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Diagnostic accuracy of cerebrospinal fluid lactate in
confirmed cases of acute bacterial meningitis in children
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ABSTRACT

Objective: To determine the diagnostic accuracy of cerebrospinal fluid lactate level in confirmed cases of
acute bacterial meningitis in children

Methods: This cross sectional study was conducted in the Department of Paediatrics, King Edward Medical
University/ Mayo Hospital, Lahore from January to December 2018. A total of 250 children, between two
months - 12 years of age, of both the genders, with suspected acute bacterial meningitis were included
by non-probability consecutive sampling. Each child was subjected to lumbar puncture for biochemistry,
cytology, culture, and lactate level. CSF lactate level of 1.1-2.4 mmol/L was taken as normal, and >2.4
mmol/L was taken as cut off for acute bacterial meningitis. All collected data was entered and analyzed
in SPSS version 22. A2 x 2 table was made to calculate diagnostic accuracy, sensitivity, specificity, positive
and negative predictive value for CSF Lactate.

Results: The sensitivity, specificity, positive predictive value, negative predictive value and diagnostic
accuracy of CSF lactate taking CSF culture as gold standard was 100%, 60.61%, 17.27%, 100% and 63.6%
respectively, with kappa of 0.19 and p value of 0.000.

Conclusion: At a cut off value of 2.4 mmol/L, cerebrospinal fluid lactate level has a high diagnostic
accuracy for acute bacterial meningitis.
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INTRODUCTION changes in the cerebrospinal fluid (CSF), is one of
the most common central nervous system infections
in Pediatric population. Haemophilus influenzae,
Streptococcus pneumoniae and Neisseria meningitidis
are the most common causative organisms in

Acute bacterial meningitis (ABM), inflammatory
disease of the leptomeninges causing characteristic
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CSF lactate has been recently advocated as a
useful diagnostic test. This may help not only in
the early diagnosis of ABM, but also differentiating
ABM from aseptic meningitis.> CSF lactate is the
enzyme that is produced by anaerobic metabolism
and its level increases in any condition which leads
to decrease in oxygen supply to the brain as in
bacterial meningitis. One important characteristic
is that this does not depend on the blood lactate
level.Filho etal.,” Chenetal.,® Barros etal.,’ Giulieri
et al.’? and Cunha et al." found that CSF lactate
may be a good biomarker that can differentiate
bacterial meningitis from aseptic meningitis.
Meta-analyses by Sakushima et al.’> and Huy et
al.”® have reported excellent predictive power for
lactate and also showed reduced diagnostic power
of lactate in patients who had previously received
antimicrobial drugs.

Generally, most patients with clinical suspicion
of acute meningitis are treated with broad spectrum
antibiotics targeting bacterial meningitis leading to
increase antibiotic resistance and adverse effects in
our setup. In past, studies have been conducted to
determine the role of CSF lactate for differentiating
acute bacterial meningitis from aseptic meningitis.
The objective of this study was to determine the
diagnostic accuracy of cerebrospinal fluid lactate
level in children with bacterial meningitis taking
CSF culture as gold standard.

METHODS

This cross sectional study was conducted in the
Department of Paediatrics, King Edward Medical
University/Mayo Hospital Lahore from January
to December 2018. The study was approved by
the institutional review board (Ref. No. 129/RC/
KEMU, Dated: 10-02-2017) and was funded by
research grant of King Edward Medical University,
Lahore. Informed consent was taken from patient’s
parents/guardian. A total of 250 children of both
the genders, between 2months-12 years of age, with
clinical diagnosis of suspected meningitis presenting
within 72 hours of symptoms were included by
non-probability consecutive sampling. (The sample
size is calculated using sensitivity and specificity of
CSF Lactate in bacterial meningitis as 95.0%° and
93.6%° with 3% margin of error). A child with acute
onset of fever (usually > 38.5 °C rectal or 38.0°C
axillary), headache and one of the following signs:
neck stiffness, altered consciousness (GCS <13/15)
or other meningeal signs (bulging fontanelle in <1
year old) was labeled as suspected case of acute
bacterial meningitis while labeled as confirmed
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by a positive CSF culture."* Patients who received
antibiotics within 48 hours prior to presenting to
the hospital, patients with tuberculosis meningitis
(having clinical history of symptoms > 2weeks and
CSF picture of predominant lymphocytes), and
patients on immunosuppressive therapy (as evident
from clinical record) were excluded from the study.
Demographic and clinical data of every patient
were obtained. Each child was subjected to lumbar
puncture. Three collection tubes with patient’s
name, date and time of specimen collection, and
unique identification number was prepared before
taking samples, pre-procedure vitals was recorded.
Proper biosafety guidelines were followed while
taking samples. About three ml of CSF sample was
taken (1ml in each tube for biochemistry, gram
staining and culture, and lactate level) and was sent
to the Paediatrics Microbiology and biochemistry
laboratory within one hour of sample collection
for CSF cytology, biochemistry and microbiology.
After appropriate centrifugation, smear was
prepared using the CSF sediment should and was
visualized under microscope. The CSF samples
were centrifuged at 4000 rpm for 5min and were
inoculated to 5% sheep blood agar, EMB agar and
chocolate agar. Samples inoculated to the media
were stored in the incubator at 37 -C for 24 and
48h. At the end of the incubation period, the plates
were assessed through the conventional method.
Identification of the plates on which growth was
observed was carried out. CSF lactate level was
measured using standard enzymatic methods.
Reports were collected within standard reporting
time for respective tests. As per manufacturer guide,
CSF lactate level of 1.1-2.4 mmol/L was taken as
normal, and >2.4 mmol/L was taken as cut off for
acute bacterial meningitis. Each child was treated
according to the individual merit. All information
was recorded on a structured questionnaire.

All collected data was entered and analyzed in
SPSS version 22. Quantitative data like age was
presented in form of mean + S.D. The qualitative
data like gender, bacterial meningitis on CSF Lactate
and CSF Culture was presented as frequency and
percentage. A 2 x 2 table was made to calculate
diagnostic accuracy, sensitivity, specificity, positive
and negative predictive value for CSF Lactate
taking CSF Culture as gold standard.

RESULTS

The mean age of cases was 16.23 + 15.86 months.
There were 137(54.8%) male and 113(45.2%) female
cases. Mean = SD of CSF lactate was 2.88+0.24
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Table-I: Diagnostic accuracy of CSF lactate in acute
bacterial meningitis taking CSF culture as gold standard.

Bacterial meningitis  Total
on Culture

Positive Negative

Bacterial meningitis Positive 19 91 110
on CSF lactate Negative 0 140 140
Total 19 231 250

Sensitivity: 100%, Specificity: 60.61%, PPV:17.27%,
NPV:100% kappa:0.19, p=0.000.

mmol/L. There were 19 (7.6%) positive cases of
acute bacterial meningitis on CSF culture. Among
culture positive cases, 12 (4.8%) cases were of
Streptococcus pneumoniae while 7(2.8%) cases were
of Neisseria meningitides. The sensitivity, specificity,
positive predictive value, negative predictive
value and diagnostic accuracy of CSF lactate
taking CSF culture as gold standard was 100%
(95% confidence interval (CI) 83.18-100%), 60.61%
(95% CI 54.18-66.68%), 17.27% (95% CI 11.35-
25.41%), 100% (95% CI 97.33-100%), and 63.6%
(95% CI 57.47-169.32%) respectively. Agreement
of findings of culture & CSF lactate level was 0.19,
that is statistically significant (p=0.000) (Table-I).
The sensitivity, specificity, positive predictive
value, negative predictive value and diagnostic
accuracy of CSF lactate taking gram staining was
85.71%(95% C177.08-91.46%), 79.87%(95% C172.97-
85.37%), 70.91%(95% CI 61.83-78.58%), 90.71% (95%
CI 84.76-94.49%), and 82%(95% CI 76.76-86.27%)
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Fig.1: Receiver operating curve (ROC).
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Table-II: Diagnostic accuracy of CSF lactate
in acute bacterial meningitis taking
CSF gram staining.

Bacterial meningitis ~ Total
on Gram staining

Positive Negative

Bacterial meningitis Positive 78 32 110
on CSF lactate Negative 13 127 140
Total 91 159 250

Sensitivity: 85.71%, Specificity: 79.87%,
PPV:70.91%, NPV: 82%, kappa: 0.68, p=0.000.

respectively. Agreement of findings of staining
& CSF lactate level was 0.68, that is statistically
significant (p=0.000) (Table-II).

DISCUSSION

In current study, sensitivity, specificity, positive
predictive value, negative predictive value and
diagnostic accuracy of CSF lactate taking CSF
culture as gold standard was 100%, 60.61%, 17.27 %,
100% and 63.6% respectively. We found our results
comparable with previous studies. Filho EM et al?,
reported sensitivity of 95%, specificity of 94% and
negative predictive value of CSF lactate as 99.3%
for bacterial meningitis. Similarly, Chen et al®
found that CSF lactate had diagnostic sensitivity of
94.7%. In a meta-analysis, Sakushima et al.”found
that pooled test characteristics of CSF lactate at the
level of 3.8 mmol/L were, sensitivity 0.93 (95%Cl:
0.89-0.96), specificity 0.96 (95% CI: 0.93-0.98),
likelihood ratio positive 22.9 (95%CI: 12.6-41.9),
likelihood ratio negative 0.07 (95%CI: 0.05-0.12),
and diagnostic odds ratio 313 (95%CI: 141-698).
Huy et al.®® compared CSF biochemistry with
lactate and reported higher diagnostic accuracy of
the CSF lactate. Authors from a study conducted
in adult population concluded that CSF lactate
level was significantly high in bacterial than viral
meningitis.”® Nazir et al.’ from India showed
that while at a cut-off value of 3 mmol/L, CSF
lactate has high diagnostic accuracy for bacterial
meningitis, mean levels in viral meningitis remain
essentially below 2 mmol/L. One meta-analysis
conducted by Xiao et al.’® also concluded the same
results. Giulieri et al.'’ also suggested that CSF
lactate had the highest accuracy for discriminating
bacterial from viral meningitis, with a cutoff
set at 3.5 mmol/I and should be included in the
initial diagnostic workup of this condition. Julian-
Jiménez et al.!, Domingues et al.'” and Buch et al.’®
also reported that CSF lactate was more accurate
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than other CSF markers to identify bacterial
meningitis. Pires et al.”” found lactate as the best
single CSF marker of bacterial meningitis with
high sensitivity and specificity of CSF lactate in
a pediatric population. Our findings confirm the
findings of previous studies showing CSF lactate
as the reliable CSF marker of bacterial meningitis.

We believe that this is among the first studies
from Punjab highlighting the importance of CSF
lactate in diagnosis of acute bacterial meningitis.
We could not find out local references to compare
our results. We used the kit which has cut off range
of 2.4 mmol/L, so to take care for the cut off, manu-
facturer guide needs to be followed. Viral studies
were not performed due to limitation of resources.

CONCLUSION

At a cut off value of 2.4 mmol/L, cerebrospinal
fluid lactate level has a high diagnostic accuracy for
acute bacterial meningitis. So this biomarker can
provide rapid and reliable diagnostic information
for early diagnosis of acute bacterial meningitis.
However, CSF lactate determination should not
replace the conventional gold standard tests for
meningitis.
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