group [14]. They considered that
cerebral fluid drainage might contribute the drug removal from the
CSF and affect serum VCM concentrations. Our study includes 2
cases receiving cerebrospinal fluid drainage (the patient No. 2 and
No. 4). The CSF VCM concentrations in these cases were below the
LLOD (0.24 mg/mL) or LLOQ (3.0 mg/mL), and the amount of cerebral
fluid drainage was 200e300 mL per day. Therefore, we considered
that cerebral fluid drainage did not largely affect the serum VCM
concentrations in our study.

Generally, drugs administered intravenously tend to show
slightly higher concentrations in lumbar CSF than ventricular CSF
[5]. In the patient No. 2 and No. 4, the CSF collected through an
external ventricular drainage was used for measuring CSF VCM
concentrations. Although the difference in sample collection might
affect the CSF VCM concentrations, the effect has not been well
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Fig. 2. The relationship between protein concentration in CSF/serum albumin ratio
and VCM CSF/serum ratio. VCM CSF/serum ratio, CSF protein and serum albumin level
in Table 2 were used in the analysis. The correlation coefficient is represented by r.
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documented [7]. Further study will be needed to clarify the influ-
ence of difference in sample collection on CSF VCM concentration.

Penetration of VCM into CSF may decrease with improvement of
meningeal inflammation [15]. In this study, CSF VCM concentration
wasmeasured after 7 days or more have passed since the treatment
started in 2 cases. In the patient No. 4, although the CSF VCM
concentration was measured on day 6e8 and day 10e11, the CSF
protein concentration did not largely change during the treatment.
Therefore, the late measurement of CSF VCM concentration might
not largely affect the VCM CSF concentration in this case. In the
patient No. 5, the VCM CSF concentration was measured on day 14.
The protein concentration in CSF on day 14 (325 mg/dL) was lower
than that at the beginning of treatment (1263 mg/dL). Therefore,
improvement of inflammation and decrease in CSF protein con-
centration could affect the CSF VCM concentration.

In conflict with our study, the previous report have shown that
serum VCM concentration show a statistically significant positive
correlationwith CSF VCM concentration [4]. In Ricard et al.‘s report,
CSF protein concentrations were relatively higher than the present
study [4]. This indicates that disruption of BBB was more severe,
resulting in higher VCM CSF/serum ratio. This is probably why
serumVCM concentration showed a statistically significant positive
correlation with CSF VCM concentration in their report. In our
study, CSF protein concentrations were relatively lower than their
report, resulting in lower VCM CSF/serum ratio. This could be the
reason why serum VCM concentration showed no significant cor-
relation with CSF VCM concentration in our study. According to the
systematic review, the relationship between serum VCM concen-
tration and CSF VCM concentration seems to remain unclear [7].
Absence of CSF protein concentration/serum albumin ratio data in
the previous reports may make the relationship complicated. The
relationship between serum VCM concentration and CSF VCM
concentration may become clearer with the accumulation of data
on CSF protein concentration/serum albumin ratio.

Previous reports argued that CSF albumin/serum albumin ratio
reflects the extent of BBB disruption [9,10]. As shown in our study,
VCM seems to penetrate into CSF well when the CSF protein con-
centration is elevated. Li et al. similarly indicated that CSF albumin
levels have a statistically significant positive correlation with CSF
VCM concentrations when VCM is administered by continuous
intravenous infusion [11]. In this retrospective study, we used total
CSF protein concentrations instead of CSF albumin levels for the
analysis because CSF albumin levels had not been measured. Our
results support the measure of total CSF protein concentrations to
estimate the CSF VCM concentration when VCM is administered by
intermittent intravenous infusion. This may allow us to estimate
the approximate CSF VCM concentration at the beginning of
treatment for bacterial meningitis because the cerebrospinal fluid
is generally examined at that stage. Based on the results, we can
choose an appropriate antimicrobial agent and optimize the dosage
of VCM for bacterial meningitis from the onset. These steps could
contribute to the successful treatment of bacterial meningitis.

CSF protein levels are known to be relatively low (<200 mg/dL)
in patients with bacterial meningitis caused by coagulase-negative
staphylococci (CNS) [16e19]. Patients No. 2 and No. 4, who had CNS,
had CSF VCM concentrations below the LLOD (0.24 mg/mL). Mou-
nier et al. reported that CSF VCM concentrations are low
(<1.1e2.6 mg/mL) in patients with bacterial meningitis caused by
CNS and they are associated with low CSF protein levels (<150 mg/
dL) [8]. Thus, in cases with low CSF protein levels, we should
consider whether to continue with VCM treatment or switch to
another antimicrobial agent depending on the clinical situation. For
example, LZD may be more appropriate in patients with low CSF
protein levels because it enters the CSF in high enough amounts
(50e70% of serum) regardless of BBB disruption [20].
In the patient No. 1, 2 and No. 5, clinical efficacy of VCM were
associated with high or low VCM CSF concentrations. On the other
hand, the reason for lack of association in the patient No. 3 and No.
4 might be as follows. In the patient No. 3, persistent bacteria
infection was suspected because CSF leaks was observed during
VCM treatment. In the patient No. 4, the actual VCM CSF concen-
tration might be higher than the VCM MIC for Corynebacterium
striatum (0.5 mg/mL). In this retrospective study, several factor other
than CSF VCM concentration probably affected the clinical status.

There were some limitations to our study. First, we evaluated a
small number of cases. Therefore, the heterogeneity of the cases
might have affected the results. Further study with a large number
of cases will be needed to confirm our results. Second, there was a
time lag between the collection of serum and CSF. However, it may
not have had a substantial effect on the results because CSF VCM
concentrations are relatively stable regardless of the time after
administration [21,22]. Third, some CSF VCM concentrations were
below the LLOQ or LLOD, and we used replacement values for
analysis, according to a previous report [13]. We may have to
improve the quantitative sensitivity to achieve a more accurate
analysis.

In conclusion, protein concentration in CSF/serum albumin ratio
showed a strong positive and statistically significant correlation
with VCM CSF/serum ratio in patients with bacterial meningitis.
Our results indicate that protein concentration in CSF/serum al-
bumin ratio is likely useful for estimating the approximate extent of
VCM entry into CSF at the start of treatment. This could contribute
to the proper use of VCM for the treatment of bacterial meningitis.
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