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A 2-year prospective study was carried out on 110 children with clinical suspicion of
meningitis where C-reactive protein (CRP) determination and routine cytochemical and
microbiological analysis of Cerebrospinal fluid (CSF) were done for all patients. The
patients were divided into four groups: Pyogenic meningitis (PM), viral meningitis (VM),
tubercular meningitis (TBM) and control groups. Among 110 cases of suspected
meningitis, there were 62(56.36%) cases of meningitis, out of which 21 (19.09%) were
PM, 35(31.81%) were VM, 06 (5.45%) were TBM and the remaining 48 (43.63%) were
controls. Out of 21 cases of PM, CSF culture was positive in 9 (42.85%), Latex
agglutination test detected antigen in 14 (66.66%) and Gram staining showed organisms in
13 (61.90%). S.pneumoniae was the leading pathogen of PM, CSF LAT detected
6/21(28.57%) and CSF culture isolated 3/21(14.28%) S. pneumoniae. The mean value of
CSF CRP were 15.167±4.925 in PM, 3.667±1.779 in TBM, and 2.557±0.998 in VM.
Statistically highly significant value (p < 0.001) was observed when the mean of PM
compared with other two groups. Quantitative estimation of CSF CRP is an easy and
reliable, screening tool can be used for diagnosis of PM and to rule out VM or TBM in
cases of uncertain diagnosis with high level of sensitivity and specificity.

Introduction

various types of meningitis is essential
(Sharad Jain et al., 2010).

Meningitis is one of the most potentially
serious infections occurring in infants and
older children worldwide. In developing
countries like India meningitis is major cause
of morbidity and mortality because of delay in
proper diagnosis and consequently delays in
proper treatment. For the appropriate
treatment of meningitis, differentiation of

Acute meningitis is mainly caused by
bacterial, viral, rickettsia or spirochete
infection. Etiology of bacterial meningitis
varies by age group and region of the world.
Almost all microbes that are pathogenic to
human beings have the potential to cause
meningitis, but a relatively small number of
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pathogens (i.e., Group B Streptococcus,
Escherichia coli, Listeria monocytogenes,
Haemophilus influenzae type b, Streptococcus
pneumoniae, and Neisseria meningitidis)
account for most cases of acute bacterial
meningitis in neonates and children, although
the reasons for this association remain
incompletely understood (Kwang Sik Kim,
2010).
Rapid and accurate diagnosis coupled with
early appropriate therapy is the goals to
overcome the high fatality and risk of
neurological complications in children with
meningitis. But early signs of meningitis are
often subtle and non-specific and therefore the
aid of laboratory diagnosis is considered an
essential and critical step in early diagnosis
and management of the patients.
Culture and sensitivity, Gram stain, cytology
and biochemistry of CSF sample are
traditionally being done to diagnose and to
differentiate pyogenic from aseptic meningitis.
Precise diagnosis of ABM is possible if the
cerebrospinal fluid Gram stain or culture
identifies the pathogen. Proper culture is
affected by prior antibiotic therapy, delay in
transportation and inoculation, long time (>24
hours) to isolate the organism and the facilities
for doing cultures are not readily available in
peripheral set up. Gram stain lacks specificity
and has interpretative errors (Chowdhury et
al., 1992). The drawback of Gram stain and
culture were low yield in some centers and
reported few positive cases in bacterial
meningitis (Makoo et al., 2010). Latex
agglutination test and other rapid diagnostic
test are available but costly and present only in
selective area.
The aetiologic diagnosis of meningitis remains
a problem in clinical practice as CSF
biochemical analysis and cellular response
often overlap. There are some ambiguous
cases between bacterial and viral meningitis

such as neutrophilic predominate in viral
meningitis (Bottner et al., 2002, Negrini et al.,
2000, Somekh et al., 2003) or an unidentified
pathogen in bacterial meningitis. Use of
antibiotics makes the gram stain and culture
negative and may alter the CSF cytology from
neutrophilic to lymphocytic predominance.
Thus, there is a need of rapid and aetiological
diagnosis of meningitis for better clinical
outcome. Tests like PCR and ELISA although
helpful but are costly, not easily available, and
not easily performed. Empirical antibiotic
therapy is often given. In such circumstances
the detection of C-reactive protein in CSF
appears to provide a new dimension to the
diagnosis of meningitis (Pemde et al., 1996).
CRP is one of several proteins that are often
referred to as acute phase reactants. It is
synthesized by the liver. It is secreted in large
quantities within 6 hrs of an acute
inflammatory stimulus in serum or fluids
associated with the affected tissues, a
character that has long been employed for
clinical purposes and is used to monitor
changes in inflammation associated with many
infections (Ram Mohan et al., 2015).
Meningeal
irritation
stimulates
CRP
production. Once CRP enters the CSF it binds
to the damaged tissues. Hence, increased
serum CRP levels signify acute phase
response, thus increased CSF CRP signifies
meningeal involvement. A recent Metaanalysis suggested that a negative CRP test in
either CSF or serum can be used with a very
high probability to rule out bacterial
meningitis (Ram Mohan et al., 2015).
Though available literatures have shown that,
large number of studies conducted worldwide
suggests C-reactive protein (CRP) is one of
the most widely used inflammatory markers in
the emergency department to distinguish
bacterial from non-bacterial infections and
CRP level in the CSF is higher in pyogenic
meningitis as compared to non-pyogenic
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meningitis and hence aids in the differential
diagnosis and management of meningitis
(Mary et al., 2003; Hemavani et al., 2001;
Shitemani et al., 2001; Jacques Wallach,
2000; Stearman et al.,1994; Przyjalkonski et
al., 1996). But there are limited and
inconsistent data supporting the same from our
country and many of the previous studies in
relation to CSF CRP and meningitis have used
a Qualitative CRP assay. Hence there is a need
for more systematic studies to generate valid
data for improved quality of care and therefore
the present study was designed to evaluate the
diagnostic significance of inflammatory
marker CRP and Routine CSF analysis in
rapid diagnosis of bacterial and other
meningitis in children.
Materials and Methods
110 clinically suspected meningitis patients
admitted in the pediatric department were
included in the study. A 2-year prospective
study was carried in a tertiary care hospital. A
detailed relevant history, clinical symptoms &
signs, details of treatment (antibiotics) taken
prior to admission and duration of illness was
recorded in the proforma. After admission all
children (1month to 18 year) included in the
study were subjected to routine blood
investigations like total leukocyte count,
differential leukocyte count, blood glucose,
serum CRP and blood culture. A lumbar
puncture was done on all children, samples of
CSF were taken for total leukocyte count,
differential leukocyte count, protein, glucose,
CRP, Gram’s staining, ZN staining, culture,
antimicrobial susceptibility testing and Latex
agglutination test (LAT). The LAT of
bacterial antigen kit, was used to detect
bacterial antigen of Group B Streptococcus,
Hemophilus influenzae type B, Streptococcus
pneumoniae, Neisseria meningitides group A
and C, and Escherichia coli, using the
WELLCOGEN
bacterial
antigen
kit
manufactured by Remel Europe Limited, UK.

CRP testing: The quantitative estimation of
CSF CRP level was done using the
turbidometric method by a Hitachi Cobas
311system with calibrators and internal
controls provided by Roche diagnostics,
instructions and cutoff values regarding CRP
test were followed as per guideline provided
by manufactures.
All 110 patients were divided into 4 groups
based on clinical findings, CSF cytochemistry
and microbiological assays (Prober et al., and
Piyush Sadat et al., 2013).
Group1-Pyogenic meningitis (PM), was
defined by a CSF leukocyte count of 10010,000/mm3 with polymorpho neutrophils
(PMNs) of >50%, CSF glucose <40mg/dl and
a CSF protein level of 100-500mg/dl or in
cases where a CSF culture and/or Gram’s
staining or LAT have revealed bacteria.
Group 2-Viral meningitis (VM), was defined
as those with a CSF pleocytosis of 50 to <500
cells/ mm3 with lymphocytic predominance
(>50%), and mildly elevated protein (>40
mg/dl), normal or slightly reduced sugar
concentration with negative CSF bacterial
culture and Gram stain.
Group 3- Tubercular meningitis (TBM), was
defined as those with a history of contact with
a sputum positive tuberculosis case, and a
positive reaction to 5 tuberculin units of
purified protein derivative, or in cases where a
CSF culture and/or Ziehl Neelsen staining
have revealed acid-fast bacilli and some
reduction of glucose, moderately increased
protein along with increased Lymphocytes,
negative Gram stain and culture.
Group 4- Non- meningitis (control) group,
included Clinically suspected meningitis
patients those with a fever with convulsions
but no meningitis, whose CSF examination
yielded negative bacterial culture, negative
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Gram stain and normal CSF cytology and
biochemistry and these convulsions were
caused by epilepsy or febrile convulsions.
Results and Discussion
Total of 110 clinically suspected meningitis
cases were studied. There were 62(56.36%)
cases of meningitis, out of which 21(19.09%)
cases were diagnosed as pyogenic meningitis,
35(31.81%) cases were diagnosed as viral
meningitis, 06(5.45%) cases were diagnosed
as tubercular meningitis and the remaining
48(43.63%) were non-meningitis/controls.
Table 1 shows distribution of ages in both
meningitis and non-meningitis group.
It is evident from the table that majority of
cases i.e., 34 (30.90%) were in the range of 112 month age. Lowest number of cases i.e., 19
(17.27%) were in the range of 10-18 year age.
The male, female ratio was 1.5:1 respectively.
67 cases were male, making up about 60.90%
of the total cases with only 43(39.09%)
females. Male predominance noticed in all
groups.

of CSF of the studied cases, shown in the table
3 depicts 66.66% of cases of pyogenic
meningitis had a CSF cell count of more than
400/mm3 as compared to 16.66% of
tubercular meningitis & 0% cases of viral
meningitis. 50 % cases of tubercular
meningitis had a CSF cell count of less than
200 /mm3 and 77.14 % cases of viral
meningitis and all the cases of control group
had a CSF cell count <100/mm3.Pyogenic
meningitis cases had a predominantly
neutrophilic CSF, that is neutrophil percentage
of 95.23%.On the other hand, viral meningitis
& tubercular meningitis cases had a
predominantly lymphocytic CSF in 94.28%
and 66.66% of cases respectively.
47.61% of cases of pyogenic meningitis had a
CSF protein level of > 200 mg/dL, whereas
this high levels of CSF protein were present
only in 16.66% of cases of tubercular & none
of the cases of viral meningitis. 33.33% of
cases of tubercular meningitis had a CSF
protein range of 100-200mg/dL and82.85% of
cases of viral meningitis group and all the
cases of control group had a CSF protein level
of < 100 mg/d L.

Out of 21 cases of pyogenic meningitis CSF
culture was positive in 9 (42.85%) cases,
blood culture was positive in only 4 (19.04%)
cases, Latex agglutination test detected
antigen in 14 (66.66%) cases (Table 2) and
Gram staining showed organisms in 13
(61.90%) cases, which included Gram positive
cocci in 10cases and 03 cases gram negative
bacilli. CSF LAT could identify the maximum
number of pyogenic meningitis cases14
(66.66%).

76% of cases of pyogenic meningitis had a
CSF glucose level <30mg/d whereas this low
level of CSF glucose was present only in
33.33% of cases of tubercular meningitis
&none of the cases of viral meningitis.
66.66% of cases of tubercular meningitis had a
CSF glucose range of 31-40mg/d L and
91.42% of cases of viral meningitis and all the
cases of control group had a CSF glucose level
>40mg/d L.

Study revealed that S. pneumoniae is the
leading pathogen of PM, CSF LAT detected
6/21(28.57%) and CSF culture isolated 3/21
(14.28%) S. pneumoniae followed by Group B
Streptococci in 4/21(19.04%) cases by CSF
LAT and 2/21(9.52%) cases by CSF Culture.
The cytological and biochemical examination

In the present study, table 4 depicts CSF-CRP
level >10 mg/d L in 18 (85.71%) cases out of
21 cases of pyogenic meningitis and only 3
cases had CSF-CRP <10 mg/dL. On the other
hand most of the cases (83.33%) of tubercular
meningitis were having a CSF CRP level in
the lower range of <5 mg/L and one case in
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the range of 10-15mg/L. Similarly, in viral
meningitis and control group, all the cases
were having a CSF CRP in the range of < 5
mg/L. The mean values of CRP were
15.167±4.952 in pyogenic meningitis cases,
3.667±1.779 in tubercular meningitis cases,
and 2.557±0.998 in viral meningitis cases.
When PM was compared with TBM and VM
cases statistically highly significant value (p <
0.001) was obtained.
Pyogenic meningitis group have been further
subdivided in to culture positive and culture
negative group, and their distribution in
relation to CSF CRP level has been studied.
The findings of this study (Table 5) indicated
that 42.85% (9/21 cases) of the pyogenic
meningitis cases were culture positive & the
remaining 57.14% (12/21 cases) were culture
negative. The mean CRP value of culture
positive pyogenic meningitis was 17.72±3.32
and culture negative pyogenic meningitis was
12.96±5.03. Statistical Difference of two
means in culture positive PM and culture
negative PM groups was p<0.02, which
indicated statistically significant p value in our
study.
The culture positive PM group had more cases
8 out of 9(88.88%) with CSF CRP levels more
than 15 mg/L as compared to only 4 out of 12
(33.33%) cases in culture negative PM group.
The sensitivity of the CSF CRP test (Table 6)
for diagnosing pyogenic meningitis was
95.23%, 85.71%, 57.14% for a cut-off value
of 5mg/L, 10 mg/L and 15mg/L respectively
and the specificity of the test was 97.56%,
100%, 100% for a cut-off value of 5mg/L,10
mg/L and 15mg/L respectively. Positive
predictive value(PPV)were 95.23%, 100%,
100% for a cut-off value of 5mg/L, 10mg/L,
15mg/L respectively and Negative predictive
value (NPV) were 97.56%, 93.18 %, 82.00%
for a cut-off value 5 mg/L, 10 mg/L, 15mg/L
respectively.

More than two third of cases of meningitis
occur in first two years of life owing to
decreased immunity and high vascularity of
brain (Xavier Saez-Llorens et al., 2004).
In the current study out of 110 suspected
meningitis cases, 34(30.90%) cases were
below one year of age and 26(23.03%),
31(28.18%), 19(17.17%) cases were in the
range of 1-5 years, 5-10 years, 10-18 years age
group respectively. The results of our study
showed that infants were most vulnerable for
meningitis. Similar findings have been
reported by other workers (Russul Feihan
Mussa, 2015 and Kalpana K. Malla et al.,
2013). Male and female ratio in our study was
1.5: 1, well correlated with the studies of Modi
Gaurav et al., (2011), George et al., (2002)
and Abhijeet Awari et al., (2011) who have
reported 1.5: 1, 1.5: 1 and 1.2: 1 respectively
in their studies. All the studies show male
preponderance including present study.
Although bacterial meningitis has a
considerably lower incidence rate than
viral/aseptic meningitis (Nigrovic et al., 2007;
Dubos et al., 2008) accurate diagnosis and
rapid treatment are necessary due to its
hazardous nature.
Accordingly in our study, 21/110(19.09%)
cases were pyogenic meningitis, a higher
number of cases were observed in viral
meningitis 35/110(31.81%) and least cases
06(5.45%) were observed in tubercular
meningitis group, these findings correlated
with the Russul Feihan Mussa (2015) and
Malla et al., (2013) studies.
Among the 21pyogenic meningitis cases, CSF
culture was positive in 9(42.85%) cases and
Culture was negative in 12 /21(57.14%) cases.
Our study correlates with studies of the Mani
et al., (2007) and Chinchankar et al., (2002),
who reported 40.8%, 50% culture positivity
respectively.
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Table.1 Different types of meningitis according to age groups
Age
01 month to 12 month
1-5 year
5-10 year
10-18 year
Total

PM
07
05
06
03
21

VM
12
10
07
06
35

TBM
0
01
02
03
06

control
15
10
16
07
48

Total
34
26
31
19
110

Table.2 Organisms identified in CSF and blood
Organisms isolated
S.pneumoniae
Group B Streptococci
E.coli
E.fecalis
K.pneumoniae
C.koseri
H.influenzae
N.meningitidis
Total

CSF culture
(n=21)
3
2
1
1
1
1
0
0
9/21(42.85%)

Blood culture
(n=21)
1
0
1
1
1
0
0
0
4/21(14.04%)

CSF Latex agglutination test
(n=21)
6
4
1
0
0
0
1
1
14/21(66.66%)

Table.3 Cytological and biochemical examination of CSF in different types of meningitis
Serial
no
1

2
3
4

5

Parameters
CSF cell count (/mm3)
<100
100-200
201-300
301-400
>400
CSF Polymorpho
neutrophil predominant
CSF Lymphocyte
predominant
CSF protein
levels(mg/dl)
<100
101-150
151-200
>200
CSF glucose
levels(mg/dl)
<10
11-30
31-40
>40

PM(n=21)
No (%)

VM(n=35)
No (%)

TBM(n=6)
No (%)

Control (n=48)
No (%)

00 (0)
01 (4.76)
02 (9.52)
04 (19.04)
14 (66.66)

27 (77.14)
05 (14.28)
02 (5.71)
01 (2.87)
00 (0)

00 (0)
03 (50.00)
01 (16.66)
01 (16.66)
01 (16.66)

48 (100)
00 (0)
00 (0)
00 (0)
00 (0)

20 (95.23)

02 (5.71)

02 (33.33)

00 (0)

01 (4.76)

33 (94.28)

04 (66.66)

7 (14.58)

00 (0)
04 (19.04)
07 (33.33)
10 (47.61)

30 (82.85)
04 (11.42)
01 (2.85)
00 (0)

01 (16.66)
02 (33.33)
02 (33.33)
01 (16.66)

48 (100)
00 (0)
00 (0)
00 (0)

01 (4.76)
15 (71.42)
05 (23.80)
00 (0)

00 (0)
00 (0)
03 (8.57)
32 (91.42)

00 (0)
02 (33.33)
04 (66.66)
00 (0)

00 (0)
00 (0)
00 (0)
48 (100)
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Table.4 Showing CSF CRP level and distribution of cases in different type of Meningitis

1
2
3
4
5
Total

Range of CSF CRP (mg/L)
0-5.0
5.1-10.0
10.1-15.0
15.1-20.0
>20.0
----Mean CSF CRP(mg/L)
Standard deviation

PM
01
02
06
08
04
21
15.167
4.925

VM
35
00
00
00
00
35
2.557
0.998

TBM
05
01
00
00
00
06
3.667
1.779

Total
41
03
06
08
04
62

Pyogenic meningitis group: Mean = 15.167, SD = ±4.925
Viral meningitis group: Mean = 2.557, SD = ±0.998
TB meningitis group: Mean = 3.667, SD = ±1.779
{Pyogenicvs viral meningitis: p value <0.0001, Statistically highly significant
Pyogenic vs TB meningitis: p value <0.0001, statistically highly significant.
Viral vs TB meningitis: p value =0.032, Statistically significant}

Table.5 Relation of CSF CRP with CSF culture in pyogenic meningitis
Serial
No
1
2
3
4
5
Total

Range of CSF
CRP(mg/L)
0-5.0
5.1-10.0
10.1-15.0
15.1-20.0
>20.0
----Mean
Std.deviation

PM culture
positive
00
00
01
05
03
09
17.72
3.32

PM culture
negative
01
02
05
03
01
12
12.96
5.03

Total
01
02
06
08
04
21
----

Culture Positive PM group, Mean = 17.72, SD = ± 3.32
Culture Negative PM group, Mean = 12.96, SD = ± 5.03
{Statistical Diff of two means in above two groups p<0.02, Statistically highly significant}.

Table.6 Showing sensitivity, specificity, PPV, NPV for different CSF CRP levels as a diagnostic
test for pyogenic meningitis
Sl
No
1
2
3

Level of CSF CRP used as a Sensitivity
cut-off for Diagnosing
%
PM(mg/ L)
5
95.23
10
85.71
15
57.14
1242

Specificity
%
97.56
100
100

PPV
%
95.23
100
100

NPV
%
97.56
93.18
82.00
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S. pneumoniae was the most common
etiological agent of pyogenic meningitis in
the
present
study
accounting
for
7/21(33.33%) cases followed by Group B
Streptococci in 4(19.04%) cases and H.
influenzae B in 2(9.52%) cases. Similar
isolation rates have been reported by other
workers (Gudza-Mugabe et al., 2015;
Deivanayagam et al., 1993).
In the present study, percentage positivity of
Gram stain was 61.90% and 38.09% of cases
were Gram stain negative. Our study
correlates with studies of the other authors,
Mani et al., (2007), Chinchankar et al., (2002)
who reported 65.71%, 67% Gram stain
positivity respectively.
Latex agglutination test was positive in 14
cases (66.66%) of pyogenic meningitis. Out
of these 14 cases, S. pneumoniae was isolated
in 6 cases followed byGroup B Streptococci 4
cases, H.influenzae 2 cases, N.meningitidis
and E.fecalis in one case each. 33.33% were
LAT negative. Our study correlates with
studies of the other authors Shivaprakash et
al., (2004), Chinchanakar et al., (2002) and
Mani et al., (2007) who reported 69.09%,
78% and 54.6% LAT positivity respectively.
In developing countries like India where a
majority of neonatal meningitis is caused by
Enterobacteriaceae, culture is superior to LAT
in neonatal meningitis as the latter is not
designed to detect Enterobacteriaceae other
than E. coli, besides, the cost of LAT is the
major limiting factor.
Cytological characteristics of CSF in patients
with pyogenic meningitis showed much
higher leukocytosis (> 1,000/mm³) in
11/21(57.14%)
cases
and
polymorphoneutrophilic
leukocytosis
encountered in 95.23%. As expected, CSF
pleocytosis was at lower range (< 100/mm³)
in viral meningitis 29/35 (82.85%) and
tubercular meningitis 1/6(16.66%) with

Lymphocytic predominance of 94.28% and
66.66% in viral meningitis and tubercular
meningitis respectively and in the control
group all the values were found within normal
range. These findings were consistent with the
findings of Rabab Fouad et al., (2014),
Kalpana et al., (2013), Piyush Sadat et al.,
(2013).
Biochemical characteristics of CSF in patients
with pyogenic meningitis showed much
elevated protein level (47.61% of cases had
protein level of > 200 mg/dL) than that of
viral meningitis (82.85% of cases had protein
level<100mg/d L) and tubercular meningitis
(66.66% of cases had a protein level of 100200mg/d L) with lower protein level. As
expected CSF glucose was much lower in
pyogenic meningitis (76% of cases had a CSF
glucose level <30mg/d) than that of viral
meningitis and tubercular meningitis (91.42%
of VM and 33.33% of TBM cases had glucose
> 40mg/d L) and in the control group all the
values were found within normal range. These
findings were consistent with the findings of
Rabab Fouad et al., (2014), Kalpana et al.,
(2013) and Piyush Sadat et al., (2013).
We studied the usefulness of CRP in the
differential diagnosis of meningitis of varying
etiology. Higher percentage positivity of CSF
CRP in pyogenic meningitis have been
documented in our study that is 95.23%(20 of
21 cases) on the other hand CSF CRP was
negative in all viral meningitis cases,5 out of
6 tubercular meningitis cases and all control
group cases. Similar studies conducted by
other workers Hemavani et al., (2001), Belal
Uddin et al., (2009), Piyush Sadat et al.,
(2013), Malla et al., (2013), Rafeza Khanam
et al., (2012), Sharad Banasal et al., (2013),
observed that CRP levels in CSF were
significantly lower in patients with nonpyogenic meningitis compared to pyogenic
meningitis. These studies conclude that CSF
CRP estimation is a useful marker to
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differentiate pyogenic from non-pyogenic
meningitis; however, it cannot differentiate
between tuberculosis, fungal, and viral
meningitis. These authors also observed
negative response in all the cases of
aseptic/viral meningitis and control groups in
their study.
In our study quantitative estimation of CRP in
CSF was done by turbidometry method. The
pyogenic meningitis group had a mean CSF
CRP level of 15.35±7.12 which is much
higher as compared to the mean levels in
other two groups that is 3.33±22.92 in TB
meningitis group and 2.50±25.00 in viral
meningitis group.
These findings correlated with Sharad Jain et
al., (2016) reported the mean Value of CRP
32.50645±2.032886 in pyogenic meningitis
cases, 1.543373±0.195181 in tubercular
meningitis cases, and 2.420833±0.357502 in
viral meningitis cases. They observed
statistically significantly higher value with
pyogenic meningitis cases compared to TBM
and VM cases (p<0.001) which again was
very consistent with our study.
Shrad Bansal et al., 2013 found the
quantitative value of CSF CRP significantly
higher in bacterial meningitis group. The
difference between pyogenic meningitis and
control group (p<0.001), between pyogenic
meningitis and viral meningoencephalitis
(p<0.001) and between pyogenic meningitis
and tubercular meningitis were highly
significant (p<0.001). Similarly in our study
also (p < 0.001) was observed with pyogenic
meningitis cases when compared with TBM
and VM cases. So the CSF CRP results of our
study are consistent with many previous
studies. Author concludes that CRP level is a
useful tool for differentiating between
pyogenic meningitis and viral meningitis and
also tubercular meningitis in cases of
uncertain diagnosis and for looking for

complications of bacterial meningitis. In the
present study the mean CSF CRP levels in the
culture positive PM (17.72 mg/L) group was
higher as compared to culture negative PM
(12.96 mg/L) group. This difference in two
means (p <0.02) was found to be statistically
highly significant. Thus, our study suggests
that those with culture positive pyogenic
meningitis have a higher CRP levels as
compared to those who are culture negative.
In our study the maximum sensitivity of the
CSF CRP test for diagnosing pyogenic
meningitis was achieved at a cut-off value of
5 mg/L (95.23% - sensitivity) at this level of
sensitivity the other test characteristics are
also acceptable making it a good screening
test at this cut-off level. The maximum
specificity of the test is at the level of 10mg/L
&15 mg/L (100% - specificity) but this is at
the expense of slightly low sensitivity
85.71%, 57.14% respectively. Thus, it is clear
that the ideal cut-off value that should be used
for diagnosing pyogenic meningitis by CSF
CRP level should lie between 5–15 mg/L.
Maximum Positive predictive value (100%)
of the test is at the level of 10mg/L and 15
mg/L and Negative predictive value at this cut
–off level were 93.18%, 82.00% respectively.
Similar findings have been reported by other
workers Sharad Jain et al., (2016), Sandeep
Aharwar et al., (2016) and Kalpana et al.,
(2013).
From the preceding study results, the author
came to a conclusion that although culture is
the gold standard for diagnosis of pyogenic
meningitis it has some limitation. Routine use
of CSF CRP seems to be easy, reliable, rapid,
screening tool for suspected meningitis to
differentiate acute pyogenic from viral
meningitis consistently and with high level of
sensitivity and specificity. A CSF CRP level
of more than 15 mg/L by turbidometric
method can be used to confirm the diagnosis
of pyogenic meningitis and rule out tubercular
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or viral meningitis. A level below 5 mg/L can
be used to rule out a diagnosis of pyogenic
meningitis. It is not an alternative of CSF
culture.
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