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Conclusions: CSF calprotectin may serve as a potential
diagnostic marker of acute meningitis and its determination
could be usefulin differentiation between bacterial and aseptic
meningitis.

Abstract
Background: Meningitis is an inflammation of the protective membranes covering the brain and spinal cord. Acute
meningitis could be life-threatening condition because of the
inflammation's proximity to the brain and spinal cord. Therefore, immediate diagnostic and therapeutic procedures were
required.
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Introduction

Aim of Study: This study aimed to assess the diagnostic
usefulness of measuring cerebrospinal fluid (CSF) calprotectin
level indiagnosis of acute meningitis and its value in differentiation between bacterial and nonbacterial (aseptic) acute
meningitis.

MENINGITIS is an inflammatory disease of the
leptomeninges, the tissues surrounding the brain
and spinal cord, and is defined by an abnormal
number of white blood cells in the CSF [1] . Bacterial
meningitis is a medical emergency, and immediate
steps must be taken to establish the specific cause
and initiate effective therapy [2] . The possible
presence of bacterial meningitis is suggested by
the symptoms of fever, altered mental status, headache and nuchal rigidity. Virtually all patients have
at least one of the classic triads of fever, neck
stiffness and altered mental status [3] . Despite the
effectiveness of current antibiotics in clearing
bacteria from the cerebrospinal fluid, bacterial
meningitis continues to cause significant morbidity
and mortality [4] . Streptococcus pneumoniae is the
mostcommon bacterial etiology of meningitis in
adults of all ages. The frequency of other pathogens
as Neisseria meningitides and Haemophilus influenza has varied incidence in different situations
[5] . Aseptic meningitis refers to patients who have
clinical and laboratory evidence for meningeal
inflammation with negative routine bacterial cultures. The most common cause is enterovirus.
Additional etiologies include (mycobacteria, fungi,
spirochetes), parameningeal infections, medications, and malignancy [6] . Every year more than
1.7 million people worldwide suffer meningitis.
Even with prompt diagnosis and treatment, approximately 10% of patients die and up to 20% or more
sustain disability [7] . Calprotectin is produced by

Patients and Methods: This study conducted on 90 subjects, sixty patients represented to Shebin El-Koum Fever
Hospital with acutely suggesting symptoms of meningitis
(fever, severe headache, altered mental status, avoid bright
light and stiff or painful neck) in whom lumber puncture was
done and CSF conventional laboratory finding like WBCs
count, glucose and protein were measured, these patients were
divided into, group 1: Thirty patients with CSF laboratory
finding of bacterial meningitis, group 2: Thirty patients with
CSF laboratory finding of aseptic meningitis and group 3:
Thirty cross age and sex matched non-meningitc subjects
undergoing spinal anesthesia for non-neurological surgical
causes as acontrol group. The concentration of CSF calprotectin
was determined by ELISA in all the studied cases.
Results: CSF calprotectin mean level was 10.2±SD 2.36
ng/ml in patients with bacterial meningitis, 8.7±SD 1.91 ng/ml
inaseptic meningitis while, in the control group was 6.5±SD
1.45ng/ml with statistically significant difference ( p<0.01)
between all groups. Performance of CSF calprotectin in
diagnosis of aseptic meningitis at a value 7.42-9.03ng/ml by
ROC curve parameter had sensitivity 60%, specificity 60%,
PPV 60%, NPV 60%, AUC: 0.68 with 95% CI, 0.55-0.82.
While at a value more than 9.03ng/ml, CSF calprotectin hadsensitivity 80%), specificity (70%), PPV 72.7%, NPV 77.8%,
AUC: 0.81 with 95% CI, 0.72-0.90 in diagnosis of bacterial
meningitis.
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activated monocytes and microglia, and CSF level
could be a marker of neuroinflammation, which
was detectable in CSF from 13.8% of normal
controls, compared to 90.5% of patients with neurological infections [8] . In this study we supposed
calprotectin as an inflammatory marker could
differentiate between bacterial and aseptic meningitis.
Material and Methods
This prospective study was conducted on 90
subjects, sixty of them were clinically suspected
to have acute meningitis (high fever, severe headache, altered mental status, avoid bright light and
stiff or painful neck)and were admitted to Shebin
El-Koum Fever Hospital and 30 non-meningitc
subjects undergoing spinal anesthesia for nonneurological operations were recruited from Surgical Department of Benha University Hospitals
during 2018 as a control group. Patients with
history or on therapy of autoimmune disease, head
trauma and immunocompromised were excluded.
Also, patients with CT evidence of space occupying
lesion in brain CT (abscess, tumor ... etc.) were
excluded.
The studied subjects were subdivided into the
following groups:
Group I: Acute bacterial meningitis according
to CSF laboratory finding,WBC count is elevatedusually in the range of 1000-5000 cells/mm 3 ,
although this range can be quite broad (>100
cells/mm 3 ) with at least 80% neutrophils predominance, an elevated protein (>100mg/dl) and decreased glucose (<40mg/dl) [9] .
Group II: Acute aseptic meningitis in whomWBCs of <50 cell/mm 3 of and >50% were mononuclear/lymphocyte cells with the absence of any
septic meningitis laboratory criteria [an elevated
protein (>100mg/dl) or decreased glucose (<40mg/
dl)] [9] .
Group III: Thirty CSF of non-meningitc subjects
undergoing spinal anesthesia for non-neurological
surgical operations recruited from surgical departments of Benha University Hospitals as a control
group.
All patients will be subjected to the following:
1- Full medical history: Including personal history
including (name, age, sex and locality) - history
of present illness including (fever, headache,
altered mental status, vomiting) and antibiotic
drug intake before admission and duration of
it.

2- Complete clinical examination for all systems
including nervous system with special stress
on signs of meningitis (neck rigidity-kerning's
sign-Brudhzinski sign), skin rash and focal
neurological signs.
3- Investigations:
• Routine laboratory study in the form of: Complete
blood count, serum creatinine and urea, ESR and
CRP and liver enzymes (ALT, AST).
• Brain CT without contrast is necessary incases
with focal neurologic deficits, papilledema, recent
seizures and abnormal level of consciousness
[10] and to exclude other causes e.g., abscess,
tumor ... others.
• Lumbar puncture and CSF analysis.
Maneuver of lumbar puncture:
The patient should assume either the lateral
recumbent position or a sitting position. The lateral
recumbent position is preferred, to obtain an accurate opening pressure and to reduce the risk of
post-puncture headache.Insert the needle in the
intervertebral space between L3 and L4 or L4 and
L5, because these points are below the termination
of the spinal cord. The CSF was withdrawn by
lumbar puncture under aseptic precautions into a
sterile glass test tube and immediately transported
to the laboratory [11] . The studied patients had
undergone a complete biochemical and physicalexamination of the CSF for diagnosis of acute
meningitis.
CSF is examined for the following:
a- Physical examination: e.g., color and aspect.
b- Chemical examination: Protein, glucose and
manual microscopic cell counting: Using FuchsRosenthal counting chambers (hemocytometer)
for both RBCs and WBCs.
c- Bacteriological examination: CSF culture on:
1- Blood agar and chocolate agar plates incubated at 37°C for 72 hours in 5-10% CO 2 for
evidence of growth N. meningitides, St. pneumonae
and H. influenzae type B.
2- MacConkey's agar, incubated at 37°C for 72
hours for evidence of growth of Escherichia coli,
Salmonella enteritidis, Klebsiella pneumonia and
Proteus mirabilis [11] .
d- An aliquot of the CSF (2mL) was stored in a
freezer at a temperature of –20ºC for later determination of calprotectin. The determination
of calprotectin levels in CSF employs an invitro double-antibody sandwich enzyme-linked
immune-sorbent assay (ELISA) to measure the
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level of Calprotectin in CSF samples by using
commercially kit Shanghai Sunred Biological
Technology, China (with the assay range
0.15ng/ml -> 40ng/ml and sensitivity 0.142ng/
ml). Antibody specific for calprotectin has been
pre-coated onto a microplate. Standards and
samples were pitted into the wells and any
calprotectin present is bound by immobilized
antibody. Following a wash to remove any
unbound avidin-enzyme reagent, a substrate
solution is added to the wells and color develops
in proportion to the amount of calprotectin
bound in the initial step. By TECAN Infinite
F50 ELISA with Magellan Tracker software
(Tecan Trading AG, Switzerland), standard
dilution of calprotectin was measured.
Statistics: The collected data were tabulated
and analyzed using SPSS version 16 software
(SPSS Inc, Chicago, ILL Company). We used the
parameters derived from the ROC curves for the
assessment of diagnostic accuracy: The AUC,
sensitivity, specificity, positive like hood ratio,
negative likehood ratio and the cut-off (cut point)
value of the respective parameters corresponding
with the highest Youden index. Graphical correlation of calprotectin ROC curve was done.
Results

Table (2): Comparing the studied groups of patients regarding
clinical examination.
Bacterial
meningitis
(N=30)

Aseptic
meningitis
(N=30)

No.

%

No.

%

Fever:
Yes (N=53)
No (N=7)

28
2

93.3
6.7

25
5

Headache:
Yes (N=44)
No (N=16)

23
7

76.7
23.3

Brudzniski sign:
Yes (N=30)
No (N=30)

20
12

Rash:
Yes (N=7)
No (N=53)

X2

p

83.3
16.7

0.54

0.48
(NS)

21
9

70
30

0.47

0.62
(NS)

66.7
40

10
18

33.3
60

6.67

0.01
(S)

4
26

13.3
86.7

3
27

10.0
90.0

FET

1.0
(NS)

Convulsion:
Yes (N=16)
No (N=44)

9
21

30.0
70.0

7
23

23.3
76.7

0.34

0.56
(NS)

Neck rigidity:
Yes (N=33)
No (N=27)

23
7

76.7
23.3

10
20

33.3
66.7

11.4

0.001
(HS)

Kering's sign:
Yes (N=30)
No (N=30)

19
10

63.3
33.3

11
20

36.7
66.7

4.27

0.039
(S)

Variable

Table (3): Comparing the studied groups regarding serum
CRP.
Groups
Bacterial
Aseptic Controls Total
meningitis meningitis

Table (1): Socio-demographic characters of the studied patients.
Variable
The studied groups:
Bacterial meningitis
Aseptic meningitis
Controls

No. (N=90)

% (100%)

30
30
30

33.3
33.3
33.3

Age (ys):
Mean ±SD
Range

34.0±12.9
18-60

CRPs (mg/dl):
+ve >6:
Count
%Within Group

24
80.0%

5
16.7%

1
3.3%

30
33.3%

–ve <6:
Count
%Within Group

6
20.0%

25
83.3%

29
96.7%

60
66.7%

Total:
Count
%Within Group

30
100.0%

30
100.0%

30
90
100.0% 100.0%

X 2 =45.3

Sex:
Male
Female

55
35

61.1
38.9

Occupation:
Employee
Not working

48
42

53.3
46.7

Marital status:
Single
Married
Widow

50
39
1

55.6
43.3
1.1

Smoking:
No
Yes

65
25

72.2
27.8

p<0.001 (HS).

Table (4): Comparing the studied groups regarding CSF aspect.
Groups
Bacterial
Aseptic Controls Total
meningitis meningitis
Aspect:
Clear:
Count
3
% Within Group 10.0%

24
80.0%

30
57
100.0% 63.3%

Hazy:
Count
27
% Within Group 90.0%

6
20.0%

0
.0%

Total:
Count
30
% Within Group 100.0%

30
100.0%

30
90
100.0% 100.0%

33
36.7%
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Table (5): WBCs and PMN% in the peripheral blood finding in the studied patients.
WBCs (x 10 3 )
Group

N
Mean

± SD

Range

ANOVA

p

Sig pairs

Bacterial meningitis
Aseptic meningitis
Controls

30
30
30

15.15
10.23
6.30

6.48
3.53
2.01

6.9-44
519
4-11

30.02

<0.001 (HS)

Bacterial controls
Aseptic controls
Bacterial aseptic

Bacterial meningitis
Aseptic meningitis
Controls

30
30
30

90.3
68.1
59.6

PMN%
12.15
10.05
9.29

54.8-99
53.8-91
45-80

67.2

<0.001 (HS)

Bacterialcontrols
Aseptic controls
Bacterialaseptic

Bacterial meningitis
Aseptic meningitis
Controls

30
30
30

41
38
6

18.7

<0.001 (HS)

Bacterialcontrols
Aseptic controls
Bacterialaseptic

ANOVA

p

75.2*

<0.001 (HS)

Bacterial controls
Aseptic controls
Bacterial aseptic

259.8

<0.001 (HS)

Bacterialcontrols
Aseptic controls
Bacterialaseptic

46.4

<0.001 (HS)

Bacterialcontrols
Aseptic controls
Bacterialaseptic

15.9

<0.001 (HS)

Bacterialcontrols
Aseptic controls
Bacterialaseptic

ESR (mm/hr.)
32.09
23-110
22-90
26.87
7.36
3-34

Table (6): CSF laboratory finding in the studied groups.
Group

N

Leucocytes
(N=0-5 cells/hpf)
Mean

Bacterial meningitis
Aseptic meningitis
Controls

30
30
30

Bacterial meningitis
Aseptic meningitis
Controls

30
30
30

Bacterial meningitis
Aseptic meningitis
Controls

30
30
30

Bacterial meningitis
Aseptic meningitis
Controls

30
30
30

± SD

Sig pairs

Range

878.5
108.6
0.03

1430.9
11-8000
164.0
10-770
0.18
0-1
PMN%
12.93
79.1
55-100
9.8
10.54
0-40
3.3
18.25
0-100
Protein (n=15-45 mg/dl)
148.2
72.3
70-365
71.0
23.6
18-129
17.41
39.2
15-91
Glucose (45-70 mg/dl)
41.8
12.1
8-58
64.1
18.7
35-152
14.3
53.9
28-78

Table (7): CSF culture results among the studied meningitc patients.
Groups: Total (60)
Bacterial meningitis

Aseptic meningitis

CSF culture:
–ve:
Count
%Within Group

7
23.3%

30
100.0%

37
61.7%

Meningococci:
Count
%Within Group

7
23.3%

0
.0%

7
11,7%

Pneumococci:
Count
%Within Group

11
36.7%

0
.0%

11
18,3%

Hemophilus:
Count
%Within Group

3
10.0%

0
.0%

3
5%

Staphylococci:
Count
%Within Group

1
3.3 %

0
.0%

1
1.7%

E. coli:
Count
%Within Group

1
3.3 %

0
.0%

1
1.7%

Total:
Count
%Within Group

30
100.0%

30
100.0%

60
100.0%
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Table (8): CSF Calprotectin in the studied groups.
Calprotectin (ng/ml)
Group

N.

Bacterial meningitis
Aseptic meningitis

± SD

Median

Range

30

10.2

2.36

9.71

5.64-14.96

30

8.7

1.91

8.68

5.56-13.3

6.5

1.45

6.38

4.05-9.76

30

1.0

1.0

0.8

0.8
Sensitivity

Sensitivity

Controls

Mean

0.6
0.4
0.2

St." t"

p

2.64

0.011 (S)

Sig pairs
Bacterial controls
Aseptic controls

0.6
0.4
0.2

0.0

0.0
0.0

0.2

0.4

0.6

1.0

0.8

0.0

0.2

1-Specificity

0.4

0.6

1.0

0.8

1-Specificity

Fig. (1): Performance of calprotectin in diagnosis of aseptic
meningitis.
Calprotectin

Sens Spec PPV NPV
95%
%
%
%
% AUC CI

7.42-9.03

60% 60% 60% 60%

0.68

p

0.55- 0.014
0.82

Discussion
Meningitis is the main infectious disease ofthe
central nervous system (CNS) [12] . It is an inflammation of the protective membranes covering the
brain and spinal cord, known collectively as the
meninges [13] . Calprotectin was originally discovered as an antimicrobial protein that was present
in the cytoplasm of neutrophilic granulocytes [14] .
Subsequently, it has been recognized as a promising
marker of inflammation or rather a trace of the
antagonism going on inside the organism [15] .
Furthermore, the molecule is involved in the recruitment ofinflammatory cells by interactions
with endothelial cells [16] . Bacterial meningitis is
a medical emergency, and immediate steps must
be taken to establish the specific cause and initiate
effective therapy [2] . Therefore, immediate diagnostic procedures were required to differentiate
between septic and aseptic meningitis. This studyaimed to assess the diagnostic usefulness of measuring cerebrospinal fluid calprotectin level for
differentiation between bacterial and aseptic meningitis. In this study it was found that, no age was

Fig. (2): Performance of calprotectin in diagnosis of bacterial
meningitis.
CalSens Spec
protectin %
%
>9.03

PPV
%

NPV
%

AUC

80% 70% 72.7% 77.8% 0.81

95%
CI

p

0.72- <0.001
0.90 (HS)

immune against meningitis in both septic (32.6±
13.62) and aseptic groups (33.5±12.32). These
results were in agreement with those of [17] whofound that, high frequency of infection occurred
in adult group which represented about 71% of all
cases. In the present study, the infection in septic
group in males (66.7%) was higher than females
(33.3%). In addition, the rate of infection in aseptic
group in males (60%) was higher than female
(40%). The rate of infection in males (55.7%) was
higher than females (44.2%) with male to female
ratio 1.3:1; with disagreement of the previous
studyby [18] who found that male ratio was 86.56%
vs. eighteen (13.43%) was femalemostly due to
selection bias. In the present study, fever was the
most frequent symptom; fever was present in 93.3%
of bacterial meningitis groupand 83.3% in aseptic
meningitis group. This result is nearly the same as
Ibrahim and his colleagues, who found that, among
the patients with acute bacterialmeningitis, 95%
had fever and Choi and his colleagues, who found
that, among the patients of aseptic meningitis,
92.9% had fever [19,20] . In this study, headache
was present in 76.7% in bacterial meningitis group

190

Cerebrospinal Fluid Calprotectin Assay in Patients with Acute Meningitis

and 70% in aseptic meningitis group. This finding
is approximately similar to those of [17] who found
that, among the patients with acute bacterial meningitis 56.1% had headache and to [19] who found
that, among the cases of aseptic meningitis 57.1%
had headache. Convulsionsin this study had no
significant difference between bacterial meningitis
group (30%) and aseptic group (23.3%) as in Table
(2). Dubos and his colleagues, found that, there
was no significant difference in occurring of convulsions between patients with acute bacterialnd
aseptic meningitis [21] . This study showed that,
signs of meningeal irritation as neck rigidity is
present in 76.7% in bacterial meningitis group and
33.3% of cases of aseptic meningitis group patients
as in Table (2). Kernig sign detected byplacing the
patient supine with hip flexed at 90 degrees. Attempt to extend the leg at the knee. The test is
positive when there is resistance to extension at
the knee to > 135 degrees or pain in the lower back
or posterior thigh. Kernig sign is present in 63.3%
in bacterial meningitis group and in 36.7% in
aseptic meningitis group as in Table (2). Brudzinski
sign detected by placing the patient in the supine
position and passively flex the head toward the
chest. The test is positive when there is flexion of
the knees and hips of the patient. Brudzinski sign
is present in 66.7% in bacterial meningitis group
and in 33.3% in aseptic meningitis group as in
Table (2). This result was partially similar to those
reported by Ndreu and his colleagues, who found
that, neck rigidity, meningeal signs were present
in 77.1% and 75% of cases of septic meningitis
respectively [22] . But this result partially agrees
with Michael and his colleagues, who found that,
neck rigidity in cases of aseptic meningitis was
(66%) while, in the cases of bacterial meningitis
was (29%) [23] . This study showed that, there were
highly significant difference between bacterial
meningitis group and aseptic meningitis groupregarding peripheral leucocytic count which was
(15150±6.48) in bacterial meningitis group and
(10230±3.53) in aseptic meningitis group
(p<0.001). These results were in agreement with
Makoo et al. and Alkholi et al., who found that,
there was a statistically significant difference
between patients with bacterial meningitis and
those with viral meningitis regarding the mean
peripheral blood WBCs [24,25] . In contrast to Singhi
and his colleagues,who stated that, there is no
significant difference in peripheral blood WBCs
between the patients with bacterial and aseptic
meningitis (p=0.36). This study showed that polymorphs percentage in peripheral blood WBCs were
higher in septic group (90.3±12.5) than aseptic
group (86.1±10.05) with (p<0.001). These results

were in agreement with [20,25] who stated that there
is statistically significant difference in values of
polymorphs at admission between patients with
bacterial meningitis and those with aseptic meningitis with higher values in septic meningitis. The
increased TLC in bacterial meningitis may be
attributed to increased release of leukocytes from
bone marrow storage pools in response to bacterial
infection [26] . The present study revealed highly
significant increase in erythrocyte sedimentation
rate (ESR) in bacterial meningitis group (41.2±
32.09) when compared to aseptic meningitis group
(38.4±26.87) (p<0.001) and also significant increase in C-reactive protein in patients with bacterial meningitis than patients with aseptic meningitis
and those with control group. It was positive in
80% of bacterial meningitis group of patients but
it was positive in 16.7% of aseptic meningitis
group of patients and positive in 3.3% in the control
group. These results were in agreement with [27]
who stated that, there were statistically significant
differences in ESR (p<0.007) and CRP (p<0.001)
between patients with bacterial meningitis and
those with aseptic meningitis. This disagreement
maybe explained by the fact that, the peripheral
white blood cells and ESR can be different very
early in the disease and in patients partially treated
by antibiotics. Peripheral white blood cells and
ESR are acute phase reaction which are usually
elevated in bacterial meningitis but are of limited
diagnostic value especially in atypical cases. Additionally, the above-mentioned acute phase reactants can bedifferent very early in the disease and
in patients partially treated by antibiotics [28] . The
present study described a statistically significant
difference in aspect of CSF between bacterial
meningitis group compared to theaseptic meningitis
group. It was hazy in 90% of patients of bacterial
group but, it was hazy in 20% of aseptic meningitis
groupas in Table (4). This result is similar to ElKapany, who stated that there was statistically
significant difference in aspect of CSF between
patients of bacterial and aseptic meningitis [29] . In
the present study, statistical analysis revealed highly
significant increase in CSF protein (p<0.001) in
bacterial meningitis group of patients (148.2±
72.3mg/dl) than in aseptic meningitis group of
patients (71±23.6mg/dl). Also, there is significant
increase in CSF-WBCs count ( p<0.001) in bacterial
group (878.5±1430.9) than in the aseptic group
(108.6±164). Highly significant decrease in CSFglucose (p<0.001) in bacterial meningitis grouppatients (41.8± 12.1) when compared to aseptic
meningitis (64.1±18.7), as well as in aseptic meningitis group patients when compared to control
group (53.9±14.3). Moreover, CSF-PMN ( p<0.001)
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cells were predominant in bacterial meningitis
group patients (79.1±12.93) than in aseptic meningitis group patients with (9.8±10.54) as in Table
(5). These findings agree with Makoo et al. and
Alkholi et al., who stated that, there were high
statistically significant differences ( p<0.001) between bacterial and aseptic meningitis patients
regarding CSF leukocyte count, CSF protein and
CSF glucose [24,25] . In this study, CSF culture was
positive in 23 patients with bacterial meningitis
group (76.7%) while, it was negative in 7 patients
of the same group (23.3%). Statistical analysis of
CSF culture results revealed that, the detected
bacteria were pneumococci (gram positive cocci)
in 11 patients (36.7%), meningococci (gram negative diplococci) in 7 patients (23.3%), H.influenzae
(gram negative pleomorphic rods) in 3 patient
(10%), Staph.aureus in 1 patient (3.3%) and E.coli
(gram negative bacilli in 1 patient (3.3%) as in
Table (7). These results agree Dubos and his colleagues, who stated that, CSF gram stain revealed
bacteria in 75% of bacterial meningitis [21] . In
contrast to Makoo and his colleagues who detected
organisms in only 16% of their patients, this difference may be due to few numbers of organisms
in CSF, incorrect culture techniques, delay in
sending the samples to thelaboratory and antibiotic
administration before sampling [24] . These results
were nearly the same of Alam and his colleagues
in Egypt, who found that, S. pneumoniae was the
most common organism isolated (47.4%) followed
by N. meningitides (33.9%), H. influenza (10.2%)
and other gram-negative bacteria (8.5%) [30] . The
results of this study revealed high level of CSF
calprotectin in bacterial group (10.2±2.36ng/ml)
when compared with aseptic meningitis (8.7±
1.91ng/ml) and (p>0.011) as in Table (8). Calprotectin levels in CSF raised in patients with multiple
sclerosis (23.7ng/ml) when compared with normal
control (13.8ng/ml) with the reference range was
5ng/ml [8] . In this study, using a cut-off calprotectin level >7.42ng/mL clearly distinguished patients with meningitis group (all patients with
bacterial and aseptic meningitis had CSF calprotectin level above this level) from control with
sensitivity 60%, specificity 60%, AUC 0.88 and
(p>0.011), while using a cutoff calprotectin level
>9.03ng/ml differentiate patients with bacterialmeningitis from those with aseptic meningitis with
sensitivity 80%, specificity 70% and ( p>0.011).
These results go in line with a study carried on 73
patients 23 patients of them had bacterial meningitis
and 50 of them had aseptic meningitis which revealed that calprotectin had the ability to differentiate between bacterial and aseptic meningitis
however lactoferrin, polynuclear count and lactate

concentration in CSF showed a very good diagnostic efficiency as well [31] . Also, Berg Hansen stated
that calprotectin was detectable in 13.8% of normal
control, compared with 90.5% of patients with
neurological infection [8] . Because of calprotectin,
as an acute phase reactant, plays vital physiological
roles in infection and inflammation. It serves as a
potential diagnostic marker for various inflammatory diseases [32] . So, the determination of calprotectin in the CSF could differentiate between bacterial and aseptic meningitis. However, Calprotectin
was far less efficient diagnostic marker and further
studies are warranted to define the useful CSF cutoff for the diagnosis of bacterial and aseptic meningitis. The drawback of this study was the definitediagnosis of viral cause of acute aseptic meningitis by serum or CSF PCR had not been done due
to limited availability and technical obstacles. Also,
number of noninfectious causes and other infectious
etiologies as well, were not determined.
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