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Significance of the Study

meningitis was studied.

o The ability of cerebrospinal fluid (CSF) biomarkers to discriminate between acute bacterial and viral

o This study included microbiologically confirmed acute meningitis and atypical CSF characteristics.
o Operational characteristics of CSF lactate were better than those of other biomarkers.
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Abstract

Objective: Several cerebrospinal fluid (CSF) biomarkers are
used to distinguish between acute bacterial meningitis (BM)
and viral meningitis (VM). We compared the ability of lactate
and glucose (GL) in CSF and the CSF/blood GL ratio to distin-
guish between acute BM and VM with typical and atypical
CSF characteristics. Methods: Three hundred and twenty-
four CSF reports were included, which were distributed as
the acute BM, VM, and normal control groups (n = 63, 139,
and 122, respectively). Results: Lactate level in the CSF of
acute BM group was 4-fold higher than that in the acute VM

and control groups (p < 0.0001). CSF lactate presented high-
er specificity (92%) and negative predictive value (94%) com-
pared to CSF GL and CSF/blood GL ratio in distinguishing
acute BM and VM. Definitive acute BM or VM with atypical
CSF cell characteristics was observed in 23.2 and 21.6% of
samples, respectively, and these groups showed reduced
performance of characteristics of all CSF biomarkers. CSF lac-
tate showed better operational characteristics than those of
CSF GL and CSF/blood GL ratio, presenting the highest posi-
tive likelihood ratio, and thus aided in the differential diag-
nosis of VM with atypical CSF. Conclusion: The CSF lactate
assay can be routinely used in laboratories as a rapid, auto-
mated, and easy method that is independent of lactate

blood levels. ©2019 The Author(s)
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Introduction

The differential diagnosis between acute bacterial
meningitis (BM) and viral meningitis (VM) is crucial for
treatment and prognosis, although it is difficult in some
cases because the clinical characteristics and classical ce-
rebrospinal fluid (CSF) biochemistry and cell character-
istics may overlap. In addition, identification of the etio-
logical agent is not always possible [1].

Several CSF biomarkers can be used to differentiate
acute BM and VM [1, 2]. CSF lactate is considered a good
biomarker for differentiating BM from VM at a cutoff of
3.5 mmol/L [1] and has the advantage of being indepen-
dent of blood lactate level.

In this study, we aimed to compare the ability of CSF
biomarkers (lactate, GL, CSF/blood GL ratio, and pre-
dominance of neutrophils) to discriminate between acute
BM and VM with typical and atypical CSF cell and bio-
chemistry characteristics. To the best of our knowledge,
no study on atypical CSF characteristics has been report-
ed before. Furthermore, we attempted to determine the
effect of red blood cells (RBCs) in the CSF on the lactate
concentration in the CSF after traumatic lumbar punc-
ture (LP).

Subjects and Methods

Subjects

This retrospective study was conducted on CSF reports from
the Clinical Pathology Laboratory of the Complex Hospital de
Clinicas, Universidade Federal do Parand. The study was approved
by the Institutional Research Review Board of the Complex Hos-
pital de Clinicas, Universidade Federal do Parana, Brazil.

All CSF samples were collected for clinical purposes. Patients
with clinical suspicion of acute BM or VM were selected random-
ly based on microbiological identification of the etiological agent
(Fig. 1). The inclusion criteria were as follows: available CSF sam-
ples from patients with clinical suspicion of acute meningitis, with
identified etiological agent (bacteria or virus) and samples in
which CSF lactate had been quantified. In cases with >1 CSF sam-
ple, only the first was included.

Sample Collection

In the BM group, 35 (56%) and 28 (44%) samples were col-
lected by LP and ventricular puncture, respectively; the corre-
sponding values in the VM group were 134 (96.4%) and 3 (2.15%),
respectively, and 2 (1.45%) by suboccipital (cisternal) puncture. In
the control group, 122 (100%) samples were obtained by LP.

During the period of this study (1996-2015), 435 CSF samples
were analyzed; 324 samples fulfilled the inclusion criteria (Fig. 1).
The samples were distributed to the following groups; CSF samples
without differential white blood cell (WBC) count were excluded
from the analysis:

Acute Meningitis Diagnosis Using CSF
Lactate

Group 1, definitive acute BM (n = 63): all cases were caused by
bacteria identified by culture. Thirty-four cases (54%) were due to
gram-positive bacteria: Streptococcus pneumoniae (n = 18), coag-
ulase-negative staphylococci (n = 9), Staphylococcus aureus (n = 4),
Group D Streptococcus (n = 1), Streptococcus viridans (n = 1), and
Streptococcus sanguinis (n = 1); 29 cases (46%) were gram-negative
bacteria: Neisseria meningitidis (n = 9), Enterobacter cloacae (n =
6), Klebsiella pneumoniae (n = 5), Acinetobacter (n = 2), Escherich-
ia coli (n = 2), Haemophilus influenzae (n = 1), Enterobacter aero-
genes (n = 1), Klebsiella oxytoca (n = 1), Proteus mirabilis (n = 2),
and Pseudomonas stutzeri (n = 1). To study the accuracy of the CSF
biomarkers in diagnosing atypical acute BM, this group was fur-
ther subdivided into (a) definitive acute BM with typical CSF cell
characteristics, that is, increase in total WBC with predominance
of neutrophils (n = 43; 76.8%), and (b) definitive acute BM with
atypical CSF cell characteristics, that is, increase in total WBC with
predominance of lymphocytes or normal CSF WBC count (<5 x
10%/L, n =13, 23.2%).

Group 2, definite acute VM or encephalitis (n = 139): viruses
were identified using polymerase chain reaction. Seventy-eight
cases (56.1%) of herpesvirus family were identified: cytomegalovi-
rus (n = 9), Epstein-Barr virus (n = 22), human herpes virus-6
(HHV-6, n = 10), herpes simplex virus (HSV, n = 28), and varicel-
la-zoster virus (n = 9); and enterovirus was identified in 61 cases
(43.9%). To study the accuracy of the CSF biomarkers in detecting
atypical acute viral central nervous system infection, this group
was further divided into (a) definite acute VM or encephalitis with
typical CSF cell characteristics, that is, increase in total WBC with
predominance of lymphocytes (n = 76, 78.4%), and (b) definite
acute VM or encephalitis with atypical CSF characteristics, that is,
increase in total WBC with predominance of neutrophils (n = 21,
21.6%).

Group 3, CSF normal control group (n = 122): CSF samples
with clinical suspicion of acute meningitis not proved by CSF ex-
amination and clinical evolution, with normal CSF cellular and
biochemical features (total protein and GL) such as WBC <5 x
10%/L, GL 22.66 mmol/L, and total protein <0.45 g/L.

CSF Biochemistry and Cytology

Lactate was quantified in CSF and plasma using amperometry
(RAPID Point 500, Siemens, NY, USA). CSF total protein was
quantified using benzethonium chloride, and GL levels in the CSF
and plasma were determined using hexokinase/G-6-PDH (both
from Architect, Abbott, IL, USA). The total CSF WBC x 10%/L was
quantified in fresh uncentrifuged CSF in a Fuchs-Rosenthal cham-
ber. CSF pleocytosis was defined as a WBC count >5 cells/x10°/L.
Differential WBC counts were performed by standard laboratory
methods. CSF xanthochromia was assessed by visual inspection
and quantified using the color index [3, 4].

Identification of Etiological Agents

All CSF samples were subjected to direct microscopic examina-
tions (Gram stain smear) and culturing. CSF specimens were inocu-
lated into agar plates (5% sheep blood agar and supplemented choc-
olate agar plates) and incubated at 37 °C for 24-48 h. For positive
cultures, the bacteria were identified using a VITEK® 2 compact
system (BioMérieux Vitek, Inc., Hazelwood, MO, USA). Viruses
were identified using polymerase chain reaction for enterovirus,
HSV-1, HSV-2, cytomegalovirus, Epstein-Barr virus, varicella-zos-
ter virus, HHV-8, HHV-6A, HHV-6B, and HHV-7 [5].
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Calculation of Best Discriminating Value of Biomarkers

The receiver operating characteristic curve, constructed by Sta-
tistical Package for the Social Sciences version 22 (IBM Corp., Ar-
monk, NY, USA), was used to evaluate the ability of CSF lactate,
GL, and CSF/blood GL ratio to accurately classify patients with
acute BM and without disease and establish the best cutoff [6].

Statistical Analyses

The results were presented as the median (interquartile range),
number, and percentage, as appropriate. Categorical variables
were compared between groups using Fisher’s exact test and con-
tinuous variables were compared using Mann-Whitney or Krus-
kal-Wallis test for nonparametric data, as appropriate. Correla-
tions between variables were calculated using Spearman’s rank-
order correlation. Results were considered significant at the 5%
alpha level. The concordance between the diagnostic tests was de-
termined using the kappa statistic (K) [7].

Performance Characteristics of CSF for Acute Meningitis

The performance characteristics of the CSF biomarkers for
acute meningitis were calculated using positive CSF culture for
bacteria as the reference method. The following performance char-
acteristics were calculated: sensitivity, specificity, accuracy (effi-
ciency), positive predictive value, negative predictive value,
Youden’s index (J) = ([sensitivity + specificity] - 1), error ratio =
(false positive [FP] + false negative [FN])/true positive (TP) [14],
clinical utility index positive (CUI+), and CUI negative (CUI-,
screening accuracy) [8, 9]. CUI was classified as follows: utility ex-
cellent, >0.81; good, >0.64; fair, 20.49; poor, <0.49; and very poor,
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<0.36 [8, 9]. The positive and negative likelihood ratios (LR+ and
LR-, respectively) were calculated [6, 10, 11]. The posttest proba-
bility for a positive and negative test was calculated using the Fa-
gan’s nomogram [12, 13], considering the pretest probability of
acute BM to be 45% [14]. FP rate (%) = 100 - positive predictive
value; presumptive positive = (TP + FP)/total; detection rate = TP/
total; error ratio = (FP + FN)/TP; and combined error = (FP + FN)/
total [15].

Results

Demographic features, CSF biochemistry, and cell
characteristics of all study groups are shown in Tables 1
and 2 and Figure 2. The groups were comparable in age
and sex.

CSF Lactate in Groups with CSF Atypical CSF

Characteristics

Thirteen cases (23.2%) were classified as definitive
acute BM with atypical CSF cell characteristics (<5
cells/x10%/L); 5 samples in this group had normal CSF
WBC count, which represented 8.9% of all cases of BM.
These patients might have received or were on antibiotic
therapy, although this information was not available.
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Table 1. Epidemiological, cytological, and biochemical characteristics in CSF samples of three groups studied

Bacterial Viral Control p value
Number 63 139 122 -
Age, years 25 (6-48.5) 20.5 (11.5-47.5) 22.5 (4.5-49.50) 0.19
Gender, male, n (%) 39 (62) 81 (58.2) 59 (48) 0.14
CSF
Color index 0.3 (0-1.0) 0 0 <0.0001
RBC x 105/L 175 (20-1,935) 8.1 (2.0-51.5) 1.2 (0.3-10.8) <0.0001
WBC x 10°/L 560 (57.7-1,780) 36 (5.0-129.2) 1.0 (0.6-1.9) <0.0001
WBC >5 x 10°/L, n (%) 50/56 (89) 104/139 (74.8) 0/122 <0.0001
% Neutrophils 83 (74-95) 10 (2-38.5) - <0.0001
% Lymphocytes 15 (4-27) 82 (56.5-93) - <0.0001
GL mmol/L 0.86 (0.28-3.02) 3.22 (2.66-3.8) 3.55 (3.22-4.02) <0.0001
GL <2.66 mmol/L, n (%) 43/58 (74.1) 33/139 (23.7) 5/122 (4.1) <0.0001
TP g/L 1.91 (0.67-3.76) 0.48 (0.32-0.92) 0.26 (0.17-0.34) <0.0001
TP increased!, n (%) 55/57 (96.5) 73/139 (52.5) 0 <0.0001
Lactate mmol/L 7.39 (3.8-13.70) 2.4 (1.8-2.9) 1.7 (1.4-1.9) <0.0001
Lactate >3.65 mmol/L, 1 (%) 48 (76.2) 19 (13.7) 1/122 (0.82) <0.0001
Blood
GL mmol/L 6.11 (5.16-7.63) 5.72 (4.72-6.88) 5.38 (4.83-6.72) 0.24
Lactate mmol/L 1.9 (1.15-2.8) 1.56 (1.12-2.34) 1.4 (1.2-1.8) 0.35
CSF/blood
GL 0.30 (0.04-0.55) 0.56 (0.42-0.67) 0.7 (0.58-0.78) <0.0001
GL CSF/blood <0.6, 1 (%) 31/37 (83.8) 65/104 (62.5) 19/69 (27.5) <0.0001

Data presented in median (IQR) or n (%), as appropriate. (1) Total protein increased in accordance with reference values by local
CSF puncture: ventricular 0.05-0.15 g/L; suboccipital 0.10-0.25 g/L, and lumbar 0.15-0.45 g/L.
CSF, cerebrospinal fluid; WBC, white blood cells; RBC, red blood cells; TP, total proteins; GL, glucose; IQR, interquartile range.

Definite acute VM or encephalitis with atypical CSF
characteristics was observed in 21 samples (21.6%). The
viruses identified were enterovirus (n = 14, 67%) and
members of the herpesvirus family (n =7, 33%). CSF lac-
tate levels in typical and atypical acute BM or VM cases
are shown in Table 2 and Figure 2b.

The CSF lactate level in the atypical acute BM group
was comparable with that in atypical and typical VM
groups; there was no difference between the groups with
VM (all p > 0.05). Atypical CSF samples of acute BM with
increased CSF WBC count (n = 8) showed median (inter-
quartile range) of CSF lactate level of 3.55 (2.5-6.35).
Compared to levels in groups with typical and atypical
VM, the CSF lactate level was higher in bacterial atypical
meningitis and increase of CSF WBC count (p < 0.05;
Table 2, Fig. 2).

Calculation of Best Cutoff Points for CSF Lactate and

GL

The best cutoff values of CSF lactate and GL for distin-
guishing between BM and VM and the comparison of the
area under the curve (AUC) of the receiver operating

Acute Meningitis Diagnosis Using CSF
Lactate

characteristic curves of the CSF biomarkers studied are
shown in Figure 3.

Performance Characteristics of CSF Biomarkers

The performance characteristics of CSF lactate, GL,
CSE/blood GL ratio, CSF neutrophil predominance, and
their associations in distinguishing between acute BM
and VM (overall) and with atypical CSF are shown in Ta-
bles 3 and 4, respectively.

The posterior probabilities for a positive and negative
test result for lactate, GL, WBCs in CSF, and their asso-
ciations in the groups with definite acute meningitis and
atypical acute BM to discriminate between BM and VM
are shown in Figure 4.

Concordance between CSF Biomarkers

There was moderate concordance between CSF lactate
and GL levels and CSF lactate and predominance of neu-
trophils in the CSF (Kappa index + SD; 95% CI was 0.537
+ 0.058 [0.423-0.651] and 0.503 + 0.074 [0.358-0.648],
respectively). In contrast, there was poor concordance
between CSF lactate and CSF/blood GL ratio (0.175 +
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Table 2. Epidemiological, cytological, and biochemical characteristics of CSF of the groups with typical and atypical acute meningitis

A-typical bacterial B-atypical bacterial ~ C-typical viral D-atypical viral AxB CxD
p value p value
Number 43 13 76 21
Age, years, median (IQR) 27 (7.50-47.5) 24 (1.1-42.49) 17 (10.50-41.50) 15 (5.50-27) 0.791 0.146
Gender, male, n (%) 27 (63) 7 (54) 42 (55) 12 (57) 0.524 1.00
CSF, median (IQR)
RBC x10°/L 240.0 (41.25-1,664) 270 (89.60-4660) 10.00 (2.50-57.50) 5.00 (2.50-55.35) 0.337 0.503
WBC x10%/L 1,108 (243-2,285) 17.5 (2.65-130.5) 70.60 (29.30-159.5) 50.00 (25.60-222) <0.0001 0.658
WBC > 5 x 10/L, 1 (%) 40/40 (100) 8 (61.5) 76 (100) 21 (100) 0.0004 -
% Neutrophils 88 (80-95) 28 (12-35.5) 3 (1-12.5) 73 (56-82) <0.0001  <0.0001
% Lymphocytes 11.5 (3.0-19.5) 69 (41.5-79.5) 87.50 (74.00-96.00) 20.00 (14.00-33.0) <0.0001 <0.0001
GL mmol/L 0.28 (0.22-2.36 ) 3.0 (1.69-3.58)* 3.11 (2.5-3.77) 3.55(2.94-3.89) 0.0017 0.234
GL <2.66 mmol/L, n (%) 35(81.4) 6(46.2) 21 (27.6) 3(14.3) 0.028 0.263
TP g/L 1.96 (0.97-423.10) 0.49 (0.30.2-1.64) 0.62 (0.35-1.23) 0.36 (0.26-0.61) 0.017 0.010
TP increased, n (%) 41/42 (97.6) 12/13 (92.3) 48/76 (63.2) 8/20 (40) 0.420 0.077
Lactate mmol/L 9.00 (5.70-12.89) 2.10 (1.55-4.85)° 2.40 (2.00-3.00) 2.50 (2.05-2.85) 0.0002 0.854
Lactate >3.65 mmol/L, n (%) 38 (88.4) 4(30.8) 13(17.1) 3(14.3) 0.001 1.00
Blood, median (IQR)
GL mmol/L 6.6 (5.44-7.8) 5.83 (4.72-7.74) 5.88 (5.13-6.6) 4.77 (3.47-6.88) 0.381
Lactate mmol/L 1.70 (0.65-2.40) 2.05 (1.40-2.25) 1.465 (1.00-2.20) 1.70 (1.00;3.80) 0.430
CSF/blood, median (IQR)
GL 0.045 (0.025-0.50) 0.493 (0.402-0.685)  0.530 (0.375-0.645) 0.600 (0.481-0.990) 0.007 0.142
GL CSF/blood <0.6, 1 (%) 24/26 (92.3) 7/11 (63.6) 37/55 (67.3) 7115 (46.7) 0.052 0.227

2 Only atypical CSF samples of acute BM showing increase in CSF WBC number were considered (n = 8). CSF GL was 2.75 (1.5-3.27) mmol/L compared
to the groups with typical and atypical VM (p = 0.326 and 0.1073, respectively). Compared to the group with typical BM, p = 0.017.

b Only atypical CSF samples of acute BM showing increase in CSF WBC number were considered (1 = 8). CSF lactate was 3.55 (2.5-6.35) mmol/L
compared to the groups with typical and atypical VM (p = 0.026 and 0.043, respectively). Compared to the group with typical BM, p = 0.027.

¢ Only atypical CSF samples of acute BM with increase in CSF WBC were considered. CSF and CSF/blood GL ratio was 0.46 (0.26-0.67) compared to
groups with typical and atypical VM (p = 0.297 and 0.067, respectively). Compared to the group with typical BM, p = 0.041.

CSF, cerebrospinal fluid; RBC, red blood cells; WBC, white blood cells; GL, glucose; TP, total proteins; BM, bacterial meningitis; VM, viral meningitis;

IQR, interquartile range.

0.060 [0.057-0.293]), GL and predominance of neutro-
phils in CSF (0.321 + 0.081 [0.163-0.479]), and CSF/
blood GL ratio and predominance of neutrophils (0.044
+0.094 [-0.141 to 0.229]).

Correlations between CSF Lactate and Other

Biomarkers

There was strong positive correlation between CSF
lactate and CSF WBC (R, = 0.63 [95% CI 0.56-0.69]);
weak positive correlation between CSF lactate and CSF
RBC or color index (R, = 0.30 [0.20-0.40] and R, = 0.35
[0.24-0.45], respectively); and weak negative correlation
between CSF lactate and CSF GL or the CSF/blood GL
ratio (R, = -0.29 [-0.39 to —-0.18] and R, = -0.34 [-0.46 to
-0.21], respectively), all p < 0.0001. There was no correla-
tion between CSF and blood lactate levels (p = 0.069).

CSF Lactate Levels by Type of Bacteria or Virus
There was no difference in CSF lactate levels between
the groups with gram-positive or gram-negative bacteria
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in the CSF. In the group with acute BM caused by gram-
positive bacteria, CSF lactate was 7.45 (3.20-14.60)
mmol/L, whereas it was 7.00 (3.80-11.95) mmol/L in the
gram-negative bacteria group (p = 0.736). In the group
with acute BM caused by gram-positive bacteria, 25 sam-
ples (73.5%) showed CSF lactate >3.65 mmol/L, and in
the gram-negative bacteria group, there were 23 (79.3%,
p = 0.768). There was no difference in CSF lactate levels
between the groups with VM caused by enterovirus and
herpesvirus family members; CSF lactate was 2.2 (1.75-
2.65) mmol/L and 2.4 (1.8-3.3) mmol/L, respectively (p =
0.060).

Discussion

In the present study, we observed that CSF lactate
showed higher operational characteristics than CSF GL
did for differentiating between acute BM and VM. The
efficiency of GL, lactate, and their association were high-
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CSF samples with acute meningitis and etiological agents (bacteria
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3.65 mmol/L; values exceeding this are suggestive of acute BM; the

er than the CSF/blood GL ratio and predominance of
neutrophils. CSF/blood GL ratio showed high sensitivity,
although the specificity was low, similar to the results of
a previous study [16]. A systematic review of the assess-
ment of CSF lactate concentration for distinguishing BM
from aseptic meningitis reported the mean sensitivity and
specificity as 96 and 94%, respectively [17].

The AUC of CSF lactate was 0.89, which was slightly
higher than that of CSF GL (0.82), indicating good overall
accuracy [18] for both CSF biomarkers. This was lower
than that described previously, where the observed AUCs
of CSF lactate ranged from 0.977 to 0.988 [17, 18].

The LR+ and LR~ of lactate were 10.00 and 0.26, re-
spectively. In a systematic review, Sakushima et al. [19]
reported that CSF lactate had an LR+ of 22.9 and LR- of
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AUC was 0.89. b ROC curve of CSF GL indicated best cutoff point
of 47.5 mg/dL (2.64 mmol/L); values lower than this were sugges-
tive of acute BM; the AUC was 0.82. ¢ ROC curve of CSF/blood GL
ratio; the AUC was 0.80. GL, glucose; CSF, cerebrospinal fluid.

0.07. They concluded that the low LR~ indicated that the
lack of CSF lactate is specifically good for discarding a
suspicion of BM [19]; another study described similar re-
sults [18].

The CSF lactate LR+ was 9.9%; an LR+ >10.0 indicates
that a positive test almost confirms the disease. For the
other CSF biomarkers, LR+ values were lower than 5.0.
LR+ values of approximately 6.0 indicated that the dis-
ease was present, and a value of approximately 1.0 indi-
cated that the test could not conclusively confirm the
presence of the disease. LR+ <0.1 indicated that the dis-
ease was practically absent [6, 10, 11]. In a systemic re-
view, the mean LR+ and LR- were calculated to be 14.53
(95% CI 8.07-26.19) and 0.07 (95% CI0.05-0.09), respec-
tively [17]. CSF lactate was lower in the group with atyp-
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Table 3. Performance characteristics of CSF lactate, GL, CSF/blood GL ratio, and association of lactate and GL
for differentiating acute BM and VM

Glucose Lactate  CSF/ Neutrophils*  GL Lactate Lactate

<2.66 >3.65 blood and/or  and/or and/or

mmol/L mmol/L GL lactate ~ GL CSF/  neutrophils*

<0.6 blood

TP 43 48 31 44 53 56 53
Sensitivity, % 74.14 76.19 83.78 84.62 84.13 88.89 84.13
Specificity, % 85.44 92.34 51.45 76.92 81.61 64.37 73.38
PPV, % 53.09 70.59 26.96 67.69 52.48 37.58 58.89
NPV, % 93.70 94.14 93.68 89.74 95.52 96.00 91.07
LRP 5.090 9.94 1.73 3.67 4.57 2.49 3.16
LRN 0.30 0.26 0.32 0.20 0.19 0.17 0.22
CUI+ 0.39 0.54 0.23 0.57 0.44 0.33 0.50
CUI- 0.80 0.87 0.48 0.69 0.78 0.62 0.67
Youden index 0.60 0.69 0.35 0.62 0.66 0.53 0.58
False-positive rate, % 46.91 29.41 73.00 32.31 47.52 62.42 41.11
Presumptive positive, %  0.25 0.21 0.55 0.45 0.31 0.46 0.45
Detection rate, % 13.48 14.81 14.76 30.75 16.38 17.28 26.24
Error rate, % 123 72.92 290 65.90 109 179 88.70
Combined error, % 16.61 10.80 42.86 20.28 17.90 30.86 23.27
Efﬁciency, % 83.39 89.20 57.14 79.72 82.10 69.14 76.73

* Predominance of neutrophils on the groups with BM and VM.
CSF, cerebrospinal fluid; GL, glucose; BM, bacterial meningitis; VM, viral meningitis; PPV, positive predictive
value; NPV, negative predictive value; CUI+, clinical utility index positive; CUI-, clinical utility index negative.

Table 4. Performance characteristics of CSF lactate, GL, CSF/blood GL ratio, and association of lactate and GL
for differentiating acute BM with atypical CSF and VM

GL Lactate  CSF/ Neutrophils* GL Lactate Lactate

<2.66 >3.65 blood and/or  and/or and/or

mmol/L  mmol/L GL lactate ~ GL CSF/  neutrophils*

<0.6 blood

TP 6 4 8 2 7 8 4
Sensitivity, % 46.15 30.77 72.73 25.00 53.85 61.54 30.77
Specificity, % 85.44 92.34 51.45 76.92 81.61 64.37 73.38
PPV, % 13.64 16.67 8.70 8.70 12.73 7.92 9.76
NPV, % 96.96 96.40 96.74 92.11 97.26 97.11 91.89
LRP 3.17 4.02 1.50 1.08 2.93 1.73 1.16
LRN 0.63 0.75 0.53 0.97 0.57 0.60 0.94
CUI+ 0.06 0.05 0.06 0.02 0.07 0.05 0.03
CUI- 0.83 0.89 0.50 0.71 0.79 0.63 0.67
Youden index 0.32 0.23 0.24 0.02 0.35 0.26 0.04
False-positive rate, % 86.36 83.33 91.30 91.30 87.27 92.08 90.24
Presumptive positive, % 16.06 8.76 50.00 23.23 20.07 10.22 26.97
Detection rate, % 2.19 1.46 4.35 2.02 2.55 2.92 2.63
Error rate, % 7.50 7.25 10.90 13.50 6.29 12.25 9.0
Combined error, % 16.42 10.58 47.28 27.27 19.71 35.77 23.68
Efficiency, % 83.58 89.42 52.72 72.73 80.29 64.23 69.74

* Predominance of neutrophils on the groups with BM and VM.
CSF, cerebrospinal fluid; GL, glucose; VM, viral meningitis; PPV, positive predictive value; NPV, negative
predictive value; CUI+, clinical utility index positive; CUI-, clinical utility index negative; BM, bacterial meningitis.
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Fig. 4. Fagan’s nomogram was used to calculate posterior probabil-
ity for lactate, GL, WBC in CSF, and their associations for positive
and negative tests in the groups with definite acute meningitis and
with atypical acute BM. Prior probability (odds) of acute BM: 45%.
Posterior odd = Prior odd x LR. For a positive test (blue line): (a)
CSF lactate (>3.65 mol/L). LR+ was 9.90 (95% CI 5.90-17); poste-
rior probability (odds) was 89% (95% CI 83-93%). Approximately
1 in 1.1 with positive test had acute BM. b CSF GL (<48 mg/dL).
LR+: 5.08 (95% CI 3.50-7.35); posterior probability (odds): 81%
(95% CI 74-86%). Approximately 1 in 1.2 with positive test had
acute BM. ¢ CSF/blood GL ratio (<0.6). LR+: 1.72 (95% CI 1.40-
2.12); posterior probability (odds) was 58% (95% CI 53-63%). Ap-
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proximately 1 in 1.7 with positive test had acute BM. d Predomi-
nance of neutrophils in CSF. LR+: 3.66 (95% CI 2.41-5.55); poste-
rior probability (odds): 75% (95% CI 66-82%). Approximately 1
in 1.3 with positive test had acute BM. Analyzing only the group
with atypical BM CSF (graphic not showed): CSF lactate (>3.65
mol/L), posterior probability (odds) was 77% (95% CI 64-86%).
CSF GL (<2.66 mol/L), posterior probability (odds) was 72% (95%
CI 63-80%). CSF/blood GL ratio (<0.6), posterior probability
(odds) was 55% (95% CI 49-61%). Predominance of neutrophils
in CSF, posterior probability (odds) was 47% (95% CI 31-64%).
The red line indicates the posterior odd for a negative test. LR, like-
lihood ratio.
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ical acute BM than it was in the group with typical acute
BM and was comparable to that in typical or atypical VM,
showing its limited value in differentiating atypical acute
BM from typical VM. However, it could still be used to
differentiate typical acute BM and atypical VM. The same
conclusions are applicable to CSF GL and CSF/blood GL.
CSF lactate was higher in the group with atypical acute
BM with increased CSF WBC number than it was in the
groups with atypical VM.

The operational characteristics were low for all bio-
markers and associations studied in the group with atyp-
ical acute BM. Other studies have indicated that in par-
tially treated BM, CSF lactate with a limit >3.20 mmol/L
classified 88% of treated BM with a sensitivity and speci-
ficity of 83 and 91%, respectively. The sensitivity of the
lactate concentration decreased to 72% in patients who
had already been treated with antibiotics, similar to the
other biomarkers [16]. CSF lactate was the most reliable
variable for differentiating BM after 4 days of antibiotic
treatment for lymphocytic meningitis.

Differential diagnosis of BM and VM can be difficult
in some cases as data on classical CSF biochemistry and
cell characteristics are not always available. A CSF sample
with normal appearance, cytology, and biochemical char-
acteristics does not rule out the presence of bacteria,
which can occur in 12-30% of cases of meningitis [20].
Partially treated BM exhibits atypical cell patterns, and
the positivity of classic bacteriological diagnostic meth-
ods is reduced from 50 to 20% [21-23]. CSF characteris-
tics of BM can resemble those of VM in immunosup-
pressed patients [1]. In contrast, VM, especially enterovi-
rus-induced, can exhibit a predominance of neutrophils
during the first 6 h of infection, albeit with normal CSF
GL concentration [1]. Approximately 50% of patients
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