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Abstract

Meningitis is common in tropical areas and also in Egypt and has a world-wide distribution
This study evaluated the potential role of CSF TNF α in diagnosis and differential diagnosis of
acute meningitis (bacterial versus aseptic meningitis). This case-control study was conducted be-
tween Ain Shams University Tropical Medicine Department and Embaba Fever Hospital. Fifty
patients with suspected meningitis were recruited during from January 2014 to June 2014. They
were divided according to culture results into 2 groups: GI: 40 patients with acute bacterial men-
ingitis (proved by CSF culture), G2: 10 patients matched according to age and sex with clinical
sings of CNS infection but without laboratory evidence of bacterial origin, (Suspected cases, and
negative culture). Both groups were subjected to thorough history taking, full clinical examina-
tion, and laboratory investigations including CSF analysis & CSF TNF was measured by ELISA.

The results showed a highly significant difference between cases and control regarding CSF
TNF (P=0.00). The criteria’s of diagnostic validity test was 100% for all at cutoff ≥275ng/ml and
≤700ng/ml with 100% specificity and sensitivity. A significant correlation between CSF-TNF and
each of ESR (P=0.003) & CSF cells (P=0.015), without significant correlation regarding other parame-
ters (P>0.05).
Keywords: Bacterial meningitis, aseptic meningitis, tumor necrosis factor

Introduction
Meningitis is common in tropical areas

and also in Egypt and has a world-wide dis-
tribution . Meningitis is inflammation of the
protective membranes covering the brain
and spinal cord, known collectively as the
meninges. The inflammation may be caused
by infection with viruses, bacteria, or other
microorganisms, and less commonly by cer-
tain drugs (Ginsberg, 2004). Meningitis can
be life-threatening because of the inflamma-
tion's proximity to the brain and spinal cord;
therefore the condition is classified as a
medical emergency (Sáez-Llorens and Mc-
Cracken, 2003; Tunkel et al, 2004). The
commonest symptoms of meningitis are
headache and neck stiffness associated with
fever, confusion or altered consciousness,
vomiting, and an inability to tolerate light,
photophobia (Van de Beek et al, 2006).The
classic triad of diagnostic signs consists of
nuchal rigidity, sudden high fever and al-
tered mental status; In infants up to 6
months of age, bulging of the fontanelles

might be present (Theilen et al, 2008). Cer-
ebrospinal fluid (CSF) analysis is the cor-
nerstone and diagnostic test of choice for
suspected meningitis. Measure the opening
pressure and send the fluid for cell count
(and differential count), chemistry (i.e., CSF
glucose and protein), and microbiology (i.e.,
Gram stain and cultures). However, lumbar
puncture is often delayed or deferred owing
to concern about the risk of cerebral herni-
ation, which might be over emphasized
(Scarborough and Thwaites, 2008).
Meningitis is defined as bacterial according
to CSF laboratory findings [(increased prot-
ein>100mg/dl, decreased glucose<40mg/dl,
leukocyte count 100-5000/mm3with poly-
morph nuclear leukocyte domination>80%),
and identification of agents in Gram stain-
ing, and/or positive bacterial culture. The
CSF/serum glucose ratio ≤0.4 was indicative
of bacterial meningitis (Straus et al, 2006).

Before CSF bacterial cultures were avail-
able, most patients with acute meningitis
were treated with broad spectrum antibiotics
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targeting bacterial meningitis. This did not
seriously harm aseptic meningitis patient;
however, it may enhance the local frequency
of antibiotic resistance (Wise et al, 1998),
caused antibiotic adverse effects, nosocomi-
al infections (Raymond, 2000) and high me-
dical costs (Parasuraman et al, 2001). Thus,
it was not only important to recognize bacte-
rial meningitis patients who promptly need
antimicrobial therapy but also aseptic men-
ingitis patients who did not need antibiotics
and/or hospital stays (Huy et al, 2010).

Clinical criteria, Gram staining, bacterial
antigen testing of CSF and the classic bio-
logical markers in blood (CRP level, WBC
count, and neutrophil count) or CSF (protein
level, glucose level, WBC count, & neutro-
phil count) used alone did not offer 100%
sensitivity and specificity to distinguish bac-
terial and aseptic meningitis (Dubos et al,
2008). Gram staining of the sample may
demonstrate bacteria in bacterial meningitis,
but absence of bacteria does not exclude
bacterial meningitis as they were in 60% of
cases; this figure was reduced by a further
20% if antibiotics were administered before
taking the sample (Tunkel et al, 2004).
Waiting for at least 2 days was recommend-
ed to identify bacterial growth in CSF cul-
tures, and the period was 3-8 days for viral
cultures (Cassady and Whitley, 1997). Be-
sides, identifying the frequently encountered
viral agents via PCR is always impossible in
every institution (Oberhoffer et al, 1999).
Because consequences of delayed diagnosis
could be severe, any proposed tool must be
near 100% sensitivity (Dubos et al, 2008).
So, intensive research was carried out to find
new and rapid diagnostic methods for differ-
ential diagnosis of bacterial and viral men-
ingitis.

Tumor necrosis factor (TNF, cachexin,
and formerly known as TNFα) is a cytokine
involved in systemic inflammation and a
group of cytokines that stimulate the acute
phase reaction, produced chiefly by activat-
ed macrophages, although it could be pro-
duced by many other cell types as CD4+

lymphocytes, NK cells and neurons. The
TNF primary role is regulation of immune
cells. TNF as an endogenous pyrogen could
induce fever, apoptotic cell death, sepsis
(through IL1 & IL6 production), cachexia,
and inflammation and to inhibit tumorigene-
sis and viral replication.

This study aimed to evaluate the potential
role of CSF TNF-α in diagnosis and differ-
ential diagnosis of acute meningitis (bacteri-
al versus aseptic meningitis).

Patients, Materials and Methods
This case-control study was conducted be-

tween Tropical Medicine Department-Ain
Shams University and Embaba Fever Hospi-
tal. Patients with suspected meningitis were
recruited from January 2014 to June 2014.

A total of 50 patients presented to emer-
gency unit of Embaba Fever Hospitals with
suspected acute meningitis were enrolled.
They were divided after culture results into
2 groups: GI: 40 patients with acute bacterial
meningitis (CSF culture). G2: 10 patients
matched according to age and sex with clin-
ical sings of CNS but without evidence of
bacterial origin (suspected cases, negative
culture). Cases with negative culture were
excluded to validate TNF-α as a marker
against gold standard (culture).

Inclusion criteria: Patients presented for
the first time to Embaba fever hospital with
clinical picture and CSF analysis suggesting
acute meningitis. Exclusion criteria: a- Anti-
biotic treatment before admission, more than
2 consecutive days (Viallon et al, 2011), b-
Clinical and laboratory findings suggesting
tuberculous or cryptococcus meningitis, c-
Clinical picture suggestive of cerebro-vascu-
lar disease, d- Brain tumors or other neuro-
logical insults, e- Other causes of fever (an-
other site of infection beside meningitis), f-
Other causes of coma, and g- Drug-induced
meningeal irritation as intravenous immuno-
globulins, azathioprine, methotrexate…etc.

Ethical considerations: This study was ap-
proved by the Research and Ethics Commit-
tee of Ain Shams University, according to
local research governance requirements. All
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participants approved to share in accordance
with the ethical standards laid down in the
1964 Declaration of Helsinki and all subse-
quent revisions. The objectives were expla-
ined to those met pre-designed inclusion cri-
teria and signed an informed consent form.

Study tools: All cases were subjected to
the following: a- Full medical history: with
special emphasis on the presence or absence
of the classic triad of meningitis diagnostic
symptoms (headache, fever & projectile vo-
miting), abnormal movements, impairment
of consciousness and antibiotic treatment.
Thorough clinical examination of all syst-
ems including nervous system with stress on
classic triad of diagnostic signs of meningi-
tis; nuchal rigidity, positive kernig's sign and
brudzinski's sign, level of consciousness,
presence or absence of rash and convulsions.

Laboratory tests: a- CBC, ESR and CRP,
b- liver function tests (ALT, AST), c- kid-
ney function tests (urea, creatinine) and d-
random blood glucose.

Specific laboratory tests: 1- CSF analysis:
a- Physical examination: color, aspect &
pressure, b- Chemical examination: protein
and glucose, c- Cell count: total and differ-
ential leukocytic count, d- Gram's stain and
culture, and e- CSF/serum glucose ratio.
Meningitis is defined as bacterial according
to CSF (increased protein>100mg/dl, de-
creased glucose<40mg/ dl, leukocyte count
100-5000/mm3 with polymorph nuclear leu-
kocyte domination >80%), identification of
bacterial agents in Gram staining, and/or
positive bacterial culture, CSF/serum gluco-
se ratio≤0.4 as an indicative (Straus et al,
2006). 2- CSF-TNF-α was measured for all
participants by ELISA technique.

Test principle: Human TNF alpha PicoLi
ne™ ELISA Kit (Boster Biologics, USA)
using standard sandwich ELISA technology.
A TNFα specific mouse monoclonal anti-
body was pre-coated onto 96- well plates.

Assay procedure: Standard TNFα detec-
tion curve was prepared by adding 0.1ml/
well of 1000pg/ml, 500pg/ml, 250pg/ml,
125pg/ml, 62.5pg/ml, 31.2pg/ml, 15.6pg/ml

human TNFα standard solutions into pre-
coated 96-well plate. 0.1ml of sample dilu-
ent buffer was added into control well (Zero
well) and 0.1ml of each properly diluted
CSF sample to empty pre-coated test wells
and incubated at 37°C for 90min. The 0.1ml
of biotinylated anti-human TNFα antibody
working solution was added to each well &
incubated at 37°C for 60 min followed by
washing three times with phosphate buffer
saline (PBS). 0.1ml Avidin-Biotin-Peroxi-
dase Complex (ABC) working solution was
added to each well and incubated at 37°C
for 30 min, and then unbound conjugates
were washed with PBS. Horseradish peroxi-
dase (HRP) substrate, 3,3',5,5'-tetramethyl-
benzidine (TMB) was used to visualize HRP
enzymatic reaction. TMB as a chromogen
yielded a blue color when oxidized by HRP.
90μl of prepared TMB color developing
agent was added to each well and incubated
at 37°C in dark for 25-30 min. HRP activity
produced a blue color changed into yellow
after adding 0.1ml of acidic stop solution.
O.D. absorbance was read at 450nm in a mi-
croplate reader within 30 min after adding
stop solution. The yellow density was pro-
portional to human TNFα amount of sample
captured in plate.

Results calculation: Relative O.D.450=
O.D.450 of each well-O.D.450 of Zero well.
Standard curve was plotted as relative O.D.
450 of each standard solution (Y) vs. respec-
tive concentration of standard solution (X).
Human TNFα concentration of samples was
interpolated from standard curve.

Statistical analysis: IBM SPSS statistics
(V. 22.0, IBM Corp., USA, 2013) was used.
Data were expressed as median and percen-
tiles for quantitative non-parametric measu-
res and to number and percentage for catego-
rized data

Results
Demographic features showed that 28 men

(70%) & 12 women (30%) with ages ranged
from 18 to 55 years in G1. In G2 (controls)
included 8 men (80%) and 2 (20%) women
with ages ranging from 22 to 52 years, with-
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out significant difference between both as
regard age, sex and residence (P > 0.05).

Fever was a constant in 95% of patients
with bacterial meningitis & 100% with asep-
tic meningitis, with significant difference in
convulsion between groups (P<0.05) with-
out significant difference as to other signs
and symptoms (Tab. 1). A high significant
difference in WBCs count, polymorph% &
lymphocytes% between groups (p=0.001)
without significant difference in hemoglobin
& platelets count (P>0.05), a high signifi-
cant difference in serum levels of CRP and
ESR (P=0.002; 0.021) respectively (Tab. 2).

CSF analysis showed significant differ-
ence as to aspect and color of CSF between
groups (p=0.00). CSF aspect was turbid or
hazy in 90% of patients with whitish color in
75%. In G2 CSF aspect was clear in 90%
and colorless in 90% of patients (Tab. 3). A
high significant difference was in WBCs,
polymorph%, lymphocytes%, CSF protein,
CSF glucose & CSF/serum glucose ratio be-
tween groups (P<0.001). G1 showed incre-
ased CSF WBCs, polymorph predominance,
CSF protein elevated, CSF glucose reduced
and CSF/serum glucose ratio≤0.4. G2

showed increased mononuclear cell pleocy-
tosis with nearly normal CSF glucose, nor-
mal or mild elevated CSF protein and CSF/
serum glucose ratio >0.4 suggestive of non-
bacterial causes; viral or aseptic meningitis
(Tab. 4). There was no significant difference
as to CSF Gram stain between groups. Six-
teen patients from G1 were Gram positive
stain; 7 with St. pneumonia (43.75%), 5 with
H. influensae (31.25%), one with Klebsiella
(6.25%), one case with Nisseria (6.25%),
and two with Staph aureus (12.5%), gram
stain in control was negative.
The culture yielded 22 cases with St. pneu-
monia (55%), 12 cases with H. influensae
(30%), 2 cases with Klebsiella (5%), one
case with Nisseria (2.5%) and 3 cases with
Staph aureus (7.5%) in G1, in G2 cultures
were negative. A highly significant differ-
ence between groups as regards to CSF TNF
(P =0.000). Diagnostic validity test criteria
was 100% for all at cutoff more than 275ng/
ml and less than 700ng/ml with 100% speci-
ficity and sensitivity (Tab. 5). There was a
significant between CSF-TNF & each of ESR
(P=0.003) & CSF cells (P=0.015), but no sig-
nificant with other parameters (P>0.05).

Table 1: Symptoms and signs of patients groups.

Manifestations
G1 (n=40) G2  (n=10) χ2 P value

no % no %
Fever 38 95% 10 100% 1.026 .311
Headache 28 70% 7 70% 1.905 .168
Vomiting 30 75% 7 70% .000 1.000
Convulsions 12 30% 1 10% 4.329 .037*
Photophobia 3 7.5% 0 0% .798 .372
Hallucination 2 5% 2 20% 2.057 .151
Consciousness: Alert
Consciousness: Semi-conscious
Consciousness: Coma

2 5% 1 10%
4.882 .08726 65% 8 80%

12 30% 1 10%
Neck rigidity 26 65% 7 70% .476 .490
Kerning's sign 26 65% 7 70% .476 .490
Brudhzinski's sign 26 65% 7 70% .476 .490
Skin rash 3 7.5% 0 0.0% .798 .372

*statistically significant difference
Table 2:  Important Laboratory results of patients groups.

Test
G1 (n=40) G2 (n=10) Z P value

Min. Max. Median Min. Max. Median
WBCs (cell/cmm) 4.2 44 11.4 5.5 11.5 7.4 -2.876 0.004*
Polymorph % 0.4 0.95 0.887 0.402 0.92 0.6565 -3.249 0.001*
Lymphocytes % 0.04 0.585 0.0785 0.05 0.47 0.2875 -3.381 0.001*
Platelets (cell/cmm) 91000 647000 232500 102000 580000 327000 -1.853 0.064
Hb (gm/dl) 7 13.8 10.75 6.7 13.4 10.4 -0.352 0.725
Random blood glucose (mg/dl) 56 198 118.5 55 174 107.5 -0.487 0.626
Blood urea (mg/dl) 10 85 24 10 34 19 -2.283 0.022*
Serum creatinine (mg/dl) 0.3 1 0.6 0.3 1 0.5 -0.425 0.671
ALT (U/L) 9 80 13 5 44 15 -0.841 0.4
AST (U/L) 13 112 18 14 45 25 -1.776 0.076
CRP 6 96 24 6 6 6 -3.151 0.002*
ESR 7 135 27.5 5 45 15 -2.31 0.021*
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Table 3: Physical findings of CSF in patients groups

Test
G1 (cases) G2 (control)

χ2 P valueno % no %

Aspect
Clear 0 0.0% 9 90.0%

36.000 .000*Hazy 4 10.0% 1 10.0%
Turbid 36 90.0% 0 0.0%

Color
Colorless 0 0.0% 9 90.0%

36.250 .000*Whitish 30 75.0% 1 10.0%
yellow 10 25.0% 0 0.0%

Table  4: Cytological and chemical findings of the CSF analysis in patients groups

Test
Group 1(n=40) Group 2(n=10) Z P

valueMin. Max. Median Min. Max. Median
WBCs (cell/cmm) 500 17000 4000 37 500 200 -5.408 0*
Polymorph % 0.7 1 0.95 0 0.6 0.2 -5.449 0*
Lymphocytes % 0 0.3 0.05 0.4 1 0.8 -5.449 0*
Protein 42 430 205.5 34 117 58 -4.464 0*
Glucose 0 144 2 31 93 65.5 -4.229 0*
CSF/serum glucose ratio 0 1.13 0.0325 0.254 1.16 0.655 -4.2 0*

Table 5: CSF TNF among patients groups.
G1 (cases) G2 (control) Z p-value

CSF-TNF(ng/ml)
Min. Max. Median Min. Max. Median -4.854 0.00*700 9000 4400 0 275 77.5

Discussion
Bacterial meningitis is endemic in Egypt

and sporadic cases occurring allover the year
(Abdel Ghani et al, 2002). The delay in the
diagnosis and the consequent delay in initia-
tion of treatment can cause death in about
10% of cases with advanced disease and se-
vere neurological sequelae as many as 80%
of survivors (Van den Bos et al, 2005). It
was important to distinguish bacterial men-
ingitis from aseptic meningitis during the
acute phase of the disease, as this could help
to avoid complications and to limit unneces-
sary antibiotic use and hospital admissions
(Tunkel et al, 2004). Clinical features of
bacterial meningitis are nonspecific. There-
fore, the discrimination of cases of bacterial
meningitis from other causes by clinical fea-
ture alone is often impossible (Thwaites et
al, 2005).
The presently used techniques have some
limitations to diagnose or differentiate bac-
terial from viral meningitis (Tokuda, 2000).
The CSF gram stain can be negative and
misleading because of small number of or-
ganisms present in CSF or antibiotic therapy
has been started, also, culture often require a
delay of a day or more for growth and may

be negative in partially treated cases (Abro
et al, 2009). Therefore the identification of a
discriminating parameter, which may lead to
a rapid and accurate clinical test, would be
of value in the differential diagnosis of acute
meningitis.

In practice, before definitive CSF bacterial
cultures are available, most patients with
acute meningitis are treated with broad spec-
trum antibiotics targeting bacterial meningi-
tis. In general, this did not seriously harm
aseptic meningitis patient; but, it may en-
hance local antibiotic resistance (Wise et al,
1998), and cause antibiotic adverse effects,
nosocomial infections (Raymond, 2000),
and high medical costs (Parasuraman et al,
2001). So, it was important to recognize
bacterial meningitis patients who promptly
need antimicrobial therapy and aseptic men-
ingitis patients who do not need antibiotics
and/or hospital stays (Huy et al, 2010).

In the present study there was no signifi-
cant difference in age and gender between
groups (p > 0.05) with higher percentage of
males than females. These results agreed
with Østergaard and Benfield (2009), Toku-
da et al. (2009), and Viallon et al. (2011).

Fever was noted in 38 patients (95%) of
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bacterial cases and 100% of aseptic menin-
gitis cases. This result was concordant with
Østergaard and Benfield (2009), Elbishry et
al. (2010) and Viallon et al. (2011). On the
other hand, fever was not a universal with
others (Gorse et al, 1998; De O Papaiordanu
et al, 1999) who found fever in 59% & 67%
in patients’ meningitis respectively, whose
patients were ≥ 60 years.

In the present study, there was no sig-
nificant difference regarding symptoms and
signs of septic and aseptic meningitis (p>
0.05), except for convulsion where there was
significant difference between patients (p <
0.05). But, Viallon et al. (2011) found sig-
nificant difference in headache and convul-
sion with higher percentages in bacterial
meningitis. El- Kapany (2011) found no sig-
nificant difference in photophobia. Elbishry
et al. (2010) reported significant difference
regarding skin rash in bacterial meningitis
patients than those with aseptic meningitis.

In the present study there was no sig-
nificant difference in blood glucose between
patients groups (P >0.05). This result disa-
greed with El- Kapany (2011) and Viallon et
al. (2011) who found significant difference
in blood glucose between patients with bac-
terial meningitis and those with viral menin-
gitis with lower values in bacterial meningi-
tis. This might be attributed to administra-
tion of intravenous glucose infusion before
admission or presence of diabetes mellitus.

In the present study, there was significant
difference in CSF WBCs & CSF poly-
morphs % (p <0.001) with higher values in
bacterial meningitis. The results agreed oth-
ers (Østergaard and Benfield, 2009; El- Ka-
pany, 2011; Viallon et al, 2011). The in-
creased CSF WBCs was attributed to in-
creased blood brain barrier permeability
caused by direct effect of bacteria and by
response of immune system to the bacteria
entrance with subsequent entrance of large
numbers of WBCs into the CSF (Sáez-
Liorens and McCracken, 2003).

In the present study, bacterial meningitis
patients had a higher CSF protein than those

of aseptic ones with high significant differ-
ence between them (p< 0.001). This result
agreed with others (Østergaard and Benfield,
2009; Makoo et al, 2010; El- Kapany, 2011;
Viallon et al, 2011). The elevated CSF pro-
tein in bacterial meningitis was attributed to
the disruption and marked increased perme-
ability of the blood brain barrier (Swartz,
2004) caused by the bacteria and by the im-
mune system response to bacteria entrance
in CNS (Sáez-Liorens and McCracken,
2003).

In the present study, there was a high sig-
nificant difference in aspect and color of
CSF between patients groups (p<0.001). El-
Kapany (2011) reported high significant dif-
ference in aspect of CSF between patients
with bacterial and aseptic meningitis. The
cloudy CSF indicates higher levels of pro-
tein, white and red blood cells and/or bacte-
ria, and may suggest bacterial meningitis
(Tunkel et al, 2004).

In the present study, the patients of the
bacterial group had a lower CSF glucose
than those of the aseptic group with high
statistically significant difference between
them (p < 0.001), which agreed with others
(Østergaard and Benfield, 2009; Makoo et
al, 2010; El-Kapany, 2011; Viallon et al,
2011). The hypoglycorrhachia characteristic
of pyogenic meningitis was due to inter-
ference with normal carrier-facilitated diffu-
sion of glucose and to increased utilization
of glucose by host cells (Swartz, 2004).

In the present study, there was a high sig-
nificant difference in CSF/serum glucose
ratio between G1 & G2 (p < 0.001). This
result agreed with Tokuda et al. (2009) and
Viallon et al. (2011). But, Østergaard and
Benfield (2009) reported no significant dif-
ference in CSF/serum glucose ratio between
patients with purulent meningitis of un-
known etiology and those with lymphocytic
meningitis.

In the present study, CSF-culture was
positive in all bacterial meningitis patients;
those with aseptic meningitis were negative.
Bacteria were S. pneumoniae in 22 patients
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(55%), N. meningitides in one (2.5%), H.
influenzae in 12 (30%), Klebsiella in 2 (5%)
and Staph. aureus in 3 patients (7.5%). This
agreed with Afifi et al. (2007) who found
that S. pneumoniae was an introduced cause
of bacterial meningitis in Egyptian adults.

In the present study, the bacterial patients
had a higher value of CSF and serum TNFα
at admission than aseptic patients with sig-
nificant difference (p < 0. 001). This result
agreed with others (Prasad et al, 2011; Pan-
ato et al, 2012; Zhao et al, 2012). The best
cut-off value of TNFα for early diagnosis of
bacterial meningitis was more than 275 and
less than 700ng/ml. Panato et al. (2012) re-
ported 80.5% sensitivity of CSF-TNFα and
94.9% specificity at a cut-off level of
71.7ng/ml, Zhao et al. (2012) reported 95%
& 92% at a cut-off level of 59.4 ng/ml. Pra-
sad et al. (2011) reported 94.7% and 54.3%
at optimum cutoff level of 79.7 ng/ml re-
spectively. Bociąga-Jasik et al. (2012) con-
cluded that proinflammatory cytokines in
CSF added in a differential diagnosis, and a
high concentration might be a sensitive and
specific marker of a bacterial etiology of
neuroinfection and that concentrations more
than 75.8 pg/ml differentiated between bac-
terial and viral meningitis with 100% sensi-
tivity and specificity.

In the present study, the patients of the
bacterial group  had a higher values of CRP
at admission than those of the aseptic group
with high statistically significant difference
between them (p < 0.001), This result agreed
with El- Kapany (2011); Viallon et al.
(2011); Ibrahim et al. (2011) and Alkholi et
al. (2011). In contrast, Makoo et al. (2010)
reported that there was no significant differ-
ence in CRP between patients with bacterial
and aseptic meningitis. This may be ex-
plained as the initial CRP level can occa-
sionally be low in bacterial disease, espe-
cially in the early stages. CRP concentra-
tions begin to rise between 6 and 12 h and
reach a peak level only at 24 to 48 h (Mary
et al, 2003).

Conclusion
Differentiation between septic and aseptic

meningitis on clinical bases is difficult. No
single test proved to be fully reliable in dis-
tinguishing bacterial from aseptic meningi-
tis. Estimation of CSF-TNFα level with a
cut off value more than 275 and less than
700ng/ml is a good parameter for differenti-
ation between septic and aseptic meningitis.
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