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Abstract

The neurological implications of COVID-19 are becoming increasingly documented, Elevated serum biomarkers
Neuron-Specific Enolase (NSE), Glial Fibrillary Acidic Protein (GFAP), and Neurofilament Light Chain (NfL)
show a strong association with neurological injury in both COVID-19 and Multiple Sclerosis (MS) patients.
However, the use of biomarkers in the diagnosis and progression of COVID-19 and Multiple Sclerosis (MS) in the
Kurdistan Region of Iraq (KRG) remains understudied. This investigation aims to assess the levels of GFAP,
NSE, and NfL in COVID-19 and MS patients and compare them with healthy controls to establish their potential
utility as biomarkers. Levels of Serum NSE, GFAP, and NfL were calculated in 91 COVID-19 patients, 29 MS
patients, and 50 healthy controls using ELISA tests. To evaluate the differences between groups, statistical
analysis was used, which included the application of the Kruskal-Walli's test. NfL levels were noticeably greater
in MS patients, while COVID-19 patients had significantly higher levels of GFAP and NSE than controls. There
was a correlation between the severity of COVID-19 and elevated biomarker levels. According to the study's
findings, NSE and GFAP are markedly raised in COVID-19 patients, suggesting that they could be used as
biomarkers for neurological involvement. Likewise, NfL levels were markedly increased in MS patients,
highlighting its function as a biomarker for injury to the neuroaxon. Further research is recommended to
corroborate these findings in a larger population and to explore the predictive value of these biomarkers for
clinical outcomes. It is also recommended to extend interdisciplinary research to understand the

pathophysiological mechanisms driving these biomarker changes.
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Introduction

In late 2019, SARS-CoV-2 emerged in Wuhan, China,
leading to a worldwide pandemic. By February 2020,
Najaf in Iraq reported its initial COVID-19 cases. Two
weeks later, Iraq's Ministry of Health confirmed 101
positive cases and nine deaths across fourteen
provinces, with nearly 40% in Baghdad (Al-Sarray
and Shareef, 2022)

SARS-CoV-2 can cause a cytokine storm, leading to
inflammation that compromises the blood-brain
barrier. This may result in brain tissue damage and
various neurological complications, although such
severe outcomes are more common in serious cases of
COVID-19 (Thepmankorn et al., 2021). A cytokine
storm is characterized by an excessive production of
pro-inflammatory cytokines, including interleukin
(IL)-6, IL-2, IL-7, and tumor necrosis factor (TNF)-a.
Recent research has indicated that COVID-19 patients
in intensive care units exhibit increased levels of IL-

24 in their bloodstream (Nazzal and Sabbar, 2022).

In addition to post-recovery effects like “brain fog”
severe COVID-19 case frequently result in cognitive
disorders like confusion, delirium, and a low level of
consciousness (Otani et al.,, 2023). The virus also
results in long-lasting neurological problems such as
joint, chest pain, anosmia, and ageusia (Sarioglu et
al., 2023). COVID-19‘s respiratory side effects and
damage might cause problems such brain hypoxia,
which may result in long-term cognitive and physical
deficits (Dondaine et al., 2022). Furthermore, there is
a notable influence on mental health, as seen by the
high prevalence of anxiety, depression, and stress
following recovery (Igbal et al., 2021). Additionally,
there is a symptom overlap between myalgic
encephalomyelitis syndrome
(ME/CFS) and long-term COVID-19
(Sokocheva et al., 2022). The virus disproportionately

/chronic  fatigue

effects

affects particular racial and ethnic populations and
increases the risk for people with underlying diseases
such diabetes, obesity, and cerebrovascular illness
(Carethers, 2021).

According to recent studies, direct viral entry and
inflammatory reactions are the ways that COVID-19
may affect the central nervous system (Spudich and
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Nath, 2022). According to studies, the virus may
enter the central nervous system CNS through the
blood-brain barrier or the olfactory bulb, which could
explain a variety of neurological symptoms that
patients experience. Acute cerebrovascular episodes,
encephalitis, headaches, and anosmia are among
these symptoms (Khatoon et al., 2022). Additionally
linked to CNS involvement and possibly causing
neurological impairment in COVID-19 patients are
inflammatory responses such cytokine storms (Saleki
et al., 2021). The increasing amount of data highlights
the necessity for additional study to completely
comprehend the neurological effects of COVID-19.

Important biomarkers for determining brain damage
and neurological involvement include neurofilament
light (NFL), tau, glial fibrillary acidic protein (GFAP),
and neuron-specific enollase (NSE). Because NSE
measures impairment to neuronal function directly, it
is useful for assessing traumatic brain injury (TBI)
(Mendoza et al., 2020). Tau and GFAP are brain-
specific protein biomarkers that have been thoroughly
investigated in traumatic brain injury (TBI) and offer
insights into neuronal and astrocyte damage (Dadas
et al., 2018; Nishimura et al., 2022). Furthermore,
blood tests for GFAP and NFL, a marker of axonal
ingury, provide a straightforward way to diagnose and
prognostic TBI, especially in mild instances (Zhang et
al., 2016). These biomarkers are critical for correct
neurological condition assessment and
management, as they play a major role in knowing
the pathophysiological state of brain damage
(Wang et al., 2018; Kulbe and Geddes, 2015; Wilde
et al., 2023).

When evaluating brain damage and cognitive
involvement in COVID-19 patients, neurofilament
light (NFL) glial fibrillary acidic protein (GFAP), tau,
and neuron-specific enolase (NSE) are essential
Study has

biomarkers, which indicate brain damage and

markers. demonstrated that these

endothelial injury with sex-specific changes, are
in COVID-19

neurological symptoms (Sahin et al., 2022; Needham

increased individuals exhibiting
et al., 2022). These biomarkers can also clarify neuro-
axonal and astrogliail injuries, offering information

about the pathophysiological condition of brain
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damage in COVID-19 affected individuals (Telser et
al., 2023). The importance of these biomarkers in
determining brain injury in COVID-19 patients is
highlighted by the correlation between elevated levels
of these markers and poor outcomes and the severity
of condition (Dekosky et al., 2020; Silva et al., 2023).

These central nervous system(CNS) experiences
demyelination and neurodegeneration in multiple
sclerosis(MS) , a chronic inflammatory illness that
causes a variety of neurological symptoms. Three
factors contribute to the pathophysiology of MS:
autoimmune, neurodegeneration, and CNS
inflammation (Richter et al., 2021). Encephalitis,
acute cerebrovascular, and other central nervous
system signs have been linked to COVID-19, a virus
generated by the SARS-CoV-2 virus (Maury et al,
2021). Both MS and COVID-19 can lead to
neurological involvement, making MS a comparative
model in studying COVID-19-related neurological
issues (Schwartz et al., 2022).

Similarities between the pathophysiology of MS and
COVID-19-related neurological issues include the
involvement of inflammatory processes in CNS
damage. @ Both  conditions can lead to
neuroinflammation and neurodegeneration,
contributing to neurological symptoms (Conway et
al., 2022). However, differences exist in the
underlying mechanisms, with MS being an
autoimmune disease affecting the CNS, while COVID-
19 primarily involves viral infection and systemic
inflammatory responses (Fernandes de Souza et al.,
2023). It was shown that individuals with MS may
have worse COVID-19 outcomes compared to the
general population, indicating a potential interaction
between MS and COVID-19 (Barzegar et al., 2023).
The impact of COVID-19 on people with MS has been
a subject of research, with some studies reporting an
increased risk of hospitalization and mortality in MS
patients (Sormani et al, 2022). However, other
studies have suggested that MS may not be associated
with an increased risk for severe COVID-19 (Moreno-

Torres et al., 2021).

Biomarkers play a crucial role in the diagnosis,

prognosis, and management of multiple sclerosis
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(MS). Neurofilament light (NFL), glial fibrillary acidic
protein (GFAP), tau, and neuron-specific enolase
(NSE) are some of the biomarkers that have been
studied in MS. NFL, a marker of axonal injury, is
elevated in MS patients, indicating neuroaxonal
damage (Arneth and Kraus, 2022). Two brain-specific
protein biomarkers that shed light on MS-related
astroglial injury and neuronal impairment are tau and
GFAP (Momtazmanesh et al., 2020). NSE is useful in
evaluating (MS) since it is a measure of impairment
to neuronal function (Gyang and Rempe, 2021). The
identification of MS, assessment of disease activity,
and evaluation of therapy response can all be aided by
these biomarkers (Serafeim and Anagnostouli, 2013).
Furthermore, biomarkers can help distinguish
between different MS subtypes, predict relapses, and
suggest tailored treatment plans (Buck and Hemmer,
2014). In order to improve patient outcomes by early
identification and efficient treatment of the disease,
biomarkers must be used in MS management.

(Arneth and Kraus, 2022).

This research fills a major knowledge gap about the
effects of COVID-19 on the central nervous system
(CNS) and draws comparisons with multiple sclerosis,
with a focus on the particulars of Erbil City, KRG,
Iraq. Comprehending these associations is essential
for formulating focused treatments and handling
tactics. The findings could offer important insights
into the neurological manifestations of the virus and
Multiple Sclerosis in other populations, perhaps
directing global health responses, given the numerous

ethnic and environmental conditions in Erbil City.

Investigating the effect of COVID-19 on central
nervous system biomarkers and comparing it with the
effects seen in MS patients and healthy controls is the
main goal of this study. Our goal is to investigate the
idea that, in contrast to what is seen in multiple
sclerosis, COVID-19 induces notable changes in
several biomarkers (NFL, GFAP, tau, and NSE) linked
to brain injury. This research seeks to bridge the
gap in understanding the neurological implications
of COVID-19 in comparison to a well-characterized
neurological disorder like MS, thereby contributing
to the
neurological damage.

broader knowledge of virus-induced
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Material and methods

Study participants

This research adopted a hospital-based, case-control,
cross-sectional design, focusing on participants from
Erbil city, Iraq, and conducted at the Laboratory
Department of Erbil Central Emergency Hospital
from March to September 2023. It involved 170
participants, including 120 patients (91 with COVID-
19 and 29 with Multiple Sclerosis) and 50 healthy
controls. In the patient group, there were 56 females
and 64 males. The COVID-19 patients were
categorized based on the WHO clinical progression
scale, while MS patients were assessed using the
EDSS. A healthy control group, matched for age and
sex with the patient cohorts and with no history of
COVID-19 or MS, was included to provide a baseline

for comparisons.

The study included participants with confirmed
SARS-CoV-2 infection for the COVID-19 group, those
clinically diagnosed with MS for the MS group, and
healthy individuals without a history of these
conditions or  significant  neurological or
inflammatory diseases for the control group. It
excluded individuals with other neurological
disorders, chronic inflammatory diseases, severe
chronic illnesses potentially affecting biomarkers, and
those vaccinated against COVID-19 in the COVID-19

group to eliminate confounding factors.

The study obtained ethical approvals. Participants
gave verbal consent, following ethical guidelines to
ensure respect for their autonomy. The research team
prioritized confidentiality, handling data with utmost
discretion to maintain privacy and comply with

medical research ethical standards.

Structured questionnaires covering age, gender,
medical history, and symptoms were used to collect
demographic data. Nasopharyngeal and
oropharyngeal swabs were used in the identification
of SARS-CoV-2. Trained medical personnel collected
the samples, which were then maintained in viral

transport media for (PCR) testing. Blood samples
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were obtained in order to measure the levels of the
proteins S100B and UCHL1. A blood sample of 5-10
ml was taken from each participant, and serum was
separated and stored at the appropriate temperature
in a lab for processing. Throughout the sample
collection and handling process, strict aseptic
technique and quality control procedures were
utilized to ensure sample integrity and accurate

results.

Laboratory investigation tests

Quantitative Polymerase Chain Reaction QPCR was
used in this investigation to identify COVID-19 . RNA
was extracted from swab samples using a kit based on
the Magnetic Bead Method, and then (PCR)
amplification was performed using an RT-QPCR Kkit.
The kit is fluorescent probes made it possible to
monitor data in real time and evaluate it using
threshold assay ELISA tests (ELK Biotechnology ,
China) the levels of neurofilament light (NFL), tau ,
glial fibrillary acidic protein (GFAP) , and neuron-
specific enolase (NSE) were determined for
biomarker analysis . Through colorimetric changes,
these procedures measured biomarkers and checked
their accuracy against standard curves .Precise
determination of biomarker levels was assured by this
method, which is essential for comprehending their

functions in COVID-19 and MS.

Statistical analysis

Descriptive statistics were first used in this study to
highlight fundamental distributions and trends in the
data. A p-value of less than 0.05 is regarded as
statistically significant in this study, which used
Turkey’s Honestly Significant Difference HCD test for
post hoc analysis. Pearson’s Correlation test was used
to assess relationships between continuous variable,
while the t-test examined quantitative associations
between two groups. For data not following a normal
distribution, the Kruskal-Wallis test was applied. All
statistical analyses were conducted using IBM SPSS
Statistics robust and accurate

27 to ensure

interpretation of the results.
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Results

In this study, a total of 170 participants were
involved, which comprised a patient group of 120
individuals and a healthy control group of 50. Among

the patient COVID-19 patients were

group,
categorized based on disease severity: 23 (19.2%) with
severe COVID-19, 31 (25.8%) with moderate COVID-
19, and 37 (30.8%) with mild COVID-19. Additionally,
29 participants (24.2%) were diagnosed with Multiple
Sclerosis, as shown in (Fig. 1). This distribution
provides a comprehensive overview of varying disease
severities, allowing for a detailed analysis of the

impact of COVID-19 compared to Multiple Sclerosis.

COVID-19 Patients
25.8% - Severe COVID-19
- Moderate COVID-19
[ B Mild COVID-19

m Multiple Sclerosis

m Healthy Controls

Fig. 1. Distribution of study participants by group
and disease severity
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Fig. 2. Distribution of study participants by group
and disease severity

In this study, of the total COVID-19 patients, 43 were
(47.3%) (52.7%).
Specifically, severe COVID-19 cases included 10

female and 48 were male
females (23.3% of COVID-19 females) and 13 males
(27.1% of COVID-19 males), moderate cases had 11
females (25.6% of COVID-19 females) and 20 males
(41.7% of COVID-19 males), and mild cases
comprised 22 females (51.2% of COVID-19 females)
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and 15 males (31.3% of COVID-19 males). In the MS
group, there were 13 female (44.8% of MS patients)
and 16 male (55.2% of MS patients) patients. The
control group had an equal gender distribution, with
25 females (50%) and 25 males (50%). All these data

are shown in (Table 1).

The chi-square test showed a significant association
between gender and COVID-19 severity (chi-square
value = 6.572, p-value = 0.037), indicating gender
differences in severity levels (p, 0.05). However, the
z-test comparing gender proportions in the MS and
COVID-19 groups (z-score = 0.28, p-value = 0.78)
showed no significant difference, suggesting similar
gender distribution in both disease groups (>0.05).
The data in Table 2 shows the distribution of COVID-
19 severity, MS cases, and controls across different
age groups. In the youngest age group (<20 years),
there was only one case of severe COVID-19,
accounting for 25% of individuals in that age bracket,
with the remaining 75% being healthy controls. In the
21-40 age group, there were 10 severe cases (14.08%),
13 moderate cases (18.31%), and 17 mild cases
(23.94%), with MS cases and controls at 14.08% and
29.58% respectively. Among 41-60-year-olds, severe
cases were at 8%, moderate at 18.67%, mild at 20%,
MS at 22.67%, and controls at 30.67%. In the >60 age
group, severe cases constituted 30%, moderate 20%,

mild 25%, MS 10%, and controls 15%.

Fig. 2 illustrates the dynamic trends in COVID-19
severity and MS incidence across various age groups.
For individuals under 20, there is a notable spike in
severe cases at 25%, with no moderate or mild cases
reported, and a significant proportion of controls at
75%. The 21-40 age group shows a gradual increase
across severities, peaking with mild cases at 23.94%,
while controls slightly outpace MS cases. The pattern
shifts in the 41-60 bracket, where moderate and mild
cases are more prevalent at 18.67% and 20%,
respectively, and MS cases peak at 22.67%. For those
over 60, severe cases surge to 30%, with a decrease in
categories, heightened

other highlighting a

vulnerability in this age group.
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Table 1. Distribution of covid-19 severity and multiple sclerosis cases by gender

Condition Female (No. and %)

Male (No. and %) Total (No. and %)

COVID-19 (Total) 43 (47.3%)

48 (52.7%) 91 (100%)

Severe COVID-19 10 (23.3% of females) 13 (27.1% of males) 23 (25.3% of total)

Moderate COVID-19 11 (25.6% of females) 20 (41.7% of males) 31 (34.1% of total)

Mild COVID-19 22 (51.2% of females) 15 (31.3% of males) 37 (40.7% of total)
Multiple Sclerosis 13 (44.8% of MS) 16 (55.2% of MS) 29 (100% of MS)
Control Group 25 (50%) 25 (50%) 50 (100%)

Table 2. Gender and age group analysis of COVID-19 severity, multiple sclerosis incidence, and control
distribution

Gender and age COVID-19 No. (%) MS Controls
groups Sever Moderate Mild No. (%) No. (%)

<20 1(25.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 3 (75.00%)
21-40 10 (14.08%) 13 (18.31%) 17 (23.94%) 10 (14.08%) 21(29.58%)
41-60 6 (8.00%) 14 (18.67%) 15 (20.00%) 17 (22.67%) 23 (30.67%)
>60 6 (30.00%) 4 (20.00%) 5 (25.00%) 2 (10.00%) 3 (15.00%)

Table 3. Comparison of NSE, GFAP, and NFL levels among COVID-19, multiple sclerosis (MS), and control

groups
Parameters Group No. of Cases Mean Level (pg/mL) Standard Deviation P-value
COVID-19 91 33.70 30.50 p<0.001
NSE MS 29 35.19 14.31
Control 50 1.24 2.24
COVID-19 91 6.12 12.32
GFAP MS 29 17.18 14.13 p<0.001
Control 50 1.85 2.4
COVID-19 91 203.99 478.62
NFL MS 29 501.12 581.05 p<0.003
Control 50 17.97 5.48

Table 4. COVID-19 severity-based distribution of NSE, GFAP, and NFL levels

Group No. of cases NSE (Mean + SD) GFAP (Mean + SD) NFL (Mean + SD)
Covid-19-sever 23 50.87 + 22.31 10.89 £ 20.99 736.06 + 620.49
Covid-19-moderate 31 40.63 + 40.91 5.19 + 7.74 220.41 + 397.64
Covid-19-mild 37 17.22 + 10.91 3.92 + 6.36 80.84 + 171.58
P-value <0.003* p>0.05% p<0.001*

Table 3 indicates that neuron-specific enolase (NSE)
levels were significantly higher in COVID-19 patients
(mean 33.70 pg/mL) compared to controls (mean
1.24 pg/mL), with a highly significant p-value
(p<0.001). Similarly, glial fibrillary acidic protein
(GFAP) levels were markedly elevated in the COVID-
19 group (mean 6.12 pg/mL) against controls (mean
1.85 pg/mL), also showing statistical significance
(p<0.001). Our current study found Neurofilament
light chain (NFL ) mean serum levels significantly
higher in COVID-19 patients at 293.99 (SD 478.62)
compared to healthy controls, who averaged 17.97
(SD 5.48), with a p-value of less than 0.003.
chain (NFL)

Neurofilament light levels were

substantially raised in MS patients (mean 501.12
pg/mL) when compared to both COVID-19 patients
and controls, with a notable p-value of less than
0.003, indicating a significant difference across the
groups. The control group consistently showed the
lowest mean levels across all parameters,
underscoring the significant alteration of these

biomarkers in disease states.

Table 4 showcases the severity-based distribution of
biomarker levels in COVID-19 patients, with
significant variances observed particularly in NSE
and NFL levels. Severe cases exhibited the highest
mean levels of NSE (50.87 pg/mL) and NFL (736.06
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pg/mL), with both showing significant differences as
indicated by the Kruskal-Wallis Test (p<0.003 and
P<0.001, respectively). GFAP levels, although highest
in severe cases (10.89 pg/mL), did not show a
statistically significant variance across different
severities (p>0.05). The marked elevation of NSE and
NFL in severe cases compared to moderate and mild
cases underscores the potential of these biomarkers in

reflecting disease severity.
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Table 5 displays Pearson correlation coefficients
alongside p-values, examining the interrelations
among NSE, GFAP, and NFL . While NSE and GFAP
show no significant relationship (correlation
coefficient = 0.085, p = 0.271), a significant and
strong positive correlation is evident between NSE
and NFL (correlation coefficient = 0.303, p < 0.001).
This indicates that increases in NSE levels are

associated with rises in NFL levels.

Table 5. Pearson correlation coefficients between (NSE, GFAP and NfL

Parameter NSE GFAP NFL

NSE Pearson Correlation 1 0.085 0.303%*
Sig. (2-tailed) 0.271 0.000

GFAP Pearson Correlation 0.085 1 0.423%*
Sig. (2-tailed) 0.271 0.000

NfL Pearson Correlation 0.303** 0.423%* 1
Sig. (2-tailed) 0.000 0.000

**Correlation is significant at the 0.01 level (2-tailed), n=170

Discussion

In the present study, a cohort of 120 patients with
COVID-19 and 29 individuals with Multiple Sclerosis
(MS) were investigated to discern the relationship
between disease severity and levels of key
neurological biomarkers—Neurofilament light (NFL),
Glial Fibrillary Acidic Protein (GFAP), and Neuron-
Specific Enolase (NSE). The purpose was to
understand how these biomarkers varied with disease
progression and to explore their utility in clinical
assessment. Our findings revealed significant
associations that underscore the potential role of
these biomarkers in reflecting the pathophysiological

impact of both COVID-19 and MS.

The study found that among COVID-19 patients,
severe cases included a higher percentage of males
(27.1% of males) compared to females (23.3% of
females). This aligns with several other studies
showing worse COVID-19 outcomes in males
compared to females. A meta-analysis of 11 studies
with over 3000 COVID-19 patients found that males
had 31% higher odds of developing severe COVID-19
infection compared to females (Jin et al., 2020).
Similarly, a study of over 30 million confirmed
COVID-19 cases in the US found males had a

mortality rate 10-20% higher than females (Siliezar,

2022). The higher COVID-19 severity and mortality
risk for males has been observed across multiple
studies and populations. According to current
evidence, women seem to have a better immune
response and less systemic inflammation, resulting in
milder symptoms and a lower risk of blood clots when
infected with COVID-19. On the other hand, men
appear to have a weaker immune response, leading to
more severe symptoms and a higher risk of blood
clots (Pivonello et al., 2021; La Vignera et al., 2020;

Asfahan et al., 2020).

The distribution of COVID-19 severity across age

groups in this study aligns with broader
epidemiological findings indicating lower incidence
and severity in younger populations. The study found
that among the COVID-19 patients, the 41-60 age
group had a balanced distribution of mild, moderate,
and severe cases. This contrasts with the younger (21-
40) and older (over 60) groups, which showed a skew
towards moderate and severe cases, respectively. The
higher prevalence of moderate cases in the 21-40
group aligns with global patterns of MS being most
common in young adults (Farshbafnadi et al., 2021).
The skew towards more severe cases in the over 60
group reflects widely observed age-related increases

in COVID-19 severity (Herrera-Esposito and de Los
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Campos, 2022; Turke, 2020). The peak COVID-19
mortality risk in those over 75 versus 70-75 years old
highlights the substantial increase in vulnerability in
advanced age. Overall, the age-based distribution of
COVID-19 severity categories mirrors population-
level data indicating greater susceptibility to severe
COVID-19 with older age. However, within age
groups, the interplay between pre-existing conditions
like MS and COVID-19 severity is complex and

requires further research.

The current study found significantly higher serum
NSE levels in COVID-19 patients compared to
uninfected controls. Within the COVID-19 group,
patients with respiratory distress and dyspnea
showed even further elevated NSE levels. This aligns
with other studies demonstrating increased NSE
levels correlate with COVID-19 severity (Sahin,
2023). A study of 60 recovered COVID-19 patients
also found higher NSE levels during the acute
infection stage compared to follow-up (Heidari and
Rezaei, 2023). Elevated NSE has been associated with
lung injury in COVID-19 in multiple reports
(Kokkoris et al., 2022; Vretto et al., 2022). The
consistently observed relationship between high NSE
levels and worse COVID-19 outcomes suggests
neuronal damage or stress may be induced by SARS-
CoV-2 infection, even in milder cases. This could
indicate the virus' impact goes beyond the respiratory
system (Morillo-Gonzalez et al., 2020). Overall, the
elevated serum NSE levels in COVID-19 patients,
especially those with respiratory distress, mirrors
findings from other studies linking increased NSE to
greater COVID-19 severity. NSE may have utility as a

biomarker for neurological involvement in COVID-19.

The significant elevation of glial fibrillary acidic
protein (GFAP) in COVID-19 patients observed in this
study is corroborated by similar findings in recent
literature. GFAP, a brain injury biomarker, was
elevated in COVID-19 patients with neurological
symptoms during the acute phase of the disease, as
reported in one study (Sahin et al.,, 2022). This
supports the notion that COVID-19 can affect the

central nervous system, leading to potential brain
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injury. Another study noted that GFAP levels were
found to change in patients with neurological
manifestations of COVID-19, further suggesting its
role as an indicator of axonal damage and neuronal
degeneration in these patients (Bose, 2023).
However, it is noted that while elevated GFAP was
associated with disease severity, it may not directly
correlate with neurological symptoms in COVID-19
patients, indicating that its elevation might represent
a broader response to systemic inflammation rather
than specific neuronal damage (Saraste, 2021). Lastly,
increased levels of GFAP have been observed in the
cerebrospinal fluid of patients with central
neurological symptoms, which aligns with the
increased levels noted in the serum of COVID-19
patients, emphasizing the potential utility of GFAP as
a marker for central nervous system injury

(Virhammar et al., 2021)

The current study found significantly higher serum
NFL levels in COVID-19 patients (mean 293.99
pg/mL) compared to healthy controls (mean 17.97
pg/mL). This aligns with several other studies
showing increased serum NFL levels in COVID-19
patients versus controls. For example, two studies
found 2-3-fold higher serum NFL levels in
hospitalized COVID-19 patients compared to controls
(Verde et al., 2022). Higher NFL levels have also been
associated with worse COVID-19 outcomes, including
need for mechanical ventilation, prolonged ICU stay,
and increased mortality (Giovannini, 2022). The
consistently observed relationship between elevated
serum NFL and greater COVID-19 severity suggests
potential neuronal damage or stress induced by
SARS-CoV-2

mechanisms are still unclear. Some possibilities

infection. However, the exact
include direct viral invasion of the CNS, hypoxia from
respiratory distress, endothelial dysfunction, or
inflammation (Hay et al., 2021 ; Hidari and Rezaei
2023). Overall, the significantly increased serum NFL
levels in COVID-19 patients, especially severe cases,
mirrors findings from multiple other studies linking
elevated NFL to COVID-19 severity. Serum NFL may
have utility as a prognostic biomarker for neurological

involvement in COVID-19.
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The current study found significantly elevated mean
NSE levels in MS patients (35.19 pg/mL) compared to
healthy controls (1.24 pg/mL). This appears to
contradict some earlier small studies showing no
difference or even lower NSE levels in MS patients
versus controls (Rodat et al., 1994; Forooghian et al.,
2007). However, more recent research has
demonstrated elevated serum and CSF NSE levels
correlate with MS relapses and disease activity,
suggesting NSE may reflect ongoing neuronal injury
(Yang et al., 2022; Gelderblom et al., 2013; Wang et
al., 2018). The higher NSE levels in relapsing MS
patients align with the observation that NSE levels
peak during acute inflammatory events causing
axonal damage. However, the relationship between
NSE and long-term disability progression in MS
remains unclear (Koch et al., 2015). While this study
reinforces the potential for NSE as a biomarker of
neuronal damage in MS, NSE levels alone may not
reliably distinguish MS from controls due to
significant overlap and variability. Overall, this study
provides further evidence that NSE levels are elevated
in MS patients compared to healthy individuals,
reflecting ongoing neuroaxonal injury, but additional
biomarkers are likely needed for accurate diagnosis

and monitoring.

Similarly, the current study found substantially
higher serum GFAP levels in MS patients (mean 17.18
pg/mL) compared to healthy controls (mean 1.85
pg/mL). This aligns with several other studies
showing elevated GFAP levels in the blood and CSF of
MS patients versus controls. A recent meta-analysis
found mean serum GFAP was 97.7 pg/mL in MS
patients versus 67.5 pg/mL in controls (Saraste et al.,
2021). Another study showed a mean CSF GFAP of
17.8 pg/mL in MS patients compared to 8.2 pg/mL in
controls (Abdelhak et al., 2018). Higher GFAP levels
have also been associated with greater disease
severity and progression in MS, especially in
progressive forms (Sharquie et al., 2018; Hogel et al.,
2020). The consistently observed relationship
between elevated GFAP and MS suggests glial
activation and astrocyte injury may play a role in

disease pathology. However, GFAP alone may have

2024

limited utility as a diagnostic biomarker for MS due to
variability and overlap with controls (Sun et al.,
2021). Overall, this study provides further evidence of
increased GFAP levels in the blood of MS patients
compared to healthy individuals, reflecting ongoing

astrocyte activation or damage.

The current study found markedly elevated serum
NfL levels in MS patients (mean 501.12 pg/mL)
compared to healthy controls (mean 17.97 pg/mL).
This aligns with numerous other studies showing
significantly increased serum and CSF NfL levels in
MS patients versus healthy controls. A recent meta-
analysis found blood NfL levels were on average 76%
higher in MS patients compared to non-matched
controls (Ning and Wang, 2022). Another study
found mean serum NfL of 30.5 pg/mL in MS patients
versus 16.9 pg/mL in controls (Haines et al., 2011).
The consistently observed elevation of NfL in MS
suggests ongoing neuroaxonal damage and loss.
Higher NfL levels have also been associated with
greater MS disease severity and progression,
including conversion to secondary progressive MS
(Kuhle et al.,, 2019; Bittner et al.,, 2021). This
indicates the marked NfL increase in MS patients
reflects more advanced neurodegeneration. Overall,
the dramatic elevation of serum NfL in MS cases
compared to controls in this study mirrors results
from many other reports, further confirming NfL
utility as a biomarker for neuroaxonal involvement

and damage in MS.

The current study found no significant correlation
between serum NSE and GFAP levels (correlation
coefficient = 0.085, p = 0.271). This aligns with
several other studies that also did not find a
significant association between these two biomarkers
across different neurological conditions. For example,
studies in traumatic brain injury and cardiac arrest
patients found no correlation between serum NSE
and GFAP levels (Czeiter et al., 2020; Gill et al.,
2018). The lack of correlation suggests NSE and
GFAP may reflect different pathological processes,
with NSE indicating acute neuronal damage and

GFAP indicating astrocyte activation or injury.

246 | Jegjoet al.



In contrast, the study found a significant and strong
positive correlation between serum NSE and NFL
levels (correlation coefficient = 0.303, p < 0.001).
Higher NSE levels were associated with increased
NFL levels. This aligns with multiple other studies
demonstrating  significant positive correlations
between serum or CSF levels of NSE and NFL across
various neurological diseases, including Alzheimer's
disease, multiple sclerosis, and traumatic brain injury
(Leister et al., 2021). The consistent correlation
suggests both NSE and NFL can indicate the extent of
acute axonal injury. However, NSE elevation tends to
be more transient while NFL remains elevated longer,
making NFL a potential indicator of ongoing
neurodegeneration (Youssef et al., 2023). Overall, the
correlation results between NSE, GFAP, and NFL
align with findings from other studies showing
association between markers of neuronal injury like
NSE and NFL but not astrocyte activation like GFAP.

Our study's significant findings on elevated
biomarkers among COVID-19 and MS patients have
critical implications for clinical practice. The marked
increase in NFLE, NSE, and GFAP levels in MS
patients compared to healthy controls suggests these
biomarkers could potentially serve in the early
detection and monitoring of central nervous system
involvement. For COVID-19, the notable elevation of
these biomarkers indicates a broader impact of the
virus, possibly extending to neurological damage.
These insights could pave the way for more targeted
therapeutic strategies and a better understanding of
the pathophysiological mechanisms underpinning
both diseases. This is , as far as we are aware , the first
investigation into the potential applications of
neuron-specific enolase (NSE) , glial fibrillary acidic
protein (GFAP) , and neurofilament light chain (NFL)
as biomarkers in the context of multiple sclerosis and

COVID-19 in the Kurdistan Region of Iraq (KRG)

Conclusion
Our study ‘s findings highlight the importance of
identifying the
neurological effects of COVID-19 and Multiple
Sclerosis(MS)

raised serum biomarkers in

including  Neurofilament light

2024

chain(NFLE), neuron-specific enzyme (NSE) and glial
fibrillary acidic protein (GFAP). In particular, a
possible function for these biomarkers in clinical
diagnosis and tracking disease progression is
suggested by the significant increase in NFLE levels
in MS patients and the significant rise in NSE and
GFAP levels in COVID-19 patients as compared to
healthy controls. These results add to the increasing
amount of information suggesting that COVID-19
may cause neurological issues in addition to
respiratory symptoms. Our findings could guide
future research that could enhance patient care by
identifying patients with neurologic symptoms of
these illnesses early and developing specialized

treatment plans for them.

Recommendation(s)
Our study’s findings highlight the importance of

raised serum biomarkers in identifying the
neurological effects of COVID-19 and Multiple
Sclerosis(MS)

chain(NFLE), neuron-specific enzyme (NSE) and glial

including  Neurofilament light
fibrillary acidic protein (GFAP). Inparticular, a
possible function for these biomarkers in clinical
diagnosis and tracking disease progression is
suggested by the significant increase in NFLE levels
in MS patients and the significant rise in NSE and
GFAP levels in COVID-19 patients as compared to
healthy controls. These results add to the increasing
amount of information suggesting that COVID-19
may cause neurological issues in addition to
respiratory symptoms. Our findings could guide
future research that could enhance patient care by
identifying patients with neurologic symptoms of
these illnesses early and developing specialized

treatment plans for them.
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