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ABSTRACT:

Background: Acknowledgment of Neurological disorders in which
irritation plays a key part have been expanded in children. Guidelines
about diagnostic testing for pediatric patients with these suspected
disorders are missing till presently.

Aim of the work: Our study aims to evaluate the diagnostic test
accuracy of CSF neopterin in relation to standard chemical CSF
biomarkers as total proteins and leucocytes in suspected pediatric
patients with CNS inflammatory disorders.

Patients and Methods: Forty-eight pediatric patients without CNS
diseases (group 1) and 32 patients with CNS diseases (group Il) were
included. They were presented with disturbed conscious level, and / or
fever and / or signs of acute neurological syndrome to the emergency
room (ER) of Pediatrics Department of Ain Shams University hospitals.
CSF chemical analysis, bacterial cultures, viral panel by PCR and CSF
neopterin by ELISA were done in all patients.

Results: CSF neopterin levels showed high significance in patients
with CNS diseases compared to those without CNS diseases and showed
a significant positive correlation with CSF WBCs, protein and LDH.
Logistic regression analysis revealed that CSF neopterin was the only
independent parameter that proved to be a significant predictor for
discrimination between the two studied patient groups.

Conclusion: CSF neopterin can be useful as a biomarker to
differentiate between inflammatory CNS diseases and non-CNS
diseases.
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1. INTRODUCTION:

Neuroinflammation is a condition which
iIs  characterized by

production

Immune-mediated and inflammatory
diseases of the CNS include different
of conditions that share the immunological

proinflammatory mediators within the central
nervous system (CNS). Neuroinflammation
has become an important topic in
neuroscience due to its association with
neurodegenerative  diseases.  Although
neuroinflammation is often associated with
CNS damage, it also can occur in the absence
of neurodegeneration, as in association with
systemic infection .,

dysregulation involvement of the CNS, in
which the underlying mechanisms of
dysregulation of the immune system are
different. Different pathogenic mechanisms
have been identified, such as cell-mediated
and antibody-mediated, infection-triggered,
paraneoplastic, and genetically defined
mechanisms that can occur in previously
healthy children and can cause different
stages of the disease .

1081



mailto:alaagaber203@gmail.com

Alaa Mamdouh Mohamed Kamel, et al,

In pediatric neurology, cerebrospinal
fluid (CSF) neopterin is reported as a portion
of CSF neurotransmitter examinations,
including dopamine and serotonin meta-
bolites and pteridines. CSF neopterin is
intrathecally produced and is increased only
in CNS infectious illnesses not in infectious
illnesses peripheral to the CNS. CSF
neopterin, in this manner, shows up to be a

particular marker of CNS immune activation
(©)

It has been appeared that neopterin
within the brain is independently produced,
as there's no relation between the
concentrations of neopterin within the plasma
and CSF of patients with immune-
inflammatory disorders. With respect to
neopterin cellular sources within the brain, it
has been recommended that microglia and
astrocytes are the source of neopterin since
these cells respond to IFN-y @,

Neopterin is one of the biochemical
markers which are utilized to evaluate the
intensity of the cell-mediated immune
reaction. Neopterin concentrations not only
permit identifying cell-mediated immune
activation, but moreover permitting an
assessment of oxidative stress because it gets
to be apparent particularly during chronic
iliness states ®.

2. SUBJECTS AND METHODS:
2.1. Study design:

This was a diagnostic test accuracy
cross-sectional study.

2.2. Subjects:

This study was conducted on 80 patients
who were presented with disturbed conscious
level, and/or fever and/or signs of acute
neurological syndrome to the emergency
room (ER) of Pediatrics Department of Ain
Shams University Hospitals, from June 2021
to February 2022. Subjects were classified
according to final diagnosis into two
groups: Group (1) included 48 patients
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without CNS disease. Group (I1) included 32
patients with inflammatory CNS disease.

2.3. Sample collection:

Five ml of CSF were withdrawn from
each patient aseptically into a sterile
disposable syringe and collected in plain tube
and was preserved at -80°C until used for
detection of neopterin.

2.4. Neopterin measurement in CSF:

Neopterin levels (ng/mL) were measured
by using a competitive enzyme linked
immunosorbent assay (ELISA) kit (Cat. #
430206; Wuhan Fine Biotech Co., Ltd.,
Wuhan, Hubei, China) according to the
instructions of the manufacturer. Briefly,
CSF was added to plates coated with a
monoclonal antibody against neopterin and
incubated. During the reaction, target in the
sample or standard competes with a fixed
amount of target on the solid phase supporter
for sites on the biotinylated detection
antibody specific to target. Excess conjugate
and unbound sample or standard were washed
from the plate, and horseradish peroxidase-
streptavidin was added to each microplate
well and incubated. Then
tetramethylbenzidine substrate solution was
added to each well. The enzyme-substrate
reaction was terminated by the addition of a
sulphuric acid solution and the color change
were measured spectrophotometrically at a
wavelength of 450nm using a Stat Fax 2100
microplate reader (Awareness Technology,
Inc., Palm City, FL), with the lower end of
sensitivity of the assay being 0.094 ng/mL.

2.5. Statistical methods:

The collected data was revised, coded,
tabulated and introduced to a PC using
Statistical Package for Social Science (SPSS
25) (IBM corp. Released 2017. IBM SPSS
Statistics for Windows, Version 25.0.
Armonk, NY: IBM Corp.). Data was
presented, and suitable analysis was done
according to the type of data obtained for
each parameter. Median and 25th-75th
percentile range were the tools to express
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non-parametric  numerical data. Mann
Whitney Test (U test) was used to assess the
statistically significant difference of a non-
parametric variable between the two studied
groups.  Correlation  analysis  using
Spearman’s rho method was used to assess the
strength of association between two
quantitative variables. The ROC Curve
(Receiver Operating Characteristic) was used
to evaluate sensitivity and specificity for
quantitative  diagnostic  measure  that
classifies cases into one of two groups. A
statistical significance was considered at
P <0.05.

3. ETHICAL CONSIDERATION:

The study was approved by the Faculty
of Medicine, Ain Shams University Research
Ethical Committee (FMASU MS 295/2021).

4. RESULTS:

Eighty pediatric patients with suspected
CNS inflammatory disorders were included
in the study. The comparative statistics
between the two groups as regards CSF
neopterin and WBCs count showed
significant difference. As regards CSF
proteins, the statistical comparison showed
no significant difference as shown in table 1
and diagrams 1,2 and 3.

Table (1): Comparison between the two studied groups regarding CSF laboratory investigations.

Group (1) Group (1) .
Non-CNS diseases (n=48) Infl_ammatorinNS Mann-Whitney (U) test
Parameter diseases (n=32)
Median Median ; si
(25" -75" percentile) (25" -75" percentile) P g
. 0.3 0.3
Neopterin (ng/ml) (0.09 - 0.33) (0.15 - 0.6) -2.015 0.044 S
20 57.5
3 -
WBCs (xmm?) (7-25) (28 - 256.5) 2771 | 0.006 | HS
. 55.35 71.05
Protein (mg/dl) (30.8 - 127.5) (36 - 221.8) -1.203 0.229 NS

neopterin ngiml
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o

m —

o

_

MNon CNS inflammation

CMNS inflammation

diagnosis

Diagram (1): Median values of CSF neopterin in group I (non-CNS diseases) and

group Il (inflammatory CNS diseases).
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Diagram (2): Median values of CSF protein in group | (non-CNS diseases) and
group Il (inflammatory CNS diseases).
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Diagram (3): Median values of CSF WBCs in group | (non-CNS diseases) and
group Il (inflammatory CNS diseases).

The Roc curve for CSF neopterin  asshown in table 2 and diagram 4.
estimated our cut-off value to be >0.35ng/ml.

Table (2): The diagnostic characteristics of CSF neopterin.

Cut-off value | AUC 95% ClI P Sensitivity Specificity PPV NPV +LR

-LR

>0.35ng/ml | 0.632 | 0.517-0.737 | 0.044 46.88% 77.08% 57.7% 68.5% 2.05

0.69

neopterin ng/mi

80 |-

60 |=

Sensitivity

ET Y
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1E P =0.044
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100-Specificity

Diagram (4): Roc curve for CSF neopterin.
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CSF  neopterin  showed  positive
significant correlation with CSF WBCs, CSF
protein and CSF LDH. It also showed

negative significant correlation with CSF
glucose as in table 3.

Table (3): Correlation between CSF neopterin and the different studied CSF chemical parameters in the

whole group of patients (n = 80).

CSF neopterin (ng/ml) CSF WBCs CSF proteins CSF glucose CSF LDH
Rs* 0.479 0.453 -0.234 0.495

P 0.006 <0.001 0.037 <0.001
Sig. HS HS S HS

* Rs = Spearman’s Rho correlation test.

Logistic multiple regression analysis was
done to study the significance of CSF
neopterin, CSF WBCs, CSF proteins, CSF
glucose, CSF LDH as predictor variables
upon discrimination between non-CNS
diseases and inflammatory CNS diseases (as

dependent variable) in the whole patients.
CSF neopterin was the only independent
parameter that proved to be a significant
predictor for discrimination between the two
studied groups as shown in table 4.

Table (4): Logistic regression analysis to study the effect of CSF neopterin as an independent predictor
factor to discriminate between group | and Il patients.

. OR 95% ClI

0Odd’s ratio (OR) p Lower Upper

CSF neopterin (ng/ml) 4.893 0.034 (S) 1.129 21.209
5. DISCUSSION: It has been shown that neopterin in the
Neuroinflammation is an inflammatory braml ;?‘ mdeptla(;\d%ntl); prgdubcetd, as t?]o
reaction inside the central nervous co:]re ﬁtlro?' rfoufn et r(')rlen h e\INefr? ns

system (CNS).  Microglial ~ cells and goSFcef a Itc') sto ?t?]p.e' : _efFIJ as ata

astrocytes are the main source of Ot patients with immune-intiammatory

inflammatory responses within the CNS.
Microglial cells have a vital part in
neurogenesis, neuronal plasticity, and
regeneration. They are the primary line of the
body’s immune defense against any brain
harm, performing the functions of
phagocytosis of harmful substances and
discharge of cytotoxic components. Being
active, they discharge cytokines and
neurotoxic agents, which cause more harm to
the nervous tissue. Astrocytes are specialized
glial cells that give a supporting function for
the nervous system ©,

disorders. Regarding neopterin cellular
sources in the brain, it has been suggested that
CSF neopterin is produced by microglia and
astrocytes since these cells respond to
IFN-y @,

The aim of our study was to evaluate the
diagnostic test accuracy of CSF neopterin in
relation to standard chemical CSF biomarkers
as total proteins and leucocytes in suspected
pediatric patients with CNS inflammatory
disorders. This diagnostic test accuracy cross-
sectional study included 80 patients aged
from 3 days up to 18 years old presented to
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the pediatrics ER with disturbed conscious
level, and/or fever and/or signs of acute
neurological syndrome.

In our study, the 80 patients who were
clinically  suspected to have CNS
inflammatory disease underwent brain MRI
and lumbar puncture where CSF proteins,
total leucocytes, glucose and LDH were
measured as well as CSF bacterial culture and
viral panel examination using real-time PCR
were done to establish the diagnosis. Then
they were classified into two groups: group |
comprised 48 patients who proved to have
diseases other than CNS diseases and group
Il that comprised 32 patients with confirmed
inflammatory CNS diseases. In all included
subjects in the two groups, we measured CSF
neopterin by ELISA and the results showed
significant difference between the two
groups. A ROC curve was created for
neopterin, that estimated our cut-off value to
be >0.35ng/ml (p=0.044) with AUC=0.632,
specificity = 77.08%, sensitivity = 46.88%,
positive predictive value = 57.7% and
negative predictive value = 68.5%.

Our results regarding CSF neopterin
were similar to a study done by Russell et al.
(2009) who aimed to test the efficacy of
elevated CSF neopterin as a biological
marker of CNS inflammation. They
retrospectively reviewed CSF neopterin in
158 children. They reported that the acute
group had statistically significant elevated
CSF neopterin compared with the chronic
static group with p-value <0.001.

Also, our results were similar to Molero-
Luis et al. (2020) who conducted an
observational retrospective and case-control
study to analyze the CSF neopterin, total
proteins, and leukocytes in pediatric patients
with neuroinflammatory disorders. CSF
samples from 277 subjects were included and
classified into  four  groups: viral
meningoencephalitis, bacterial meningitis,
acquired immune mediated disorders, and
patients with non-immune diseases (control
group). They reported that regarding
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neopterin, the highest values were observed
in the bacterial and viral meningitis groups,
while the lowest were found in the acquired
autoimmune disease and control groups.

In a study done by Molero-Luis et al.
(2013) who aimed to establish new CSF
neopterin cut-off value, they studied two
groups of patients: Group 1 comprised 68
patients with meningoencephalitis, and
Group 2 comprised 52 children with a
confirmed peripheral infection and no CNS
involvement. They reported that significant
differences were observed between groups 1
and 2 with p-value < 0.001 for CSF neopterin.
A ROC curve was established, and they
estimated the cut-off value to be 24.4ng/ml
with the AUC=0.934, specificity=88.5% and
sensitivity= 91.3%.

Our results regarding CSF leucocytes
(WBCs) count showed significance between
the two groups and this was similar to the
study by Molero-Luis et al. (2020) who
reported that considering CSF leucocytes,
bacterial followed by viral
meningoencephalitis displayed the highest
values and showed significant differences
when compared with the other groups.
According to Molero-Luis et al. (2013), they
again reported that significant differences of
CSF WBCs were observed between groups 1
(patients with meningoencephalitis) and 2
(patients with a confirmed peripheral
infection and no CNS involvement) with p-
value < 0.001.

Our results regarding CSF proteins
showed no significance between the two
groups and this is unlike the study by Molero-
Luis et al. (2013) who reported that
significant differences of CSF proteins were
observed between groups 1 (patients with
meningoencephalitis) and 2 (patients with a
confirmed peripheral infection and no CNS
involvement) with p-value < 0.001.
According to Molero-Luis et al. (2020), they
reported that for CSF total proteins, the
highest values were detected in the bacterial
infection group, which showed significant
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differences when compared with the other
groups (viral meningoencephalitis, acquired
immune mediated disorders, and patients
with no-immune diseases (control group).
The discrepancy between our results and
others could be attributed to the difference in
the clinical characteristics and the number of
patients included in the studies.

A positive significant correlation was
observed between CSF neopterin and CSF
WBCs (r =0.479, p = 0.006), CSF proteins in
mg/dl (r = 0.453, p < 0.001), and CSF LDH
in U/L (r = 0.495, p < 0.001). These results
were similar to Molero-Luis et al. (2013).
They reported that a significant positive
correlation was observed for CSF neopterin
with CSF proteins (r = 0.178, p < 0.001) and
leukocytes (r = 0.148, p < 0.001).

Our results also showed a negative
significant  correlation  between  CSF
neopterin and CSF glucose in mg/di
(r = -0.234, p = 0.037). This was unlike
Molero-Luis et al. (2013) who reported that
there was no significance between CSF
neopterin and CSF glucose. Again, this
disagreement could be due to different
clinical characteristics of patients included in
both studies.

6. Conclusion:

Although there were some limitations for our
study such as the small sample size and the
difficulty in collecting CSF samples from
pediatric patients as it is an invasive
diagnostic procedure, however, our study
could establish the significance of CSF
neopterin as a biomarker to differentiate
between inflammatory CNS diseases and
non-CNS diseases.
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