Journal of Scientific & Technical Research

Research Article

ISSN: 2574 -1241

BIOMEDICAL
>

DOI: 10.26717/BJSTR.2019.15.002769

Cerebrospinal Fluid Lactate Concentration to
Differentiate Bacterial from Viral Meningitis
in Children

Ton Nu van Anh'*, Nguyen Huu Son?, Mai Thi Hien Uyen?, Nguyen Thi Diem Chi?, Nguyen Thi
Hong Duc? and Tran Vinh Phu?

Pediatric Department, Hue University of Medicine and Pharmacy, Vietham
?Pediatric Center, Hue Central Hospital, Vietham

*Corresponding author: Ton Nu van Anh, Pediatric Department, Hue University of Medicine and Pharmacy, Vietnam

ARTICLE INFO ABSTRACT

Received: E2 February 26,2019

Objective: To define an optimal CSF lactate concentration that can be called significant
Published: E2 March 12,2019

for the differentiation bacterial meningitis from viral meningitis in children.

Methods: Children with clinical findings compatible with meningitis were studied. CSF
lactate and other conventional CSF parameters were recorded. We determined the optimum
cutoff point for CSF lactate using receiver-operator curve (ROC) analysis.
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Results: We identified 54 had bacterial meningitis. Children with bacterial meningitis
had a higher median CSF lactate level [6.5 mmol/], interquartile range (IQR) 2.3-10.7 mmol/1
bacterial meningitis vs. 2.1 mmol/], IQR 1.3-2.9 mmol/] viral meningitis]. A CSF lactate
cutoff point of 3.0 mmol/] had a sensitivity of 87.0% (95% CI 66.4 - 97.2%), a specificity
of 87.1% (95% CI 70.2 - 96.4%) for bacterial meningitis. The CSF lactate concentration is a
better marker compared to other conventional markers including CSF glucose and CSF total
number of leukocytes.

Conclusion: In combination with a validated meningitis clinical prediction rule, the CSF
lactate level can be used to distinguish between bacterial and viral meningitis in children.
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Introduction

Accurate and rapid diagnosis of acute bacterial meningitis
(BM) is essential because disease outcome depends on immediate
initiation of appropriate antibiotic therapy [1]. BM should be treated
promptly with antibiotics, whereas acute viral meningitis (AM) is
usually self-limiting. However, differentiating BM from AM may be
challenging for clinicians because the symptoms and laboratory
assays are often similar and overlapping. In addition, classical
clinical manifestations of BM in infants and children are usually
difficult to recognize because of the absence of signs of meningeal
irritation and because of delayed elevation of intracranial pressure.
Combination of present CSF variables (proteins, glucose, leucocytes
count and ratio of CSF/serum glucose) has been suggested effective

in differentiating acute viral meningitis from bacterial meningitis

[2,3]. However, there are serious limitations of the above variables
in diagnosing and differentiating bacterial and viral meningitis.
The gold standard for the diagnosis for bacterial meningitis is
culture, which requires several days to return results [4,5]. Rapidly
available biomarkers such as cerebrospinal (CSF) lactate have been
studied to distinguish bacterial from viral meningitis before the
results of bacterial cultures become available. CSF lactate levels
are high in children with bacterial meningitis as lactate is produced
by both bacterial anaerobic metabolism as well as ischemic brain
tissue [6]. CSF lactate is produced by anaerobic metabolism and the
level increases in any condition which causes decrease in oxygen
supply to the brain and there is no correlation with serum lactate

level [7]. In our retrospective cohort of children with meningitis, we
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sought to establish the optimal CSF lactate cutoff point to accurately
distinguish between bacterial and viral meningitis.

Materials and Methods
Patients

We performed a retrospective cohort study of children with
meningitis between 1 month and 15 years of age who presented to
Pediatric Center of Hue Central Hospital during 2016 and 2018. The
study was approved by the hospital ethics committee. The inclusion
criteria were: children who had clinical findings consistent with
meningitis (e.g., fever, headache, vomiting or nausea, and neck
stiffness) along with CSF white blood cells (WBC) 210 cells/ul
[corrected for the presence of CSF red blood cells (RBC) using a
standard 1:500 ratio of leukocytes to erythrocytes] and who had
both a CSF lactate and CSF culture obtained. We further limited our
study population to those children who had CSF lactate obtained
by the treating clinician. Exclusion criteria were children with
any of the following: critical illnesses, any purpura, presence of a
ventricular shunt or recent neurosurgery, immunosuppression
and other bacterial infections requiring parenteral antibiotics.
We reviewed the medical records for all eligible children and
abstracted relevant clinical and laboratory factors for all study
patients. The CSF lactate level was measured by the hospital clinical
laboratory using standard enzymatic methods. We defined a case
of bacterial meningitis as a child with either a positive CSF culture
or CSF pleocytosis with a positive blood culture for a bacterial
pathogen [8]. We defined a case of viral meningitis as a child with
meningitis who had not received antibiotics prior to diagnostic
lumbar puncture who had a negative CSF bacterial culture [8].

Statistical Analysis

We first selected a range of cutoff points for the CSF lactate
biomarker to distinguish bacterial from viral meningitis. We
reported the sensitivity, specificity and negative predictive value
(NPV) for bacterial meningitis of each CSF lactate cutoff point. Next,
we generated a receiver-operator curve (ROC) to visually represent
the trade-off between sensitivity and specificity. We utilized ROC
curve analysis to select the optimal CSF lactate cutoff point to
minimize both the number of false positives (children with viral
meningitis with CSF lactate above the chosen cutoff point) as well as
false negatives (children with bacterial meningitis with CSF lactate

below the cutoff point). A Mann-Whitney U-test was performed to
compare lactate levels between children with bacterial and viral
meningitis. We used SPSS version 19.0 for all statistical analyses.

Results

A total of 54 (23 bacterial and 31 viral) pediatric patients
fulfilled the inclusion criteria. the mean age was 60.5 months
[median 40.5 months; interquartile range (IQR) 10-85 months], and
37 (68.5%) were male. Children with bacterial or viral meningitis
had CSF lactate concentrations (Table 1). Each step-wise increase
in the CSF lactate cutoff point lowered the sensitivity, but increased
the specificity for bacterial meningitis (Table 2). Next we present a
ROC curve for CSF lactate for bacterial meningitis (Figure 1). Using
ROC analysis, we selected an optimal cutoff point for CSF lactate of
3.0 mmol/] to distinguish between bacterial and viral meningitis
[area under the curve 0.887; 95% confidence interval (CI) 0.771
to 0.957]. CSF lactate 23.0 mmol/l had a sensitivity of 87.0% (95%
CI 66.4 - 97.2%), a specificity of 87.1% (95% CI 70.2 - 96.4%) for
bacterial meningitis. The receiver-operating curve for CSF lactate
to distinguish bacterial from viral meningitis has the greatest AUC
compared to that of the other CSF biomaker such as leucocytes
count (AUC 0.87), glucose (AUC 0.290) (Table 3).
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Figure 1: Receiver-operating curve for CSF lactate to
distinguish bacterial from viral meningitis.

Table 1: CSF lactate concentration in children with bacterial and viral meningitis.

CSF Biomaker AUC p-value
Leucocytes count 0.870 <0.01
Glucose 0.290 <0.01
Lactate 0.887 <0.001
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Table 2: The diagnostic accuracy of CSF lactate for bacterial meningitis by cutoff point.

C(S;Il::lt;‘lt)e Sensitivity 95% CI Specificity 959% CI +LR -LR
>1.5 100.00 85.2-100.0 0.00 0.0-11.2 1.00
>2 100.00 85.2-100.0 41.94 24.5-60.9 1.72 0.00
>2.1 91.30 72.0-98.9 54.84 36.0-72.7 2.02 0.16
>2.2 86.96 66.4-97.2 64.52 45.4-80.8 2.45 0.20
>3 86.96 66.4-97.2 87.10 70.2-96.4 6.74 0.15
>5.7 56.52 34.5-76.8 87.10 70.2-96.4 4.38 0.50
>6.1 56.52 34.5-76.8 93.55 78.6-99.2 8.76 0.46
>6.7 43.48 23.2-65.5 93.55 78.6 -99.2 6.74 0.60
>7.1 43.48 23.2-65.5 96.77 83.3-99.9 13.48 0.58
>7.9 34.78 16.4-57.3 96.77 83.3-99.9 10.78 0.67
>8 34.78 16.4-57.3 100.00 88.8 -100.0 0.65
>13.3 0.00 0.0-14.8 100.00 88.8 -100.0 1.00
Table 3: Comparison of AUC of CSF lactate with other conventional CSF biomaker for distinguishing bacterial from viral meningitis.
CSF Biomaker AUC p-value
Leucocytes count 0.870 <0.01
Glucose 0.290 <0.01
Lactate 0.887 <0.001

Discussion

In our retrospective cohort of children with meningitis, CSF
lactate 23.0 mmol/l accurately distinguished between bacterial and
viral meningitis. This is similar to the report of Eduardo Mekitarian
Filho et with 451 children of whom 40 (9%) had bacterial
meningitis. Children with bacterial meningitis had a higher
median CSF lactate level [9.6 mmol/], interquartile range (IQR)
3.2-38.5 mmol/] bacterial meningitis vs. 2.0 mmol/l, IQR 1.2-2.8
mmol/] viral meningitis]. A CSF lactate cutoff point of 3.0 mmol/I
had a sensitivity of 95% [95% confidence interval (CI) 83-99%),
specificity of 94% (95% CI 90-96%) and negative predictive value
of 99.3% (95% CI 97.7-99.9%) for bacterial meningitis [9]. The
AUC of CSF lactate concentration was 0.887, indicating an excellent
level of overall accuracy. The overall performance was highest for
the CSF lactate concentration compared to the performances of
the other conventional markers (CSF glucose, CSF total number of
leukocytes), which was in good agreement with previous literature
[10]. CSF lactate is less useful if it has a low concentration, but
the assay is supportive if it is positive, especially if the diagnosis
was otherwise not conclusive. In such cases, increased CSF lactate
should be considered a sign of BM. Because of the lactate assay,
several BM patients with elevated CSF lactate and minimal CSF
abnormalities have been treated with antibiotics prior to culture
test results [11,12].

The measurement of CSF lactate concentration is a simple,
rapid, inexpensive assay, takes just 15 minutes, and can be
performed at the bedside. In addition, the CSF lactate concentration
is useful during the course of treatment, because a rapid CSF lactate
decrease is indicative of good prognosis [13]. Since the CSF lactate

concentration is not specific for BM, the results of this assay should
be interpreted in parallel with clinical findings and the results of
conventional assays including CSF concentrations of protein, cells,
glucose, and a microbiological examination of CSF. The cut-off value
for CSF lactate concentration ranges from 2.1 to 4.44 mmol/L,
suggesting a variance between instrument, hospital labs, and the
method. Therefore, every center should set its own cut-off value
for CSF lactate concentration. Another disadvantage of CSF lactate
is that it is not useful in the choice of antibiotic selection, which
must be based on the results of microscopic examination of a smear
or culture for bacteria, as well as the other clinical data [14].The
mechanism of the increased concentration of lactate in the CSF of
patients with BM is not clear, but it has been linked with anaerobic
glycolysis of brain tissue due to a decrease cerebral blood flow
and oxygen uptake [15,16]. Additionally, the concentration of CSF
lactate is independent of serum lactate, probably due to its ionized
state that crosses the blood-CSF barrier at a very slow rate [17],
suggesting another advantage over CSF glucose assay [18].

Two recent meta-analyses evaluated the ability of CSF lactate
to distinguish aseptic from bacterial meningitis [14,19]. These
two studies included 38 unique studies with between 15 and
201 patients per study. Using a CSF lactate cutoff point between
2.1 and 4.4 mmol/], the aggregated sensitivity of CSF lactate for
bacterial meningitis was 93% or 96% and specificity 94% or
96%, respectively (Table 4). The management of children with
meningitis may differ in resource-poor settings asthe incidence of
bacterial meningitis may be considerably higher and clinicians may
have limited access to diagnostic laboratories [20]. Available hand-

held testing platforms can provide point-of-care testing for CSF
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lactate. In a small study conducted in Uganda, CSF lactate analysis
using a hand-held device had good sensitivity and specificity for
bacterial meningitis [21]. Larger, likely multi-centered, studies are
needed to further evaluate the diagnostic accuracy of CSF lactate
in resource-poor settings. In order to compare the diagnostic
accuracy of the CSF lactate concentration and other conventional
markers for diagnosis of BM, data were extracted from the 25
selected articles only if the study had on the same set of specimens
a parallel analysis of CSF lactate and a conventional marker [22-26].
Since conventional markers were used as the diagnostic criteria of
BM, only BM patients with confirmed diagnosis were extracted
in this analysis. In the present study, for diagnosis of BM, five
studies performed head to head comparisons of CSF lactate versus
CSF glucose, four versus the CSF/plasma glucose quotient, seven
versus CSF protein, five versus CSF total number of leukocytes, one

versus percentages of granulocytes, and one versus CSF number of
granulocytes. However, TB meningitis patients and partially treated
BM patients could not be excluded from the conventional markers
assays. Therefore, in a secondary meta-analysis these patients
were included in the BM group. Higher DOR values were observed
with the CSF lactate level than with the conventional markers in all
studies except for one study for the CSF protein assay and one study
for total number of leukocytes [26-30]. Since DOR values of the
CSF lactate concentration, CSF glucose level, CSF/plasma glucose
quotient, and CSF total number of leukocytes were found to be
constant (data not shown), symmetrical SROC fitting by a random
effects model was performed for these assays [14]. The present
study had a number of limitations. Only a single measurement of
lactate was made, upon hospital admission; repeat assessments to

monitor treatment and response were not performed.

Table 4: Cut-off of CSF lactate to distinguish bacterial from viral meningitis according to other studies.

Study (ref) Year Country Number of patients Cut-off (mmol/L) Test Results
BM AM TP FP FN TN
Cameron 1993 UK 11 9 41 11 0 0 9
(18]
Donald [20] 1986 S. Africa 43 23 2.85 40 0 3 23
Nelson [21] 1986 Sweden 11 28 2.4 11 3 0 25
Lester A [22] 1986 Singapore 22 54 2.78 19 8 3 46
Ruu[szkaa]ne“ 1985 Finland 32 30 3 30 2 2 28
Van[giapar 1983 Thailand 22 18 3.89 20 0 2 18
Mandal [25] 1983 UK 20 59 3.9 20 5 0 54
Knight [26] 1981 us 68 20 3.3 68 3 0 17
Controni 1977 Us 55 15 2.78 53 0 2 15
[27]
Bland [28] 1974 us 13 25 4.44 12 0 1 25
Conclusion 4. Jansen GJ, Mooibroek M, Idema ], Harmsen HJ, Welling GW, et al. (2000)

The findings of this study indicated that for discrimination
of BM from AM, the CSF lactate concentration is a good single
indicator and a better marker compared to other conventional
markers including CSF glucose, and CSF total number of leukocytes.
In combination with other validated clinical prediction models, CSF
lactate can assist with clinical decision-making for children with
meningitis.
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