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Introduction

Meningitis is defined as inflammation of the meninges
and subarachnoid space.1 The pathogens implicated in 

meningitis include bacteria, viruses, fungi and some parasites.2 

Rapid identification of the etiology of meningitis is utmost for 
the therapeutic management of the disease. 

Bacterial meningitis (BM) has high mortality and 
morbidity globally, leading to 1.6 million years lived with 
disability yearly.1 Direct examination of CSF or bacterial antigen 
detection in CSF is employed for immediate identification of 
BM; however, these have low sensitivity.3 Currently, diagnosis 

of bacterial meningitis in developing countries is based on 
microscopical examination followed by culture of CSF. 
However, only 30-60% of the cases are positive for pyogenic 
meningitis in CSF culture.4

Adenosine deaminase (ADA) is an enzyme present in 
body cells and is involved in purine catabolism and the cell-
mediated immune (CMI) response related to T-lymphocyte 
activation.5 An increased CSF ADA level can be correlated 
with Tb and other bacterial infections which involve a cellular 
immune response.

Lactic dehydrogenase (LDH) is an intracellular 
enzyme released from damaged cells. CSF LDH level mirrors 
the amount of damage sustained by cells in the central nervous 
system.6 Higher levels of CSF LDH are associated with bacterial 
meningitis.

Several CSF biomarkers have been used to differentiate 
acute BM, TBM and VM by various investigators since prompt 
and precise etiological diagnosis of meningitis remains a 
challenge. The objective of this study was to compare the 
differentiating ability of biomarkers (LDH, ADA) on the 
etiological diagnosis of meningitis.

METHODS

A descriptive cross-sectional study was done in a 
tertiary care hospital from 15th August- 15th November, 2024. 
Ethical clearance was obtained from the Institutional Review 
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Committee with reference no. 12082024/07. Patients admitted 
to the Neurosciences department with a clinical diagnosis 
of meningitis, and providing written, informed consent for 
participation in the study were included in this study. Patients 
aged less than 14, from whom inadequate sample was collected, 
had hemorrhagic lumbar puncture or xanthochromic CSF were 
excluded from the study as hemolysis leads to elevated CSF 
LDH and ADA.
	 The demographic profile of the patient and clinical 
presentations were noted in a preformed proforma.
Sample size (n) was calculated with a prevalence of 8.2%7 using 
formula n = Z2 x p x q/e2
	 Hence, n = minimum number of sample size required= 59
After obtaining informed consent from patients meeting the 
inclusion criteria, a lumbar puncture was performed and CSF 
sample was immediately transported to the laboratory in 3 
different vials. 
	 A convenient sampling method was used and a total of 
65 patients were enrolled in the study. 
	 CSF samples collected from patients were further 
subjected to biochemical analysis, cytology and Gram’s stain 
and culture using standard techniques. Bacterial meningitis 
was defined when CSF findings showed positive gram stain or 
culture reports, with neutrophilic predominance, CSF: serum 
glucose ratio < 0.4 and CSF protein concentration >45 mg/
dl. The cases were categorized as tubercular meningitis when 
CSF AFB stain and mycobacterial culture were positive, CSF: 
serum glucose ratio < 0.4, had elevated WBCs in CSF with 
lymphocytic predominance along with greatly elevated CSF 
protein. Similarly, cases were labeled as viral meningitis when 
Gram, Z-N staining, and culture were negative, CSF: serum 
glucose ratio was low to normal, had mildly elevated WBCs 
in CSF with lymphocytic predominance along with normal to 
mildly elevated CSF protein.8

	 Further estimation of CSF ADA and LDH levels 
was done. A cutoff reference value of >10 U/L CSF ADA was 
considered significant as per standard guidelines.
	 The data obtained were computed and analyzed using 
Statistical Package for Social Sciences 20.0 Version using 
descriptive statistics (independent sample t-test, one-way 
ANOVA) with a 95% confidence interval. A p-value of <0.05 
was considered statistically significant

Results

	 A total of 65 patients meeting the inclusion criteria were 
enrolled and their CSF sample was analyzed, among whom, 19 
were diagnosed with pyogenic meningitis, 7 with tubercular 
meningitis and 39 with viral meningitis. (Table 1)

Table 1. Demographic profile of patients (n=65)

Table 2 presents the cerebrospinal fluid (CSF) levels of adenosine 
deaminase (ADA) and lactate dehydrogenase (LDH) in patients 
diagnosed with pyogenic, tuberculous, and viral meningitis. The 
analysis included 65 patients, and the results indicate significant 
differences among the three groups.
Patients with tuberculous meningitis (TBM) exhibited markedly 
elevated CSF ADA levels (Mean±SD: 23.91 ± 15.37 U/L), 
significantly higher than those observed in pyogenic meningitis 
(4.01 ± 2.02 U/L) and viral meningitis (2.19 ± 1.64 U/L). 
Conversely, CSF LDH levels were highest in pyogenic meningitis 
(Mean±SD: 234.26 ± 155.45 U/L), significantly exceeding the 
levels seen in tuberculous meningitis (91.71 ± 39.31 U/L) and 
viral meningitis (26.27 ± 13.63 U/L).
The difference between CSF ADA levels and CSF LDH levels 
were found to be statistically significant (P-value <0.01) between 
the pyogenic, tubercular and viral meningitis groups. (Table 2)

Table 2. Laboratory findings of CSF (n=65)

Discussion

	 Early recognition of meningitis and its etiology is 
crucial for instituting appropriate therapeutical management. 
Many studies have highlighted the potential role of different 
biomarkers in initial diagnosis; however, there is no consensus 
on which to prioritize and its best utilization.
	 ADA activity in body fluids (pleural, peritoneal 
and CSF) has shown a potential to be a valuable marker for 
diagnosing extrapulmonary Tb.9 ADA is an enzyme present 
in most body cells, playing a crucial role in purine catabolism 
and cell-mediated immune (CMI) response, through its 
involvement in T-lymphocyte activation.4 In a meta-analysis by 
Pormohammad A. et al., the sensitivity and specificity of CSF 
ADA for diagnosing TBM were reported to be 89 and 91%, 
respectively. 10

	 This study showed CSF ADA levels (Mean±SD) in 
pyogenic meningitis, tubercular meningitis and viral meningitis 
to be 4.01±2.02, 23.91±15.37 and 2.19±1.64 U/L respectively (p 
<0.001). The cutoff value of 10 U/L was taken in this study. These 
findings align with previous researches which have reported 
ADA levels to be high in TBM compared to BM and VM with 
a mean value of ADA in TBM to be 16.46±6.24, 14.14 ±7.44 
U/L.9,11 These findings suggest that ADA is a useful biomarker 
for distinguishing TBM from other types of meningitis due to 
its association with the immune response to Mycobacterium 
tuberculosis.
	 LDH is an intracellular enzyme released upon 
cellular damage, the level of which indicates the extent of 
damage in the CNS.6 High levels of CSF LDH are associated 
with bacterial meningitis and viral meningoencephalitis.12

Study group No. of 
patients

Age (years)
(Mean±SD)

Gender
(M:F)

Pyogenic meningitis 19 34±14.21 1.23:1
Tubercular 
meningitis

7 38.2±16.33 1.32:1

Viral meningitis 39 29.9±17.30 1.64:1

Lab parameter CSF ADA (U/L)
(Mean±SD)

CSF LDH (U/L)
(Mean±SD)

P-value

Pyogenic 
meningitis

4.01±2.02 234.26±155.45 <0.01

Tubercular
 meningitis

23.91±15.37 91.71±39.31

Viral meningitis 2.19±1.64 26.27±13.63
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In our study, CSF LDH levels (Mean±SD) in pyogenic 
meningitis, tubercular meningitis and viral meningitis were 
234.26±155.45, 91.71±39.31and 26.27±13.63 U/L respectively 
(p< 0.001). Other similar studies have revealed higher levels 
of CSF LDH to be associated with PM (271.4 ± 80.07, 94.1 
U/L).4,12 The elevated LDH levels in pyogenic meningitis likely 
reflect extensive tissue damage and neutrophilic inflammation.
	 CSF LDH levels for TBM cases were reported to be 
quite high in some of the studies (307.69± 61.57, 230.5 U/L) 4,13 
while others reported it to be (119.9 U/L, 114.45±47.58 U/L) 12,14 
, which albeit higher, is closer to the levels observed in our study 
(91.71±39.31U/L). The lower levels observed in our study could 
be attributable to lesser number of TBM cases in our study. 
	 The CSF ADA and CSF LDH levels can be used in 
rapid screening for differentiation of various types of meningitis. 
However, it is essential to interpret these findings in conjunction 
with the patient's history and clinical presentation to ensure 
accurate diagnosis and effective treatment planning.

Conclusion

	 Our findings indicate that cerebrospinal fluid (CSF) 
lactate dehydrogenase (LDH) levels are significantly elevated in 
bacterial meningitis compared to aseptic meningitis. Similarly, 
CSF adenosine deaminase (ADA) levels show a marked increase 
in cases of tuberculous meningitis (TBM). These biomarkers 
offer a rapid and simple diagnostic tool that can significantly aid 
in the etiological diagnosis of meningitis.
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