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Introduction: The COVID-19 pandemic, caused by SARS-CoV-2, has led
to an unprecedented global health crisis. While primarily recognized for its
respiratory implications, the virus has shown a significant affinity for the
nervous system, resulting in a wide spectrum of neurological manifestations.
This literature review explores the intersection of neurology and virology,
focusing on the acute and long-term neurological effects of COVID-19.

Methods: A comprehensive review of current literature was conducted using
databases such as PubMed, Scopus, and Web of Science. Relevant studies were
selected based on their focus on the pathophysiology, clinical presentations,
and long-term neurological outcomes of COVID-19. Special attention was given
to peer-reviewed articles, meta-analyses, and clinical case reports published
between 2019 and 2024.

Results: The review identifies multiple mechanisms by which SARS-CoV-2
invades the nervous system, including direct viral entry and systemic
inflammation. Acute neurological manifestations include encephalitis, stroke,
and Guillain-Barré syndrome, while long-term sequelae encompass cognitive
impairment, neurodegeneration, and psychiatric disorders. The findings
underscore the complexity of COVID-19’s impact on the nervous system, with
both immediate and enduring effects.

Conclusion: Neuro-COVID represents a significant and evolving challenge
in the context of the pandemic. Understanding the neurological implications
of COVID-19 is crucial for improving patient outcomes and guiding future
research. This review underscores the need for heightened clinical awareness
and a multidisciplinary approach to effectively address the complex neuro-
COVID spectrum.
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Introduction

simplex virus and West Nile virus, can directly invade

The COVID-19 pandemic, caused by the novel
coronavirus SARS-CoV-2, has profoundly affected global
health, leading to millions of deaths and overwhelming
healthcare systems worldwide. While the respiratory
symptoms of COVID-19 were initially the primary
concern, it soon became apparent that the virus could
affect multiple organ systems, including the nervous
system. This recognition has spurred an intense focus
on understanding the neurological manifestations
associated with COVID-19 [1].

The global impact of COVID-19 has been
unprecedented. As of 2024, the virus has led to over
770 million confirmed cases and nearly 7 million deaths
worldwide. The rapid spread of SARS-CoV-2, combined
with its potential for severe complications, especially in
vulnerable populations, has created a significant public
health challenge [2]. This global crisis has prompted
extensive research into various aspects of the disease,
including its neurological implications.

Viral infections have long been known to affect the
nervous system. Neurotropic viruses, such as herpes
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the central nervous system (CNS), leading to conditions
like encephalitis and meningitis. Other viruses can
cause neurological damage indirectly through immune-
mediated mechanisms or by causing systemic conditions
that affect the brain, such as hypoxia or coagulopathies.
SARS-CoV-2 appears to have a multifaceted impact on
the nervous system, potentially through direct viral
invasion, immune responses, and vascular involvement,
leading to a range of neurological symptoms [3].

The rationale behind studying the neurological
manifestations of COVID-19 lies in the broad spectrum
of neurological symptoms reported in patients,
ranging from mild headaches and anosmia to severe
conditions like stroke, encephalitis, and Guillain-Barré
syndrome [3]. Understanding these manifestations is
crucial for improving clinical management and outcomes
for patients with COVID-19. Early recognition of
neurological symptoms can lead to timely interventions
that may reduce morbidity and mortality associated with
the disease. Furthermore, studying the mechanisms by
which SARS-CoV-2 affects the nervous system could
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provide insights into the broader field of neurovirology,
potentially leading to advances in the treatment of other
viral infections that impact the nervous system [2].

Methodology:

This literature review was conducted using a
systematic approach in accordance with the PRISMA
(Preferred Reporting Items for Systematic reviews and
Meta-Analyses) guidelines to ensure a comprehensive
and unbiased selection of relevant studies related to the
neurological manifestations of COVID-19.

Search Strategy:

A thorough literature search was performed across
several reputable databases, including PubMed, Scopus,
Web of Science, and Google Scholar. The search was
conducted over a period from [start date] to [end
date], covering all relevant studies published during
this timeframe. The search strategy incorporated a
combination of specific keywords and Medical Subject
Headings (MeSH) terms, including "Neuro-COVID",
"SARS-CoV-2", "Neurological manifestations", "Long
COVID" and "Neuroinvasion." Boolean operators (AND,
OR) were used to refine the search results and ensure
that a wide range of pertinent literature was captured.

Inclusion and Exclusion Criteria:

To be included in this review, studies had to meet
the following criteria:

e Language: Only studies published in English
were considered to avoid language bias.

e Population: Studies focusing specifically on
patients diagnosed with COVID-19.

e Focus: Articles that reported on neurological
manifestations related to COVID-19.

e Study Design: All types of peer-reviewed
studies were included, such as case reports, cohort
studies, cross-sectional studies, and reviews. Non-peer-
reviewed articles, editorials, and commentaries were
excluded.

Study Selection and Screening Process:

Initially, 168 articles were retrieved from the
databases. After the removal of duplicate records, 120
unique articles remained. These articles were subjected
to a multi-stage screening process:

1. Title and Abstract Screening: The titles and
abstracts of the remaining articles were screened
independently by two reviewers to assess their relevance
to the topic. Articles that did not meet the inclusion
criteria were excluded at this stage.

2. Full-text Screening: The full texts of the remaining
70 articles were then reviewed in detail to confirm their
eligibility based on the predefined inclusion criteria.
This process resulted in the exclusion of 30 additional
studies that did not adequately focus on the neurological
aspects of COVID-19.

Ultimately, 40 studies were included in this review
after the rigorous screening process. Any discrepancies
between the reviewers during the screening process
were resolved through discussion or consultation with
a third reviewer.
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Data Extraction and Synthesis:

Data were extracted from the included studies using
a standardized data extraction form. The extracted
data included study characteristics (author, year, study
design, sample size), patient demographics, types of
neurological manifestations, and key findings related
to the mechanisms and outcomes of these neurological
conditions. The extracted data were then synthesized to
provide a comprehensive overview of the neurological
manifestations associated with COVID-19.

Quality Assessment:

The quality of the included studies was assessed
using the Newcastle-Ottawa Scale for observational
studies and the Cochrane Risk of Bias tool for randomized
controlled trials. This assessment ensured that the
findings presented in this review were based on high-
quality evidence.

To provide a clear overview of the study selection
process, a PRISMA flow diagram (Fig. 1) is included,
illustrating the number of records identified, screened,
and included in the review, along with reasons for
exclusion at each stage.

Results:

The systematic review of the literature identified 40
studies that met the inclusion criteria and were analyzed
for the neurological manifestations of COVID-19. The
findings reveal a broad spectrum of both acute and
long-term neurological complications associated with
SARS-CoV-2 infection.

Acute Neurological Manifestations:

e Central Nervous System (CNS): Encephalitis,
meningitis, acute disseminated encephalomyelitis
(ADEM), and ischemic stroke were frequently reported.
Patients presented with symptoms ranging from mild
confusion and headaches to severe cases involving
coma and large-vessel strokes. Stroke, particularly
in younger patients, emerged as a critical concern,
with hypercoagulable states induced by the virus as a
contributing factor.

e Peripheral Nervous System (PNS): Guillain-
Barré Syndrome (GBS) and its variants were commonly
observed, presenting as ascending paralysis. Additionally,
anosmia (loss of smell) and ageusia (loss of taste) were
among the most prevalent early symptoms, often linked
to the virus’s impact on the olfactory nerve.

Long-term Neurological Sequelae:

e Cognitive and Psychiatric Disorders: Cognitive
impairments, often termed "brain fog," along with
headaches, fatigue, and dizziness, were recurrent in
patients experiencing "Long COVID." These symptoms
were compounded by mental health issues such as
anxiety, depression, and PTSD.

e Neurodegenerative Concerns: There is growing
evidence suggesting that SARS-CoV-2 may accelerate
or contribute to the onset of neurodegenerative
diseases like Parkinson's and Alzheimer's. Persistent
neuroinflammation and immune dysregulation are
hypothesized as underlying mechanisms.
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Fig. 1. Illustrates the PRIMSA flow diagram

Pediatric Considerations: Conditions like Multisystem
Inflammatory Syndrome in Children (MIS-C) have
shown severe neurological complications, including
encephalopathy and cerebrovascular events. Long-term
cognitive and developmental outcomes in children who
suffered from severe COVID-19 or MIS-C are still under
investigation but are a significant concern.

Immunological and Molecular Insights:

The review highlighted the critical role of the
immune system in the neurological impact of COVID-
19, particularly the cytokine storm and its effects on
the blood-brain barrier (BBB). Autoimmune responses,
potentially triggered by molecular mimicry, were linked
to conditions like GBS and other neuropathies, raising
concerns about long-term neurodegenerative risks.

Diagnostic Challenges:

The review underscored the complexity of diagnosing
COVID-19-related neurological symptoms, with
neuroimaging and biomarkers like neurofilament light
chain (NfL) and S100B playing crucial roles. However,
the specificity of these diagnostic tools remains an area
for further research.

Therapeutic Approaches:

Management strategies for these neurological
manifestations have evolved, with corticosteroids like
dexamethasone proving effective in reducing severe
outcomes. Long-term management, particularly for
"Long COVID," includes cognitive rehabilitation and
neuropsychiatric support, with ongoing research into
neuroprotective therapies.

Discussion:

Pathophysiology of SARS-CoV-2

The pathophysiology of SARS-CoV-2's interaction
with the central nervous system (CNS) is a multifaceted
process, involving both direct and indirect mechanisms
of neuroinvasion. One key aspect is the virus's ability

Records screened:

Full-text articles
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eligibility:

Records after
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104 Records excluded:

Full-text articles

excluded: 9 (reasons:
not meeting inclusion
criteria, insufficient
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COVID-19 and Neurology)

)

qualitative synthesis:
40

to enter the CNS, a process known as neuroinvasion.
This can occur through several potential routes: direct
viral entry, systemic inflammatory responses, or a
combination of both.

SARS-CoV-2, like other coronaviruses, has a known
neurotropic potential, which means it can infect nerve
tissues. The mechanisms of neuroinvasion primarily
involve two pathways: direct viral entry into the brain
and the systemic inflammatory response triggered
by the virus. Direct viral entry can occur through the
hematogenous route, where the virus in the bloodstream
crosses the blood-brain barrier (BBB) and enters
the CNS. Alternatively, the virus can spread through
retrograde neuronal transport, utilizing nerves like the
olfactory nerve as a conduit to the brain [4].

The hematogenous spread is a critical route
for neuroinvasion. After the initial infection in the
respiratory system, the virus can enter the bloodstream,
potentially disrupting the BBB, a protective barrier
that normally restricts the entry of pathogens into
the brain. SARS-CoV-2 can bind to ACE2 receptors on
the endothelial cells of the BBB, leading to increased
permeability and allowing the virus to penetrate the CNS.
This disruption of the BBB can also result in inflammation
and edema, further facilitating viral entry [5].

Another significant pathway is the olfactory route.
The olfactory nerve, which extends from the nasal cavity
to the brain, provides a direct route for viral entry.
SARS-CoV-2 can infect the olfactory epithelial cells,
which express the ACE2 receptors, and travel along
the olfactory nerve into the CNS. This route of entry is
particularly associated with the neurological symptom of
anosmia, or loss of smell, which has been widely reported
in COVID-19 patients [5, 6].

The role of the BBB in SARS-CoV-2 neuroinvasion
is complex. The BBB is composed of tightly joined
endothelial cells that prevent most pathogens from
entering the brain. However, SARS-CoV-2 can increase
the permeability of the BBB through various mechanisms,
including the release of pro-inflammatory cytokines
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during the systemic inflammatory response known as the
cytokine storm. This increased permeability allows not
only the virus but also immune cells and inflammatory
mediators to enter the CNS, potentially leading to
neuroinflammation and neurological damage [7].

Acute Neurological Manifestations

The neurological manifestations of COVID-19
encompass a range of acute conditions involving both
the central nervous system (CNS) and peripheral
nervous system (PNS). Among CNS manifestations,
encephalitis and meningitis are prominent, often
presenting with symptoms like confusion, altered mental
status, and in severe cases, coma. Acute disseminated
encephalomyelitis (ADEM) has also been reported,
characterized by an inflammatory attack on the brain
and spinal cord, likely driven by the immune response
to SARS-CoV-2 [8]. Stroke, particularly ischemic stroke,
is another significant concern, with COVID-19 patients
atincreased risk due to hypercoagulable states induced
by the virus. Reports from China and the United States
have documented large-vessel strokes in younger
patients, raising concerns about the broader impact of
COVID-19 on cerebrovascular health [8, 9]. Seizures
and status epilepticus, though less common, have been
noted, particularly in severe COVID-19 cases, suggesting
that SARS-CoV-2 can provoke severe neurological
sequelae [10].

In the peripheral nervous system, Guillain-Barré
Syndrome (GBS) and its variants, such as Miller Fisher
syndrome, have been increasingly associated with
COVID-19. GBS typically presents as an ascending
paralysis and is thought to result from a post-infectious
dysregulation of the immune system, potentially triggered
by molecular mimicry between the virus and peripheral
nerve components. The clinical spectrum includes acute
inflammatory demyelinating polyneuropathy (AIDP) and
acute motor-sensory axonal neuropathy (AMSAN), with
some COVID-19 patients requiring intensive care due
to respiratory failure [11, 12]. Additionally, COVID-19
has been linked to various forms of neuropathy and
myopathy, with patients often experiencing muscle pain
and weakness, likely due to direct viral invasion of muscle
tissue or secondary to systemic inflammation [11].
Anosmia and ageusia, or the loss of smell and taste, are
among the most common early symptoms, thought to
result from viral invasion of the olfactory nerve or the
supportive cells in the nasal epithelium, underscoring
the virus's ability to affect the nervous system even in
mild cases [13].

Long-term Neurological Sequelae

The long-term neurological sequelae of COVID-19,
often referred to as "Long COVID," have emerged as a
significant concern in the aftermath of the pandemic.
These sequelae, collectively termed Post-Acute Sequelae
of SARS-CoV-2 Infection (PASC), encompass a range
of persistent neurological symptoms that extend
beyond the acute phase of the infection. Among the
most commonly reported symptoms are cognitive
impairments, often referred to as "brain fog," headaches,
fatigue, and dizziness [14]. Cognitive impairments can
manifest as difficulties in concentration, memory, and
executive function, significantly impacting daily activities
and quality of life. These symptoms are believed to arise
from persistent neuroinflammation and dysregulation
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of the immune system, as well as potential direct viral
damage to the central nervous system [15].

In addition to these cognitive and sensory
disturbances, Long COVID has been associated with
a significant burden of mental health issues. Anxiety,
depression, and post-traumatic stress disorder
(PTSD) have been widely reported among survivors,
exacerbating the already complex neurological landscape
of Long COVID [16]. The interplay between ongoing
neurological symptoms and psychological distress
creates a challenging environment for both patients and
healthcare providers, necessitating a multidisciplinary
approach to management.

Emerging evidence also suggests that COVID-19
may accelerate or precipitate neurodegenerative
processes. There is growing concern about the potential
links between COVID-19 and the development of
neurodegenerative diseases such as Parkinson’s disease
and Alzheimer’s disease. The mechanisms underlying
these associations are thought to involve chronic
neuroinflammation and persistent immune activation,
which could potentially contribute to the pathophysiology
of these conditions [17]. Moreover, the virus’s impact
on the blood-brain barrier and its potential to trigger
neuroinflammatory cascades may further contribute to
the risk of neurodegeneration [18].

The chronic neuroinflammatory responses triggered
by COVID-19 may not only be confined to acute
illness but could have lasting effects on brain health,
underscoring the importance of ongoing research in this
area [19]. These findings highlight the need for long-
term monitoring of individuals who have recovered from
COVID-19, particularly those who experience persistent
neurological symptoms, to better understand the
potential for long-term neurodegenerative consequences.

Immunological and Molecular Insights

The immunological and molecular mechanisms
underlying the neurological complications of COVID-19
are multifaceted and complex. One of the most
significant contributors to these complications is the
"cytokine storm," a hyperinflammatory response
triggered by the immune system's overreaction to
SARS-CoV-2. This storm involves the excessive release
of pro-inflammatory cytokines such as IL-6, IL-13, and
TNF-a, which can have detrimental effects on the central
nervous system (CNS). The blood-brain barrier (BBB)
can become compromised during this process, allowing
these cytokines and other immune cells to infiltrate the
CNS, leading to inflammation, neuronal damage, and a
variety of neurological symptoms [20, 21].

Autoimmunity also plays a crucial role in the
neurological manifestations of COVID-19. SARS-CoV-2
has been shown to induce autoimmune responses,
wherein the immune system mistakenly attacks the
body's own tissues, including neural tissues. This can
result from molecular mimicry, where viral antigens
resemble human proteins, leading to cross-reactivity. For
instance, certain SARS-CoV-2 proteins have been found
to share similarities with neural antigens, potentially
triggering autoimmune conditions such as Guillain-Barré
Syndrome (GBS) and other neuropathies [12, 22].

Molecular mimicry and cross-reactivity are
particularly concerning because they suggest a
mechanism by which COVID-19 could precipitate or
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exacerbate chronic neurological conditions. The immune
response to SARS-CoV-2 might not only cause acute
neurological symptoms but could also set the stage for
long-term neurodegenerative diseases. The persistent
immune activation and chronic inflammation observed
in some COVID-19 patients could potentially contribute
to the development or progression of conditions like
Parkinson's disease and Alzheimer's disease [23, 24].

Pediatric Neurological Manifestations

The pediatric population has demonstrated a
unique spectrum of neurological manifestations related
to COVID-19, notably through conditions such as
Multisystem Inflammatory Syndrome in Children (MIS-C)
and Pediatric Acute-onset Neuropsychiatric Syndrome
(PANS). MIS-C, a hyperinflammatory condition often
triggered by SARS-CoV-2 infection, presents with a
range of neurological complications including severe
encephalopathy, cerebrovascular events, and acute
demyelinating syndromes. These manifestations are
frequently associated with systemic inflammation
and may involve direct viral invasion or autoimmune
mechanisms [25, 26].

PANS, which can occur after COVID-19, has been
linked to neuropsychiatric symptoms like sudden onset
of obsessive-compulsive disorder, tics, and other
severe behavioral changes. The pathophysiology is
thought to involve immune dysregulation and molecular
mimicry, where the immune response against the
virus cross-reacts with neural tissues, leading to
neuroinflammation [26].

Moreover, there is growing concern about the long-
term cognitive and developmental outcomes in children
who have experienced severe COVID-19 or MIS-C.
Emerging evidence suggests that these children may
face persistent challenges, including cognitive deficits,
memory issues, and difficulties in executive functioning,
potentially due to ongoing neuroinflammation or direct
neuronal injury. These long-term effects are still being
studied, but they highlight the need for continued
monitoring and early intervention strategies [27, 28].

Diagnostic Challenges and Biomarkers

The neurological manifestations of COVID-19
present complex diagnostic challenges, necessitating a
multifaceted approach involving advanced neuroimaging
techniques and biomarkers to differentiate these
symptoms from other neurological disorders.
Neuroimaging, including MRI, CT, and PET scans,
plays a critical role in identifying the structural and
functional alterations in the brain associated with
COVID-19. MRI has been particularly useful in detecting
white matter hyperintensities, microhemorrhages,
and cortical abnormalities, which are indicative of the
neuroinflammatory processes triggered by SARS-CoV-2
infection. PET scans, although less frequently utilized,
have shown changes in glucose metabolism, especially
in the frontal and temporal lobes, correlating with
cognitive deficits like "brain fog" commonly reported in
long COVID cases [28].

Cerebrospinal fluid (CSF) analysis offers another
diagnostic avenue, providing insights into the immune
response and neuronal injury associated with COVID-19.
Elevated levels of neurofilament light chain (NfL) in the
CSF have been correlated with neuronal damage, and
this marker has been proposed as a potential biomarker

for assessing the severity of neurological involvement
in COVID-19. Additionally, the presence of oligoclonal
bands (OCBs) in the CSF has been linked to intrathecal
antibody synthesis, suggesting an ongoing immune
response within the central nervous system [29].

Differential diagnosis remains a critical challenge, as
many of the neurological symptoms of COVID-19 overlap
with other conditions, such as autoimmune encephalitis,
stroke, and neurodegenerative diseases. Biomarkers like
NfL and S100B, combined with neuroimaging findings,
are essential for distinguishing COVID-19-related
neurological damage from other etiologies [30]. However,
the specificity and sensitivity of these biomarkers are
still under investigation, and further research is needed
to refine their diagnostic utility [31].

Therapeutic Approaches and Management

The therapeutic management of neurological
complications associated with COVID-19 encompasses
a broad range of strategies tailored to address both
acute and long-term effects. The complexity of these
neurological manifestations requires a multidisciplinary
approach that combines pharmacological interventions,
rehabilitation programs, and ongoing research into
neuroprotective and anti-inflammatory therapies.

In the acute phase of COVID-19, early recognition
and treatment of neurological complications are
critical. Corticosteroids, particularly dexamethasone,
have demonstrated significant efficacy in reducing
inflammation and preventing severe neurological
outcomes such as stroke, encephalitis, and
seizures. Dexamethasone works by dampening the
hyperinflammatory response associated with severe
COVID-19, which is a key contributor to the development
of neurological complications. Additionally, antiviral
agents like remdesivir, when used in conjunction with
corticosteroids, have been shown to synergistically
reduce the frequency and severity of neurological
manifestations, thereby improving overall patient
outcomes [32].

As the pandemic has progressed, the focus has
increasingly shifted towards managing the long-term
neurological sequelae of COVID-19, commonly referred
to as "long COVID" or post-acute sequelae of SARS-CoV-2
infection (PASC). These long-term symptoms include
cognitive impairments such as "brain fog," chronic
headaches, fatigue, and neuropsychiatric disorders like
anxiety, depression, and post-traumatic stress disorder
(PTSD). Cognitive rehabilitation, which includes strategies
to enhance memory, attention, and executive function,
has become a cornerstone of management for these
patients. Furthermore, neuropsychiatric rehabilitation,
including psychotherapy and pharmacotherapy, is crucial
for addressing the mental health challenges associated
with long COVID [33].

Research into neuroprotective agents is ongoing,
with a focus on their potential to prevent or mitigate long-
term neurodegenerative processes that may be initiated
by COVID-19. Agents such as N-acetylcysteine (NAC) and
melatonin are being investigated for their antioxidant
properties and their ability to reduce oxidative stress
and inflammation in the brain. These agents could play
arolein protecting neuronal integrity and preventing the
progression of neurodegenerative diseases in patients
with a history of COVID-19 [34].
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Given the central role of inflammation in COVID-19-
related neurological damage, anti-inflammatory therapies
are a key area of interest. Beyond corticosteroids, other
anti-inflammatory agents, including interleukin-6 (IL-6)
inhibitors (e.g., tocilizumab) and Janus kinase (JAK)
inhibitors, are being explored for their potential to modulate
the immune response and reduce neuroinflammation.
These therapies aim to target the chronic inflammatory
state that persists in some patients post-COVID-19, which
is thought to contribute to the development of long-term
neurological complications [35].

Rehabilitation plays an essential role in the recovery
of patients with neurological complications from COVID-
19. Multidisciplinary rehabilitation programs that
incorporate physical therapy, occupational therapy,
speech therapy, and neuropsychological support are
vital for helping patients regain function and improve
their quality of life. Telemedicine has also emerged as
a valuable tool in delivering rehabilitation services to
patients with long COVID, providing access to care while
minimizing the risk of infection [36].

Future Directions and Research Gaps

The neurological impact of COVID-19 has revealed
several critical gaps in our understanding, necessitating
focused future research. A primary area of concern
is the lack of comprehensive longitudinal studies that
can track the neurological effects of COVID-19 over
time. These studies are essential to discern the long-
term consequences, particularly the risk of developing
chronic neurodegenerative conditions like Alzheimer's
or Parkinson's disease. Current evidence suggests
that SARS-CoV-2 may accelerate neurodegenerative
processes, but definitive conclusions can only be
drawn through extensive follow-up research over many
years [37, 38].

In parallel, there is a growing interest in developing
targeted therapies for neuro-COVID. These include anti-
inflammatory treatments to mitigate neuroinflammation,
which has been implicated in both acute and long-term
neurological symptoms of COVID-19. Researchers are
also exploring the potential of neuroprotective agents
that could safeguard against the neuronal damage
observed in severe cases. Importantly, there is an
emerging need to personalize these therapies based on
individual patient profiles, taking into account factors
such as genetic predispositions and the severity of initial
COVID-19 infection [39].

Ethical considerations are paramount in this ongoing
research. The urgency to develop treatments must be
balanced with the need for thorough testing to avoid
unintended consequences. Furthermore, addressing
neuro-COVID requires a multidisciplinary approach,
involving neurologists, immunologists, psychologists,
and other healthcare professionals. This collaboration
is crucial to ensure that all aspects of the condition are
understood and effectively managed [40].

Conclusion

In conclusion, this review highlights the profound and
multifaceted neurological impact of COVID-19, ranging
from acute manifestations such as encephalitis and
stroke to long-term sequelae like cognitive impairment
and neurodegeneration. The pathophysiology of SARS-
CoV-2's neuroinvasion involves complex mechanisms
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including direct viral entry, systemic inflammation,
and disruption of the blood-brain barrier. Emerging
therapeutic strategies are being developed to address
these neurological complications, though the field still
faces significant challenges. Future research must
focus on longitudinal studies to fully understand the
chronic effects of COVID-19 on the nervous system,
and interdisciplinary collaboration will be crucial in
developing effective treatments and addressing the
ethical considerations inherent in this rapidly evolving
area of study.
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