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MATERIAL AND METHODS

ABSTRACT
Introduction: Acute infections of the Central Nervous
System like Meningitis and Encephalitis, need to be diagnosed
promptly because early institution of treatment would not
only be life saving but also reduce consequent neurological
impairment. This study was aimed to assess the signicance
of estimation of Cerebrospinal Fluid C-Reactive Protein
and Adenosine Deaminase levels in differential diagnosis of
meningitis in adults.
Material and Methods: This study was carried out in the
department of Medicine at Shri Sayaji General hospital, where
we enrolled 50 patients presenting with symptoms and signs
of meningits. Routine and microscopic examination of of CSF
was done, alongwith CSF ADA and CRP.
Results: Out of total 50 patients, 23 had tubercular meningitis,
6 had pyogenic and 21 had viral meningitis.The mean ADA
activity in the tubercular group was significantly higher than
in other groups. The CRP levels were significantly higher in
pyogenic meningitis as compared to the other two groups.
Conclusion: High CSF ADA and CSF CRP can be used
to differentiate between tubercular, pyogenic and viral
meningitis. High ADA levels are suggestive of tubercular
meningitis High CSF CRP levels are suggestive of Pyogenic
meningitis, both of which are reduced in viral meningitis.
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INTRODUCTION
Meningitis is infection within the sub arachnoid space. The
common causes of meningitis could be bacterial, viral or
tubercular.The classic clinical triad of meningitis is fever,
headcahe and nuchal rigidity, however the triad may always
not be present.1 Acute Meningitis leads to significant
mortality and morbidity. Bacterial meningitis can lead
to decreased intellectual function, memory impairment,
seizures, hearing loss and gait disturbances.1 Common
neurological complications seen with tubercular meningitis
are hydrocephalus, stroke, cranial nerve palsies, epileptic
seizures.2
Cerebrospinal fluid analysis with special regard to ADA is
specifically used to diagnose tubercular meningitis, in which
it is raised. ADA is released by T-cells during cell mediated
immune response to the tubercle bacilli.3 ADA levels in CSF
is useful in differntiating tubercular from non tubercular
meningitis,4,5 CSF C reactive protein levels are elevated in
patients of pyogenic meningitis.6,7 In this study we used these
two parameters of CSF analysis to differentiate amongst
viral, bacterial and tubercular meningitis.
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This was a prospective cross sectional study carried out in the
Department of Medicine at the Shri Sayaji General Hospital
and Medical college, Baroda. We enrolled 50 patients
having clinical features suggestive of meningitis.Patients
or their relatives were explained regarding the study and
after taking the written informed consent, detailed history
was taken and examination was done. A battery of routine
investigations were done and CSF was drawn and sent for
routine and microscopic examination,alongwith CSF ADA
and C-reative Protein.Based on clinical, laboratory and CSF
analysis, patients were divided into Pyogenic, Tubercular
and Viral meningitis.
Clinical diagnosis of Meningitis was made in those having
triad of fever, headache and nuchal rigidity, alongwith Nausea,
vomiting, photophobia, with or without altered mental status
or seizures; who on examination had positive Kernig’s and
Brudziniski’s sign. Those patients having clinical features of
meningitis and age more than 18 years were included in the
study,while those having fungal meningitis, in whom lumbar
puncture was contraindicated,patients on steroids, severe
hepatic dysfunction and age less than 18 were excluded from
the study. On the basis of clinical and laboratory reports,
patients were divided into three groups.
Criteria for diagnosing different types of meningits
Pyogenic meningitis: usually acute in onset, may be
associated with sinusitis, otitis media. Csf analysis having
Proteins>45mg/dl, Sugar <40mg/dl or less than 40% of the
blood glucose concentration, pleocytosis>250cells/cmm
predominantly neutrophils. Neuroimaging may show diffuse
meningeal enhancement, abscesses or parameningeal focus.
Tubercular meningitis: usually insidious in onset, may be
associated with tuberculosis of other organs. CSF analysis
showing Proteins>45mg/dl, Sugar<40mg/dl or less than
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40% of blood glucose concentration,pleocytosis > 10 cells/
cmm predominantly lymphocytes. Neuroimaging may show
meningeal enhancement, basal exudates and /or tuberculoma.
Viral meningitis: usually acute in onset. CSF analysis
showing Proteins>45mg/dl, Sugar normal range,
lymphocytic pleocytosis>25 cells/cmm. Neuroimaging may
reveal diffuse meningeal enhancement.

STATISTICAL ANALYSIS
Descriptive statistical analysis was carried out; results on
continuous measurements were presented on mean+_SD
and results on the categorical measurements were in the
numbers(%). Sensitivity, specificity, NPV and PPV were
calculated for CSF CRP and ADA levels to know the
association with type of meningitis. P value of < 0.001 was
considered significant.

RESULTS
We had enrolled 50 patients of meningitis, who were then
grouped into three depending on the type of meningitis, based
on the clinical features and CSF analysis. We had 23 patients
(46%)of tubercular meningitis, 21 patients(42%) of Viral
meningitis and 6 patients (12%)of Pyogenic Meningitis.
On analysing the CSF ADA levels, it was observed that
the ADA levels were significantly elevated in patients
with Tubercular meningitis, the mean value being
14.37+_6.38IU/l. The mean ADA levels in patients with
pyogenic and viral meningitis were 4.02+_1.98IU/l and
1.65+_1.66IU/l, respectively. The Sensitivity and specificity
of ADA levels, in relation to Tubercular meningitis was
82.61% and 100%, respectively, with a NPV of 87.10%, PPV
of 100% and Accuracy of 92%. This value was statistically
significant with a p value of <0.001.
On analyses of CSF C-reactive protein levels, it was noted
that they were significantly elevated in patients with Pyogenic
meningitis, the mean value of which was 31.33+_6.06mg/
dl.The patients with tubercular and viral meningitis had
mean CRP level of 1.30+_0.52mg/dl and 1.21+_0.3mg/
dl respectively.The Sensitivity and specificity of CSF
CRP levels in relation to pyogenic meningitis was 83.33%
and 93.18% respectively, with a NPV of 97.62%, PPV of
62.50, with an accuracy of 92%. This value was statistically
significant with a p value of <0.001.

DISCUSSION
The clinical diagnosis of meningitis can be made promptly,
but to differentiate amongst the various types of meningitis,
on the basis of routine CSF analysis, at times may be a
challenging task.Early diagnosis is important considering
the mortality and complications associated with delay in
onset of treatment.
To diagnose Tubercular meningitis, definatively,it is
required to demonstrate presence of Acid Fast Bacilli on
smear or culture. Culture of AFB takes 4-6 weeks and AFB
staining is not sensitive enough. Rapid diagnostic test with
good sensitivity and specificity are required for early and
definative diagnosis of Tubercular meningitis.8 Increased
level of ADA in the CSF has been found to be useful in
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diagnosing Tubercular meningitis. ADA catalyzes the
deamination of adenosine and deoxyadenosine to inosine
and deoxyinosine, respectively.There are two isoenzymes,
ADA1 and ADA2. ADA1 is found in all cells with highest
activity in lymphocytes and monocytes, while ADA2 is found
only in monocytes.9 ADA has been considered a marker of
cell mediated immunity and its activity has been observed
in various infections including Tubercular meningitis. As
both humoral and cell mediated immunity play a role in
Tubercular meningitis, ADA activity in CSF has been found
to be useful in differentiating tubercular from non tubercular
meningits.3
In our study we found significantly increased levels of
ADA in CSF in the patients of tubercular meningitis, the
mean ADA being 14.37+_6.38.The mean ADA levels were
4.02+_1.98 in pyogenic meningitis and 1.65+_1.66 in viral
meningits, suggesting that increased ADA levels support the
diagnosis of Tubercular meningitis and low levels suggest
non tubercular aetiology.
Sang-Ho Choi et al10 studied ADA activity in CSF of
182 patients with meningitis and found the mean ADA
levels in tubercular group to be 12.7+_7.5, which was
significantly higher than in other groups (3.10+_2.9IU/l;
p<0.001). In a study by Belagavi et al(11), the mean
ADA levels in tubercular group was 14.14+_7.44IU/l as
against lower levels in pyogenic(3.80+_1.92IU/l) and viral
meningitis(1.85+_1.43IU/l).
Several other are in agreement with our observations, such
as a study by Kashyap et al12 who studied 117 patients of
meningitis and found an increased ADA activity in CSF,
the mean being 14.31+_3.87IU/l, in tubercular meningitis
pateints.Study by Chotmongkol V et al13, where they kept
the CSF ADA levels cutoff of 15.5IU/l to differentiate
tuberculous from non tuberculous meningitis, observed
a sensitivity of 75% and specificity of 93%. All the above
mentioned studies point to the fact that CSF ADA levels are
significantly increased in tubercular meningitis.
C-reactive protein was discovered in 1930 and named
so because it caused precipitation of the somatic Cpolysaccharide of Streptococcus pneumoniae.14 It was the
first acute phase protein to be described and is an exquisitely
sensitive systemic marker of inflammation and tissue
damage.14,15 CSF C-reactive protein levels have been used
in quite a few studies to differentiate between pyogenic and
non pyogenic meningitis. To diagnose pyogenic meningitis
definatively, Gram stain and culture of the CSF for isolating
bacteria should be done, which is time consuming. Elevation
of C-reactive protein in CSF helps in diagnosing pyogenic
meningits.
In our study, we observed that the CSF C-reactive protein
levels were significantly elevated in patients with Pyogenic
meningitis, the mean value being 31.33+_6.06mg/dl, with a
sensitivity and specificity in relation to pyogenic meningitis
being 83.33% and 93.18% respectively. The CSF C-reactive
protein levels were significantly reduced in patients having
tubercular and viral meningitis.
A meta analysis by Gerdes LU et al16 suggested that a negative
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CRP test in either CSF or serum can be used with a very high
probability to rule out bacterial meningitis. These findings
are supported by another study done by Belagavi et al11
where the mean CRP in CSF was 33+_5.0mg/dl, 1.09+_0.3
mg/dl and 1.12+_0.48mg/dl in pyogenic, tubercular and
viral meningitis patients respectively. A number of other
studies by Vaishnavi C et al17 and Hemavani V et al18
demonstrate similar findings.Tankhiwale et al6 studied 75
patients of clinically, biochemically and microscopically
diagnosed cases of pyogenic meningitis; 31 had increased
CSF CRP levels, of which 27 were culture positive pyogenic
meningitis.
Thus, it was found in our study that in tubercular meningitis,
the CSF ADA levels were increased but CSF CRP levels
were reduced.In pyogenic meningitis, the CSF CRP levels
were increased but CSF ADA levels were reduced and in
Viral meningitis, both CSF ADA and CRP were reduced.

CONCLUSION
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