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ABSTRACT
OBJECTIVES
The objective of this narrative study was to explore the mechanisms associated

with neuropathy and stroke in COVID-19 subjects.

METHODOLOGY

The study employed was to search for related articles from PubMed. After
scrutiny and exclusion, we selected 47 articles from January 2021 to January
2023. The initial pooling of the virus in nasal mucosa was followed by spread to
respiratory and other tissues.

RESULTS

The main mechanisms of ischemic stroke were DNA methylation, raised D-
dimers, platelet activation, clotting factor receptors antibodies, protease
cleavage, and brain injury markers. Hemorrhagic strokes had decreased ACE?2,
raised BP, cytokine storm, anticoagulant use, endothelial ACE?2 expression, and

ferroptotic mechanisms. Neuropathy mechanisms included blood-brain barrier

and endothelial damage, inflammasomes, reactive astrogliosis, cytokine storm,
immune dysregulation, and retrograde axonal viral transport.
CONCLUSION

The role of receptors, enzymes, proteins, and genes in neuropathological
mechanisms is highlighted. The vascular endothelial effects, choroid plexus,
and blood-brain  barrier disruptions were noted. The epigenetic
neuropathological mechanisms need further exploration to help design the
new  therapeutic = modalities. ~ The  post-vaccination  neurological
manifestations, as well as the post-COVID effects, both require additional
attention to diagnose and start treatment promptly.
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Neuropathy
INTRODUCTION

The SARS-CoV-2 and COVID 19 Disease:

The coronavirus was first identified in 1962. It mainly
affected the respiratory tract, but in China, at the end of
December 2019, a more serious variety of cases of
pneumonia occurred due to a new SARS-CoV-2 strain
producing COVID-19 disease with a global pandemic.'
The higher genomic size of this virus favored
recombinations and mutations for its spread from lower
species and from one human to the others.> COVID-19
presented as asymptomatic without clinical or
radiological signs despite a positive laboratory test, to
Mild case (sneezing, pyrexia, body ache, throat
irritation with abdominal pain, nausea, vomiting and
diarrhea), Moderate (as pneumonia with positive
lesions on chest CT scans), Severe case (pneumonia
with SpO2 level <92%) and a most serious Terminal
stage requiring intensive care unit admission having
acute respiratory distress, vital organ failure, shock,

neuropathy and coagulation issues.’ The injury to the
nervous system occurs in the moderate to severe
stages.® The severe neurological complications occur in
approximately 13% of COVID-19 patients. Apart from
the olfactory, gustatory, and cranial nerve
manifestations, it produces encephalitis, strokes,
neuropathy, and demyelination of white matter of the
nervous system. This was observed in MRI studies,
immunohistochemistry, biopsies, and RT-PCR of the
brain, showing nucleocapsids of the virus in the
neurons.” Some COVID-19 cases presented directly
with neurological manifestations.® The stroke incidence
was less in COVID-19, e.g., ischemic 0.4-2.7% versus
hemorrhagic stroke 0.2-0.9% cases.” Various structural
areas of the nervous system express ACE2, e.g.,
choroid plexus, para ventricular thalamic nuclei,
astrocytes, oligodendrocytes, endothelial cells of
middle temporal gyrus, cingulate cortex, hippocampus,
olfactory sustentacular cells, olfactory bulb pericytes,
and olfactory stem cells.® The main contributors were
microglial and astrocytic activation due to viral immune

April-June 2024

J Gandhara Med Dent Sci | 55



JGMDS

COVID-19 Biochemical and Other M

iated with Neuropathy

responses.” COVID-19 is regarded as an endothelial
disecase. New research has shown that in severe
COVID-19, more than 1000 genes are implicated.'’ The
capillary dysfunction results in the impairment of
oxygen, glucose, and lactate exchange from astrocytes
to nerve cells, causing brain fog, anxiety, and
depression."" The blood-brain barrier (BBB) is affected
secondary to damage to the astrocytic process,
producing ease of entry of inflammatory cytokines and
resulting in neurological symptoms.'? This review
contains general information about the COVID-19
disease and SARS-CoV-2, followed by information
about mechanisms for neurological manifestations to
get guidelines to explore the treatment strategies in the
future.

Basic and General Mechanisms for Neurological
Manifestations:

The chief contributors are the viral spike protein and
host cell surface proteins, mainly ACE2 and
TMPRSS2."” The viral N (Nucleocapsid) protein
contains the viral RNA genome, whereas the S, E, and
M (Spike, Envelope, and Membrane) proteins constitute
the viral envelope. The S1 glycoprotein helps in the
attachment of the virus, and S2 works for its fusion
with the host cell membrane. ACE2 has an affinity for
S proteins to internalize the virus on the host cell. The
host serene proteases called TMPRSS2, TMPRSS4,
furin, neuropilin, and endothelial cathepsins help in
membrane fusion and viral entrance in target cells.'
The degree of infectivity depends on the receptor
binding domain (RBD) of the S1 viral spike protein that
attaches to the peptidase domain of ACE2. The genetic
mutations at RBD (e.g., single nucleotide
polymorphism G614) produce a dominant strain with
infectivity variations in various regions of the world
during the pandemic." In the host cell, the viral genome
replicates polyproteins (la, lab) tagged with genes
about open reading frames called ORF-1a and ORF-1b.
These mechanisms take over the control of target cell
ribosomal functions to produce viral proliferation."” The
ORF play various roles, e.g., ORF3a, ORF3b, ORF6,
and ORF7a cause host cell apoptosis, ORF7a increases
cytokine expression, ORF6 is interferon inhibitor,
ORF9b for «cell autophagy by mitochondrial
dysfunction, ORF8b causes activation of inflammasome
complex, release of interleukin-1 beta, stress response
of endoplasmic reticulum, malfunction of lysosomes
and caspase-independent cell necrosis; and ORF6 and
ORF10 produce amyloid assembly and neurotoxicity
(Table 1).'°

The Cytokines Play a Marked Role in Inflammation
and Produce Neurological Manifestations:

The infiltration of CD8" T-cells in 70% of subjects,
neutrophils, and activated microglial cells was found in
brain autopsies of COVID-19 cases.'” About 40% of
cases had microglial nodules due to microgliosis (Table
2)." The virus and cytokines passed through barriers
(BBB) and Blood CSF Barrier) by hematogenous route
to the target cells (Table 2)."® The immune system
autoantibodies were noted in these complications. The
stroke, neuropathy, choroid plexus damage, BBB
damage, direct cranial nerve damage, gene regulation
problems, glial cell damage, and their underlying
mechanisms are addressed in this review. The severity
of the disecase was related to complement
hyperactivation, mainly C3, C5a, and C5b, which
causes thrombi and damage to endothelial cells (Table
2)." The immune-based endothelial damage was
evidenced by raised levels of D-dimers, soluble
vascular cell adhesion molecules, plasma fibrinogen,
thrombomodulin, von Willebrand factor, TNF receptor
1, heparan sulfate, alpha-2 antiplasmin, and
plasminogen activator inhibitor.”’ Changes in
hippocampus cells were noted in autopsies with a
reduced number of microglia, astrocytic cells, and
processes of both, and less granular layer neurons and
reduced pyramidal cell dendritic length to affect
neuronal  metabolism  and  cognition. The
encephalopathy is multifactorial, e.g., disturbed cellular
metabolism, low oxygen tension, medication effects,
intensive care unit environment, and vascular problems
in the serious states and post-COVID period.*' This
review aimed to highlight the mechanisms related to
neuropathy and stroke. This will help future researchers
to carry up the studies further along that line. It will
also help future researchers explore the treatment
strategies targeted to the mechanisms indicated in this
study.

MATERIAL & METHODS:

This narrative review analyzed the mechanisms
underlying neurological manifestations related to
COVID-19 subjects, except those for smell, taste and
cranial nerve disorders. The data source was articles
selected from January 2021 to January 2023 using
PubMed. For this purpose, the relevant keywords were
utilized, first by putting the term COVID-19 followed
by the type of neurological complication and
mechanism. For instance, COVID-19 mechanisms in
stroke or cerebrovascular events, COVID-19
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by the type of neurological complication and
mechanism. For instance, COVID-19 mechanisms in
stroke or cerebrovascular events, COVID-19
mechanisms in neuropathy and cognitive dysfunction.
These articles included comprehensive reviews, case
studies, and original research manuscripts. This review
included the articles indicating the 6-month post-
COVID period and after that. Due to less work done in
the initial COVID-19 period, the articles published in
the most recent years, mainly 2022, were targeted to get
the latest information. The articles references were also
reviewed to obtain the related mechanisms. The
inclusion criteria were the year of publication,
relevance with the title, and aim of the related article.
The exclusion criterion was accessory and non-relevant
information. The relevant data was extracted from a
total number of selected 47 articles. Among these, 30
articles belonged to the stroke and neuropathy, and 17
were attributed to miscellaneous neurological
manifestations. After obtaining the related information,
the concluding remarks in the discussion section
indicated that they would help future workers design
therapeutic strategies.

Specific Mechanisms for Stroke and Neuropathy:
The Background of Hemorrhagic Stroke:

Mechanisms for hemorrhagic strokes were increased
blood pressure, decreased ACE2 levels, coagulopathy,
and cerebral vascular thrombosis. The viral S protein-
ACE2 receptor interaction cleaves angiotensin I into
both types, i.e., Angiotensin type 1-7 (vasoconstrictors)
and type 1-9 (vasodilators and anti-inflammatory
functions). Reduction in the quantity of ACE2 raises the
Angiotensin I, producing vasoconstriction,
inflammation, and hemorrhagic stroke. The therapeutic
anticoagulants in cerebral thrombosis also lead to
hemorrhage.”> The cytokine storm produces acute
hemorrhagic necrotizing encephalopathy due to
alteration in BBB by matrix metalloprotease-9 and
trypsin.” The pulmonary hypoxia produced an
additional hypertensive state due to ACE1 and ACE2
imbalance. (Table 1). The biomarkers associated with
brain damage and stroke in COVID-19 include GFAP,
neurofilament light chain, S100B calcium-binding
proteins, tau, neuron-specific enolase (NSE), and
inflammatory markers like D-dimers, LDH, and C-
reactive proteins. The lymphocytes, procalcitonin,
creatinine, and antiphospholipid antibodies were higher
in COVID-19 strokes.”* The micro-bleeds commonly
occur in white matter areas in the brain, causing
strokes. These produce biodegradation of hemoglobin to
release hemin-producing lipid peroxidation, breaks in
DNA strands, and ferroptosis.”’ Ferroptosis iron toxicity
degrades hemin to bile salts, producing iron-mediated

neuronal death, oxidative stress, and cell death.*® (Table
1).
The Background of Ischemic Stroke:

Multiple mechanisms were responsible, e.g., cytokine
overproduction, endothelial damage, and
hypercoagulable state involving biological processes
like DNA methylation, modifications of non-coding
RNAs, and histone tails. These were related to the
inflammatory complexes like Tumor Necrosis Factor-a
and Interferons in the cytokine storm. The genetic
aspects were related to micro RNAs controlling
immune system genes, viral structural protein genes,
and proinflammatory signaling of epigenetic
modulations.”” The thrombotic effects of thromboxane
levels activate the platelets, causing infarctions. This
activation is due to Anti B2 glycoprotein (Anti-p2GPi)
autoantibodies cross-linking the von Willebrand Factor
receptor glycoprotein iba and apolipoprotein E
receptor-2.”® The ablation of protein nuclear factor-kB
(NEMO) in brain endothelium induces necrosis,
reduction of capillaries, inflammation and damage to
BBB (Table 1).”° The protease in the coronavirus causes
replicase polyprotein to cleave the NEMO, which is
considered a drug target against viral replication.**
The virus reaches the brain by crossing the BBB with
raised brain injury markers like glial fibrillary acidic
protein, neurofilament-light chain, T-tau, and
Interleukin-8. The hematogenous spread hypothesis
was noted due to viral particles found in the neuronal
cytoplasmic vacuoles and endothelial cell vesicles in
vitro.” Thromboembolic spread from remote sites
caused strokes due to ACE2 expression from the
arterial and cardiac epithelial sources.”® The intra-
cerebral thrombosis was observed with raised levels of
Interferon (IL-2, IL-6), D-dimers, and raised serum
anti-phosphatidylserine or prothrombin antibodies
(Table 1).*"*
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Table 1: Main mechanisms in the strokes and microhemorrhages cause P2X7 purinergic receptor activation, resulting in

with their therapeutic aspects
Ischemic stroke Mechanisms Therapeutic Comments
Methylation of DNA. HE
Serum anti- Cortisone in the early
phosphatidylserine/prothrombin stages of disease later
antibodies & raised D-dimers produced | careful usage considering
microemboli. side effects.
Platelet activation (by thromboxane & | Anticoagulants and
Anti B2GPi autoantibodies cross-linking| protease inhibitors reduce
the von Willebrand Factor receptor hospitalization.
glycoprotein iba. & Apo lipoprotein E

receptor2).
Protease cleavage by NEMO. Anticoagulation, **
Brain injury markers, e.g., glial *E

fibrillary acidic protein, neurofilament -
light chain, T-tau, & IL8
Hypoxia & Remote thromboembolism.

02, ICU, Antivirals,
Aspirin, Dual antiplatelet
therapy (platelets
<50X10°, Hb <8g/dl),
Heparinize if D- dimers
>upper limit, ICU.
Dexamethasone, O2.
Below are uncertain: anti-
cytokine (Tocilizumab) &
anti-IL1 (Anakinra), anti-
JAK (Ruxolitinib,
Tafocitinib, Baricitinib),
Renin inhibitor Aliskirin.
Therapeutic Comments
-For BP regulation,
ACE2 inhibitors are
harmful.

Anticoagulant usage with
care.

Therapeutic Comments
Antivirals and corticoids.
Blood pressure
regulation, 02, ICU with
concomitant antivirals

Hemorrhagic stroke

Decreased ACE2 raises angiotensin II,
causing vasoconstriction, inflammation,
& Pulmonary hypoxia to raise BP
Administration of anticoagulants

Micro bleeds
Cytokine storm causing acute
hemorrhagic necrotizing
encephalopathy due to matrix
metalloprotease-9 & trypsin &
Endothelial ACE2 expression and care.
Ferroptosis & hemoglobin breakdown | a- tocopherol
Legend: *Immunoglobulins, **Needs further research

BBB Disruption Mechanisms:

The expression of matrix metalloprotease damages the
basement membrane collagen IV by protease, which
cleaves the NF-«B modulator protein (NEMO) for
controlling transcription of antiviral interferons typel,
resulting in endothelial damage, inflammation, and
gliosis.*® The T lymphocytes could cross the BBB to
infect the neural tissue directly."”

Gene Regulation Problems:

A downregulation of signaling pathway working with
interleukin six and nucleotide-binding domain leucine-
rich family pyrin domain 3 (NLRP3) inflammasome
with the transcription activators like Janus kinase signal
transducing (JAK/STAT) pathway promoted B
lymphocytes proliferation and antibody production by
the transforming growth factor-beta.”>”> The cytokines

a fast inflow of sodium and calcium and an outflow of
potassium ions, producing problems in cell division,
disintegration of cells, generation of reactive O2
species, interleukin production, and increased BBB
permeability.>* The permeability also increases in
inflammation due to activation of G-protein coupled 5a
receptor-1 (C5aR1)."® Downregulation of
neurotransmission genes in excitatory neuron synapses
and overexpression in inhibitory neurons are implicated
in cognitive deficits observed by
Electroencephalograms from the frontal lobe associated
with elevated levels of IL-6 and CSF oligoclonal
bands.”® Upregulation of coreceptor cofactor CD147
raises the transcripts for proinflammation notably, S100
calcium binding protein A9 (S100A9) called migration
inhibitory factor-related protein 14 (MRP14 /
calgranulin B) and lectin galactoside binding soluble-3
binding protein (LGALS3BP).*

Damage to the Choroid Plexus:

As indicated above, the mechanisms damaged the
choroid plexus, resulting in cognitive dysfunction and
headache due to reduced CSF volume affecting layers 2
and 3 of the cerebral cortex.'®

Mechanisms Producing Damage to Astrocytes and
Microglia:

An astrocytic marker (glial fibrillary acidic protein-
GFAP) was detected in plasma and CSF. Astrocytic
hypertrophy and microglial activation with immune
mechanisms were also found.*® Astrocytes utilize
GABA and glutamate synthesis for synaptic function.
The astrogliosis increased glutamate to produce
cognitive symptoms, an increase in reactive oxygen
species, and ischemic damage®® (Table 2). The
microglia  acquire  amoeboid  morphology in
immunological gliosis and release the TNF-a
interleukins (IL-1p, IL-6), damaging the BBB, causing
apoptosis and ineffective T cell response (Table 2).

Mechanism by Retrograde Viral Axonal Transport:

The path of the virus to multiple brain regions
involving the trigeminal, olfactory, facial,
glossopharyngeal, and vagus nerves was observed by
autopsies.”

Other Mechanisms Producing Damage to Nervous
Tissue:

The other body parts displayed cytokine storm-
producing inflammation, secondarily causing akinesia,
seizures, mutism, and encephalitis. (Table 1).*” The
encephalitis cases manifested elevated cytokines, i.e.,
Interleukins 13, IL2, 1L6, IL8 and Tumor Necrosis
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Factor. The chemokine C-C Motif Ligand 2 (CCL2) and
macrophage chemo-attractant protein-1 (MCP-1)
caused inflammation and microglial activity to damage
the BBB. The neuronal-enriched extracellular vesicle
(nEV) proteins are normally produced by cells,
including neurons with functions like structural,
nutritional, and metabolic support, but in COVID-19,
these produce neurodegeneration and memory effects
due to being transferred from neurons to outside.”
(Table 2) Vitamin D is an immune modulator and
protector of coronavirus infection with therapeutic
significance. The research on the RNA-based vitamin D
receptor expression mechanism is meager and needs
further exploration.” The toll-like receptors (e.g., TLR4
for innate immunity) and nuclear factor-xB were noted
for binding with viral S protein, causing oxidative
stress, apoptosis, and neurodegeneration. The
increased pro-oxidants like lactic dehydrogenase and
oxidative stress gene expression caused the regulation
of glutathione antioxidants enzymes'' to increase poly
ADP-ribose polymerase-1 needed in the viral life cycle.
Its inhibition is considered as a therapeutic target®
(Table 2). The effect of SARS-CoV-2 on the
dopaminergic neuron a-synuclein and thromboembolic
cytokines in substantia nigra produce Parkinson's
disease.® The acetylcholine antibodies were positive in
the COVID-19 period in Italian subjects, mimicking the
myasthenia gravis mechanism.**  Guillain Barre
Syndrome-like paralysis was noted due to IL-6
antibodies against myelin.*> The headache was due to
effects on trigeminal endings, and usual analgesics did
not relieve it.** The peripheral sensory and motor
neuropathy was attributed to ACE2-based inflammatory
mediators with antibody production, as seen in dorsal
root ganglions, and a positive response to
imngnoglobulin and corticosteroid therapy evidenced
this.

Molecular Mimicry Mechanisms:

The auto-immune-based encephalitis mechanisms were
also reported (Table 2).

Table 2: Main Mechanisms in

Neuropathy with Related

Therapeutic Aspects

Neuropathy related mechanisms

Therapeutic Comments

BBB disruption by ACE2,
Cytokines, Neuropilin 1 receptor,
Metalloproteases.

Remdesivir, Lopinavir,
Ritonavir, Oseltamivir
antivirals recommended.

Endothelial damage (coagulopathy,
angiogenesis, Chemokine ligands,
Endothelin, Interleukins, JAK
pathway, Plasminogen activator
inhibitors, Toll-like receptors,
Adhesion molecules, Growth factors

Steroids, Anticoagulation,
All such mechanisms need
sk

Senolytics (Quercitin/
Dasatinib combination*)

NLRP3 inflammasome activation
generates P2X7 receptors on T cells
to disturb ionic flow.

Tocilizumab & Anakinra,
ionic P2X2 antagonists.

Host cell coreceptor inflammatory
cofactor (CD 147) activation.

Like ACE2, CD147 isa
therapeutic target**
Meplazumab is in trial.

Choroid plexus damage due to
ACE2 expression & cytokines.

Antivirals & Steroids.

Reactive astrogliosis-based
ischemia.

Corticoids, Ig***, IL6
inhibitors, **

T cell infiltration in inflammation
causes microgliosis to release TNF
la, IL 1 beta & IL 6 & causes
ineffective T cells & neural damage.

Corticosteroids, antagonists
of IL6R & IL1, e.g.,
tocilizumab & anakinra.

Cytokine storm: (IL 4, 7, 10, 12, 13,
17), interferon,

Macrophage inflammatory protein-
1, HGF, TNF, GCSF, MCSF.
(Interleukins1p, 2, 6, 8 & TNF
produce apoptosis).

Eculizumab (antibodies)
after three weeks to inhibit
complement, IL inhibitors,
and corticoids.**

Immune dysregulation for neuronal
damage by C3, C5a, C5b.

Corticoids.

Ferroptosis, DNA breakdown &
lipid peroxidation.

a-Tocopherol; **

Sensory & motor neuropathy with
perivascular macrophage infiltrates.

Analgesics, Corticoids &
general antivirals.

ACE2 & TMPRSS?2 with viral ORF
la & 1b interaction for apoptosis,
mitochondrial dysfunction & IL 1
beta release.

Corticoid genomic inhibitor
research is needed.

BBB endothelial leakage with
cytokine release.

Antivirals, anti-cytokines.

Metalloprotease-based Basement
membrane collagen IV damage
with T cell crossing.

** antivirals and
Phytochemicals
from Camellia sinensis.

Encephalitis with Molecular
mimicry basis due to antibodies
(Antimyelin, Anticontactin
associated protein-like-2, Anti-N-
methyl- D-aspartate receptor,
Antiganglioside, Anti- glutamic
acid decarboxylase antibodies.

** Steroids, Ig***,
Plasmapheresis.

Retrograde axonal transport to
neurons & glia.

Steroids, [g*** **

Neuronal-enriched extracellular
vesicle (nEV) proteins for
neuropathy.

P

NOTE:

with variable benefits.

Methylprednisolone, Ig., Blood purification, Azithromycin,
Chloroquine (HSP90 inhibitor), Geldanamycin, Antibodies for
viruses in synapses, and rho-kinase inhibitors (Fasudil) were used

Legend: *need clinical trial,

***Immunoglobulins

**Need further research,
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DISCUSSION proteins of neurofilament light chains, which
specifically indicate axonal degeneration. The medium
The COVID-19 neurological manifestations had and heavy chain neurofilaments, e.g., NfM 150 kDa and

multifarious mechanisms. The SARS-CoV-2 produced
direct infection of the peripheral sensory neurons by the
entry component ACE2. The molecular mechanisms
produced this. The genes get changed and undergo
expression by the viral infection. Paying attention to
and working on the gene expression pattern becomes
important for exploring and understanding the basic
background for designing appropriate remedies. The
neurological manifestations were less than those of
pulmonary in the case of COVID-19. The time of
occurrence of the neurological signs was variable, i.e.,
they could happen during the active phase and in the
post-COVID-19 prolonged phase. Although they had
lesser incidences, they produced grave consequences
and morbidity. Hence, they should never be ignored.
The earlier diagnosis and prompt treatment of such
manifestations are highly important. The global
geographical variation in disease severity, e.g., lower in
Asia versus the West, was attributed to a genetic
variation in the viral spike proteins or host cell receptor
polymorphisms of ACE2 or at transmembrane serine
protease 2. Hence, a viral genealogic lineage variation
at one end and host proteins on the other end need
attention as they changed the pattern and infectivity of
the SARS-CoV-2. Neuropilin-1, vascular endothelial
growth factor, and semaphorin are also found as host
cell receptor factors for viral infection.*® The critical
ICU patients of COVID-19 had encephalitis, which was
mainly related to the cytokines. In these cases, the
soluble markers to activate the endothelial cells showed
higher levels, such as angiopoietin-like 4, tumor
necrosis factor-a, and soluble E-selectin.®® 1t is
important to note that the COVID-19 headaches,
isolated cranial nerve damage, and stroke cases did not
have a worse functional prognosis. Mortality in such
cases happens due to adverse effects produced by other
organs, such as pulmonary. Confirmatory mechanisms
underlying headaches were scarce. In this regard, the
prolonged headaches were hypothesized to occur due to
trigeminal nerve-ending activation due to cytokines,
direct CNS invasion, hypercoagulation states, and
hypoxic effects. It was also noted that the usual
headache analgesics were less effective, which points to
research being needed in this area. The encephalopathy
also happened due to effects from other organs, such as
poor oxygenation due to pulmonary pathology.
Corticosteroids play a main role in limiting
neuroinvasion and  encephalitis. The  CSF's
immunoglobulins, cytokines, and albumin were
associated with the Blood CSF Barrier disintegrity.
Some biomarkers are important for assessing the
severity and mortality of COVID-19, like cytoskeletal

NfH 200 kDa of axons, are affected in these cases.”
Therefore, a raised level of neurofilaments should be
regarded as an adverse prognostic sign needing urgent
treatment for protective perspectives and structural
integrity of nervous tissue. A successful treatment is
indicated once the normal levels of neurofilaments are
achieved. Any additional and continuous rise in
neurofilament level warrants progressive axonal injury
needing intensive treatment. Some authors regarded the
role of astrocytes to only indicate disease severity but
paid no importance to pathogenicity.”’ Some of the
therapeutic agents used in COVID-19, such as
benzodiazepines,  opioids,  antipsychotics,  and
vasopressors, showed a higher risk of delirium, except
haloperidol. The benzodiazepines and anticholinergics
had a greater risk of respiratory depression and
confusion.® It is found that administration of
corticosteroids causes psychiatric adverse effects like
sudden mania, depression, or both. The possible
mechanism was considered a disruption of the
hypothalamic-pituitary-adrenal axis. The workers
hypothesized that the corticosteroids may alter the
nervous system’s transcription of receptor genes and
transmitter genes.”>* The limitation of this review was
that it did not include further findings of the workers
who published their research after January 2023. Other
search engines and browsers, such as Google Scholar,
were not explored as they could have some additional
information about the mechanisms. It is recommended
that future workers explore the results obtained after
January 2023, including information from all other
portals. It is also recommended that apart from other
mechanisms, the molecular mechanisms must be
focused on for future workers to design possible drugs.
There is a need to update the data about the long-term
complications of vaccinations and COVID-19.

CONCLUSION

The role of receptors, enzymes, proteins, and genes in
the neuropathological mechanisms shows the effects on
vascular endothelium, choroid plexus, BBB, and blood
CSF barrier disruptions. The role of microRNAs in the
molecular pathology of inflammations points towards
future research to elucidate the epigenetic mechanisms
that facilitate the design of novel treatment strategies.

The cytokine-related pathogenesis, immune
mechanisms, and direct neuroinvasions  were
highlighted. Although the COVID-19 incidence

decreased globally through care and vaccinations, the
long-term post-vaccination and COVID-19 effects need
attention and exploration due to strokes and morbidity.
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The earlier diagnosis of these effects and their timely
treatment are mandatory.
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