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Abstract

Background: Abstract

The post-acute sequelae of SARS-CoV-2 infection (PASC), or long COVID, often involve chronic neurological symptoms such
as cognitive impairment, fatigue, mood disorders, sleep disturbances, and potential acceleration of neurodegenerative diseases.
Neuroinflammation is a key mechanism driving these conditions. This literature review synthesizes evidence from studies
published between 2020 and 2025, focusing on the role of neurocinflammation in PASC-related neurological outcomes, its
underlying mechanisms, and potential therapeutic approaches. Findings indicate that persistent cytokine elevation, blood-brain
barrier disruption, microglial activation, and oxidative stress contribute to symptoms. Cognitive deficits and fatigue are the most
studied, with emerging links to dementia and Parkinson’'s disease. Antioxidant therapies and anti-inflammatory interventions
show promise, but further research is needed. This review highlights the importance of addressing neuroinflammation in long
COVID management and calls for standardized biomarkers and longitudinal studies

Objective: The COVID-19 pandemic, caused by SARS-CoV-2, has affected millions worldwide since 2019. While primarily a
respiratory illness, its long-term effects, known as post-acute sequelae of SARS-CoV-2 (PASC) or long COVID, frequently
involve neurological symptoms, including cognitive impairment (“brain fog”), fatigue, mood disorders, sleep disturbances, and
increased risk of neurodegenerative diseases like Alzheimer's and Parkinson’s (?). Neuroinflammation, characterized by
persistent immune activation in the central nervous system (CNS), is a central mechanism linking acute infection to these chronic
conditions (?). This literature review examines recent studies (2020-2025) to explore the role of neurcinflammation in post-
COVID neurological conditions, its mechanisms, and potential treatments, aiming to inform clinical practice and future research.

Methods: This review was conducted by searching PubMed, PMC, and other academic databases for peer-reviewed articles
published between 2020 and 2025. Search terms included “neuroinflammation,” “long COVID,” “post-COVID neurological
sequelae,” and “chronic neurological conditions.” Inclusion criteria prioritized systematic reviews, meta-analyses, cohort studies,
and neuroimaging studies examining inflammation markers (e.g., cytokines, PET imaging) in PASC patients. Approximately
20-30 studies were screened, with 10-15 selected based on sample size, methodological rigor, and relevance. Study quality was
assessed informally using criteria such as sample size and methodology reliability. Evidence was evaluated using GRADE
criteria, focusing on observational and imaging studies.

Results: 3.1 Cognitive Impairment and Brain Fog

Cognitive deficits, including memory issues and brain fog, affect 20-25% of PASC patients and may persist beyond 12 months
(7). A review of 167 studies identified elevated inflammatory markers, such as glia fibrillary acidic protein (GFAP) and
interleukin-8 (IL-8), correlating with cognitive symptoms (?). Neuroimaging using [11C]PBR28 PET reveded increased
inflammation in brain regions like the thalamus and basal ganglia, associated with cognitive impairment (?). A 2025 meta-
analysis confirmed persistent cognitive and psychopathological issues in recovered patients, linked to inflammation markers at
three-month follow-up (?).

3.2 Chronic Fatigue

Chronic fatigue, resembling myalgic encephal omyelitis/chronic fatigue syndrome (ME/CFS),

isahallmark of PASC. A 2025 study found higher inflammation and stress markers in fatigued PASC patients compared to fully
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recovered individuals (?). Systematic reviews note that peripheral immune responses trigger CNS inflammation, contributing to
fatigue and autonomic dysfunction, with elevated IL-17?, IL-6, and TNF-? detected 8-10 months post-infection (?). Fatigue often
requires specialized neurological management (?).

3.3 Mood Disorders

Mood disorders, including depression and anxiety, are prevalent in PASC, with a 21% increased risk in hospitalized patients (?).
Neuroinflammation disrupts neurotransmission, with PET studies showing elevated trandocator protein (TSPO) binding in
proinflammatory microglia, particularly in the ventral striatum (?). A 2024 review highlighted persistent depressive symptoms
linked to gliosis (?).

3.4 Sleep Disturbances

Chronic insomnia affects 20-25% of PASC patients, with a 92% increased risk compared to influenza cases (7). Inflammation
disrupts sleep architecture, potentially via elevated cortisol and cytokines (?).

3.5 Neurodegenerative Disease Risk

PASC may accel erate neurodegeneration, with hospitalized patients showing a 128% increased dementiarisk and ICU patients a
66% risk within six months (?). Shared mechanisms, including oxidative stress and mitochondrial dysfunction, link PASC to
Alzheimer’'s, Parkinson's, and multiple sclerosis (?).

4 Mechanisms of Neuroinflammation

Neuroinflammation in PASC arises from multiple pathways:

* Cytokine Storm: Elevated cytokines (IL-1?, IL-6, TNF-?) via NLRP3 inflammasome activation drive systemic and CNS
inflammation (?).

* Blood-Brain Barrier (BBB) Disruption: SARS-CoV-2 binds ACE2 receptors on

astrocytes, compromising BBB integrity and alowing immune cell infiltration (?).

» Microglial and Astrocyte Activation: Overactive microglia release cytokines, reduc-

ing neurogenesis and myelination (?7?).

* Oxidative Stress; Excessive reactive oxygen species (ROS) and reduced antioxidantsdamage neurons (7).

» Autoimmunity and Viral Persistence: Autoantibodies and lingering viral antigens

sustain inflammation (?).

» Gut-Brain Axis: Gut dyshiosis increases permeability, triggering CNS inflammationvia lipopolysaccharide (LPS) (?).

Conclusions; Neuroinflammation drives chronic neurological conditions in long COVID, including cognitive impairment,
fatigue, mood disorders, sleep issues, and increased neurodegenerative risk. Antioxidant and anti-inflammatory therapies offer
potential, but more research is needed to establish guidelines. This review underscores the need for integrated care to address
neuroinflammation in PASC.
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Abstract

The post-acute sequelae of SARS-CoV-2 infection (PASC), or long COVID, often involve
chronic neurological symptoms such as cognitive impairment, fatigue, mood disorders, sleep
disturbances, and potential acceleration of neurodegenerative diseases. Neuroinflammation is
a key mechanism driving these conditions. This literature review synthesizes evidence from
studies published between 2020 and 2025, focusing on the role of neuroinflammation in
PASC-related neurological outcomes, its underlying mechanisms, and potential therapeutic
approaches. Findings indicate that persistent cytokine elevation, blood-brain barrier
disruption, microglial activation, and oxidative stress contribute to symptoms. Cognitive
deficits and fatigue are the most studied, with emerging links to dementia and Parkinson’s
disease. Antioxidant therapies and anti-inflammatory interventions show promise, but further
research is needed. This review highlights the importance of addressing neuroinflammation in
long COVID management and calls for standardized biomarkers and longitudinal studies.

Keywords: Long COVID, neuroinflammation, chronic neurological conditions, post-acute

sequelae, cytokines, oxidative stress

1 Introduction

The COVID-19 pandemic, caused by SARS-CoV-2, has affected millions worldwide since 2019.
While primarily a respiratory illness, its long-term effects, known as post-acute sequelae of
SARS-CoV-2 (PASC) or long COVID, frequently involve neurological symptoms, including
cognitive impairment (“brain fog”), fatigue, mood disorders, sleep disturbances, and increased
risk of neurodegenerative diseases like Alzheimer’s and Parkinson’s (?). Neuroinflammation,
characterized by persistent immune activation in the central nervous system (CNS), is a central
mechanism linking acute infection to these chronic conditions (?). This literature review examines
recent studies (2020—2025) to explore the role of neuroinflammation in post-COVID neurological
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conditions, its mechanisms, and potential treatments, aiming to inform clinical practice and future
research.

2 Methods

This review was conducted by searching PubMed, PMC, and other academic databases for peer-
reviewed articles published between 2020 and 2025. Search terms included “neuroinflammation,”
“long COVID,” “post-COVID neurological sequelae,” and “chronic neurological conditions.”
Inclusion criteria prioritized systematic reviews, meta-analyses, cohort studies, and neuroimaging
studies examining inflammation markers (e.g., cytokines, PET imaging) in PASC patients.
Approximately 20-30 studies were screened, with 10-15 selected based on sample size,
methodological rigor, and relevance. Study quality was assessed informally using criteria such as
sample size and methodology reliability. Evidence was evaluated using GRADE criteria, focusing
on observational and imaging studies.

3 Results

3.1 Cognitive Impairment and Brain Fog

Cognitive deficits, including memory issues and brain fog, affect 20-25% of PASC patients and
may persist beyond 12 months (?). A review of 167 studies identified elevated inflammatory
markers, such as glial fibrillary acidic protein (GFAP) and interleukin-8 (IL-8), correlating with
cognitive symptoms (?). Neuroimaging using [11C] PBR28 PET revealed increased inflammation
in brain regions like the thalamus and basal ganglia, associated with cognitive impairment (?). A
2025 meta-analysis confirmed persistent cognitive and psychopathological issues in recovered
patients, linked to inflammation markers at three-month follow-up (?).

3.2 Chronic Fatigue

Chronic fatigue, resembling myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS),

is a hallmark of PASC. A 2025 study found higher inflammation and stress markers in fatigued
PASC patients compared to fully recovered individuals (?). Systematic reviews note that
peripheral immune responses trigger CNS inflammation, contributing to fatigue and autonomic
dysfunction, with elevated IL-18, IL-6, and TNF-a detected 8-10 months post-infection (?).
Fatigue often requires specialized neurological management (?).

3.3 Mood Disorders

Mood disorders, including depression and anxiety, are prevalent in PASC, with a 21% increased
risk in hospitalized patients (?). Neuroinflammation disrupts neurotransmission, with PET studies
showing elevated translocator protein (TSPO) binding in proinflammatory microglia, particularly
in the ventral striatum (?). A 2024 review highlighted persistent depressive symptoms linked to
gliosis (?).
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3.4 Sleep Disturbances

Chronic insomnia affects 20-25% of PASC patients, with a 92% increased risk compared to
influenza cases (?). Inflammation disrupts sleep architecture, potentially via elevated cortisol and
cytokines (?).

3.5 Neurodegenerative Disease Risk

PASC may accelerate neurodegeneration, with hospitalized patients showing a 128% increased
dementia risk and ICU patients a 66% risk within six months (?). Shared mechanisms, including
oxidative stress and mitochondrial dysfunction, link PASC to Alzheimer’s, Parkinson’s, and
multiple sclerosis (?).

4 Mechanisms of Neuroinflammation

Neuroinflammation in PASC arises from multiple pathways:

e Cytokine Storm: Elevated cytokines (IL-18, IL-6, TNF-&) via NLRP3 inflammasome
activation drive systemic and CNS inflammation (?).

* Blood-Brain Barrier (BBB) Disruption: SARS-CoV-2 binds ACE2 receptors on
astrocytes, compromising BBB integrity and allowing immune cell infiltration (?).

* Microglial and Astrocyte Activation: Overactive microglia release cytokines, reduc-
ing neurogenesis and myelination (??).

* Oxidative Stress: Excessive reactive oxygen species (ROS) and reduced antioxidants
damage neurons (?).

* Autoimmunity and Viral Persistence: Autoantibodies and lingering viral antigens
sustain inflammation (?).

* Gut-Brain Axis: Gut dysbiosis increases permeability, triggering CNS inflammation via
lipopolysaccharide (LPS) (?).

5 Discussion

5.1 Therapeutic Implications

Antioxidants, such as N-acetyl cysteine and melatonin, show promise in reducing
neuroinflammation, with benefits for fatigue and autonomic dysfunction (?). Anti-inflammatory
drugs targeting IL-6 and IL-1f are under investigation (?). Vaccination reduces PASC risk,
emphasizing prevention (?). Multidisciplinary care integrating these approaches is recommended.

5.2 Limitations and Future Directions

Study heterogeneity and limited data on underrepresented populations are key limitations. Future
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research should focus on longitudinal studies, standardized biomarkers, and larger trials to refine
treatment protocols.

6 Conclusion

Neuroinflammation drives chronic neurological conditions in long COVID, including cognitive
impairment, fatigue, mood disorders, sleep issues, and increased neurodegenerative risk.
Antioxidant and anti-inflammatory therapies offer potential, but more research is needed to
establish guidelines. This review underscores the need for integrated care to address
neuroinflammation in PASC.
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