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Abstract

The first case of coronavirus illness was discovered in Wuhan, China, in January 2020 and quickly spread worldwide within
the next couple of months. The condition was initially only linked with respiratory disorders. After the evolution of vari-
ous variants of the SARS-CoV-2, the critical impact of the virus spread to multiple organs and soon, neurological disorder
manifestations started to appear in the infected patients. The review is focused on the manifestation of various neurological
disorders linked with both the central nervous system and peripheral nervous system. Disorders such as cytokine release
syndrome, encephalitis, acute stroke, and Bell’s palsy are given specific attention and psychological manifestations are
also investigated. For a clear conclusion, cognitive impairment, drug addiction disorders, mood and anxiety disorders, and
post-traumatic stress disorder are all fully examined. The association of the SARS-CoV-2 with neurological disorders and
pathway is yet to be clear. For better understanding, the explanation of the possible mechanism of viral infection influencing
the nervous system is also attempted in the review. While several vaccines and drugs are already involved in treating the
SARS-CoV-2 condition, the disease is still considered fatal and more likely to leave permanent neurological damage, which
leads to an essential requirement for more research to explore the neurological toll of the COVID-19 disease.
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ACE-2 Angiotensin-converting enzyme-2 RAS Renin angiotensin system

AIS Acute ischemic stroke

ANE Acute necrotizing encephalopathy

CD Chemosensory dysfunction Introduction

CVD Cerebrovascular disease

ICH Intracerebral hemorrhagic The global lockdown for several months in the age of
MEFS Miller-Fisher syndrome space exploration is a big flag raised by a microscopic
NRP-1 Neuropilin-1 virus. The severe acute respiratory syndrome coronavi-
PHS Parkinsonian hyperpyrexia syndrome rus-2 (SARS-CoV-2) that causes the coronavirus illness
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create havoc and put a fatal blow on human society. In a
recent case series of 214 individuals, 36.4% were found to be
linked with symptoms in the central nervous system (CNS),
8.9% with symptoms in the peripheral nerve system (PNS),
and 10.7% with symptoms in the skeletal system, which is an
alarmingly high level [3]. Given the high possibility of the
third wave of the pandemic in various nations, it is crucial to
consider the scenario with a large number of deaths and the
even higher number of incapacitations will be affiliated with
the COVID-19 pandemic. The deployment of the required
resources is essential to face these difficult times while sav-
ing as much lives as possible.

A critical point of focus concerning the management
of the COVID-19 pandemic has been the surveillance of
the new SARS-CoV-2 variants, of which some have been
variants of concern (VOC) [4]. The emergence of alpha,
beta, delta, and, very recently, omicron variants of concern
(VOCs) have and are linked with surge in infections leading
to different waves of infections around countries or some-
times globally also [5, 6]. The emergence of new variants is
already stirring feelings of anger, uncertainty, and frustration
in people amidst the pandemic which is adversely affect-
ing mental health and their social and economic well-being
which acts a breeding ground for various neuropsychiat-
ric illnesses. The neurological, cognitive, and psychiatric
sequelae of specific SARS-CoV-2 variants are understudied,
and in light of the increasing number of patients with such
sequelae post COVID-19 infection, there is a pressing need
to study the neurological toll of COVID-19 variants.

Nature of SARS-CoV-2

SARS-CoV-2 is a single-stranded positive-sense RNA virus
that causes respiratory viral illness and shares 96% of its
genome with Rhinolophus affinis RaTG13 (horseshoe bat
virus) [7]. Spike protein (S), envelope protein (E), mem-
brane protein (M), and nucleocapsid protein (N) are the
four structural protein genes in the genome [8]. The spike
protein gene produces a homo-trimeric, type I fusion, and
transmembrane glycoprotein that aids the virus’s invasion
of the host cell’s angiotensin-converting enzyme-2 (ACE-2)
receptors [9]. ACE-2 receptors are found in 85 distinct types
of human tissues such as the type Il pneumocytes, epithelial
cells of lungs, and endothelial cells of blood vessels, and
21 of them are in various brain regions such as the amyg-
dala, cerebral cortex, and brainstem [10, 11]. The receptor-
binding domain (RBD) region contains the core structure
and a variable receptor binding motif, which interacts and
attaches itself with the ACE-2 receptor of the host cell [12].
The invasion of SARS-CoV-2 by the interaction with the
ACE-2 is based upon the “Anchor-Locker” mechanism in
which B-sheet (1, 2) and loops (1, 2, and 3) play a vital role
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in the complete transition process. Loop 2 is involved in the
recognition and binding of ACE-2 and acts as “Anchor”;
on the other hand, loop 3 stabilizes the whole structure and
acts as a “Locker” in this complete mechanism. After SARS-
CoV-2 and ACE-2 have been recognized, B-sheet 1 works
to strengthen and improve the binding [13]. The priming
of SARS-CoV-2’s spike protein by the host cell is critical
for the entry of the virus. This interaction with the ACE2
determines the efficiency of SARS-CoV-2 transmissibility
[10]. A simple understanding can be acquired by taking an
outlook over Fig. 1.

Possible pathway to the brain

SARS-CoV-2’s exact route and mechanism of action are yet
unknown, which opens the door to various possible hypoth-
eses which can come into play. As mentioned earlier, various
cells such as glial cells and neurons contain ACE-2 receptors
which makes the brain a target of SARS-CoV-2 [11]. The
genetic material and various proteins of the viruses have
been found in the brain tissue of the patients, which gives
a hint towards the neural pathway as a possible route for
the virus to get inside the brain [14, 15]. The after effects
of the viral infection may cause the disruption of the nasal
epithelium, which may help the virus to enter into blood ves-
sel or lymph vessels to infect various organs, including the
brain [16]. ACE-2 receptors are also found in the capillary
endothelium, and the interaction with the virus may lead to
disrupting the blood-brain barrier by allowing viral access
into the central nervous system [14, 17]. Several cases of
loss of smell in the infected patients are already reported,
which leads to understanding the fact that the virus can pen-
etrate the olfactory mucosa. Another possible route for the
virus would be to travel through cribriform plate or through
trigeminal or vagal nerve [18]. Virus can also invade by
infecting the motor or sensory nerves [19]. SARS-CoV-2
can also attempt to reach the central nervous system through
circumventricular organs, such as midline part around the
third and fourth ventricles. This part is responsible to moni-
tor the blood and cerebral spinal fluid, and the capillaries
lack the junctional protein which is normally present in the
blood-brain barrier. Reverse transcription using polymerase
chain reaction detects viral RNA, but in situ hybridization in
the medulla and cerebellum yields no results [20].

The growth of SARS-CoV-2 in lung tissue cells affects
alveolar gas exchange, resulting in severe CNS damage such
as hypoxia and an increase in anaerobic metabolism in the
brain [21]. The virus infects the macrophages and other cells
involved in the nervous system, which in response activates
the glial cells and cause the inflammatory response syn-
drome [14]. Acute necrotizing encephalopathy can also be
caused by cytokines crossing the blood—-brain barrier [22].
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Fig. 1 Mechanism of SARS-CoV-2 entry in the host cell

Instead of direct attack, it is quite feasible for the SARS-
CoV-2 to get help from the proteins already present in the
host body to enter the nervous system. It is being considered
that the virus can bind to human protein neuropilin-1 (NRP-
1) which may allow the viral invasion as NRP-1 support the
entry of particles into the CNS that are similar in size to
SARS-CoV-2 [23]. The viral RNA found in the leptome-
ninges and Virchow-Robin gaps can induce contamination
through blood vessels. Despite this, histopathological exami-
nation showed no link between microglial nodule levels and
neuron phagocytosis in the brain and the levels of viral mes-
senger RNA found [24]. For better understanding, take an
outlook over Fig. 2.

Standard neurological symptoms

The SARS-CoV-2 is reported to exhibit and influence the
neurotropic properties, which are likely to be linked with
serious neurological conditions and may leave permanent
damage [21]. Out of those disorders, some of the com-
monly found is acute cerebral infraction or hemorrhage,
while neurological symptoms such as headache, myalgia,
nauseas, and loss of consciousness are also reported to be
found in a major infected population [14]. The cases of brain
damage caused by the COVID-19 disease are reported to
have both macro- and micro-hypoxic or ischemic injuries
and infracts, giving possible conclusion to the necrosis of
brain tissue. The complement cascade signifies the synaptic
pruning by microglia as post-viral infection response [18,
24]. The overall mechanism of brain damage caused by the
COVID-19 disease seems to resemble the mechanism of the
traumatic brain injury in which the neuronal loss is related
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to the pathogenesis of suicidal behavior by the proinflam-
matory response and microvascular injury [25]. While the
actual mechanism is yet to be understood completely, inten-
sive research is required in association with neural tissue to
resonate a plausible explanation of the neurological symp-
toms. Various neurological manifestations reported in the
coronavirus-infected patients are mentioned in Table 1.

Headache

Headache is considered as the most common COVID-
19-related neurological manifestation. At present, definite
estimates of COVID-19-related neurological symptoms are
not available. However, there is mounting evidence that
SARS-CoV-2 has an impact on the brain and other organs.
The majority of COVID-19 patients have a headache that
is accompanied by a temperature. It has been recorded in
almost 6.5-34% of patients [26, 27]. The intensity is mostly
described as mild [28]. The occurrence of headaches in
SARS-CoV-2 is often associated with the cytokine storm
[29, 30]. More studies would be required to validate this rela-
tionship. It has been suggested that ibuprofen can enhance
ACE?2 expression, which could make SARS-CoV-2 infection
worse [31]. However, another study does not support this
statement [32]. As a result, there is presently no evidence to
support the use of nonsteroidal anti-inflammatory medica-
tions (NSAIDs) in COVID-19 headache sufferers.
COVID-19 risk is higher in individuals with concomitant
migraine due to angiotensin system and NLRP3 inflammas-
ome-mediated processes connected to vascular and inflam-
matory comorbid diseases, especially as people age. The
NLRP3 inflammasome complex’s involvement and peri-
cyte dysfunction are both crucial in SARS-Cov-2-related
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Fig.2 The possible pathway
involved in the movement

of SARS-CoV-2 across the
blood-brain barrier towards the
nervous system
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pathogenesis and may play a role in migraine neuro-vas-
culo-inflammatory processes [33]. More research needs to
be done on investigating how COVID-19 affects patients
with migraine.

Chemosensory impairment

In a high number of COVID-19 patients, chemosensory
dysfunction (CD) is discovered. Anosmia (partial or full
loss of scent), hyposmia (decreased perception of smell),
ageusia (partial or complete loss of taste), and hypogeu-
sia are all common symptoms of CD (reduced ability to
taste things). However, the pathogenesis of chemosensory
impairment related with COVID-19 is poorly elucidated at
present [34, 35].
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Anosmia is also reported in cases of influenza [36]. In
a research done by Yao et al. in 2020, 1480 individuals
with influenza-like symptoms were tested for COVID-19
between March 3, 2020, and March 29, 2020, with 58%
of patients testing positive for COVID-19 and 15% testing
negative. COVID-19-positive patients reported losing their
sense of smell and taste 68% and 71% of the time, respec-
tively, compared to 16% and 17% of COVID-19-negative
patients. COVID-19 was shown to be related to smell and
taste impairment independently and strongly, but not to sore
throat [37].

Mao et al. in 2020 reported in Wuhan, China, that only
5.1% and 5.6% of COVID-19 patients reported smell and
taste impairment, respectively [3]. Chemosensory impair-
ment is also reported in other coronavirus infections;
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Table 1 Various neurological manifestations reported in COVID-19-infected patients
Region Total patients Study design Neurological symptoms reported Reference
China 1099 Retrospective Headache, myalgia, nausea, and vomiting [131]
Wuhan, China 1012 Retrospective Headache, myalgia, and vomiting [132]
Wauhan, China, 476 Retrospective Myalgia and other neurological symptoms [133]
and Anhui,
China
Italy 901 Retrospective Agitation, anosmia, dizziness, encephalitis, headache, seizures, stroke [134]
Spain 841 Retrospective Agitation, anosmia, dizziness, encephalitis, headache, seizures, skeletal muscle [135]
injury
Beijing, China 262 Retrospective Headache [136]
Wuhan, China 214 Retrospective Acute cerebrovascular disease, ataxia, dizziness, headache, seizure, sensory [3]
impairment, and skeletal muscle injury
Wuhan, China 203 Retrospective Dizziness, headache, myalgia, nausea, and vomiting [137]
Wuhan, China 179 Prospective  Headache and myalgia [138]
Wuhan, China 138 Retrospective Dizziness, headache, myalgia, nausea [139]
Turkey 239 Prospective  Anosmia, dizziness, headache, stroke [140]
Jiangsu, China 80 Retrospective Headache, mental disorder, muscle ache, nausea, and vomiting [141]
USA 650 Retrospective Anosmia, dizziness, headache, seizures, skeletal muscle injury [142]
Chongqing, China 80 Retrospective Dizziness, headache, and muscle ache [143]
Strasbourg, France 58 Retrospective Agitation, corticospinal tract signs, and dysexecutive syndrome [65]
UK 153 Prospective ~ Agitation, dizziness, encephalitis, seizures, stroke [97]
Wuhan, China 41 Retrospective Headache and myalgia [28]
South Korea 28 Retrospective Myalgia and headache [144]
USA 236,379 Retrospective Agitation, anxiety, encephalitis, dementia, Guillain—Barre syndrome, parkinson-  [94]

ism, seizures, stroke

however, it is not accompanied by nasal obstruction or rhi-
nitis. SARS-CoV-2 is believed to directly damage the gusta-
tory and olfactory receptors [38]. There is not any evidence
on the definite time frame for patients to regain their sense
of taste or smell. CD is also one of the earlier symptoms of
COVID-19; dedicated anosmia testing may offer the possi-
bility of early detection of COVID-19 infection [36].

Psychosis

A higher incidence of COVID-19 individuals with more
severe illness have mental symptoms. Psychosis is a rela-
tively lesser reported neuropsychiatric symptom in COVID-
19 patients. The neurobiology governing the incidence of
psychosis in COVID-19 patients is not clear at present.
However, stressors like the fear of death from the infection,
social isolation, lack of support, and psychosis is thought to
be more common in COVID-19 patients due to stress and
financial strain [39].

The coronavirus being neurotropic is said to affect limbic
structures that govern behavior. Because many difficulties
like medicine compliance, lack of review, poor awareness,
and stress diathesis are involved with any biological disas-
ter, it is difficult to conceive a clear relationship between an

increase in pre-existing psychiatric disorders and the virus’s
neurotropic effects [40].

Coronaviruses and human respiratory viruses are con-
sidered to be opportunistic and underestimated because of
their neuro-invasive qualities either due to viral replication
or autoimmunity [41]. The psychological context and burden
of the disease can fuel the morbidity of existing psychiatric
disorders in COVID-19 patients [42]. Immune-based trig-
gers have also been used to explain the occurrence of psychi-
atric disorders like depression, anxiety, schizophrenia, psy-
chosis, and neuropsychiatric manifestations of various viral
diseases like the human immunodeficiency virus (HIV) [43].

Sleep disturbances

Sleep is crucial for the control of psychological and physi-
ological functions [44]. Stress, depression, and anxiety
due to COVID-19 have led to the increase of prevalence in
sleeping disorders. Alimoradi et al. in 2021 reported that
in the general population and healthcare workers, sleep
difficulties were predicted to affect 37% of people [45]. A
review of the medical records of 329 COVID-19 patients
revealed that 25.5% had psychiatric consultations; 33% had
sleep disorders such as insomnia, early awakening, and dif-
ficulty falling asleep; and 22.6% and 54.8% were prescribed
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benzodiazepines and nonbenzodiazepine sedative-hypnotics,
respectively (zolpidem) [46].

However, the incidence of sleep disorders in patients with
active COVID-19 was higher. COVID-19’s psychologically
distressing effects may cause sleep problems as well. Due
to an abnormal innate immune response, SARS-CoV-2 can
cause secondary neuronal injury, which leads to sleep, mood
management, pain sensitivity, and energy levels all affected
as a result of the chronic neurological sequelae [47]. Other
physiological causes include SARS-CoV-2 spreading fast
to certain brain regions, such as the thalamus and brain
stem, which play significant roles in sleep management and
respiratory regulation, raising the likelihood of aberrant
sleep—wake behavior and SDB [48]. Environmental factors
include noise, abnormal light exposure, patient care activi-
ties, and diagnostic and therapeutic procedures, and other
variables may contribute to ICU-related sleep disruption
[47].

COVID-19 has a negative influence on sleep and affects
everyone, including the general public, healthcare person-
nel, and COVID-19-afflicted patients. COVID-19’s progno-
sis is worsened by sleep disruptions, poor mental health,
and deteriorated physical condition caused by SARS-CoV-2
infection. It is the need of the hour to devise group-specific
strategies to address sleep disturbances [47].

Disorders linked with cerebral nervous
system (CNS)

Acute stroke/cerebrovascular disease (CVD)

Cerebrovascular accidents more commonly known as
acute stroke is linked with poor blood flow to the brain,
which is likely to cause serious damage to the brain tis-
sue. Most common types of acute stroke are ischemic and
hemorrhagic. Acute ischemic stroke (AIS) is caused by the
lack of blood flow and intracerebral hemorrhagic (ICH)
is due to bleeding. Even though the COVID-19 disease
is already linked with other organs other than the respira-
tory system, the link between SARS-CoV-2 and CVD is
yet to be clearly established [49]. SARS-CoV-2 is a virus
that infects people and is likely to increase the chances
of thrombotic vascular events and by 7.6-folds in com-
parison to influenza [50]. Coronavirus disease is found to
have association with increased prevalence of large artery
occlusion, infraction, and cryptogenic etiologies [49].
Large artery occlusion is likely to be caused by cardio-
embolism or paradoxical embolism in case of coronavi-
rus disease [51]. In a case series of 219 patients infected
by COVID-19, 4.6% of them have developed ischemic
stroke. The infected patients are likely to be associated
with higher inflammatory response than the patients with
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the similar disorder but not infected with SARS-CoV-2
[52]. Ischemic stroke is likely to be the most common type
of stroke and frequently found [49].

The mechanism of CVD seems to be influenced by
various factors, and the role of SARS-CoV-2 is to act as
the trigger instead of involved in the direct invasion. The
specific pathophysiological mechanism of AIS and ICH
could be directly caused by SARS-CoV-2 [49]. Elevated
D-dimer and fibrinogen are linked with sepsis-induced
coagulopathy (SIC), which is responsible for the infection-
induced systemic inflammatory response and may lead to
thrombosis and stroke [53, 54]. The viral infection can be
linked with the consumption coagulopathy, which causes
fibrinogen depletion and increases the risk of ICH [55],
while the presence of ICH is quite rare in comparison to
the AIS. The interaction of the SARS-CoV-2 virus with
the ACE-2 receptors may disrupt the integrity of intrac-
ranial arteries and cause vessel wall rupture [56]. This
interaction can also limit the number of accessible recep-
tors, resulting in renin angiotensin system (RAS) down-
regulation [53]. Downregulation of RAS can raise blood
pressure, putting hypertensive patients at an even greater
risk of hemorrhagic stroke [56]. It has been established
that 1.4% of COVID-19-infected individuals have devel-
oped acute CVD.

Cerebral venous sinus thrombosis (CVST)

The presence of a blood clot in the dural venous sinuses,
cerebral venous thrombosis, or both characterizes cer-
ebral venous sinus thrombosis (CVST). Despite the fact
that numerous cases of CVST have been correctly iden-
tified in COVID-19-infected individuals, knowledge of
the SARS-CoV-2 and CVST connection is still restricted
[57]. The likeliness of the CVST cause may involve the
depletion of the available ACE-2 receptors, which make
ACE1 unopposed by the production of the angiotensin
IT and promote the thrombosis [58]. The existence of
anti-phospholipid antibodies in highly infected individu-
als, such as IgA anticardiolipin antibodies and IgA and
IgG beta 2 glycoprotein I antibodies, would be the most
apparent indication of coronavirus illness in connection
with the CVST [49, 58]. The prevalence of the CVST
is likely to be caused by the hyperinflammatory and
hypercoagulable state such as SIC in association with the
SARS-CoV-2 infection [59]. In a case study involving 28
patients, the mortality rate of CVST associated with the
COVID-19 is calculated to be 35.29% [57]. In a reported
case of COVID-19-infected CVST, the patient had head-
ache which leads to right-sided weakness, numbness, and
expressive aphasia and concluded to be sigmoid and trans-
verse sinus thrombosis [60].
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Encephalitis

Encephalitis also known as the acute brain inflammation is
generally linked with the viral infection, making the host
quite vulnerable to this disorder while facing SARS-CoV-2.
In a patient having clinical meningoencephalitis, the genetic
material of the SARS-CoV-2 was found in the cerebrospi-
nal fluid [61]. Encephalitis gives a clear indication towards
the invasion of the coronavirus, while other possibilities of
encephalitis are also there such as SARS-CoV-2-mediated
cytokine storm syndrome, which can be linked with differ-
ent severe symptoms. Yet the presence of the encephalitis
is found to be linked with the altered mental status in a
COVID-19 patient [22].

Acute necrotizing encephalopathy (ANE) is a rare type of
complication of viral infection linked with necrosis in CNS
and presence of multiple areas of edema. This particular
disorder is also associated with the uncontrolled release of
the cytokine during disease such as influenza, common flu,
and in this case coronavirus disease [22, 62]. It is found quite
plausible for ANE to play a role in disruption of blood-brain
barrier without direct invasion of the SARS-CoV-2, which
provides another possible explanation of the neurological
disorder manifestations even without direct invasion in the
neuron [22].

Another COVID-19-associated disorder would be the
limbic encephalitis. In a COVID-19-infected patient, cer-
ebrospinal fluid lymphocytic pleocytosis was diagnosed,
linked with the anti-Caspr2-associated limbic encephalitis
[63]. Despite that, the mystery of the role of virus in mani-
festations of encephalitis remains unsolved due to absence
of any strong evidences.

Delirium

Delirium is a severe neuropsychiatric syndrome involved
with the acute deficits in attention and cognition processes.
Delirium is often linked with the altered arousal, lack of
responsiveness, hypervigilance, psychosis, delusions, hal-
lucinations, and frequent mood swings [64]. In a recent case
study of 58 patients, 65% of them had regularity of delirium
[65]. The mechanism behind the manifestations of the delir-
ium is still unclear, but the plausible cause seems to be simi-
lar to other disorders such as the invasion in CNS, induction
of immune response, or secondary effects of involvement
of different processes. Irrespective of the process, delirium
seems to be found quite frequently in the infected patients.
COVID-19 patients are considered to be at higher risk due
to the prolonged isolation; in some early reports, 7.5% of
the infected patients are diagnosed with the delirium-like
symptoms, but the case of delirium is highly undervalued as
almost 75% of patients are not given special attention unless

the patient is properly evaluated and has medical history for
delirium [66].

Parkinson’s disease (PD)

Parkinson’s disease (PD) is a neurodegenerative condition
that affects people for a long time involving the CNS and
especially affects the motor system. In several studies, it has
been reported that the individuals suffering from PD are
likely to be more vulnerable to the neurological disorder
manifestation in COVID-19 disease [67, 68]. In a recent
meta-analysis, the hospitalization rate for the PD patients
infected with SARS-CoV-2 is calculated to be 39.89%,
while the mortality rate to be 25.1%. Even the prevalence
and severity of the COVID-19 disease including the mortal-
ity are considered to be higher than the general public [67].
Other disorders are found more frequent in the PD patients
such as dyspnea, which is a respiratory dysfunction due to
the muscle weakness and inadequate respiration excursion
and found in 39% of the patients [69]. PD patients are likely
to have impaired mastication and swallowing reflexes, which
can lead to aspiration pneumonia. To make the scenario even
more critical, the patient is likely to suffer from neurodegen-
eration in the medulla’s respiratory center [70].

Parkinsonian hyperpyrexia syndrome (PHS) is a move-
ment disorder which is also found in SARS-CoV-2-infected
PD patients, which is likely due to fever and altered dopa-
minergic medications [71].

Opsoclonus-myoclonus-ataxia syndrome (OMAS)

Opsoclonus-myoclonus-ataxia syndrome is a rare CNS
autoimmune disease linked with the peculiar movement
of eyes and limbs and abnormal behavior is often present.
OMAS is made when different characteristics are present
together such as opsoclonus, myoclonus, ataxia, sleep dis-
turbance, anti-neuronal antibodies [72, 73]. Opsoclonus
is the involuntary movements of the eye; myoclonus is
associated with the paroxysmal and involuntary contrac-
tion of the muscle for short duration and caused by bacte-
rial, viral, or parasitic infection; and ataxia of the other
hand is characterized by the loss of muscle control and
coordination [72]. Being immune mediated, the preva-
lence of the OMAS can be associated with the immune-
mediated mechanism, which is likely to be the result of
the immunotherapies present to treat COVID-19 infection
[73]. Another possibility of OMAS would be the disrup-
tion in the saccade, cerebral, and motor circuits due to
the hyperexcitation of the brainstem. Hyperexcitation can
be caused by the dysfunctional Purkinje cells due to the
presence of the different antibodies present in the nerv-
ous system [72-74]. However, due to the lack of data and
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explicit research, the involvement of SARS-CoV-2 and the
OMAS is not clear.

Cytokine release syndrome

In various studies, it has been found that SARS-CoV-2
can cause serious damage to the CNS by promoting the
inflammatory cytokine production such as IL-1p, IL-2,
IL-4, IL-6, IL-8, IL-10, TNF-a, and IFN-y. This excess
release of cytokines is called cytokine release syndrome or
cytokine storm syndrome; the neurotropic viruses induce
IL-6 production from glial cells; release of IL-6 stimulates
the macrophages in the brain. Due to the association of the
glial cells, this interaction may lead to chronic inflamma-
tion and serious brain damage [21, 75]. The cytokine release
syndrome can be the cause of multiple organ failure, which
increases the possibility of the mortality in the COVID-19
infection [76]. The presence of cytokines will promote ather-
osclerosis, plaque, rupture, stroke, and thrombosis [28]. This
scenario combined with the endothelial injury will promote
the tissue factor expression and worsen the thrombotic state
[77]. The cytokine storm syndrome gives SARS-CoV-2 the
capability to indirectly inflict damage to the host’s nervous
system without any invasion in the CNS, which is likely to
increase the mortality rate significantly.

Disorders linked with peripheral nervous
system (PNS)

Bell’s palsy

Bell’s palsy, often known as paralysis, is a sudden-onset
peripheral facial nerve palsy that has been linked to SARS-
CoV-2 virus in some cases [78]. In a recent analysis, the
prevalence of Bell’s palsy in COVID-19-infected patients
is found to be 0.08% and recurrent to 8.6% to those who
were diagnosed with Bell’s palsy prior to the infection [79].
The proposed mechanism of Bell’s palsy resembles with the
other neurological disorders such as such as CVD and AIS.
The SARS-CoV-2 RNA was not found in the cerebrospinal
fluid in any of the reported cases [80]. The accurate mecha-
nism is not clear yet and requires dedicated research and
pathological analysis. In a case report of facial nerve palsy,
a left-sided facial weakness developed in a patient infected
with coronavirus disease, which led to left retro-auricular
pain and dysgeusia. And after 1 week, there was no subtle
improvement in the case of Bell’s palsy [78].
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Rhabdomyolysis

Myositis more commonly known as muscle inflammation
is reported in various cases linked with coronavirus disease
[80]. The severe variant of myositis would be rhabdomy-
olysis, which is characterized by the infraction of skeletal
muscles, release of toxins, and elevated myoglobin, creatine
kinase, aldolase, and lactate dehydrogenase. It can lead to
kidney failure and intravascular coagulation and can be
fatal [80, 81]. Rhabdomyolysis is linked with autoimmune
myopathy and can also be caused by substance abuse, viral
infection, seizure, and strokes. Influenced by SARS-CoV-2,
the prevalence of rhabdomyolysis can be the result of the
myocyte injury, cytokine storm syndrome, and direct dam-
age by the viral toxins. However, the accurate mechanism in
association with SARS-CoV-2 is not clear yet [81].

Guillain—-Barre syndrome (GBS)

Guillain—Barre syndrome is a demyelinating polyneuropa-
thy, meaning the autoimmune response to the peripheral
nervous system that manifests as acute ascending paralysis.
It is characterized by the facial weakness and neuropathy
[82]. The variant of the GBS would be the Miller-Fisher syn-
drome (MFS), which is linked with the gait ataxia, areflexia,
and ophthalmoplegia. Both GBS and MFS are discovered
to be linked to SARS-CoV-2 [83]. The GBS is character-
ized by signal hypersensitivity, nerve root and cauda equina
augmentation, and chronic inflammatory demyelinating
polyneuropathy [83, 84]. In reported case of GBS, where
the patient was infected with COVID-19 disease, the patient
developed progressive bilateral ascending paralysis 2 weeks
after the first respiratory symptom appeared and no outcome
was reported after the treatment [85].

Psychiatric sequel of COVID-19

Given the CNS and PNS symptoms induced by the viral
infection, the link between SARS-CoV-2 infection and
mental disorder has been highly worrisome [86]. The coro-
navirus disease represents a neurological, psychiatric, and
cognitive sequela. Despite being primarily a respiratory tract
illness, COVID-19 has been found to have substantial mental
health consequences, since social isolation can exacerbate
psychiatric symptoms, which are frequently associated with
other neurological and neuropsychiatric disorders [87, 88].

Our understanding of COVID-19 is rapidly evolving.
There is more emerging data highlighting the neurological,
psychiatric, and COVID-19’s cognitive aftereffects. Due to
the complexity of COVID-19 pathogenesis, it is essential
to focus on building multidisciplinary studies to improve
our understanding of clinical trajectory of the occurrence
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of psychiatric disorders followed by SARS-CoV-2 [89].
There has been extensive research done on the acute clini-
cal manifestations and etiology of COVID-19. However,
the psychiatric manifestations of COVID-19 have been
understudied. A greater knowledge of COVID-19’s men-
tal symptoms and consequences might lead to improved
therapeutic care [90]. At present, the clinical management
of COVID-19 involves containing and targeting pulmo-
nary manifestations. This section of the review aims to
highlight the psychiatric sequel of COVID-19 in patients.

Anxiety, sadness, sleeplessness, drug addiction, and
post-traumatic stress disorder are among the most prev-
alent mental symptoms described by recovered patients
(PTSD, which also is a type of an anxiety disorder). It is
also believed that the unpredictability and psychosocial
implications of the virus also add to the mental dimen-
sion of the disease, which certainly needs more attention
from experts. It has also been noted that unmitigated neu-
roinflammation in COVID-19 has also been the culprit
behind a range of neuropsychiatric manifestations (like
depression and anxiety) as it has been in the case of severe
pulmonary complications caused by the disease. Many
psychiatric disorders are believed to be caused by these
immune-inflammatory states [86].

Upon SARS-CoV-2 infection, the immune system upon
activation releases cytokines. They are known to affect the
metabolism of neurotransmitters like serotonin, dopamine,
and glutamate through their synthesis, release, and reuptake
[91]. A disruption in any of the listed neurotransmitters can
cause depression, delirium, and memory loss. COVID-19
patients with existing psychiatric comorbidities have less-
ened immunity. Upon infection, their illness gets aggravated
by the virus. In 2021, Nakamura et al. reported that over 30%
of COVID-19-hospitalized patients had cognitive impair-
ment, sadness, and anxiety that lasted several months after
release. The incidence of psychiatric disorders is seen to
increase in patients with more severe COVID-19 symptoms
[92]. Another concern of opioid use and disability manage-
ment post-acute COVID-19 recovery still remains a matter
of concern among pain management specialists [89, 93].
Finally, clinical trials are urgently needed to establish the
optimal treatment options for COVID-19’s neuropsychiatric
and other possible long-term consequences.

Until recently, we have assumed that psychiatric disease
is both a cause and a result of COVID-19. In a retrospec-
tive cohort research based on electronic health records of
6-month neurological and psychiatric outcomes in 236,379
COVID-19 survivors, Taquet et al. (2021) found a significant
neuropsychiatric and mental morbidity 6 months after infec-
tion with COVID-19. In the next 6 months after infection,
33.62% of 236,379 COVID patients were diagnosed with a
neurological or mental illness. Of those surveyed, 12.64%
obtained a diagnosis of this kind for the first time [94].

In this section, we aim to describe post-COVID-19 psy-
chiatric manifestations that are majorly observed:

Cognitive impairment

There have been certain studies pointing towards the inci-
dence of cognitive impairment in both acute and chronic
COVID-19 patients. In a meta-analytical analysis published
in 2020, Roger et al. identified the negative impacts of
SARS-CoV and MERS-CoV infections on patient cogni-
tion. Almost a quarter of those who were infected showed
cognitive problems months or years later [95]. After hospital
release, 34% and 28% of COVID-19 patients experienced
memory loss and poor concentration, respectively, in a study
of 279 hospitalized COVID-19 patients. [96]. According to
Taquet et al.’s study, the rate of new-onset dementia after
hospitalization in COVID-19 was 2-3 times higher than that
of hospitalization for other medical reasons [94].
Long-term cognitive impairments have been documented
as a result of delirium experienced during acute illness in
more severe COVID-19 patients [92]. One of the most prev-
alent mental symptoms in COVID-19 patients is delirium.
Delirium has also been documented in COVID-19 individu-
als who did not have any other serious medical issues [97,
98]. Instances of “brain fog” (not a medical diagnosis, but
it refers to problems with thinking, memory, and concentra-
tion) have been reported by patients with milder symptoms
who did not need hospitalization, and possibly never had
delirium [99]. Patients experiencing COVID-19-related cog-
nitive impairment should benefit from longitudinal cognitive
assessment and self-report measures [100, 101].

Substance abuse disorders

With an increased incidence of substance abuse with the
surge of COVID-19 cases across the globe, medical screen-
ing for drug addiction problems has been an important part
of COVID-19 participants’ follow-up care. Due to societal
and public constraints, patients who are currently misusing
drugs are more likely to get COVID-19. Many people expe-
rience alarming withdrawal symptoms as a result of social
isolation, limited celebrations, and the inability to obtain
addictive substances. While most outdoor activities have
been phased out in most areas, a major percentage of the
population is turning to binge watching television and spend-
ing a significant amount of their day on electronic devices,
setting the framework for the development of behavioral
inclinations [87].

In COVID-19 patients with concomitant drug abuse dis-
orders, there was a higher rate of hospitalization (40.1% vs
30.1%) and mortality (9.6% vs 6.6%) compared to patients
without a history of substance misuse [102]. Use of illicit
substances especially opioids is known to severely damage
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pulmonary function [103]. Patients with COVID-19 with
concomitant drug misuse are more likely to develop severe
symptoms because they are sensitive to COVID-19 risk fac-
tors such as obesity, type 2 diabetes, CVD, cancer, chronic
liver, and kidney disease [102, 104]. Additionally, reduced
immune function as a result of complicated opioid immune
regulation, as well as pharmacological interactions between
opioid use disorder medicines and COVID-19, are molecular
reasons for worse outcomes in this susceptible population of
COVID-19 patients [105].

Mood and anxiety disorders

There is enough evidence to highlight the occurrence of
depression and anxiety with COVID-19 [106]. “nxiety
and depressive symptoms rather than the occurrence of the
anxiety or depressive disorder have also been observed in
mild cases [92]. The rates differed based on the population
examined, the techniques used to measure symptoms, and
the period after infection symptoms were assessed.

A study conducted in New York City by Parker et al. in
2020 indicated symptom severity and hospitalization to be
key drivers in increasing the occurrence of depression and
anxiety in COVID-19 patients. During hospitalization, 36%
of participants reported anxiety and 29% reported depres-
sion; 14—17 days later, anxiety and depression prevalence
had dropped to 9% and 20%, respectively, although acute
stress symptoms had developed in 25% of individuals [107].

Prior mental disorders, gender, individuals with infected
family members, post-infection physical pain, increased
inflammatory markers, and other risk variables are among
the most important. Suicidal inclinations have been noted
in COVID-19 patients. Several stories have surfaced of
COVID-19 patients attempting suicide during or before their
hospitalization [108, 109]. It is best to wait until comprehen-
sive epidemiological research on the link between COVID-
19 and suicide are finished before making a final decision
[92]. After SARS-CoV-2 infection, there are no well-defined
pharmacologic recommendations for treating sadness and
anxiety. However, the basic strategy to managing mental
symptoms in the medically unwell may be extended to this
population as well [92, 110].

Post-traumatic stress disorder (PTSD)

Anxiety disorders such as post-traumatic stress disorder
(PTSD) are a kind of anxiety condition that is characterized
by flashbacks, nightmares, emotional numbing, and seri-
ous anxiety that are typically followed by a traumatic event
like death, serious violence, sexual or physical assault, or
a combat. It is believed that the incidence of PTSD among
COVID-19 survivors is critically high [111]. In 2021,
Chamberline et al. published a research that looked at the
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prevalence of PTSD in 13,049 survivors of suspected or
confirmed COVID-19. They discovered that PTSD ratings
differed a lot. This is because those with more severe res-
piratory distress have greater levels of PTSD than people
who do not have any respiratory symptoms (no respiratory
symptoms assistance) [112].

Currently, the incidence of PTSD appears to vary
between 20 and 30% among COVID-19 patients, whereas
the prevalence of less precisely characterized post-traumatic
stress symptoms (PTSS) varies significantly [92]. In con-
trast, 20.3% of 64 Korean COVID-19 patients questioned
2.5 months after being discharged from the hospital fulfilled
PTSD criteria [113].

By reviewing available literature on the occurrence
of PTSD following COVID-19 infection have aided our
understanding of the risk factors for the same. They include
younger age, gender, comorbid psychiatric condition, and
severe respiratory symptoms leading to hospitalization and
ICU care. Interestingly, it has been noted that patients with
COVID-19 in the ICU having obesity had an increased risk
of PTSD, but this relation has not been observed in any other
medical condition [114]. At present, COVID-19-related
PTSD/PTSS-specific pharmacological interventions have
not been studied extensively by taking consideration of dif-
ferent variable.

Preventive measures, treatment remedies,
and immune invasion

The COVID-19 pandemic has already taken millions of
lives, and protection against the invasion is critically impor-
tant. Being a respiratory viral infection, the basic precaution
steps include wearing masks in public places, regular wash-
ing or sanitation of hands, and maintaining social distanc-
ing, which means to have at least 3 feet of distance between
two individuals. Avoid any crowded places, going out unless
absolutely necessary, public transport, gathering, and public
places. Following the guidelines from the health authority is
absolute and take mandatory steps to prevent the coronavirus
disease and make sure to get vaccinated [115].

The traditional treatment for the mild to moderate coro-
navirus disease involves the monoclonal antibodies such as
bamlanivimab, etesevimab, and REGN-CoV2. The author-
ized antibody cocktail dose is comprised of 700 mg bam-
lanivimab and 1400 mg etesevimab [116]. Regdanvimab
(CT-P59), a monoclonal antibody, binds to the receptor-
binding domain of spike protein and blocks the interaction
between RBD and ACE-2 but blocking the cellular entry.
Regdanvimab is found to be capable to neutralize the delta
variant effectively in pre-clinical in vivo studies [117]. Other
than antibody treatment, typical drugs are also prescribed
actively. One of the most recommended antiviral drug for
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coronavirus disease is remdesivir, which is involved in
inhibiting the viral RNA-dependent RNA polymerase, and
prescribed for patients with severe symptoms [118]. While
allopathic drugs are in action, the traditional medicines
also played a major role in the treatment of SARS-CoV-
2-infected patients. In China, 85% of the infected patients
were treated with the traditional medicines such as extract
of Isatis indigotica and Houttuynia cordata [118, 119]. The
most commonly used drugs to treat SARS-CoV-2 can be
seen in Table 2 [120].

By 20 August 2021, 32% of the world population has
been vaccinated with at least one dose of vaccine against
SARS-CoV-2 irrespective of the brand name and 24% are
fully vaccinated [121]. Currently current vaccinations are
either mRNA-based, adenovirus vector—based, or inacti-
vated vaccines. The genetic code for a single antigen of the
virus is included in the mRNA-based vaccination, allow-
ing the receiver to produce antibodies against that antigen.
While adenovirus vector vaccines include the DNA of the
spike protein antigen, the modified virus acts as a vec-
tor, allowing the antigen to be expressed and antibodies
to be produced again. Inactivated vaccines are made up of
inactivated viruses that have been exposed to chemicals,
heat, or radiation in order to serve as antigens [120]. The
Pfizer-BioNTech mRNA vaccine is found effective against
the alpha variant [122]. Johnson and Johnson vaccine is

Table 2 Various drugs prescribed to fight against SARS-CoV-2

also compelling in stimulating the protective neutralizing
antibodies [123]. Different vaccines which are in circula-
tion are mentioned in Table 3 [120].

Despite that, the new variants seem to have found the
way to escape from the monoclonal antibodies, it seems
that the evolution of intermediate mutants which are flow-
ing and targeting the immunocompromised patients where
the possibilities of viral replication is higher while on
going treatment with immune plasma or monoclonal anti-
bodies [124, 125]. The vaccines which are circulating in
the vaccination program seem to lose their potency against
the new variants due to their critical mutations in the RBD
region. The affinity between the antibodies and the vari-
ants are likely to take a critical blow and likely to disrupt
the antibody recognition towards the SARS-CoV-2, which
may lead to higher immune escape [126]. The immune
sera from the human vaccinated with Pfizer/BioNTech
is significantly reduced in neutralizing titers against the
alpha variant [127]. Another vaccine named ChAdOx1
from AstraZeneca devastatingly lost its protection against
the beta variant to 10%, while it earlier showed 75% of
protection against the alpha variant [128, 129]. This chal-
lenge of immune escape requires a different approach to
deal with it, as it may not only lead to new fatal symptoms
but make this coronavirus disease even harder to treat than
it already is.

Drug name Another name Mechanism of action

Remdesivir Veklury Inhibit the RNA-dependent RNA polymerase

Plitidepsin Aplidin Inhibit the ribosomal activity of the cell by targeting eEF1A

Bamlanivimab LY-CoV555 Monoclonal antibodies which target overlapping epitopes of S protein to prevent entry of virus

Etesevimab LY-CoVO016 Monoclonal antibodies which target overlapping epitopes of S protein to prevent entry of virus

REGN-COV2 Casirivimab and Monoclonal antibodies which target non-overlapping epitopes of S protein to prevent entry of virus
imdevimab

Table 3 Various vaccines involved to provide immunity against SARS-CoV-2

Vaccine name Manufacturer Country Mechanism Efficacy
BNT162b2 and BNT162bl Pfizer-BioNTech USA mRNA 94%
MRNA-1273 Moderna USA mRNA 94%
Ad26.COV2.S Johnson and Johnson USA Viral vector 66%
AZD1222 AstraZeneca and Oxford University USA and England Viral vector 70%
NVX-CoV2373 Novavax USA Recombinant nanoparticle 89.3%
BBIBP-CoV Sinopharm China Inactivated virus 78%
CoronaVac Sinovac China Inactivated virus 50-84%
HBO2 Beijing Institute of Biological Products ~ China Inactivated virus 78.1%
Co., Ltd
Gam-COVID-Vac (Sputnik V) Gamaleya Russia Viral vector 91.6%
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Conclusion

Millions of people have died as a result of the new coro-
navirus epidemic that has swept the globe. COVID-19,
which is caused by SARS-CoV-2, has a wide pathophysiol-
ogy and is linked to significant morbidity and death rates
across the world. SARS-CoV-2 was primarily considered
to be a respiratory virus; however, it has produced stagger-
ing and widely ranging cognitive, neurological, and psy-
chiatric sequelae in patients, which further complicates
clinical management. The incidence of cognitive, neuro-
logical, and psychiatric complications due to COVID-19 is
being increasingly reported across different geographies.
Further research should be directed to determine the neu-
rotropic nature of the novel coronavirus disease; whether it
initiates hypercoagulation or peripheral immune activation
to deteriorate brain function would be pivotal to recog-
nize and mitigate any neurological or psychiatric threats
[130]. Furthermore, it is the need of the hour to direct
more research towards the development of therapeutics
to mitigate and treat the perilous neurological sequelae of
COVID-19. Personalized ‘omics methods can aid in the
identification of individuals who are at high risk of devel-
oping neurological symptoms. Biological variables like
chronological age, gender, comorbidities, existing neuro-
logical or psychiatric conditions, and genetic history can
be taken into account to predict the prognosis of COVID-
19. It is also essential to comprehensively characterize
the spectrum of neurological symptoms associated with
the novel coronavirus disease to gain more sagacity on
the breadth of COVID-19’s cognitive, neurological, and
psychiatric complications. Hence, more unbiased popula-
tion studies across larger geographies can give us a clearer
picture of the etiology and incidence of the neurological
sequelae of COVID-19 [97].
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