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COVID-19 can spread throughout the central nervous system, impacting the brain and spinal cord, and

neurological symptoms could explain this in people infected with long-term infection.

COVID-19 brain neurological manifestations

| 1. Neurological Effects of COVID-19

Coronavirus was initially observed as a pathogen responsible for respiratory illness with cough, shortness of
breath, fever, muscle pain, headache, sore throat with loss of taste and smell. These symptoms were declared by
the center for disease control (CDC). Still, this virus was later considered a pathogen that negatively impacted
multiple organs. Its heterogeneity showed more neurological disorders, indicating its RNA in the cerebrospinal fluid
of its infected patients in acute and long-term phases . SARS-CoV-2 may directly impact the white and grey
matter of the brain and spine with demyelinating lesions and symptoms of seizures, ataxia, dizziness, and
cerebrovascular illness. French and Turkish scientists also reported neurological symptoms during coronavirus
infection in patients with agitation, delirium, ischemic stroke, and encephalopathy, along with anosmia and
dysgeusia, while headache is the most common manifestation [2. This viral infection of the respiratory tract has the
strength to cause psychiatric and neurological problems because COVID-19 is neurotropic in nature and has the
strength to enter into the central nervous system, while antibodies of COVID-19 have been observed in deceased
patient’s cerebrospinal fluid. It is essential to consider COVID-19 as a neuropsychiatric manifestation of long-term

complications B,

Another study observed that obscured monocular vision, dysphoria, vomiting, deliria, coma, brain herniation, loss
of consciousness, up-rolling eyeballs, vomiting, four-limb twitching, confusion, and seizures are common in patients
infected with the novel coronavirus . However, the neurotropic and neuro-invasive symptoms were observed
since the first case of coronavirus in human in 2003 4. A few neurological manifestations due to novel coronavirus

are mentioned in Table 1.

Table 1. List of neurological disorders caused by SARS-CoV-2 infection.
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Mean
Disorder Age
(Years)
Dysautonomia
(also known as
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COVID-19
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Coma 66
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herniation, 57
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Disorder Age Disease of Infected Effect Treatment/Drug  Reference
(Years) Patients
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long-term severe acute respiratory syndrome (SARS) infected patients showed symptoms of the affected central
nervous system, and this problem is becoming scarier, while only 0.2% of neurological symptoms were observed
with MERS B3, There are possibly three main ways (olfactory bulb, angiotensin-converting enzyme (ACE)

pathway, and cytokine storm) that coronavirus follows to enter the brain, as shown in Figure 1.

' Enter into the brain

1

v v
Mild brain Severe brain
infection infection
Neurodegeneration (Strokes and Respiratory failure and high rate of
consciousness defect) mortality

Figure 1. The overview of possible entry routes of SARS-CoV-2 in the brain.
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2.1. Coronavirus Enters the Brain via ACE2 Pathway

The COVID-19 virus enters the brain via angiotensin-converting enzyme (ACE)-2 receptors present in the CNS and
is particularly expressed in the nasal mucosa [B4. A transmembrane protein ACE-2 (Angiotensin-converting
enzyme-2) is typically recognized for its carboxypeptidase activity and its physiological role in the renin-angiotensin
system (RAS) [2l. ACE-2 (Angiotensin-converting enzyme-2) has an ability to express in many tissues of the brain,
and novel coronavirus can directly interact with this enzyme in the capillary endothelium due to which the blood—
brain barrier is devastated, which enhances virus entry into the brain and affect the central nervous system,
because ACE-2 can express throughout the brain. Viral mRNA also interacts with ACE-2 in COVID-19 infected
patients. Increased neurological infections are due to a novel coronavirus that is promoted to enter the central
nervous system because of the abundance of ACE-2 enzymes in the brain B837, viral spike protein interacts with
the ACE-2 receptor, an important regulator of the renin-angiotensin system (RAS). Its expression has also been
studied in the retina, cerebellum, cerebrum, and olfactory mucosa [28. The virus enters the brain via other receptor
cells, too, like neuropilin-1 (NRP1), basigin (BSG; CD147), cathepsin L (CTSL), and serine protease 2 and 4
(TMPRSS2/4) [281139][40],

2.2. Coronavirus Entry into the Brain via Olfactory Pathway

The presence of a high amount of virus in the nasal epithelium suggests that novel coronavirus can travel to the
brain through olfactory nerves. Such viruses that can invade neurons can bind with olfactory receptor neurons 4],
nCoV-19 migrates from the cribriform plate by following the trigeminal pathway and penetrating the olfactory
mucosa, which causes smell loss and may enter the brain 42, The virus attaches to olfactory receptors, enters the
neuroepithelium, then spreads in the brain stem, thalamus, and medulla oblongata and causes serious disorders.

Postmortem reports also provided evidence of its presence in neural endothelial cells in frontal lobe tissues 43,

2.3. Coronavirus Entry in the Brain via Cytokine Storm

Cerebrospinal fluid and the blood—brain barrier help in creating a balanced environment to protect the brain from
viruses and other pathogens, but these can enter via peripheral nerves and olfactory sensory neurons. SARS-CoV-
2 trigger pro-inflammatory microglia phenotype (M1 phenotype) that activate proinflammatory cytokines and
enhance neurodegenerative disorders 4], Activating proinflammatory cytokines enhances neutrophil activation,
resulting in the characteristic cytokine storm. Interleukin (IL)-1, IL-6, IL-12, interferon (IFN) y, and tumor necrosis
factor (TNF) a, which mainly targets the lung tissue, are also released along with proinflammatory cytokines.
Damaged neuroepithelium cells cause inflammation and activate cytokine storms that damage neurons and
neurological disorders. Cytokine storm is also associated with immune effector cell-associated neurotoxicity

syndrome (ICANS) and other encephalopathies associated with cytokine storm 2!,

Increased levels of cytokines, including Macrophage-Colony Stimulating Factor (M-CSF), interferon y-induced
protein (IP-10), and Macrophage Inflammatory Protein 1-a (MIP1-a). The activated cytokine storm results in a

hyperactive immune response that leads to inflammation and inflammatory cytokines, followed by a delayed
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production of interferons (IFN). The released cytokines stimulate the neutrophils that triggers inflammation when

the virus replicates within the macrophages resulting in apoptosis 48,
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