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Abstract

Objective: Axonal injury is a key determinant in irreversible disability in multiple sclerosis
(MS). Reliable biomarkers of neuroaxonal damage are essential for improving diagnosis,
monitoring disease progression, and evaluating treatment response. This study inves-
tigated the relationship between phosphorylated neurofilament heavy chain (pNF-H),
clinical characteristics, and conventional cerebrospinal fluid (CSF) and serum biomarkers
in Algerian patients with MS. Methods: A total of 102 participants were enrolled. Clinical,
immunological, and biochemical parameters were assessed, including the Expanded Dis-
ability Status Scale (EDSS), oligoclonal bands (OCBs), IgG index, albumin quotient, and
pNF-H concentrations in paired CSF and serum samples. Results: OCBs were detected
in 85.5% of patients, and 65.21% exhibited intrathecal immunoglobulin synthesis, with
a median IgG index of 0.87. Patients with progressive MS were significantly older and
more disabled than those with relapsing–remitting MS (age: p = 0.01; EDSS: p = 0.0007).
OCB-positive patients had significantly higher IgG index values (p = 0.0004), but OCB
status was not associated with age, EDSS, or albumin quotient. EDSS correlated positively
with age (p = 0.0007), albumin quotient (p = 0.01), and IgG index (p = 0.001). Both CSF
and serum pNF-H levels were significantly elevated in MS patients compared with NSDs
group (p < 0.001). Increased pNF-H concentrations were associated with progressive dis-
ease and greater disability (EDSS ≥ 5). Conclusions: Elevated pNF-H levels in CSF and
serum are associated with disease severity and progressive MS, supporting their potential
as complementary biomarkers of neuroaxonal damage and clinical disability in routine
MS assessment.

Keywords: multiple sclerosis; pNF-H; cerebrospinal fluid; axonal injury; biomarkers;
neurodegeneration

1. Introduction
Multiple sclerosis (MS) is a chronic immune-mediated disorder of the central nervous

system characterized by inflammation, demyelination, and progressive axonal injury [1–5].
Axonal loss is a fundamental pathological substrate underlying irreversible neurological
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decline, with additional contributions from synaptic dysfunction and degeneration [6,7].
This process occurs throughout the disease course via two main mechanisms: acute ax-
onal transection within inflammatory lesions and delayed neurodegeneration following
prior injury, when compensatory mechanisms fail. This latter represents a major determi-
nant of cumulative disability [8–12]. Despite its clinical relevance, sensitive and reliable
outcome measures for assessing neuroprotective strategies targeting delayed axonal loss
remain limited. Conventional clinical endpoints lack the sensitivity to detect early disease
worsening [13].

Neurofilaments (NFs) are major structural components of neurons, predominantly
located in axons. NFs are heteropolymers composed of three major isoforms: light (NfL),
medium (NfM), and heavy (NfH) neurofilaments, classified according to their molecular
weight. Each subunit consists of an N-terminal head domain, a conserved α-helical rod
domain, and a variable C-terminal tail domain [14].

NFs are primarily responsible for maintaining the mechanical integrity of neurons.
Their filamentous network provides structural support to long axons, enabling resistance
to mechanical stress and adaptation to environmental challenges. Furthermore, NFs serve
as scaffolding for the spatial organization and intracellular transport of organelles, includ-
ing mitochondria and the endoplasmic reticulum, and contribute to the stabilization of
microtubule networks [15,16]. NFs have been shown to be a promising biomarker across a
spectrum of neurodegenerative diseases, including multiple sclerosis, Alzheimer’s disease,
frontotemporal dementia, amyotrophic lateral sclerosis, and Parkinsonian disorders [17–21].
Neuroaxonal injury, such as that observed in multiple sclerosis, leads to the release of NFs
into the CSF and, depending on the severity of the damage, into the peripheral circulation.
Due to their neuronal specificity and abundance, NFs are considered promising biomarkers
of axonal injury [22–27].

This study aimed to evaluate pNF-H levels in CSF and serum as a biomarker of axonal
injury in Algerian patients with MS and to explore its association with clinical parameters
of the disease and disability as measured by the Expanded Disability Status Scale (EDSS).

2. Materials and Methods
2.1. Study Subjects

A total of 102 participants were enrolled in this study from Mohamed Seghir Nekkache
Hospital, Algiers, between March 2024 and February 2026, including 69 patients with multiple
sclerosis and 33 patients with other neurological disorders. Inclusion criteria comprised
patients with retrobulbar optic neuritis, motor or sensory disturbances, white matter abnor-
malities on cerebral magnetic resonance imaging, and myelitis on spinal magnetic resonance
imaging according to McDonald criteria for the diagnosis of multiple sclerosis. Exclusion
criteria encompassed the presence of other neurological or neurodegenerative disorders; his-
tory of acute or chronic systemic inflammatory or autoimmune diseases other than multiple
sclerosis; signs of central nervous system infections; presence of a malignant condition or
serious systemic disease; recent head trauma or spinal cord injury; and immunosuppressive
or corticosteroid therapy within a defined period prior to sample collection. This study has
been approved by the local ethics committee, the Algerian National Agency for Research
in Health Sciences (ATRSS ex-ANDRS), in compliance with the Helsinki declaration (code
number 58-DFPR-ATRSS-AAP-2018 and approved date 29 April 2018).

2.2. Quantitative Measurement of Albumin and IgG

Quantitative measurements of albumin and IgG were performed in 102 paired serum
and CSF using a Siemens BN ProSpec nephelometric system (Siemens Healthcare Diagnos-
tics, Marburg, Germany), according to the manufacturer’s instructions.
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2.3. Evaluation of Intrathecal IgG Synthesis Using the Reiber Diagram

Intrathecal IgG synthesis was assessed in 102 paired CSF and serum samples us-
ing the Reiber diagram, a quantitative method that distinguishes intrathecal IgG pro-
duction from passive serum diffusion across the blood–CSF barrier. Albumin and IgG
concentrations were measured in paired CSF and serum samples using standard immuno-
chemical assays (BN ProSpec System, Siemens Healthineers, Erlangen, Germany). The
CSF/serum albumin quotient (QAlb = AlbuminCSF/Albuminserum) and IgG quotient
(QIgG = IgGCSF/IgGserum) were calculated. The measured QIgG was then compared
with the theoretical upper reference limit (QLim), calculated as a function of QAlb according
to the Reiber hyperbolic function. The results were plotted on a logarithmic Reiber diagram.
Samples with QIgG values above the QLim curve were considered positive for intrathecal
IgG synthesis, whereas values below the QLim curve indicated normal passive transfer of
IgG across an intact blood–CSF barrier. In addition, the IgG Index was calculated as the
ratio of the IgG quotient (QIgG) to the albumin quotient (QAlb). An IgG Index > 0.70 was
considered indicative of intrathecal IgG synthesis.

2.4. Determination of Oligoclonal Bands

Oligoclonal bands (OCBs) were analyzed in paired CSF and serum samples obtained
from 102 participants using the SAS-3 analyzer with Helena HL-3-0362SA kits (Helena
Biosciences Europe, Gateshead, UK). The analysis consisted of isoelectric focusing on
agarose gel, followed by immunoblotting with IgG-specific antibodies, in a semi-automated
procedure. The OCB patterns were assessed according to international guidelines, and
samples were categorized as “with CSF-specific OCBs” or “without CSF-specific OCBs.”
OCBs were considered as CSF-specific when two or more additional bands were present in
the CSF compared to the corresponding serum sample.

2.5. sNFH Measurements

CSF and serum concentrations of pNF-H were quantified in paired samples obtained
from 102 participants using a commercially available sandwich enzyme-linked immunosor-
bent assay (ELISA) kit (Human pNF-H ELISA Kit, Catalog No. EEL191, Thermo Fisher
Scientific, Waltham, MA, USA), according to the manufacturer’s instructions. Prior to
analysis, CSF and serum samples were centrifuged to remove cellular debris, aliquoted,
and stored at −80 ◦C until use. Samples were thawed only once, mixed gently without
vortexing, and repeated freeze–thaw cycles were avoided. All reagents were allowed to
equilibrate to room temperature before use. A standard curve was prepared for each assay
by serial dilution of the supplied pNF-H standard to obtain concentrations of 5000, 2500,
1250, 625, 312.5, 156.25, 78.13, and 0 pg/mL. Standards and samples (100 µL/well) were
added to microplate wells pre-coated with a monoclonal antibody specific for human
pNF-H and incubated for 90 min at 37 ◦C. After aspiration of the reaction mixture, 100 µL
of biotinylated anti-pNF-H detection antibody was added to each well and incubated for
60 min at 37 ◦C. Wells were then washed three times with 1× wash buffer before incu-
bation with 100 µL of horseradish peroxidase (HRP)-conjugated streptavidin for 30 min
at 37 ◦C. Following five additional washing steps, 90 µL of tetramethylbenzidine (TMB)
substrate solution was added and the plate was incubated for approximately 15 min at
37 ◦C in the dark. The enzymatic reaction was terminated by adding 50 µL of stop solu-
tion (1 M sulfuric acid), and absorbance was measured at 450 nm within 10 min using a
microplate reader. A standard calibration curve was generated for each plate and pNF-H
concentrations were calculated by interpolation from the standard curve and expressed as
pg/mL. Samples with absorbance values exceeding the upper limit of the standard curve
were diluted appropriately and reanalyzed. The analytical measuring range of the assay
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was 78.13–5000 pg/mL, with an analytical sensitivity of 46.88 pg/mL. According to the
manufacturer, the intra-assay coefficient of variation ranged from 3.54% to 6.63%, while
the inter-assay coefficient of variation ranged from 4.19% to 6.42%. The assay specifically
detects human phosphorylated neurofilament heavy chain (pNF-H).

2.6. Statistical Analysis

Statistical analyses were performed using GraphPad Prism version 8.0 (GraphPad
Software, San Diego, CA, USA). Comparisons between two independent groups were con-
ducted using the Mann–Whitney U test, whereas comparisons among three or more groups
were performed using the Kruskal–Wallis test. When the Kruskal–Wallis test revealed a
statistically significant difference, pairwise comparisons were carried out using Dunn’s
post hoc test with Bonferroni correction to account for multiple comparisons. Correla-
tions between variables were assessed using Spearman’s rank correlation coefficient. All
statistical tests were two-sided, and a p-value < 0.05 was considered statistically significant.

3. Results
Clinical data of patients are presented in Table 1. All patients were enrolled after the

diagnosis of multiple sclerosis had been confirmed according to the 2017 revised McDonald
criteria. Cerebrospinal fluid and serum samples were collected at the time of the routine
diagnostic evaluation, and all patients were in the relapse phase at the time of sampling.
Patients were divided into two groups. The first group comprised 69 subjects with MS
(31 men and 38 women), a sex ratio of 1.22 and the second, 33 subjects with nervous system
disorders (22 men and 11 women), a sex ratio of 2.0. The median age of patients was
30.0 [23.5–40.0] and 43.5 [29.25–54.75], respectively. MRI findings demonstrated supra-
tentorial and infratentorial demyelinating lesions, with spinal cord involvement in many
cases. Several MRI reports described active contrast-enhancing lesions, indicating ongoing
inflammatory disease activity. The cohort was predominantly composed of relapsing–
remitting multiple sclerosis patients (76.8%), followed by progressive forms (PMS) (23.18%).
The median EDSS score was 2.0 [1.25–3.25]. Oligoclonal bands (OCBs) were detected in
59 patients (85.5%). Among patients with available Reiber classification, Zone 4 was the
most frequent pattern (57.1%). According to Reiber diagram interpretation, 45 patients
(65.21%) demonstrated intrathecal IgG synthesis. Separately, the median IgG index was
0.87 (IQR 0.64–1.17), and 47 patients (68.11%) had an elevated IgG index (>0.7).

When comparing RRMS patients with progressive forms PMS, patients with progres-
sive MS were significantly older (median 35.0 vs. 28.0 years, p = 0.01) and had higher
disability scores (median EDSS 5.5 vs. 2.0, p = 0.0007). No significant differences were
observed between the groups regarding albumin quotient (p = 1.00), IgG index (p = 0.12),
or OCBs count (p = 0.30).

Patients with positive oligoclonal bands had significantly higher IgG index values
compared to OCBs-negative patients (p = 0.0004). However, our results did not show
any association between the OCB positivity with the EDSS (p = 0.16), albumin quotient
(p = 0.29), or age (p = 0.26).

Moreover, Spearman correlation analysis demonstrated that the EDSS was positively cor-
related with age (p = 0.0007), albumin quotient (p = 0.01), and IgG index (p = 0.001), while our
findings did not reveal any correlation between the EDSS and the OCB count (p = 0.87) (Table 2).

Our results indicated that CSF and serum pNF-H concentrations were significantly
higher in MS patients compared to the NSD group (p < 0.001) (Figure 1). Moreover, elevated
levels of pNF-H were primarily associated with higher disability scores (EDSS ≥ 5) and
PMS phenotypes (SP, PP and PR), whereas lower levels were typically observed in patients
with minimal disability (EDSS ≤ 2) (Figures 2 and 3).
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Table 1. Clinical characteristics of patients.

Variable MS (n = 69) NSDs (n = 33)

Gender

Male, n (%) 31 (44.9%) 22 (66.6%)

Female, n (%) 38 (55.0%) 11 (33.3%)

Age (years) 30.0 [23.5–40.0] 43.5 [29.25–54.75]

MS phenotype

RRMS, n (%) 53/69 (76.8%) -

PMS, n (%) 16/69 (23.18%) -

EDSS 2.0 [1.25–3.25] -

Oligoclonal bands (OCB)

OCB positive 59/69 (85.5%) 5/33 (15.15%)

OCB negative 10/69 (14.4%) 28/33 (84.84%)

OCB count 6 [4.5–9] -

IgG index 0.87 [0.64–1.17] 0.52 [0.48–0.60]

IgG index > 0.7 47/69 (68.11%) 5/33 (15.15%)

Alb_Q 4.70 [3.25–6.11] 4.77 [4.15–7.01]

Intrathecal synthesis 45/69 (65.21%) 4/33 (12.12%)

Table 2. Correlation between EDSS and Clinical/Biochemical Parameters.

EDSS Age AlbQ IgG Index OCB

ρ 0.46 0.31 0.45 0.02
p 0.0007 *** 0.01 * 0.001 ** 0.87 ns

ns, not significant (p ≥ 0.05); * p < 0.05; ** p < 0.01; *** p < 0.001.
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Figure 1. pNF-H concentrations in CSF and serum of patients with MS (CSF, n = 69; serum, n = 69) and
in patients with NSDs (n = 33). Data are presented as box-and-whisker plots, in which the center line
represents the median, the box represents the interquartile range (IQR; 25th–75th percentiles), and the
whiskers indicate the minimum and maximum values. Comparisons among groups were performed
using the Kruskal–Wallis test, followed by Dunn’s post hoc test with Bonferroni correction for multiple
comparisons. All tests were two-sided, and a p value < 0.05 was considered statistically significant,
**** p < 0.0001.
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Figure 2. CSF and serum pNF-H concentrations in MS patients with EDSS scores ≥ 5 (n = 25) and
EDSS scores ≤ 2 (n = 44). Bars represent the median pNF-H concentrations, and error bars represent
the interquartile range. Comparisons were performed using the Mann–Whitney U test. All tests were
two-sided, and a p-value < 0.05 was considered statistically significant, **** p < 0.0001.

Figure 3. Comparison of pNF-H concentrations in CSF and serum between patients with RRMS
(n = 53) and PMS (n =16). Data are presented as median with interquartile range (IQR). Comparisons
between RRMS and PMS were performed using the Mann–Whitney U test. All statistical tests were
two-sided, and a p-value < 0.05 was considered statistically significant, **** p < 0.0001.

Spearman’s correlation analysis revealed that EDSS scores were positively associated
with pNF-H concentrations in both biological compartments. CSF pNF-H exhibited a
moderate positive correlation with EDSS (ρ = 0.38, p = 0.005), whereas serum pNF-H
demonstrated a weaker but statistically significant correlation (ρ = 0.16, p = 0.02) (Figure 4).
The stronger association observed in CSF suggests that CSF pNF-H more accurately reflects
the extent of axonal injury and neurological disability than serum pNF-H. These findings
support the potential utility of CSF pNF-H as a biomarker of disease severity in multiple
sclerosis, while serum pNF-H, although significantly associated with disability, appears to
provide a less robust measure of neuroaxonal damage.

The relationship between serum and CSF pNF-H concentrations was assessed. A sig-
nificant positive correlation was observed between serum and CSF pNF-H levels (ρ = 0.47,
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p = 0.0006), indicating that higher serum concentrations were associated with higher CSF
concentrations (Figure 5).

Figure 4. Relationship between the EDSS score and pNF-H concentrations in CSF (n = 69, •) and serum
(n = 69, ▲) of patients with MS. Correlations were assessed using Spearman’s rank correlation analysis.

Figure 5. Correlation between pNF-H concentrations in serum and CSF in patients with MS (n = 69).
The association between serum and CSF pNF-H concentrations was assessed using Spearman’s rank
correlation analysis.

4. Discussion
In this study, we evaluated serum and CSF immunological markers in a cohort of

patients with multiple sclerosis and explored their association with clinical disability.
Our findings confirm the predominance of intrathecal humoral immune activation, as
demonstrated by the high frequency of oligoclonal band positivity, the elevated IgG index,
and Reiber plot profiles consistent with intrathecal synthesis.

The high prevalence of OCB positivity (85.5%) in our cohort is consistent with previous
studies in which rates of 85–95% in patients with clinically definite MS have been reported.
OCBs are immunoglobulin banding patterns that reflect intrathecal IgG production and are
considered markers of humoral immune activity within the central nervous system (CNS)
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in MS. Their presence reflects persistent, compartmentalized inflammation within the CNS
rather than passive diffusion from peripheral blood [28,29]. In our study, the results indi-
cated that the OCB positivity was strongly associated with a higher IgG index, reinforcing
the internal consistency of CSF markers of intrathecal immunoglobulin synthesis.

The predominance of Reiber zone 4 (intrathecal synthesis without blood-CSF barrier
dysfunction) further supports the concept that MS is primarily characterized by local
immune activation rather than systemic leakage. This finding is consistent with previous
work by Reiber et al., who have demonstrated that most MS patients exhibit intrathecal
IgG production in the absence of significant blood-CSF barrier disruption [30]. More
recent studies have confirmed that intrathecal IgG production remains a hallmark of
neuroinflammatory processes in multiple sclerosis and can occur even in the presence of
normal or mildly altered blood-CSF barrier function [31]. However, a subgroup of patients
in our cohort belonged to Reiber zone 3, indicating concomitant BBB dysfunction. This
subgroup could correspond to patients with higher inflammatory activity or more active
disease phases.

Most interestingly, our findings revealed a significant correlation between the IgG in-
dex and disability (EDSS), suggesting that increased intrathecal immunoglobulin synthesis
may be associated with greater disease severity. This observation is partially supported by
recent studies indicating that intrathecal IgG production reflects ongoing neuroinflamma-
tory activity; however, its relationship with clinical disability remains heterogeneous. While
some studies have reported limited or no direct correlation between CSF immunological
markers and disability progression, others have demonstrated that increased intrathecal
immunoglobulin synthesis is associated with neuroaxonal damage and may contribute to
long-term disability progression [32].

Furthermore, our results demonstrated a significant positive correlation between the
albumin quotient (Alb_Q) and disability (EDSS), suggesting that BBB dysfunction may
contribute to clinical impairment. Although BBB disruption is not the primary pathological
driver of multiple sclerosis, it facilitates immune cell infiltration into the central nervous
system and amplifies neuroinflammatory processes. Recent evidence indicates that ele-
vated QAlb values are associated with increased inflammatory activity and neuroaxonal
damage, potentially reflecting a more severe disease phenotype [33]. However, the moder-
ate strength of this correlation suggests that BBB dysfunction represents one of multiple
factors influencing disability progression in MS.

In this study, our results showed that age was significantly associated with EDSS score,
which is consistent with the natural progression of multiple sclerosis. Indeed, increasing
age has been identified as an important determinant of disability accumulation, reflecting
both disease progression and neurodegenerative processes that may occur independently
of inflammatory activity. Recent studies have demonstrated that older patients exhibit a
steeper increase in EDSS scores over time and reach disability milestones more rapidly
compared to younger individuals [34]. Furthermore, higher EDSS scores have been associ-
ated with advanced age and age-related comorbidities, suggesting that both disease-related
and non-disease-related factors contribute to disability progression [35]. These findings
support the role of age as a key factor influencing long-term disability in multiple sclerosis.

Interestingly, our study has indicated that the number of oligoclonal bands did not
correlate with disability. This finding suggests that, while the presence of OCBs is important
for diagnosis, their quantification does not necessarily reflect disease severity. Our results
confirm the central role of intrathecal B-cell–mediated immunity in MS pathophysiology.
The combination of a high IgG index, OCB positivity, and the Reiber classification provides
a robust framework for assessing CNS immune activity. However, the relationship between
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these biomarkers and clinical outcomes remains complex and is likely influenced by other
factors such as lesion burden, cortical involvement, and neurodegeneration.

One of the main findings of this study is the association between neurofilament levels
and clinical disability. Indeed, patients with higher EDSS scores and progressive MS
phenotypes increased neurofilament concentrations, supporting their role as a biomarker
of axonal damage.

Neurofilaments are increasingly recognized as a sensitive marker of neuroaxonal
damage in MS. Elevated levels have been associated with disease activity, progression,
and long-term disability [36–39]. Our findings are consistent with these observations and
suggest that neurofilament could reflect ongoing tissue damage with greater accuracy than
conventional CSF markers.

pNF-H is a major cytoskeletal component of large myelinated axons, and its release
into the CSF and, to a lesser extent, into the peripheral circulation reflects disruption of
axonal integrity. Although the present study focused on multiple sclerosis, this mechanism
is not disease-specific and may also occur in other neurological disorders characterized by
acute or chronic axonal injury. In traumatic brain injury, axonal damage is part of a broader
secondary injury cascade involving mitochondrial dysfunction, impaired bioenergetics, cal-
cium dysregulation, oxidative stress, neuroinflammation, and delayed neurodegeneration.
Himic et al. recently emphasized the theranostic relevance of mitochondrial dysfunction in
traumatic brain injury and its contribution to secondary neuronal damage. In this context,
our findings may have relevance beyond multiple sclerosis, as they support the broader
value of pNF-H as a biomarker of neuroaxonal injury. Further studies comparing pNF-H
dynamics across inflammatory demyelinating diseases and neurotrauma may help clarify
its diagnostic, prognostic, and monitoring value in different mechanisms of central nervous
system injury [40].

Importantly, although OCB and IgG index indicate immune activation, they do not di-
rectly measure neurodegeneration. The present data support the hypothesis that inflamma-
tion and neurodegeneration are partially dissociated processes in MS, with neurofilaments
providing a more direct measure of irreversible tissue damage.

In this cohort, neurofilament levels increased in parallel with EDSS, supporting their role
as a quantitative biomarker of disease severity. This observation is consistent with previous
studies which have demonstrated that neurofilament levels are correlated with relapse activity,
MRI lesion burden, brain atrophy, and long-term disability progression [41]. Moreover, the
stronger association of neurofilaments with EDSS suggests that clinical disability is more
related to neuroaxonal loss than to the extent of intrathecal immunoglobulin synthesis.

5. Conclusions
pNF-H concentrations in CSF appear to be a promising biomarker of axonal injury

in Algerian patients with multiple sclerosis. In the present cross-sectional study, higher
CSF pNF-H levels were associated with greater neurological disability, as reflected by
EDSS scores, supporting their relationship with neuroaxonal damage. These findings are
consistent with previous evidence suggesting that neurofilament proteins reflect neuronal
and axonal injury in multiple sclerosis. Our results indicate that CSF pNF-H may provide
complementary information to conventional CSF biomarkers by offering a quantitative
measure of axonal damage. However, because of the cross-sectional design of this study, no
conclusions can be drawn regarding its prognostic value, its ability to predict disease pro-
gression, or its usefulness for monitoring treatment response. Future longitudinal studies
with larger cohorts and comprehensive clinical and MRI data are warranted to determine
whether pNF-H can serve as a reliable biomarker for disease progression, therapeutic
monitoring, and patient stratification in multiple sclerosis.
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6. Limitations of the Study
This study has several limitations that should be acknowledged. First, the sample size

was relatively limited, which may reduce the statistical power of some subgroup analyses
and limit the generalizability of the findings. Second, this was a single-center study
conducted in an Algerian cohort; therefore, validation in larger, multicenter and ethnically
diverse populations is required. Third, the study design was cross-sectional, which does not
allow assessment of longitudinal pNF-H dynamics over the course of disease progression,
relapse, remission, or treatment response. Fourth, although pNF-H reflects axonal injury,
it is not specific to multiple sclerosis and may be elevated in other neurological disorders
involving neuroaxonal damage. Finally, serum pNF-H measurements may be influenced
by peripheral clearance, blood– CSF barrier function, assay sensitivity, and disease stage.
Future longitudinal studies integrating clinical disability scores, MRI measures, treatment
status, and additional neurofilament biomarkers, particularly neurofilament light chain,
would help clarify the prognostic and monitoring value of pNF-H in Algerian patients with
multiple sclerosis.
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