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Background: Cerebrospinal fluid bacterial culture is the gold-standard for confirmation of

acute bacterial meningitis, but many cases are not culture confirmed. Antibiotics reduce

the  chance of a microbiological diagnosis. Objective to evaluate efficacy of Heparin-binding

protein in diagnosis of bacterial meningitis.

Patients: 30 patients diagnosed with acute bacterial meningitis, 30 viral meningitis, and 30

subjects with normal CSF findings.

Design: Diagnosis was based on history, clinical criteria, CSF examination, latex agglu-

tination & culture, and sensitivities and response to therapy. HBP was measured using

enzyme-linked immunosorbent technique in both serum & CSF.

Results: Cerebrospinal fluid HBP levels averaged 0.82 ± 0.3 ng/mL in controls, 3.3 ± 1.7 ng/mL

in  viral and 174.8 ± 46.7 ng/mL in bacterial meningitis. Mean serum level was

0.84  ± 0.3 ng/mL in the controls, 3.7 ± 1.9 ng/mL in viral, and 192.2 ± 56.6 ng/mL in bacterial

meningitis. Both HBP levels were significantly higher in patients with bacterial meningitis.

Cut-offs of 56.7 ng/ml and 45.3 ng/ml in cerebrospinal fluid & serum showed 100% overall

accuracy. Even in patients who received prior antibiotics, remained elevated.

Conclusion: Serum Heparin-binding protein serves as a non-invasive potential marker of

acute  bacterial meningitis even in partially treated cases.
©  2018 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is
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live with permanent neurological sequel following hospital
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eningitis is the most common infectious central nervous

ystem syndrome. Acute bacterial meningitis (ABM) is a life-
hreatening neurological emergency. It is one of the top 10
auses of infection-related death worldwide. If left untreated,
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its mortality could approach 100%.1 Even with current antibi-
otics and advanced intensive care, the mortality rate of the
disease is approximately 10%; and 30–50% of its survivors
E. El-Attar).

discharge. The clinical distinction between viral and acute
bacterial meningitis is difficult in the acute phase of ill-
ness because the symptoms are often similar. Community
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acquired meningitis refers to bacterial meningitis caused by
Haemophilus influenzae (mostly type b), Streptococcus pneumo-
nia or Neisseria meningitidis. These comprise 70–90% of ABM
cases.1,2

According to WHO  guidelines, CSF (cerebrospinal fluid)
analysis is essential to establish the diagnosis, distinguish
bacterial from viral meningitis, and to identify the etiologi-
cal agent.3 Bacterial culture is the gold-standard technique
for ABM confirmation, due to its high specificity for iden-
tification of the etiologic agent (WHO, 2011). However,
approximately 50% of suspected cases are not culture-
confirmed. Thus, clinical criteria, culture, Gram staining,
and bacterial antigen testing of CSF as well as the clas-
sical markers in CSF: CSF lactate, protein, glucose, white
blood cell (WBC), and neutrophil count are used. Unfortu-
nately, no isolated laboratory test has distinguished bacterial
meningitis from aseptic meningitis with 100% sensitivity &
specificity; and the most accurate combination of clinical
features to raise or lower suspicion of meningitis is still
unclear.4,5

Potential applications of biomarkers in infectious diseases
include distinguishing bacterial from nonbacterial infection,
monitoring response to therapy, and predicting outcomes.
Heparin-binding protein (HBP), also known as Azurocidin
and Cationic Antimicrobial Protein (CAP37), is a positively
charged 37 kD glycoprotein released from the secretory vesi-
cles and azurophilic granules of activated neutrophils in
severe sepsis. Structurally, it belongs to a hematopoietic
serine protease superfamily with antimicrobial function.
It forms a part of the innate defenses of human neu-
trophils. HBP is easily and rapidly mobilized from migrating
neutrophils.6

The aim of this study is to evaluate the role of serum
and CSF heparin binding protein in diagnosis of bacterial
meningitis, and its efficacy in differentiating bacterial from
non-bacterial meningitis; in order to verify the possibility of
using the HBP in initial evaluation of ABM.

Methods

Study setting: The present study was conducted in the Min-
istry of Health Specialized hospital, Alexandria, Egypt. It is
the largest hospital of its kind in Alexandria; a tertiary care
facility and a center of expertise in care and management of
fever patients. It serves the population of Alexandria city and
nearby governorates with a considerable case load that war-
rants the accumulation of a sufficient number of cases during
a reasonable period of time.

Study design: Cross-sectional study.
Study population: the study population encompassed 90

patients who were admitted to the Fever Hospital in Alexan-
dria, Egypt, and were clinically suspected to have acute
meningitis end of 2016 & early 2017. Diagnosis was based
on history, clinical criteria, and CSF examination criteria.3,7–10
According to diagnosis and therapeutic outcome, the study
population was classified into three groups: Group I included
30 patients diagnosed with ABM, Group II 30 patients were
diagnosed with non-bacterial (mostly viral) meningitis, and,
 i o l o g y 4 9 S (2 0 1 8) 213–219

finally, Group III included 30 subjects with normal CSF exam-
ination findings (control group).

Inclusion criteria:  Patients with meningitis admitted to the
Ministry of Health Specialized Hospital.

Exclusion criteria: patients with tuberculous meningitis,
brain space occupying lesions, HIV infection (or who  were
on immunosuppressive therapy), chronic bacterial meningi-
tis, post-surgical meningitis, and those with a history of head
trauma, were excluded from the study.

Sample size calculation: a minimum sample size of 29 for
each group was calculated to achieve 80% power; and to detect
difference of 0.219 between the area under the curve of the null
hypothesis (0.78) and the alternative hypothesis of (0.999) with
a significance level of 0.05

Tools of data collection: the study follows the principles
of the Declaration of Helsinki. Consequently, after gaining
approval from: the Ethical committee, Medical Research Insti-
tute, Alexandria University, Ministry of Health Specialized
Hospital, and Ministry of Health; signed informed consents
were obtained from all patients or their guardians, profess-
ing their acceptance to participate in the study and have the
results published.

Three tools were used to obtain relevant information:
Interviewing questionnaire, clinical examination, and inves-
tigations.

- Interviewing questionnaire: an interview schedule was
designed to collect relevant information from all eligible
patients or their guardians enrolled in this study. The sched-
ule included the following items: personal, past medical
history and present complaint.

- Clinical examination: complete clinical examination of the
study subjects was performed.

- Investigations: a laboratory workup was done; CSF and blood
samples were drawn simultaneously under aseptic pre-
cautions. CSF was collected by the attending physician
in sterile tubes for chemical, microbiological and cyto-
logical examination. Biochemical examination included
glucose, protein and lactate, which were determined in
CSF supernatant samples after centrifugation at 2000 × g
for 5 min. A wet preparation of CSF was used for total
WBCs count. Gram stain for detection of bacteria and
differential WBC  count on CSF sediment was done. For
CSF bacterial culture, CSF was centrifuged at 1000 × g for
10–15 min  to sediment bacteria, cultured on blood agar
and chocolate agar plates, incubated for 18–24 h at 37 ◦C
in a candle-jar, and examined after 18–24 h. Agglutination
testing for H. influenzae,  N. meningitidis, and S. pneumoniae
using the CSF supernatant for the detection of solu-
ble bacterial antigens (capsular polysaccharide) was also
done.

For serum heparin binding protein, whole venous blood
was  drawn from each subject. Blood was allowed to clot
for 20 min  at room temperature, centrifuged and aliquoted
at −20 ◦C for the determination of the concentrations of

serum HBP, using Enzyme Linked Immunosorbant Tech-
nique (Glory science Co., Ltd, Hangzhou, China). Serum &
CSF HBP were measured according to the manufacturer’s
instructions.11
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Table 1 – Characteristics of the study sample and HBP levels in CSF and serum.

Characteristics Bacterial group Viral group Control group Total
n = 30 n = 30 n = 30 n = 90

Gender
Male 19 (63.3%) 18 (60)% 12 (40%) 49 (54.4%)
Female 11 (30.6%) 12 (40)% 18 (60)% 41 (45.6%)

Age in years
Mean ± SD 24.7 ± 14.7 24.7 ± 14.8 24.9 ± 14.3 24.9 ± 14.5
(Minimum–maximum) (1.5–50) (1.0–49) (1.5–50) (1.0–50)
Pre-admission antibiotic 25 (83%) 27 (90%) 24 (80%) 76 (84.4%)

CSF HBP level in ng/ml
Mean ± SD 174.8 ± 46.7 3.3 ± 1.7 0.82  ± 0.3
(Minimum–maximum) 56.7–295 1.30–7.5 0.31–1.8

Serum HBP levels in ng/ml
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Mean ± SD 192.2 ± 56.6
(Minimum–maximum) 45.3–289

Statistical analysis: was performed using IBM SPSS soft-
are package version 20.0.

 The qualitative variables were summarized by frequency
and percentage. Chi square test was used to test for asso-
ciation between the type of meningitis and the other
qualitative variables. Monte Carlo test was used when more
than 20% of total cells had expected cell counts < 5.

 The distributions of quantitative variables were tested for
normality using Kolmogorov–Smirnov test and revealed nor-
mal  data distribution; and parametric tests were applied.

 The quantitative variables were summarized by the mean
and standard deviation. One-way ANOVA was used for
Comparisons of group differences regarding the continuous
variables. Correlations between quantitative variables were
assessed using Pearson correlation technique.

The Receiver Operating Characteristic (ROC) curve was
sed to evaluate accuracy of HBP marker in prediction of bac-
erial meningitis. Area under the curve values is reported with
he 95% confidence interval (CI). All accuracy markers were
alculated: Sensitivities, specificities, positive and negative
redictive values. Significant test results were quoted as two-
ailed probabilities. Significance of the obtained results was
udged at the 5% level (p ≤ 0.05).

esults

haracteristics of the study sample and HBP levels in CSF and
erum are illustrated in Table 1. CSF HBP & serum HBP levels
ere both significantly higher in patients with acute bacterial
eningitis than in patients with viral meningitis and controls.

his suggests the potential role of both CSF & serum HBP in
istinguishing between acute bacterial and viral meningitis

p < 0.01) (Fig. 1).
Table 2 and Fig. 1 show the accuracy measures (at cutoff

oint with highest sensitivity and specificity) of the conven-

ional CSF parameters and HBP as a new marker. For diagnosis
f bacterial meningitis, the overall accuracy of CSF WBCs at a
utoff of 877.5 cells/cmm, CSF neutrophils at a cutoff of 59%,
SF protein at a cutoff of 45.5 mg/dl, CSF glucose at a cutoff
3.7 ± 1.9 0.84  ± 0.3
1.1–7.6 0.4–1.51

of 39.5 mg/dl, and that of CSF lactate at a cutoff of 29.5 mg/dL
were: 91.1%, 99.7%, 84.6%, 82.5%, and 92.7% respectively.

A cutoff point of CSF HBP level at 56.7 ng/ml showed 100%
sensitivity and specificity; positive and negative predictive val-
ues of 100%; and overall accuracy of 100%. At a cutoff point of
45.3 ng/ml serum HBP also showed 100% sensitivity and speci-
ficity; positive and negative predictive values of 100%; and
overall accuracy of 100%. Areas under the curve were 1.0 for
both CSF and serum HBP; which were higher than all other
investigated parameters (Fig. 1).

Table 3 illustrates a highly significant positive correlation
between CSF HBP, serum CSF and other CSF findings; WBCs,
neutrophils percent, protein, lactate and decreased glucose
levels.

Lastly, Fig. 2 shows a highly significant positive correlation
between CSF and serum HBP levels (r = 0.93, p = 0.000) in the
three groups (Fig. 2).

Discussion

Adverse effects of lumbar puncture include headache and
backache. Complications may also occur in limited cases
such as cerebral herniation, intracranial subdural hemor-
rhage, spinal epidural hemorrhage, and cranial and subdural
hematomas from decreased CSF pressure. Most importantly,
there is a number of situations where LP may be contraindi-
cated in cases at the age of 60 or older, or cases suffering
from: coagulopathies, immunocompromised state, history of
central nervous system disease, seizure and local infection at
the puncture site in mass lesions, and ventricular obstruc-
tion causing raised intracranial pressure and brain abscess.12

Hence, a less invasive sample (as blood serum), to aid or even
replace LP for the diagnosis and follow up of meningitis, would
be of a great benefit; not only to the patients but also to physi-
cians and clinical laboratories.

In this study, all 30 patients with positive CSF findings in
ABM group had elevated serum HBP levels (192.2 ± 56.6 ng/mL).

Considering the significant morbidity associated with lumbar
puncture and contraindication to perform a CSF tapping, the
positive correlation between CSF and serum HBP levels may
further support the potential use of serum HBP as a diagnostic
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Fig. 1 – Receiver operator characteristics curve of cerebrospinal fluid total white blood cells, % neutrophils, protein, lactate
and serum Heparin binding protein in prediction of bacterial meningitis.

Table 2 – Accuracy measures with the cut off points of HBP and old markers in prediction of bacterial meningitis.

Biomarker Cutoff Sensitivity Specificity Overall accuracy (area under the curve 95% C.I) p value

CSF WBCs 877.5 cells/mm3 63.3% 100% 91.1% (85.1–97.1%) 0.000
CSF neutrophils % 59% 100% 97% 99.7% (99.1–100%) 0.000
CSF protein 45.5 mg/dl 83.3% 70% 84.6% (76.2–93%) 0.000
CSF Glucose 39.5 mg/dl 50% 100% 82.5% (71.7–92.8) 0.000
CSF Lactate 29.5 mg/dl 90% 87% 92.7% (86.1–99.4%) 0.000
CSF HBP 56.7 ng/ml 100% 100% 100% 0.000
Serum HBP 45.3 ng/ml 100% 100% 100% 0.000

Table 3 – Correlation between CSF and Serum HBP levels and CSF traditional markers.

Traditional CSF markers CSF HBP Serum HBP

CSF WBCs count/mm3 r = 0.349, p = 0.001 r = 0.295, p =  0.005
CSF neutrophils % of total CSF WBCs r = 0.907, p = 0.000 r = 0.916, p =  0.000
Absolute CSF neutrophils count/mm3 r = 0.347, p = 0.001 r = 0.295, p =  0.005
CSF glucose (mg/dl) r = −0.583, p = 0.000 r = −0.617, p = 0.000

r = 

r = 
CSF Protein (mg/dl) 

CSF Lactate (mg/dl) 

marker in substitution of traditional CSF analysis. Therefore,
serum HBP may be used in confirming or ruling out the diag-
nosis of clinically suspected bacterial meningitis, especially
in cases where lumbar puncture is contraindicated. Also, the
possibility of replacing follow up LP with serum HBP is worth
further investigation.

In many  clinical settings, involving patients with clinical
suspicion of bacterial meningitis, antibiotics are instituted
before lumbar puncture; reducing the chance of a microbi-
ological diagnosis. Eighty three percent of our patients in
the bacterial group received antibiotics 48–72 h before lumbar
puncture. However, these patients still maintained signifi-

cantly elevated CSF and serum HBP levels.

In this study, meningitis was confirmed by bacterial cul-
ture, Gram staining and/or agglutination testing, only in 16.7%
0.574, p = 0.000 r = 0.589, p =  0.000
0.662, p = 0.000 r = 0.687, p =  0.000

of patients. However, the remaining 83.3% of patients in the
bacterial group were diagnosed as bacterial according to: pos-
itive traditional CSF laboratory findings, clinical findings, and
response to treatment. The low detection rates of culture,
Gram staining and agglutination compared could be explained
by low concentration of pathogens or empirical antibiotic
treatment prior to sample collection which reduces the diag-
nostic sensitivity of these tests. It has also been shown for
patients of bacterial group that CSF levels of protein (in 16.7%
of patients), glucose (in 50% of patients), and lactate (in 10%
of patients) could not differentiate between bacterial and viral
meningitis; denoting the need of additional sensitive and spe-

cific markers.

As a granule-associated protein, HBP is rapidly mobi-
lized from migrating polymorphonuclear leukocytes. It acts
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Fig. 2 – Correlation between cereb

s a chemoattractant, an activator of monocytes and
acrophages, and induces vascular leakage and edema

ormation. The release of HBP is triggered by ligation of neu-
rophilic �2-integrins; a process that may be initiated by
acteria. The overall outcome is powerful vascular leakage.13

hen these effects are applied to the case of ABM, neutrophil-
erived HBP production could result from the inflammatory
esponse to bacterial infection and could have a major role in
he resultant brain injury and brain edema in ABM.

HBP was proposed as a marker of bacterial infection for
arly detection of patients in the emergency department at
isk of developing severe sepsis and septic shock. It demon-
trated significant predictive values of elevated levels of HBP
n blood of patients with severe sepsis and septic shock as
ompared to HBP levels in patients with noninfectious critical
llness, and as compared to other markers. Elevated HBP levels
>30 ng/ml) were found in 80% of the patients while elevated
rocalcitonin levels (>0.5 ng/ml) were detected in 59%, ten
nd a half hours (median) before developing severe sepsis.14

inder et al. (2012)15 found significantly higher plasma HBP
n patients with severe sepsis or septic shock, as compared
o patients with a non-septic illness in the intensive care
nit. HBP was associated with severity of disease, and an ele-
ated HBP at admission was associated with an increased
isk of death. They recommended repeated HBP measure-

ent in the ICU may help monitor treatment and predict
utcome in patients with severe infections. Holub, Beran

2012),16 and Bentzer (2016)17 reported similar findings. Other
tudies present the role of HBP as a serum biomarker of
acterial infections.13,18–20 Linder (2015)21 suggested HBP as
he best predictor and an early indicator of infection-related

rgan dysfunction; and a strong predictor of disease progres-
ion to severe sepsis within 72 h in patients presenting at
he emergency department. Finally, in 2017 Fisher & Linder
cknowledge that HBP has a major role in the pathophysiology
inal fluid and serum HBP levels.

of severe bacterial infections and, thus, represents a potential
diagnostic marker and a target for the treatment.22 Another
study for them later that year states that elevated plasma
HBP is associated with development of sepsis-induced acute
kidney injury.23

Presumably, HBP was scarcely investigated in CSF of
patients. Linder et al. (2011)11 analyzed CSF samples for
the concentrations of HBP, lactate, protein, glucose, neu-
trophils, and mononuclear cells. HBP levels in CSF were
significantly higher (p < 0.01) in patients with ABM (median
376 ng/mL, range 12–858 ng/mL) than in patients with viral
meningitis (median 4.7 ng/mL, range 3.0–41 ng/mL), or control
patients with normal CSF cell count (median 3.5 ng/mL, range
2.4–8.7 ng/mL). They suggested a CSF HBP cutoff concentration
exceeding 20 ng/mL to diagnose ABM; with sensitivity 100%,
specificity 99.2%, and positive and negative predictive values
of 96.2% and 100%. The area under the ROC curve for heparin-
binding protein was 0.994, which was higher than that for the
other investigated parameters. Linder et al. concluded that
elevated CSF levels of HBP could distinguish between patients
with acute bacterial meningitis and patients with other cen-
tral nervous system infections. We  note the relatively small
number of patients included in their study (41 bacterial menin-
gitis patients and 10 viral meningitis patients). The results in
this study concur with and confirm these results. Moreover,
the present study took a step further as it is the first study to
investigate serum HBP in meningitis and to correlate between
CSF and serum HBP. The study also locates a weak positive
correlation between CSF HBP and CSF polymorphonuclear cell
counts. This was also noted by Linder et al.; and they sug-
gested that HBP level probably reflects the number of activated

neutrophils rather than the absolute neutrophil count.

PCR testing is more  sensitive than CSF culture, particularly
in patients who received previous antimicrobials. CSF bacte-
rial culture requires that laboratories receive living bacteria
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which is quiet restricting taking into consideration the fragility
of the three causative bacteria of community acquired menin-
gitis. However, PCR cannot be routinely done in the diagnosis
of every case of bacterial meningitis; it is more  expensive
and not available in resource limited settings, as is the case
in developing countries. Therefore PCR is not usually avail-
able for routine case management; it can be retrospectively
used in surveillance purposes for adapting the most appropri-
ate preventive strategy.24 In patients with suspected bacterial
meningitis, empirical therapy should not be delayed for more
than one hour while awaiting diagnostic testing. In the mean-
time, HBP testing can offer a rapid, affordable tool to detect
patients with early bacterial meningitis or patients who have
been partially treated.

Given the lack of specificity of clinical findings, the key
to the diagnosis of meningitis is the evaluation of CSF. Ini-
tiation of antimicrobials before lumbar puncture decreases
the yield of CSF culture; Gram staining; CSF pleocytosis; the
likelihood of a low CSF glucose level; and the degree of ele-
vation of CSF protein and of CSF lactate. Moreover, patients
with early bacterial meningitis might not have the classi-
cal positive CSF findings of bacterial meningitis. However,
Heparin-binding protein is a promising new biomarker that
might assist with early identification of bacterial menin-
gitis as well as partially treated bacterial meningitis. It is
recommend to have further studies on larger scales. CSF
HBP level ≥56.7 ng/mL; and serum HBP level ≥45.3 ng/mL
should prompt empirical therapy for bacterial meningitis
while awaiting results of CSF culture or even molecular
assays.

CSF and serum HBP were both significantly higher in
patients with acute bacterial meningitis than in patients with
viral meningitis and controls; despite the intake of antibiotics.
CSF HBP level at 56.7 ng/ml, and serum HBP level at 45.3 ng/ml
showed 100% sensitivity and specificity, and positive and neg-
ative predictive values of 100%, and overall accuracy of 100%
for this parameter.

Our study sheds light on the excellent diagnostic perfor-
mance of HBP in the diagnosis and possibly follow up of acute
bacterial meningitis. Since CSF HBP was higher than serum
HBP in ABM patients, it is safe to assume that HBP is pro-
duced locally in the CSF and is not coming from a systemic
source. The correlation of serum and CSF levels & other CSF
parameters suggests that serum levels of HBP can be used as
a non-invasive test of ABM. However, due to the lack of speci-
ficity, serum HBP cannot confidently replace the first CSF tap.
High levels of serum HBP when used alone could also indicate
systemic bacterial infection & sepsis. Thus the use of serum
HBP (alone without CSF HBP) in diagnosis of ABM has to be
in context with clinical findings. We suggest that serial HBP
measurements could be further studied as a replacement for
the second CSF tap in the follow up of ABM.

Measuring HBP in CSF from patients with suspected menin-
gitis could improve the diagnostic accuracy in differentiating
between bacterial and viral meningitis, thereby allowing the
clinician to start adequate treatment earlier; especially in sit-

uations or places when the time and resources are limited.
Results of this study point out the possibility of considering
serum HBP as a diagnostic marker in substitution of tradi-
tional CSF analysis in confirming or ruling out the diagnosis of
 i o l o g y 4 9 S (2 0 1 8) 213–219

community acquired ABM; especially with absolute and rela-
tive contraindicated lumbar puncture.

HBP could be a promising biomarker that might assist with
early identification of bacterial meningitis as well as partially
treated bacterial meningitis. HBP could be introduced as a
routine test for patients with ABM; especially when kits for
its determination are available on a commercial automated
basis and not only for research studies. These results warrant
evaluation in different populations and larger scale. Further
research for serial measurements of HBP plasma levels for
close monitoring of critically ill meningitis patients, instead
of repeated lumbar puncture which is currently used in follow
up of acute bacterial meningitis cases, is recommended.
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