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ABSTRACT

Article history Background and Aims: Cerebrospinal fluid (CSF) and blood biomarkers are
Received: 2 Jul 2023 widely evaluated as diagnostic tools to distinguish between bacterial meningitis
Accepted: 14 Aug 2023 and viral meningitis in emergency laboratory tests. So, this aimed to examine the
Auvailable online: 30 Sep 2023 . . . L

levels of diagnostic parameters in blood and CSF to discriminate between
Keywords bacterial and viral meningitis in young children referred to Khoy Hospital.
Bacterial meningitis Materials and Methods: A total of 101 young children with meningitis were

Biological marker
Cerebrospinal fluid
Viral meningitis

enrolled in this prospective study. The diagnosis of bacterial and viral meningitis
was based on clinical features and laboratory findings.

Results: Of the 101 patients with meningitis, 18 (17.82%) were bacterial, and 83
(82.17%) were viral meningitis. The levels of CSF glucose and CSF/blood
glucose ratio were significantly lower in the bacterial meningitis group than in
the viral meningitis group (p < 0.01). In contrast, white blood cells count, CSF
protein, interleukin-6, C-reactive protein, and ferritin levels were significantly
higher in patients with bacterial meningitis compared to viral meningitis (p <
0.01). However, there was no difference between viral and bacterial meningitis
groups concerning mean serum glucose.

Conclusion: This study suggests that decreased CSF glucose and CSF/blood
glucose ratio and increased white blood cells count, CSF protein, ferritin,
interleukin-6, and C-reactive protein combined with clinical symptoms can help
better diagnosis of bacterial meningitis, especially in comparison with viral
meningitis.
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Introduction

Meningitis disorder is one of the severe
infections of the central nervous system (CNS)
in both newborns and infants [1]. Acute
bacterial meningitis is a progressive bacterial
infection of the meninges and subarachnoid
space, which occurs in about 10% of
meningitis cases [2, 3]. This acute meningeal
infection develops in individuals of all ages
and leads to morbidity and mortality [2]. In
patients with bacterial meningitis who receive
appropriate medical care and antibiotic
medication, the risk of death is less than 15%
[4, 5]. In children, classic manifestations of
meningitis include severe headache, fever,
photophobia, nausea, vomiting, back pain,
irritability, and lethargy, which may develop
over hours or up to a day [2, 6]. About 20% of
patients will experience a seizure before
hospitalization [2].

In contrast, studies report that 90% of all
meningitis cases show a non-bacterial etiology
[7, 8]. Vital meningitis or aseptic meningitis
occurs due to a viral infection, and patients
with viral meningitis do not require any
antibacterial treatment and rarely require
hospitalization [9, 10]. Diagnosis of meningitis
type is essential to reduce the unnecessary use
of antivirals or antibiotics and hospitalization.
When diagnosis and medical treatment are
delayed, severe neurological sequelae occur
after bacterial meningitis in children [11, 12].
So, an excellent diagnostic application must
attain a sensitivity near 100% [3, 13].
Currently, some clinical criteria and the classic

parameters like C-reactive protein (CRP) level,

glucose level, neutrophil count, and white
blood cell (WBC) count in blood and glucose
level, protein level, and WBC count in
cerebrospinal  fluid (CSF) offer good
sensitivity and specificity for discriminating
between bacterial and viral meningitis.
However, these parameters do not offer
adequate specificity [14-16]. Thus, the
exploration of other potential parameters
remains a significant challenge. Multiple
studies in bacterial meningitis suggest that
inflammation is more common in bacterial
than in viral meningitis. Ferritin is an acute-
phase protein that cannot cross the blood-brain
barrier, and the CSF level of ferritin increases
during the inflammatory process and bacterial
meningitis [1, 17]. Inflammatory cytokines
such as tumor necrosis factor-a and interleukin
(IL)-6 have been reported to augment the
concentration of ferritin in both blood and CSF
[1, 18, 19]. So far, very limited studies have
been conducted in the field of effective
biomarkers discriminating between bacterial
and viral meningitis in lranian children.
According to the above, the objective of the
current manuscript was to compare clinical
features and the levels of diagnostic
biomarkers in blood and CSF to distinguish
between bacterial and viral infection in
children and infants referred to as Khoy

Hospital.
Materials and Methods

A total of 18 children with bacterial meningitis

and 83 children with viral meningitis referred
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to Qamar Bani Hashem Hospital in Khoy
(between 2018 and 2020) were enrolled in this
prospective study. Before the study, informed
consent was obtained from the parents of all
participating children to participate in this
study. Meningitis was diagnosed based on
physical examination, bacterial culture and
gram staining, patient history, and CSF
laboratory analysis. A flow chart for
diagnosing bacterial and viral meningitis in
children is presented in Figure 1. Overall,
bacterial meningitis is defined according to the
following findings: leukocyte count > 1500/ul,
increased protein > 2 g/l, decreased CSF
glucose, positive bacterial culture, and/or gram
staining. However, meningitis is defined as
viral if any bacterial meningitis criteria is
absent. The viral meningitis criteria were CSF
neutrophilic pleocytosis, normal CSF protein
and glucose, and negative gram staining and/or
bacterial culture. According to standard
criteria, patients categorized neither as
bacterial nor viral meningitis were excluded
from this study. Routine methods investigated
the levels of glucose, peripheral white blood
cell (WBC) count, and qualitative CRP in
blood and glucose and protein levels in CSF
samples. CSF WBC count, CSF lymphocyte,
and neutrophil count were checked with a cell
counter (Sysmex- K-800, Japan). Glucose
levels were determined by Autoanalyzer
(Hitachi 917, Japan) with the use of
commercially available kits (Pars Azmoon,
Tehran). Total protein levels in CSF were
determined by Q-Portable Turbidimeter
HACH:2100Q01. The enzyme immunoassay

method measured CSF ferritin, and the hs-

CRP value was detected using immuno-
turbidimetry by the Hitachi 911 device. CSF
IL-6 was measured through the enzyme-linked
immunosorbent assay technique (R&D
Systems, Minneapolis, MN).

The present study was approved by the ethical
committee of Khoy University of Medical
Sciences, Khoy, Iran and the investigation
results from a research project of the Qamar
Bani Hashem Hospital in Khoy through the
following approved code: A-1397/03.
Statistical analysis

Data were analyzed using the SPSS software
(version 16). The results are representative of
three independent experiments and reported as
mean * standard deviation (SD). Due to the
abnormal distribution of data and the small
number of samples, non-parametric tests were
used. Mann-Whitney test was used to compare
guantitative variables between the two groups,
and Fisher's exact test was used to compare
gualitative variables between the two groups.

p<0.05, was considered as a significant level.

Results

Of the 101 patients with meningitis, 18
(17.82%) were bacterial, and 83 (82.17%) had
viral meningitis. In the group of patients with
bacterial meningitis, the mean age was 13.3 +
12.4 (range, 1 to 30 months), and in the group
with viral meningitis, the mean age was 14.09
+12.25 (range, 1.5 to 32 months). The clinical
feature (%) and laboratory diagnostic
parameters in both bacterial and viral
meningitis groups are summarized in Tables 1
to 3. As shown in Table 1, the most common

clinical features of meningitis in the two study
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groups were vomiting, fever, headache,
diarrhea, convulsion, and CRP. Fever was
observed in 100% of both bacterial and viral
meningitis cases. The mean + SD for WBC,
CSF lymphocyte and neutrophil counts, CSF
protein levels, CSF glucose levels, serum
glucose, and CSF/blood glucose ratio in both
groups are shown in Table 2. The differences
in the mean£SD were statistically significant
for WBC, CSF glucose, CSF protein, and
CSF/blood glucose ratio between two viral
meningitis and bacterial meningitis groups.
The mean of CSF glucose and CSF/blood
glucose ratio was significantly lower in the
bacterial meningitis group than in the viral
meningitis group. In contrast, WBC counts and
CSF protein was significantly higher in
patients with bacterial meningitis than in viral
meningitis (p < 0.01). There was no difference

between viral meningitis and bacterial

meningitis groups concerning mean neutrophil
count, lymphocyte counts, and serum glucose.
Bacterial culture showed Streptococcus
pneumonia in one case, Group B hemolytic
streptococci  in  one case, Neisseria
meningitides in five cases, Haemophilus
influenzae in six cases, Escherichia coli in four
cases, and Pseudomonas aeuroginosa in one
case (Table 3). The mean CSF IL-6 in
bacterial meningitis was 180.74 pg/ml and in
viral, it was 39.08 pg/ml (p=0.000). The mean
CRP of CSF in bacteria was 55.22 + 3.11
mg/L, and in viral 7.5 + 1.18 mg/L. CSF IL-6
and CRP concentrations were significantly
higher in bacterial than in viral meningitis.
Moreover, the mean ferritin CSF in children
with bacterial meningitis (106.39+86.96 ng/dl)
is higher than in patients with viral meningitis
(10.17+14.09 ng/dl) (Table 4).

Children with clinical signs—
fever, vomiting, headache, diarrhea,
convulsions

Baseline investigations-
CSF analysis and bacterial culture

l

-Positive CSF culture or Positive Gram-
staining

- CSF leukocyte count >1500/ul

- CSF glucose < 50% of serum glucose
- CSF protein >2g/L

l

Bacterial Meningitis

l

‘Negative gram staining and/or bacterial
culture

-CSF pleocytosis

-Predominant lymphocytic pleocytosis
-normal CSF glucose (> 60% of blood
glucose)

-normal CSF protein

l

Viral Meningitis

Fig. 1. Flow chart for diagnosing meningitis in children
CSF= Cerebrospinal fluid
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Table 1. The comparison of C-reactive protein, vomiting, headache, fever, diarrhea, and
convulsions between bacterial meningitis and viral meningitis groups

Bacterial meningitis (18) Viral meningitis (83)

Clinical feature Yes No Yes No
C-reactive protein 9 (50%) 9 (50%) 34 (40.9%) 49 (59.1%)
Vomiting 11 (61.1%) 7 (38.9%) 37 (44.5%) 46 (55.5%)
Headache 1 (5.6%) 17 (94.4) 11 (13.3%) 72 (86.7%)
Fever 18 (100%) 0 (0) 83 (100%) 0 (0)
Diarrhea 3 (16.7%) 15 (83.3%) 9 (10.8%) 74 (89.2%)
Convulsions 6 (33.3%) 12 (66.7%) 25 (30.1%) 58 (69.9%)

Data are presented as N (%)

Table 2. The comparison of CSF WBC, CSF neutrophil counts, CSF lymphocyte counts, CSF protein levels,
CSF glucose levels, serum glucose level, and CSF/blood glucose ratio between bacterial meningitis and viral
meningitis groups

Diagnosis  Bacterial meningitis (18) Viral meningitis (83)

Parameters Mean+SD Mean=SD P
CSF white blood cells (/pL) 22149+3675.28 4549.24986.21 0.001
CSF neutrophil 61.38+26.66 54.46+21.42 0.31
CSF lymphocyte 38.62+26.66 45.54+21.42 0.23
CSF Glucose (mg/dL) 26.83+£10.93 61.12+13.81 0.000
CSF Protein(gr/L) 1510.6+236.17 63.51+82.36 0.007
Serum Glucose (mg/dl) 111.28+54.13 102.89+34.45 0.4
Cerebrospinal fluid/blood glucose ratio  0.36+0.24 0.65%0.29 0.001

p<0.05 was considered as a significant level. CSF= Cerebrospinal fluid

Table 3. Results of cerebrospinal fluid culture of patients.

Diagnosis  Bacterial meningitis Viral meningitis
Parameters (18) (83)
Culture
Streptococcus pneumonia
Group B hemolytic streptococci
Hemophilus influenza
Neisseria meningitides
Escherichia coli
Pseudomonas aeruginosa

Not applicable

(SO UG LI T S S

Table 4. The comparison of high sensitive C - reactive protein, interleukin-6, and ferritin concentrations in
cerebrospinal fluid of patients with bacterial meningitis and viral meningitis.

Diagnosis  Bacterial meningitis (18)  Viral meningitis (83)

Parameters Mean+SD Mean=SD P

C-reactive protein (mg/L) 55.22 + 3.11 75+1.18 0.001
Interlukin-6 (pg/ml) 180.74 £ 121.05 39.08+£29.6 0.001
Ferritin (ng/dl) 106.39+86.96 10.17+14.09 0.001

p < 0.05 was considered as a significant level.
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Discussion

The current study reports that the most
common clinical features for meningitis in the
two study groups were vomiting, fever,
headache, diarrhea, convulsion, and CRP. We
also showed that the mean glucose level in
CSF and CSF/blood glucose ratio was
significantly lower in the bacterial meningitis
group than in the viral meningitis group.
Simultaneously, CSF protein, WBC counts,
CRP, and ferritin were significantly higher in
patients with bacterial meningitis than in viral
meningitis.

In the clinic, the differential distinction
between bacterial and viral meningitis is often
very complicated. In recent decades,
pneumococcus has been considered the
primary cause of bacterial meningitis in
children. According to the statistical analyses,
the incidence of pneumococcus meningitis in
young children was 36% [20-22]. Therefore,
various clinical features can help the early
diagnosis of acute bacterial meningitis by a
physician [23]. It is mentionable that the
predominant clinical features of bacterial
meningitis in young children and neonates
were characterized by fever, poor feeding,
irritability, lethargy, vomiting, and seizures
[24, 25]. In the present study, we showed that
the most common clinical features for bacterial
meningitis were vomiting, fever, headache,
diarrhea, convulsion, and CRP, with 61.1%,
100%, 5.6% 11.1%, 33.3%, and 50%
frequency, respectively. Fever was the
predominant clinical feature (100%) in

bacterial meningitis and viral meningitis. Also,

vomiting, diarrhea, convulsion, and increased
CRP occurred more frequently in children with
bacterial meningitis than in viral meningitis
cases.

There is a slight decrease in CSF glucose in
viral meningitis and a mild increase in WBC
count, mostly lymphocytes [9, 26]. On the
other hand, it is considered that laboratory
findings in bacterial meningitis samples were
characterized by decreased CSF glucose and
glucose ratio in CSF to glucose in serum,
increased CSF leukocyte counts, and increased
CSF protein [24, 27, 28]. Tamune et al.
suggested that decreased glucose levels in CSF
and CSF/blood glucose ratio can predict the
presence of bacterial meningitis [29]. In 2021,
Chamkhaleh et al. showed that decreased
glucose level in CSF was a characteristic of
bacterial meningitis. However, increased CSF
protein was reported as a significant mortality
risk factor in Iranian children with meningitis
[30]. In a current study, Ahmed et al. found
that the CSF/blood glucose ratio was
significantly lower among patients with
bacterial meningitis. They also reported that
patients with bacterial meningitis had notably
higher CSF protein in comparison to those
with viral meningitis [31]. Tan and his
colleagues reported that high protein levels in
CSF are related to poor outcomes in neonates
with bacterial meningitis [32]. Many studies
have shown that high protein levels in CSF are
associated with severe inflammatory reactions
and later poor outcomes in patients with

bacterial meningitis [33-35]. In contrast, CSF
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protein and glucose levels are not affected by a
systemic inflammatory response syndrome if
there is no meningitis. This finding is
consistent with the results of our study. Here,
we showed that the mean of CSF glucose and
CSF/blood glucose ratio was significantly
lower in the bacterial meningitis group than in
the viral group. At the same time, CSF protein
and WBC counts were significantly higher in
patients with bacterial meningitis compared to
viral meningitis. There was no difference
between viral meningitis and bacterial
meningitis groups concerning mean serum
glucose.

Previous studies suggest that CSF-specific
inflammatory markers and CSF ferritin are
essential biomarkers for early meningitis
diagnosis [1, 36, 37]. We measured two
inflammatory parameters, IL-6 and CRP, in
the CSF of patients, and finally, the
concentrations of these two markers in two
groups of patients were compared. So, IL-6
and CRP concentrations in CSF were
remarkably elevated in patients with bacterial
meningitis compared to patients with viral
meningitis. IL-6 is a multifunctional cytokine
that acts as a mediator in meningeal
inflammation and acts in hypothalamic regions
of the brain to prompt fever. Xu et al
evaluated CSF concentrations of cytokines IL-
6, IL-10, tumor necrosis factor-o, and
interferon-y in children with bacterial and viral
meningitis. According to their findings, the
levels of these cytokines showed no difference
between the two groups [36]. The difference
between the results of Xu's study and our study

may be due to the number of patients included

in the studies. Abyaz et al. found that the
measurement of the serum levels of CRP could
not be a useful tool for differentiating bacterial
meningitis from non-meningitis patients with
similar clinical symptoms [38]. Unlike serum
CRP, we showed the capability of CSF CRP to
distinguish  between bacterial and viral
meningitis in Iranian children.

Measurement of CSF ferritin has also been
considered a useful screening test in the early
diagnosis of bacterial meningitis and has some
diagnostic value in distinguishing bacterial
from viral meningitis [1, 39]. Ferritin is the
principal intracellular storage protein of iron
and cannot pass the healthy blood-brain
barrier, and therefore blood ferritin levels do
not influence ferritin concentration in CSF
[40]. According to findings from the present
study, CSF ferritin concentration was
significantly higher in bacterial meningitis

than in viral meningitis.

Conclusion

This research demonstrates that CSF markers,
combined with other clinical signs and
symptoms, can help diagnose and differentiate
bacterial and viral meningitis. In the future,
more extensive studies with more samples are

recommended to achieve more reliable results.
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