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Abstract
The unremitting coronavirus disease 2019 (COVID-19) pandemic caused by the novel severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) marked a year-long phase of public health adversaries and has severely compromised health-
care globally. Early evidence of COVID-19 noted its impact on the pulmonary and cardiovascular functions, while multiple 
studies in recent time shed light on its substantial neurological complications, though a comprehensive understanding of the 
cause(s), the mechanism(s), and their neuropathological outcomes is scarce. In the present review, we conferred evidence of 
neurological complications in COVID-19 patients and shed light on the SARS-CoV-2 infection routes including the hema-
togenous, direct/neuronal, lymphatic tissue or cerebrospinal fluid, or infiltration through infected immune cells, while the 
underlying mechanism of SARS-CoV-2 invasion to the central nervous system (CNS) was also discussed. In an up-to-date 
manner, we further reviewed the impact of COVID-19 in developing diverse neurologic manifestations associated with CNS, 
peripheral nervous system (PNS), skeletal muscle, and also pre-existing neurological diseases, including Alzheimer’s disease, 
Parkinson’s disease, multiple sclerosis, epilepsy, and myasthenia gravis. Furthermore, we discussed the involvement of key 
factors including age, sex, comorbidity, and disease severity in exacerbating the neurologic manifestations in COVID-19 
patients. An outlook of present therapeutic strategies and state of existing challenges in COVID-19 management was also 
accessed. Conclusively, the present report provides a comprehensive review of COVID-19-related neurological complica-
tions and emphasizes the need for their early clinical management in the ongoing COVID-19 pandemic.
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Introduction

Emerging evidence revealed that coronavirus disease 2019 
(COVID-19) tends to develop neurological complications, 
which occur either by the direct impact of novel severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) on the 
nervous system or indirectly by immune-mediated para/
post-infection [47]. Direct infection can occur during the 
acute phase of virus infection, while the second phase may 
appear even after months following the acute phase [16]. 
Coronaviruses can invade the nervous tissues involving 
macrophages, microglia, or astrocytes and can directly dam-
age the nerves [16]. Also, it can induce neurotoxicity via 
inducing hypoxia-induced injury, imparting immune injury, 
and binding angiotensin-converting enzyme 2 (ACE2), a 
cerebrovascular protection factor [16]. Coronaviruses were 
found to reach the brain predominantly through the olfac-
tory tract during an early stage of infection; however, they 
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can rarely invade the brain via systemic circulation [171]. 
The major complications in the direct infection include 
encephalitis, meningitis, myelitis, and central nervous sys-
tem (CNS) vasculitis, while post-infections include Guil-
lain-Barré syndrome (GBS) and other immune-manifested 
CNS and peripheral nervous system (PNS) diseases [47]. It 
has been reported that almost 20% of COVID-19-infected 
patients require ICU admission because of their neurologi-
cal complications [55]. Moreover, those patients represent 
a higher risk of mortality [55]. Emerging evidence revealed 
that COVID-19 can induce neurologic and immunologic 
complications, which have a severe impact on the patho-
genesis of neurodegenerative diseases [135].

The purpose of our article is to discuss the current sta-
tus of COVID-19 in developing or worsening neurological 
complications.

Evidence of Neurological Complications 
in COVID‑19 Patients

Mao and co-workers first revealed a remarkable impact of 
COVID-19 in developing neurologic complications [109]. 
In their study between January 16, 2020, and February 
19, 2020, they found about 36.4% of total 214 COVID-19 
patients in Wuhan, China, developed neurologic symptoms 
which include CNS manifestations (headache, dizziness, 
impaired consciousness, acute cerebrovascular disease, 
seizure, and ataxia), PNS manifestations (sensory impair-
ments and nerve pain), and skeletal muscular injury (Fig. 1) 
[109]. Patients with severe SARS-CoV-2 infection are more 
susceptible to develop neurologic complications [109]. In a 
retrospective study in Wuhan, 5% of a total of 221 patients 
were found to develop acute ischemic stroke [62]. In another 
retrospective study in Tongji Hospital in Wuhan, China, 20% 
of 113 COVID-19 patients were diagnosed with hypoxic 
encephalopathy [33]. The first nationwide, cross-specialty 
surveillance study on acute neurological and psychiatric 
complications in COVID-19 has been conducted in the 
UK with 125 COVID-19 patients (median age 71 years) 
with complete clinical datasets [165]. In this study, 62% 
of patients were diagnosed with cerebrovascular events, of 
whom 74% presented ischemic stroke, 23% had unspecified 
encephalopathy, and 1% had CNS vasculitis [165]. Among 
125 patients, 31% possessed an altered mental status, com-
prising 18% with encephalitis and 12% with intracerebral 
hemorrhage [165]. The remaining 59% satisfied the clini-
cal case definitions for the psychiatric diagnoses, of whom 
43% had new-onset psychosis, 26% had a neurocognitive 
syndrome, and 17% had an affective disorder [165].

Expectedly, the majority (82%) of the COVID-19 patients 
with cerebrovascular events were older than 60 years. The 

incidence of thrombotic complications was found to be sig-
nificantly high (31%) in a study comprising 184 ICU patients 
with SARS-CoV-2 infection in three Dutch hospitals, of 
whom 23 patients died [85]. In a meta-analysis comprising 
1558 COVID-19 patients of the total 6 studies, cerebrovas-
cular disease has been documented as a potential risk factor 
[167]. In another report, neurological manifestation has been 
counted as a major risk factor in hospitalized COVID-19 
patients in Chicago, USA [97]. Among the studied patients 
(509), neurological manifestation was present at COVID‐19 
onset (in 42.2% patients), at hospitalization (in 62.7% 
patients), and at any stage of disease (in 82.3% of patients) 
[97]. The major neurologic manifestations include head-
aches, myalgias, dizziness, encephalopathy, dysgeusia, and 
anosmia, of all encephalopathy, are associated with a poorer 
functional outcome in hospitalized patients, independent of 
COVID-19 severity [97]. A similar observation has been 
mentioned by the Spanish investigators who documented 
that neurologic manifestations are common in hospitalized 
COVID-19 patients in Spain in their study comprising 841 
patients [145].

In a systematic review of a total of 67 studies, Montalvan 
and co-workers proposed that encephalitis, demyelination, 
neuropathy, and stroke have been associated with COVID-19 
[116]. Invasion through the lamina cribrosa and/or olfac-
tory tract and distribution through the trans-synaptic transfer 
are some of the proposed routes of infection to nerve tissue 
[116]. An increased risk of secondary neurologic compli-
cations in hospitalized COVID-19 patients has been docu-
mented in retrospective studies [66]. In a report in the New 
York Times on October 5, 2020, it was claimed that around 
1/3 of COVID-19 patients had altered mental state [17].

Routes and Mechanism of Invasion to CNS

Emerging evidence revealed that SARS-CoV-2 is a neu-
rotropic, neuroinvasive, and neurovirulent virus to both 
humans and animals [96]. Human coronaviruses are capable 
to infect primary cultures of human neural cells, astrocytes, 
microglia, and oligodendrocytes [96]. SARS-CoV-2 can 
bind to ACE-2 with higher affinity in its receptor-binding 
domain (RBD) of the S spike protein, wherein heparan sul-
fate functions as a necessary cofactor for their binding at the 
host cell membrane [76]. ACE2 receptor exists in all human 
organs including CNS and the endothelial cells. SARS-
CoV-2 interacts with the ACE2 receptor to invade into CNS 
via different routes (Fig. 2).

Hematogenous Route

Coronaviruses can disrupt the epithelial barrier to invade 
the bloodstream. Alveolar epithelial cells (type II) highly 
express ACE2 are predominantly infected by SARS-CoV-2 
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[96]. SARS-CoV-2 can also enter the bloodstream through 
the epithelial cells of the gastrointestinal tract which is also 
abundantly expressing ACE2 [90]. Once in the systemic cir-
culation, SARS-CoV-2 can disrupt the endothelial barrier of 
the blood–brain-barrier (BBB) or the blood-cerebrospinal 
fluid barrier (BCSFB) via binding to the ACE2 receptors in 
the endothelial cells and disseminate toward the CNS [90]. 
SARS-CoV-2-like particles were found in the neural and 
the capillary endothelial cells in the frontal lobe tissue of 
a patient who died with COVID-19, which strongly sup-
ports the hematogenous-endothelial route of neuroinvasion 
by SARS-CoV-2 [131]. Also, SARS-CoV-2 can cross BBB 
by inducing inflammation or hypoxemia through the release 
of pro-inflammatory chemokines and cytokines [96]. Tumor 
necrosis factor-alpha (TNF-α), interferon-gamma (IFN-γ), 
interleukin (IL)-2, IL-6, and IL-8 have been identified as 
major pro-inflammatory mediators involved in the cellular 
invasion of SARS-CoV-2 [3].

Neuronal Route

In this process, the virus first enters the nerve terminal, where 
it replicates and is then transported to the soma to invade 
the CNS [95]. The olfactory tract-mediated neuroinvasion 

is an important route in the neuronal pathway for respira-
tory viruses [114]. Also, the virus can invade through other 
peripheral nerves namely trigeminal and vagus nerves, which 
innervate different parts of the respiratory tract [175]. Neu-
roinvasion of SARS-CoV-2 can occur at the neural-mucosal 
interface via transmucosal entry through the nervous struc-
tures followed by their transport by the olfactory tract of 
the CNS [114]. Some coronaviruses were found to invade 
CNS through the synapse-connected route via infecting the 
peripheral nerve endings [46, 96]. SARS-CoV-2 can invade 
the neuron via binding with the ACE2 receptor of neurons 
through the S1 unit of S protein executing serine protease 
transmembrane protease, serine 2 (TMPRSS2) that allows 
priming [68]. Then, the virus may passively diffuse and/or 
actively transported through axonal transport via axoplasmic 
flow as claimed by Dubé and co-workers in their study with 
human coronavirus (HCoV OC43) [46]. SARS-CoV-2 may 
also find a path to enter CNS via the trigeminal nerves which 
innervates nociceptor cells in the nasal fossa. The sensory 
ending of the trigeminal nerve can exist in the conjunctiva 
[96]. Recently, a SARS-CoV-2 RNA fragment was found in 
the ocular discharge of a patient with conjunctivitis [178], 
which may support the trigeminal nerve-mediated transport 
of SARS-CoV-2 to CNS.

Fig. 1  Different neurologic 
manifestations in COVID-19 
patients
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Lymphatic Tissue or Cerebrospinal Fluid (CSF) Route

The lymphatic network is quite abundant in the bronchus 
and trachea. Nasal lymphatic tissue and the olfactory nerve 
perineural spaces facilitate the drainage of CSF, which 
can communicate by the channels made up of ensheathing 
cells. Lymphatic endothelial cells were found to express the 
CD209L receptor, which is another receptor for coronavirus 
invasion [90]. Interestingly, COVID-19 nucleocapsid protein 
was observed in the cells of lymphoid organs [33]. Thus, 
it can be speculating that CNS invasion by SARS-CoV-2 
indirectly makes through the perivascular or lymphatic path 
as an indirect route [176].

Infiltration Through Infected Immune Cells

Coronaviruses can enter to the CNS via infected immune 
cells, such as T cells, monocytes, and neutrophils, which 
simultaneously serve as the reservoirs for the virus parti-
cles [69]. Immune cells were found to express the binding 
receptors of coronaviruses [96]. Although no such direct 
evidence is available regarding the SARS-CoV-2 infection 
to the immune cells, immunoreactivity of SARS-CoV-2 
nucleocapsid protein was observed in CD169 + cells in 
the splenic marginal zone and marginal sinuses of lymph 
nodes [33]. In addition, CD169 + cells in the lymphoid 
system were also found to express ACE-2, which is the 

Fig. 2  SARS-CoV-2 infection 
routes and mechanism of CNS 
invasion in COVID-19. ACE2, 
angiotensin-converting enzyme 
2; CNS, the central nervous sys-
tem; IFN-γ, interferon-gamma; 
IL, interleukin; TNF-α, tumor 
necrosis factor-alpha
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SARS-CoV-2-binding receptor [133]. These observations 
support that CD169 + macrophages may contribute to the 
spreading of COVID-19. Moreover, the viral RNA sequence 
has been detected in the macrophages in the broncho-alve-
olar lavage of COVID-19 patients [20]. Thus, it may not be 
irrelevant to hypothesize that SARS-CoV-2 can use immune 
circulating cells to disseminate and invade the CNS.

COVID‑19 in Developing Neurologic 
Manifestations

Emerging evidence revealed that SARS-CoV-2 infection can 
attribute to the quite high risk of neurological complications. 
It can manifest both CNS and PNS complications. These 
complications are mostly accompanied by the acute innate 
immune-inflammatory response, higher levels of C-reactive 
protein, ferritin, and D-dimer [120]. The activation of acute 
innate immune response results in the release of pro-inflam-
matory mediators. TNFα, IL-1β, IL-6, and IL-17 are the 
key effector cytokines, which increase BBB permeability 
via microglial activation and proliferation (Fig. 3). BBB 
breakdown can endorse the pathogenic crosstalk between 
brain innate and peripheral adaptive immunity thus creating 
a self-propagating neuroinflammatory microenvironment, 
which negatively influences neurotransmission and causes 
glutamate-mediated neuronal toxicity (Fig. 3) [120].

Microglial activation and proliferation can further trigger 
matrix metalloproteinases (MMPs) which are inducible pro-
inflammatory molecules and can endorse oxidative stress 
(Fig. 3) [120]. They can simultaneously damage neurovas-
cular endothelium and impair vasodilation resulting in cer-
ebral hypoperfusion (Fig. 3) [120]. In addition, activation of 
pro-inflammatory mediators, maladaptive immune response, 
and extensive tissue damage can endorse coagulation path-
ways. Antiphospholipid antibodies, such as anticardiolipin 
and anti-β2-glycoprotein I antibodies, have been regarded as 
potential contributors to coagulopathy [179]. Th17 cells and 
IL-17-mediated activation of the immune responses have 
been revealed in COVID-19 [170]. IL-17 can induce mono-
cyte chemoattractant protein-1 (MCP-1) and chemokine 
(C-X-C motif) ligand 1 expression in neurovascular endothe-
lial cells, resulting in trans-endothelial migration of Th17 
cells to the brain parenchyma [169]. TNF-α triggers Th17 
cell adhesion in the cerebral endothelium through endothe-
lial vascular cell adhesion molecule 1 (VCAM-1) activation 
[169]. IL-17 can further trigger the activation of pro-inflam-
matory mediators, such as cytokines, chemokines, and mol-
ecules [120]. IL-17 with other cytokines, such as TNFα and 
IL-1β can activate IL-6 activity, which, in turn, promotes T 
cell apoptosis and induces lymphocytopenia in COVID-19 
patients [27]. However, evidence also exists that the virus 
can invade the nerve cells to exert direct pathogenesis [6].

SARS-CoV-2 directly infect the neurovascular endothe-
lia through interaction between viral surface spike-gly-
coprotein (S1) and ACE2 receptor of endothelial cells, 
thus induces endotheliopathy, endotheliitis, and vascular 
injury which may decrease in cerebral perfusion (Fig. 3) 
[65]. A similar pathogenic mechanism was observed in 
the peripheral vasculature (Fig. 3). SARS-CoV-2 infec-
tion of the brain can also suppress ACE2 expression and 
activate tissue angiotensin II levels, which may contribute 
to neuronal dysfunction and neuroendothelial dysfunction 
(Fig. 3) [74] In addition, the trans-endothelial migration 
of COVID-19-infected CD169 + macrophages expressing 
ACE2 can contribute to viral invasion to the brain (Fig. 3). 
Pavel and co-workers hypothesized that α-synuclein accu-
mulation following SARS-CoV-2 infection may intensify 
pre-existing cell-autonomous susceptibility, which triggers 
the propagation of α-synuclein resulting in neurodegenera-
tion [135]. SARS-CoV-2 protein, such as SRF8, can bind 
with human protein trafficking molecules; thus, it can neg-
atively regulate the clearance of α-synuclein [135]. Also, 
the neuroinvasion of SARS-CoV-2 can induce bioenergetic 
stress to certain neural population, such as nigrostriatal 
dopaminergic neurons, which requires high energy for sur-
vival [135]. SARS-CoV-2 infection can trigger the degra-
dation of these susceptible neurons above the threshold of 
neurodegeneration.

CNS Manifestations

SARS-CoV-2 is predominantly an airborne respiratory virus; 
however, it can also invade the brain. Several reports men-
tioned that SARS-CoV-2 can localize in the brain and CSF 
of infected patients [114], suggesting its pathological effect 
on the CNS. In addition, it can indirectly affect CNS via 
immune and inflammatory mechanisms. However, major 
CNS symptoms include headache, dizziness, encephalopa-
thy, acute myelitis, cerebrovascular accident, and encepha-
litis [6]. Headache and dizziness are the most common CNS 
manifestations in COVID-19 patients followed by encepha-
lopathy [6].

Among all CNS manifestations, encephalopathy has 
been mentioned as the major cause of morbidity and 
mortality in adult and elderly COVID-19 patients, inde-
pendent of the severity of respiratory complications [97]. 
Altered sensorium has been regarded to increase the risk 
of mortality in COVID-19 patients [59]. COVID-19 is 
known to endorse the inflammatory response, which sub-
sequently induces hypoxic/metabolic changes [59]. This 
hypoxic/metabolic insult triggers cytokine storm which 
has been regarded as the key mechanism of developing 
encephalopathy in COVID-19 patients [59]. Umapathi 
and co-workers demonstrated three COVID-19 patients 
who developed severe encephalopathy during the disease 
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period, and a patient died after 3 months [163]. Several 
other reports revealed that encephalopathy is one of the 
common CNS manifestations in COVID-19 patients [8]. 
Emerging evidence revealed that SARS-CoV-2 can also 
develop acute hemorrhagic necrotizing encephalopathy 
[41]. However, COVID-19-manifested encephalopathy 
does not restrict to elderly patients. In a case report, Kini-
kar and colleagues reported a case of COVID-19-provoked 
acute encephalopathy in an 11-year-old child who exhib-
ited altered sensorium and seizures [83]. Other reports 
also claimed the occurrence of acute encephalopathy in 
COVID-19-positive children [34, 111]. Altered conscious-
ness, confusion, delirium, and deep coma are the hallmark 
of clinical features in COVID-19-manifested encephalopa-
thy [59]. Imaging features included leukoencephalopathy, 
restricted diffusion of both gray and white matters, micro-
hemorrhages, and leptomeningitis [81].

Emerging evidence revealed that encephalitis is another 
CNS manifestation in COVID-19 patients of different age 
groups [19]. The SARS-CoV-2-specific RNA has been 
detected in the CSF of the patient encephalitis-associated 

with COVID-19, which supported the direct pathogenic 
role of the virus in developing encephalitis [117]. In a case 
study, Zuhorn and co-workers revealed that encephalitis in 
COVID-19 can also be parainfectious without involving the 
inflammatory pathogenesis having a strong resemblance to 
the autoimmune encephalitic syndrome [186]. In a multi-
center-based study carried out in Italy, 25 out of 45 cases 
were encephalitis-positive for SARS-CoV-2 infection; how-
ever, SARS-CoV-2-specific RNA was not detected in CSF 
[136]. Delirium, aphasia/dysarthria, and seizures were early 
clinical symptoms in COVID-19-manifested encephalitis 
[136]. The treatment of COVID-19-endorsed encephalitis is 
mainly supportive, and the clinical success was limited [64].

Zhao and co-workers first reported a case of post-infec-
tious acute myelitis in a SARS-CoV-2-infected patient [181]. 
Emerging evidence revealed that SARS-CoV-2 infection 
often develops acute transverse myelitis in the patients [152]. 
The cases of myelitis were mostly seen in elderly patients 
(> 60 years). However, few cases of acute myelitis were also 
seen in COVID-19-positive middle-aged people [2], an ado-
lescent [63], and a child [79]. Most of the cases were found 

Fig. 3  Proposed mechanism by 
which SARS-CoV-2 intercedes 
neurologic manifestations in 
COVID-19. 3HK, 3-hydrox-
ykynurenine; 5HT, 5-hydroxy-
tryptamine; ACE2, angio-
tensin-converting enzyme 2; 
ACE-Ang II-AT1, angiotensin-
converting enzyme-angiotensin 
II-angiotensin II subtype I; 
CCL2, C–C motif chemokine 
ligand 2; G-CSF, granulocyte 
colony-stimulating factor; 
IFN-γ, interferon-gamma; IL, 
interleukin; MIP-2, macrophage 
inflammatory protein 2; NK, 
natural killer; TNF-α, tumor 
necrosis factor-alpha, indicates 
downstream pathway; ↑ indi-
cates upregulation; ↓ indicates 
downregulation
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to be post- or para-infectious. The virus-provoked inflam-
matory manifestations have been regarded as the possible 
mechanism of myelin damage in the spinal cord [164].

Several cases of cerebrovascular diseases in SARS-
CoV-2-infected patients have been found [144]. It is more 
prevalent in severely infected patients having pre-existing 
vascular risk [122]. Cerebrovascular events have been com-
monly found in older patients with concurrent stroke as a 
potential risk factor [11]. Li and co-workers found that the 
incidence of stroke in COVID-19 patients was about 5% in 
older patients with a median age of 71.6 years [94]. How-
ever, COVID-19-related stroke in young patients has also 
been supported by the data obtained from different centers 
worldwide [53]. Viral neurotropism, endothelial dysfunc-
tion, inflammation, hypoxemia, immunopathogenic, and 
coagulopathy are plausible anticipated pathophysiologies 
of cerebrovascular diseases in COVID-19 patients [144]. 
Inflammation has been implicated in developing cerebro-
vascular diseases in COVID-19 patients by inducing acute 
intravascular events mediated through the disruption of the 
blood supply [11].

PNS Manifestations

PNS manifestations by COVID-19 are comparatively less 
severe, which include chemosensory dysfunctions, muscle 
pain, and GBS [124]. Hyposmia/anosmia and hypogeu-
sia/ageusia are the most frequent chemosensory dysfunc-
tions seen in SARS-CoV-2-infected patients accounting for 
5–98%, depending on the study, methodology, and country 
[59]. These olfactory and gustatory disorders were mostly 
reported in asymptomatic individuals or as the initial stage 
of SARS-CoV-2 infection with no other symptoms [58]. 
Hyposmia/anosmia and hypogeusia/ageusia were usually 
observed in mild-moderate cases of SARS-CoV-2 infection; 
however, hyposmia/anosmia is more intense than hypogeu-
sia/ageusia [59]. The Iranian, European, and US data con-
cluded that 64.5% and 54.0% of COVID-19 patients repre-
sent smell and taste dysfunctions earlier than the common 
disease symptoms, respectively [150].

In a study, 60 COVID-19-positive patients in Masih 
Daneshvari Hospital, Iran, were subjected to a Univer-
sity of Pennsylvania smell identification test, where 98% 
of patients exhibited smell dysfunction. The patients were 
categorized as anosmic (25%), severely microsmic (33%), 
moderately microsmic (27%), mild microsmic (13%), and 
normosmic (2%) [115]. In another study, Yan and co-work-
ers included 262 ambulatory individuals with influenza-like 
symptoms; among them, 59 were diagnosed with COVID-
19 [174]. They found that SARS-CoV-2-infected patients 
are more susceptible to hyposmia/anosmia (68% vs. 16%) 
and hypogeusia/ageusia (71% vs. 17%) as compared to 
COVID-19-negative patients [174]. Beltrán-Corbellini and 

co-workers documented a similar observation, where they 
found that smell and taste disorders were more frequent in 
COVID-19 patients than in influenza patients [18]. Several 
studies conducted by different groups around the world also 
described the loss of chemosensory traits; predominantly, 
smell and taste dysfunctions are the prevalent symptoms in 
COVID-19 patients [5, 88]. Several hypotheses have been 
proposed to explain the mechanism of anosmia associated 
with COVID-19. Few reports claimed that SARS-CoV-2 can 
disrupt the integrity of the olfactory neuroepithelium dur-
ing olfactory tract-mediated neuroinvasion to CNS result-
ing in anosmia [115], while others proposed that SARS-
CoV-2-induced inflammation to the olfactory nerves is the 
reason behind anosmia in COVID-positive patients [101]. 
Several hypotheses have also been proposed to explain the 
mechanism of ageusia during SARS-CoV-2 infection [12]. It 
has been hypothesized that SARS-CoV-2 can bind to ACE2 
receptors lined in the oral mucosa and triggers inflammatory 
response resulting in cellular and genetic changes, which 
could alter taste [104]. In a transcriptomic analysis, Xu and 
co-workers revealed that the lingual expression of ACE2 
is higher than in the gingiva or cheek [173]. Thus, it might 
be the reason for hypogeusia/ageusia during SARS-CoV-2 
infection. In contrast, Moein and co-workers proposed that 
traumatic injury to the olfactory system is the main reason 
behind the hypogeusia/ageusia in COVID-19 patients [115].

GBS is one of the frequently manifested PNS compli-
cations in SARS-CoV-2 infection. Zhao and coworkers 
reported the first case of GBS in a 61-year-old COVID-
19-positive woman [180]. After this, several cases of GBS in 
COVID-19 patients have been documented around the world 
[9, 23]. The clinically presenting features of GBS in COVID-
19 patients included acute symmetric flaccid, quadriparesis, 
facial paralysis, lower-limb weakness, ataxia, paresthesia, 
and distal weakness [9]. The mechanism of developing GBS 
in COVID-19 patients has not been revealed yet; however, 
it has been thought that autoimmune or direct neurotoxic 
effects of the virus might cause GBS in COVID-19 patients 
[121]. Recently, Lucchese and Flöel revealed that molecular 
mimicry between the virus and human heat shock proteins 
(HSPs), such as HSP90 and 60, can attribute to the patho-
genic mechanism of GBS following SARS-CoV-2 infection 
[105]. HSPs might also endorse a superantigen response, 
which can contribute to the para-infectious response [89]. 
Treatment with immunoglobulins or plasmapheresis was 
found to ensure partial or complete recovery; however, some 
patients required ventilation support [140].

Few cases of cranial neuropathies have been reported 
to be associated with COVID-19 pneumonia. Wei et al. 
first described a case of acute oculomotor nerve palsy in a 
62-year-old severely ill patient [168]. Few cases of abducens 
nerve palsy have been recorded in SARS-CoV-2-infected 
patients presenting ophthalmoparesis [45]. In a study, Srijon 
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and coworkers found 6 cases of abducens nerve palsy out of 
19 COVID-19-positive patients in Bangladesh [156]. Few 
cases of facial nerve palsy have also been found in COVID-
19-positive patients [43]. Virus-mediated immune-inflam-
matory response has been proposed to be a possible mecha-
nism in cranial neuropathies [168].

Skeletal Muscle Manifestations

Emerging evidence revealed that muscle pain (myalgia), 
muscle soreness, and fatigue are frequently encountered 
symptoms in COVID-19 patients. Mao and coworker first 
mentioned the incidences of muscle injury of 19.3% and 
4.8% in severely and moderately ill COVID-19 patients, 
respectively [109]. Lippi et al. reported that myalgia can 
be the onset symptom in 36% of COVID-19 patients [98]. 
In a meta-analysis comprising 38 studies involving 3062 
COVID-19 patients, Zhu and co-workers found that 33% 
of the COVID-19 patients exhibited muscle soreness [184]. 
In another meta-analysis, Cao and colleagues reported that 
35.5% of a total of 46,959 COVID-19 patients (in 31 studies) 
developed muscle soreness and fatigue [28].

Rhabdomyolysis characterized by myalgia, fatigue, and 
hemoglobinuria has been described as a life-threatening syn-
drome in COVID-19 patients [161]. It has been ascribed as 
an early-late manifestation in COVID-19, which can lead 
to acute renal injury [113, 161]. Several hypotheses exist 
regarding the pathogenic mechanism of muscle manifes-
tations in COVID-19 patients. In addition to the common 
inflammatory mechanism caused by viruses, hyperlactatemia 
caused by a hypoxic condition in the tissue during SARS-
CoV-2 infection has been proposed as a key mechanism in 
COVID-19-induced muscle injury [39]. Hyperlactatemia 
further suppresses the oxygen-carrying capacity of red 
blood corpuscles, which further intensifies hypoxic condi-
tions in the muscle tissues [87]. In addition, SARS-CoV-2 
can directly infect the musculoskeletal system express-
ing endothelial cells of the skeletal muscle and spinal 
cord through ACE2, which have been also regarded as the 
mechanism of musculoskeletal manifestation in COVID-19 
patients [157]. Analgesics may not be therapeutically effec-
tive in attenuating such pain; however, viral exclusion has 
been proposed to be a potential therapeutic strategy [87].

COVID‑19 in Pre‑existing Neurological Diseases

COVID‑19 in Alzheimer’s Disease

It has been found that both SARS-CoV-2 infection and Alz-
heimer’s disease (AD) predominantly affect the elderly pop-
ulation. AD is a notable neurodegenerative ailment, while 
COVID-19 was also found to induce several neurotoxicologi-
cal manifestations. Thus, there must be some crosstalks in the 

pathogenesis of AD and COVID-19 pneumonia. In general, 
the mortality rate from pneumonia is almost two-fold in peo-
ple with dementia contrasted with those without dementia 
[91]. Emerging evidence revealed that the presence of AD is 
a potential risk factor for COVID-19 severity [10]. Immune 
response and intense inflammation in SARS-CoV-2 infection 
may accelerate the neurodegeneration in the CNS, which may 
endorse a high risk of neuropathological consequences [123]. 
Emerging evidence suggests that amyloid fibrils can induce 
microglial activation and triggers type 1 interferon response, 
which is also a crucial component in SARS-CoV-2 infection 
(Fig. 4) [147]. Thus, pre-existing AD might exacerbate the 
pathological occurrences with SARS-CoV-2 infection via 
creating a “perfect storm” of an intense immune response 
(Fig. 4) [123]. Moreover, the risk of SARS-CoV-2 infection 
accounts higher in patients with AD [183].

In a UK Biobank study, Yu and coworkers indicated that 
AD patients are in expanded danger of SARS-CoV-2 infec-
tion. In their study, they showed that AD is one of the poten-
tial comorbid factors linked to COVID-19-related mortality 
[177]. Recent studies explored a higher ACE2 expression 
in the brain of AD patients, which can facilitate viral load 
in the brain and thus intensify the risk of COVID-19-re-
lated mortality in AD patients (Fig. 4) [141]. In contrast, 
Kehoe et al. reported that brain ACE2 activity is reduced in 
AD, which results in the resilience of AD to COVID-19 as 
reported in a retrospective analysis [80]. In a recent report, 
it has been revealed that Alzheimer’s gene is linked to the 
risk and severity of SARS-CoV-2 infection. The APOE ε4 
gene variant that possesses the greater risk of developing AD 
also confers a risk allele in severe COVID-19 [70]. Consid-
ering the vulnerability of AD patients to COVID-19, it may 
be postulated that the isolation of AD patients is necessary 
to avoid SARS-CoV-2 infection. However, isolation nega-
tively affects AD patients as it increases the risk of cognitive 
decline due to a lack of social interaction [123]. In a survey, 
Canevelli and colleagues reported that 31% of dementia 
patients developed significant cognitive decline during the 
first month of lockdown, while 54% exhibited deterioration 
in agitation, depression, and apathy [26]. Thus, the preven-
tive strategy about both pharmacological and non-pharma-
cological interventions would aid in this perspective [1].

COVID‑19 in Parkinson’s Disease

Parkinson’s disease (PD) is the second most common neu-
rodegenerative disease characterized by a large number 
of motor and non-motor symptoms. Emerging evidence 
revealed that PD patients may be at an elevated risk of severe 
complications following SARS-CoV-2 infection [149]. 
Researchers at the University of Iowa Health Care reported 
that people with PD are at a 30% higher risk of COVID-
19-related deaths [178]. According to their observation, 
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148 (21.3%) out of 694 COVID-19 patients with PD died, 
compared to 4290 (5.5%) out of 78,355 COVID-19 patients 
without PD died [178]. In search of the mechanistic aspect, 
it has been hypothesized that COVID-19 is known to trig-
ger neuroinflammation, which can subsequently trigger 
α-synuclein accumulation resulting in neurodegradation, 
which is similar to that of PD pathogenesis (Fig. 4). Fol-
lowing neuroinvasion, SARS-CoV-2 has been proposed to 
endorse the activation of microglia and astrocytes, which 
subsequently trigger inflammation, oxidative stress, and glu-
tamate favoring neurodegradation (Fig. 4).

Increased accumulation of α-synuclein can trigger micro-
glial activation, which can subsequently endorse astrocyte 
activation via TNF-α resulting in increased glutamate release 
(Fig. 4). Cerebral α-synuclein accumulation, inflammation, 
and oxidative stress are the key factors in PD pathogene-
sis, which are endorsed by COVID-19. In an experimental 
model, PD in rats exhibited TMPRSS2 upregulation in the 

brain [92], which is a receptor for SARS-CoV-2 for tissue 
invasion, thereby PD condition may facilitate neuroinvasion 
of the virus (Fig. 4). In addition, SARS-CoV-2 neuroinva-
sion induces bioenergetic stress resulting in the neurode-
generation of certain neural cells which require large energy 
for functioning [135]. Nigrostriatal dopaminergic neurons 
require high cellular energy requirements, thus vulnerable 
to SARS-CoV-2 infection [135]. Thus, at least theoretically, 
there may be neurobiochemical crosstalk exists between 
COVID-19 and PD.

Recently, Chaudhry et al. reported that SARS-CoV-2 
infection in 6-hydroxydopamine-treated dopamine-con-
taining neurons caused activation of caspase cascade via 
NF-κB signaling resulting in the death of dopaminergic 
neurons [32]. Activation of NF-κB signaling could impart 
neurodegenerative effects through pro-apoptotic and pro-
inflammatory mechanisms (Fig. 4), wherein a regulatory 
role of β-catenin or its-activating signaling over NF-κB and 

Fig. 4  Proposed mechanism by 
which SARS-CoV-2 infection 
in COVID-19 worsens AD and 
PD. IFN, interferon; IL, inter-
leukin; MCP-1, monocyte che-
moattractant protein-1; NF-κB, 
nuclear factor kappa-light-
chain-enhancer of activated 
B cells; TGF-β, transforming 
growth factor-beta; TNF-α, 
tumor necrosis factor-alpha
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inflammatory cytokine function could be of therapeutic sig-
nificance [75]. In contrast, Prasad and colleagues found that 
only 10% out of 100 COVID-19-positive PD patients in India 
worsened PD severity or developed new symptoms [138]. 
Similarly, Artusi and coworkers concluded that COVID-19 
risk and mortality did not vary between PD patients and the 
general population [14]. A similar finding was reported in 
another survey on mild-moderate PD patients in Lombardy, 
Italy, where COVID-19 risk and death did not differ from 
the control; however, symptoms seemed to be milder [50]. 
On the other hand, In a UK Biobank study, Yu and cowork-
ers reported that PD can be associated with an elevated risk 
of SARS-CoV-2 infection; however, unlike AD, it does not 
have a significant impact on the mortality rate [177]. On the 
other hand, Fasano and coworker found that the mortality 
rate of 19.7% among community-dwelling PD patients fol-
lowing SARS-CoV-2 infection is a significantly high per-
centage [50]. However, older PD patients (> 78 years) are 
more vulnerable to COVID-19 death compared to younger 
patients [13]. In another study in Italy, PD patients exhibited 
substantial deterioration in motor and non-motor symptoms 
during mild-moderate SARS-CoV-2 infection as compared 
to COVID-19-negative PD patients [35]. Emerging evidence 
revealed that SARS-CoV-2 infection often develops parkin-
sonism [4]. Several hypotheses have been proposed in this 
regard. SARS-CoV-2 can induce nigrostriatal damage via 
inducing vascular insult to the brain by ACE-2 binding, 
triggering neuroinflammation in the brain, and aggravat-
ing intraneuronal α-synuclein accumulation [21]. Though 
the possibilities are theoretical and speculative, however, 
the existing evidence regarding the involvement of other 
viruses in PD pathogenesis and the neuroinvasive capacity 
of COVID-19 supports the hypotheses.

COVID‑19 in Multiple Sclerosis

Multiple sclerosis (MS) is an immune-manifested, chronic 
immune-mediated, and neurodegenerative disorder, which 
requires immunosuppressive medication as a therapeutic 
option. Thus, MS patients may face additional challenges 
in this COVID-19 pandemic situation [185]. Mansoor and 
colleagues claimed that disease-modifying therapy (DMT) 
involving immunosuppressants might yield a higher risk of 
acquiring infection or yield poorer outcomes [108]. Addi-
tionally, MS is a neurodegenerative disease; thus, it may be 
expected that a neurotropic virus-like SARS-CoV-2 would 
have some effect on disease manifestation and/or exacer-
bation [148]. Palao and coworkers reported that a patient 
develops MS following SARS-CoV-2 infection [130]. The 
virus-provoked inflammation of the optic nerve and demy-
elination in the CNS nerves play crucial a role in the clinical 
onset of MS [130]. Crescenzo and co-workers found that the 
prevalence of COVID-19 seemed to be almost 2.5-fold in MS 

patients than in the general population [38]. In an MS cohort 
comprising 40 patients, Chaudhry and coworkers found that 
COVID-19 can be a risk factor to MS patients only in case 
of severe infection. However, most of the severely infected 
patients were found older [31]. Since the study comprised 
only a limited number of patients in each category, it is dif-
ficult to obtain a countable conclusion. However, their obser-
vation is not supportive of that of the majority of available 
literature. Mansoor and Ghasemi-Kasman revealed that DMT 
does not trigger SARS-CoV-2 infection in MS patients by 
suppressing immune and cytokine responses [146].

In a cohort of MS patients in the Netherlands, Loonstra 
and colleagues concluded that DMT does not have any 
impact on COVID-19 outcomes [100]. Similarly, others 
also concluded that DMT does not increase the risk of con-
tracting COVID-19 disease in MS patients [48]. Parrotta 
and coworkers concluded that DMT involving anti-CD20 
therapies and sphingosine-1-phosphate receptor modulators 
to COVID-19-positive MS patients did not increase the risk 
of hospitalization or mortality [134]. Dalla Costa et al. also 
reported that DMT did not significantly change the risk and 
severity of COVID-19; however, a trend of an increased risk 
toward the infection was observed with immunemodulators, 
such as alemtuzumab and cladribine [40]. Additionally, MS 
patients did not exhibit any evidence of worse COVID-19 
outcomes [40]. Similarly, others also concluded the protec-
tive role of immunosuppressive agents in COVID-19-posi-
tive MS patients [126]. Kloc and Ghobrial reported that MS 
DMT could be protective against acute respiratory distress 
syndrome in COVID-19 patients [84].

DMT drugs, such as fingolimod and siponimod, can 
inhibit the expression of ACE2 receptors and can recruit 
macrophages to the lungs, which can suppress cytokine 
storm [84]. MS patients who received fingolimod treat-
ment and were infected by COVID-19 exhibited a surpris-
ingly fast recovery [107]. Fingolimod has been proposed to 
enhance the integrity of lung endothelial cells and attenuate 
the cytokine storm via immunosuppression [142]. However, 
following an international consensus statement, fingolimod 
might be stopped in MS patients diagnosed positive for 
SARS-CoV-2 infection [107]. Zheng and coworkers reported 
the safety aspects of the individual medicines used in DMT 
in the COVID-19 pandemic situation. They concluded that 
ocrelizumab may be the safest drug if it is used sparingly, 
while cladribine may be relatively safer than alemtuzumab 
in the oral form [182]. In this aspect, the effect of DMT 
for MS on vaccine responses is one of the crucial points 
as certain treatments may interfere with building a protec-
tive immune response upon vaccination [36]. In addition, 
DMT that affects the adaptive immune system can lessen 
the efficacy of vaccines by suppressing long-term immune 
memory development [36]. Ciotti and colleagues claimed 
that apart from β-interferons, many DMT drugs can reduce 
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the efficacy of several types of vaccines via suppressing 
humoral immune responses [36]. However, in a case study 
of 7 SARS-CoV-2-infected MS patients receiving anti-
CD20 treatment, Meca-Lallana and coworkers revealed 
that humoral immunity is not always essential for a clini-
cal course of SARS-CoV-2 infection [112]. Baker and col-
leagues reported that most DMTs do not particularly target 
the innate immune system. Only a few have a long-term 
impact on CD8 T cells, and a few can block the immature 
B cell formation [15]. An interesting finding was found in 
a population-based MS cohort comprising 1931 patients, in 
which below 1% of the high risk of COVID-19 mortality was 
recorded [22]. Importantly, the majority of these MS patients 
did not receive any DMT [22]. In another registry-based 
cohort study of patients with MS, no connotation was found 
between DMT exposure and COVID-19 severity [102].

COVID‑19 in Epilepsy

As indicated by the Epilepsy Foundation’s assertion, epilepsy 
patients do not pose any additional risk for SARS-CoV-2 
infection or worsening of the disease severity (https:// www. 
epile psy. com/ learn/ covid- 19- and- epile psy). Epilepsy does 
not affect the immune system, and antiepileptic drugs do 
not possess any immunosuppressive properties [185]. In a 
survey‐based study, Fonseca and colleagues reported that 
SARS-CoV-2 infection does not cause any change in seizure 
frequency in 5 epilepsy patients [54]. In contrast, Cabezudo-
García et al. reported that patients with active epilepsy are 
more vulnerable to SARS-CoV-2 infection than the general 
population [24]. Also, active epilepsy is a potential risk factor 
accounting for 23% of mortality in hospitalized COVID-19 
patients [24]. Few rare cases with new-onset seizures were 
also reported in COVID‐19 patients [166]. In a retrospec-
tive study in Wuhan, China, it has been concluded that the 
COVID-19 patients with new-onset or recurrent epileptic sei-
zures endorsed severe SARS-CoV-2 infection, which may 
yield a poor prognosis [158]. Patients with recurrent epilep-
tic seizures exhibited a large number of other neurological 
manifestations than patients with new-onset epileptic seizures 
[158]. Treatment with antiepileptic drugs may reduce the risk 
of recurrent seizures [158]. However, drug interaction can 
be a crucial factor for COVID-19-positive epilepsy patients. 
For example, (a) hydroxychloroquine and chloroquine may 
lower the seizure threshold, (b) hydroxychloroquine and 
chloroquine are contraindicated in patients receiving lacosa-
mide and cenobamate, and (c) lopinavir/ritonavir, favipira-
vir, remdesivir, and ribavirin cannot be co-administered with 
antiepileptic drugs, such as carbamazepine, phenobarbitone, 
phenytoin, and primidone [132]. In this aspect, an updated 
list has been provided by the University of Liverpool (https:// 
www. covid 19- drugi ntera ctions. org).

COVID‑19 in Myasthenia Gravis

Myasthenia gravis (MG) patients have been regarded to be 
at the risk of severe SARS-CoV-2 infection [185]. At least 
theoretically, a disease like MG is associated with respira-
tory muscle weakness and requires immunomodulation/
immunosuppression as therapeutic management may be at a 
higher risk of infection and severity of COVID-19 [71]. Sev-
eral studies and surveys reported that SARS-CoV-2 infec-
tion can cause exacerbation of MG symptoms [118, 119]. 
Muppidi and colleagues reported that 40% of 91 COVID-
19-suspected MG patients exhibited MG worsening or crisis 
in the COVID-19 setting and required rescue therapy with 
intravenous immunoglobulin, plasma exchange, or steroids. 
Forty-three percent of patients were recovered or released 
from the hospital and 24% of patients died due to COVID-
19 [119].

In an observational retrospective study involving 15 hos-
pitalized MG adults with severe SARS-CoV-2 infection in 
São Paulo, Brazil, Camelo-Filho and coworkers reported that 
87% needed intensive care support, 73% required mechani-
cal ventilation, and 30% died [25]. A rare case with new-
onset MG developing secondary to SARS-CoV-2 infection 
was also reported [143]. Only a few findings reported that 
COVID-19 did not manifest any new crisis or symptom 
exacerbation in MG patients [143]. However, the popula-
tions in these studies were too low (n = 5 and 1, respectively) 
to reveal any conclusive evidence. The treatment options 
in COVID-19-provoked MG worsening include sympto-
matic, immunosuppression, and immunomodulation; how-
ever, treatment choice is very important in this regard [67]. 
Immunosuppression has been found to offer better therapeu-
tic outcomes [25]. However, MG patients with SARS-CoV-2 
infection often raise several clinical dilemmas, particularly 
those of immunocompromised subjects [42]. In addition, the 
side effects of the immunosuppressant may also occur [42]. 
For example, intravenous immunoglobulin (IVIg) treatment 
often develops thrombosis in susceptible patients [42]. The 
selection of COVID-19 medicine is also important in this 
regard. Some drugs used in therapeutic trials of COVID-19 
management, such as hydroxychloroquine and azithromycin, 
can aggravate symptom exacerbations in MG [71].

Factors Affecting Neurologic Manifestations 
in COVID‑19 Patients

Age

It has been revealed that the viral burden is highly associ-
ated with advanced age because of the poor immunity as 
well as the relative abundance of ACE2 receptor expres-
sion in the older population than younger people [110]. 
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The presence of comorbidities more likely in older peo-
ple can also endorse severe impacts [110]. In addition, 
older patients also represent lower extents of human miR-
NAs that target SARS-CoV-2 [57], thereby enabling the 
virus to penetrate and replicate more easily within older 
patients. Therefore, the utility of miRNA-based therapy 
given its suppressive function warrants further investiga-
tive and clinical consideration [93]. It has been found that 
older patients are more vulnerable in developing neuro-
logic manifestations and worsening the pre-existing neu-
rological ailments following SARS-CoV-2 infection. In 
the first report regarding the neurological complications 
in COVID-19 patients, Mao and colleagues found that 
patients with a mean age of 58.2 years are more prone 
to severe infection as well as in developing neurological 
manifestations than younger people [109].

In a UK-wide surveillance study on COVID-19 patients, 
Varatharaj and colleagues reported that a slightly high 
percentage of older patients (> 60 years) showed altered 
mental status than the patients below 60  years, while 
the risk of cerebrovascular events is significantly high 
in older patients (82%) than the patients below 60 years 
(18%) [165]. Cerebrovascular events are prevalent in older 
patients with concurrent stroke as a potential risk factor 
[47]. However, few cases of younger stroke patients were 
also reported [99]. Encephalopathy, the most frequent 
CNS manifestation in COVID-19, has been manifested 
more likely in older patients (mean age 65.5 years) than 
the patients with a mean age of 55.2 years [97]. However, 
in the same study, among the patients, those without or had 
a long time from COVID-19 onset to hospitalization, the 
patients with a mean age of 57.5 years were more likely 
to present any neurologic manifestations than older peo-
ple (mean age 62.9 years). Garg and colleagues reported 
that COVID-19-associated encephalopathy most likely 
occurs in patients over 50 years of age [60]. Acute myeli-
tis, another CNS manifestation in COVID-19 patients, was 
mostly found in elderly people of 60 years or more [152]. 
Among the PNS manifestations, hyposmia/anosmia and 
hypogeusia/ageusia are the most common in COVID-19 
patients, which more frequently occur in young adults 
[52]. Earlier evidence revealed that smell and/or taste 
dysfunction is more common in the younger COVID-19 
patients [125]. Speth and colleagues also reported that 
smell dysfunction is negatively associated with age [155]. 
GBS is another PNS manifestation in COVID-19 patients 
with higher frequency among elderly patients with a mean 
age of 60 years [162]. In contrast to adult patients, children 
are less susceptible to develop neurologic manifestations 
following SARS-CoV-2 infection [82]. The most common 
neurological manifestations in children include headache 
and loss of smell and/or taste [82]. However, only a few 

cases of encephalography, encephalitis, seizure, cerebro-
vascular infarction, and GBS were also reported to occur 
in pediatric patients [153].

Sex

Relatively fewer published documents are available regard-
ing the gender bias of COVID-19 in developing neurologi-
cal manifestations and worsening pre-existing neurological 
complications. Compared to men, women are less vulnerable 
to viral infections due to the differences in innate immunity 
and the presence of X chromosomes [37]. X chromosome-
encoded immune regulatory genes result in lower viral load 
and less inflammation in women than in men [37]. Women 
additionally produce more antibodies that persist in the cir-
culation for an extended period than men [37]. It has been 
revealed that sex hormones can additionally modulate ACE-2 
expression and immune response [7]. Estrogen (female sex 
hormone) has been regarded as an immunostimulant, while 
testosterone (male sex hormone) is an immunosuppressant 
toward viral infection [137]. Also, testis can harbor SARS-
CoV-2 due to an abundance of ACE2 expression, and accord-
ingly, males exhibit poor viral clearance [154]. Thus, the 
male becomes the weaker sex concerning endurance and 
disease severity. Jin and coworkers reported that men (70.3%) 
are at a much higher risk of lethal outcomes than women 
(29.7%) independent of their age [73]. Several reports con-
cluded that women are at lower risk of COVID-19 severity 
than men in different country cohorts [127]. Considering the 
effect of sex on endurance and disease severity, there may 
be some gender issues in COVID-19-provoked neuropatho-
logical events. Women were found to develop PNS manifes-
tations, mainly olfactory and gustatory dysfunctions, more 
often than men after SARS-CoV-2 infection. Several reports 
concluded that women are more vulnerable to developing 
chemosensory dysfunctions following SARS-CoV-2 infec-
tion than men [61]. The subjective neurological complaints, 
such as hyposmia, dysgeusia, headache, daytime sleepiness, 
and depression, were more common in COVID-19-positive 
females than males [59]. However, COVID-19-positive male 
patients are more likely to develop GBS than females [29]. 
On the other hand, major CNS manifestation like encepha-
lopathy more frequently affects male patients compared 
to females [97]. The incidences of COVID-19-manifested 
cerebrovascular events including strokes are also less fre-
quent in female patients [159]. In a review on “COVID-19 
and stroke,” Qi and coworkers compared several case studies 
and surveys, in which a majority of stroke presentation in 
COVID-19 was found in male patients [139]. Female steroid 
hormones have been found to exert a neuroprotective role 
through anti-inflammatory and antioxidative effects, which 
may be accountable in this regard [106].
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Comorbidity and Disease Severity

The presence of comorbidity and severity of SARS-CoV-2 
infection has been regarded to trigger lethal outcomes in 
COVID-19 patients. In a report on neurologic manifesta-
tions in COVID-19 patients, Mao and colleagues concluded 
neurologic manifestations are more common in severely 
ill patients and/or patients presenting more comorbidities 
[109]. Neurologic manifestations and complications are 
more likely to occur in severely ill patients representing 
more comorbidities, such as hypertension and other vas-
cular complications [59]. In a retrospective observational 
study in Wuhan, China, comprising 86 patients, Fan and col-
leagues reported that neuromuscular diseases, delirium, and 
stroke are common neurologic manifestations in critically ill 
patients with pre-existing cerebrovascular comorbidity [49]. 
The incidences of stroke have been implicated in elderly 
patients presenting numerous vascular comorbidities [160]. 
In a bicentric French cohort, Helms and coworkers found 
that delirium or neurological symptoms are major issues 
in the COVID-19 patients in ICUs [65]. Encephalopathy is 
a common CNS manifestation in COVID-19 patients with 
severe infection, cardiovascular comorbidities, multi-organ 
system dysfunction, and systemic inflammation [78]. Con-
sciousness disorders were frequently seen mostly in patients 
with severe and advanced SARS-CoV-2 infection [145]. In a 
multicenter retrospective cohort of 917 COVID-19 patients 
in 56 Chinese hospitals, neurologic comorbidities have been 
regarded to be the potential risk factor in developing severe 
neurologic manifestations, including impaired consciousness 
and cerebrovascular complications [172].

The presence of comorbidities, such as hypertension, 
diabetes mellitus, obesity, dyslipidemia, heart disease, 
and tobacco smoking, and disease severity is the poten-
tial risk factors in developing neurologic manifestations in 
COVID-19 patients in a retrospective single-center cohort 
of 841 hospitalized patients in Spain [145]. Several other 
reports revealed that severely ill COVID-19 patients and/
or the patients representing comorbidities are more likely 
to develop neurologic manifestations [128]. In contrast, 
chemosensory dysfunctions were recorded in less severe 
COVID-19 cases [145]. Pre-existing neurodegenerative or 
neuroimmunological diseases such as AD, PD, and MS have 
been implicated in further neurodegeneration in COVID-19 
patients [51]. PD patients represent substantial worsening of 
both motor and non-motor (mostly fatigue) symptoms even 
in mild and moderate COVID-19 disease [13]. COVID-19 
may have a potential role in future neurodegeneration in AD 
patients via triggering neuroinflammation and subsequent 
β-amyloid-induced type I interferon response [123]. AD 
patients develop a higher risk of cognitive decline after over-
coming the primary SARS-CoV-2 infection [51]. Patients 
with dementia more likely represent atypical COVID-19 

symptoms without fever and/or cough, which are primarily 
neurologic manifestations [72]. Thus, the presence of neu-
rodegenerative diseases can also be regarded as comorbid 
factors in developing neurologic manifestations in COVID-
19 patients.

Treatments of COVID‑19‑Induced 
Neurological Manifestations

Until safe and effective medicines or vaccines will arrive, 
therapeutic management will focus on antiviral agents for 
attenuating SARS-CoV-2 infection and the management of 
its outcomes, such as respiratory trouble, immune dysregu-
lation, systemic inflammation, hypercoagulation state, and 
organ failure [77]. So far, according to the standard proto-
cols, no specific treatment is managed for COVID-19-pro-
voked neurologic manifestations. On the preventive side, 
several herbal formulations and natural compounds were 
found to support brain health, and also its homeostatic and 
nootropic function [86]. Severe systemic disease, hypoxia, 
hyperinflammation, hypercoagulation, and immune dysregu-
lation are hypothesized to endorse neurologic manifestations 
in SARS-CoV-2-infected people. Therefore, in most cases 
of neurological manifestation, these factors were targeted to 
achieve the therapeutic goal. Thus, therapeutic approaches 
may include suppression of immune hyperactivation by ster-
oids and modulation of immune dysregulation via targeting 
cytokines, chemokines, and other inflammatory mediators 
[69]. Several trial medicines were tested to treat specific neu-
rologic manifestations in COVID-19 patients; however, the 
disease state, severity, and patient factors largely impacted 
these trial medicines. Lovell and colleagues proposed that 
benzodiazepines could be an effective therapeutic option 
for patients with agitation; however, it could be lethal for 
patients with respiratory failure and who do not have ventila-
tion support [103].

COVID-19-provoked delirium may be treated following 
the conventional delirium management strategy; however, 
hyperactive delirium in COVID-19 patients needs more 
aggressive management [151]. Persistent encephalopathy 
is the most critical CNS manifestation in the COVID-19 
patients and, so far, remains unresponsive to the major-
ity of attempted treatments. Despite substantial adapta-
tions that have been undertaken on acute stroke manage-
ment in COVID-19 patients, the conventional strategy for 
acute stroke treatments, including systemic fibrinolysis 
and mechanical thrombectomy, was not disregarded in the 
COVID-19 setting [56]. Typical treatments of acute myelitis 
generally aim to prevent or minimize the existing neurologi-
cal deficits [164]. Treatment with corticosteroids and other 
therapies including plasmapheresis, which suppresses the 
immune system, can ensure partial recovery. Concomitant 
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physical therapy can improve the outcomes [30]. Since there 
is no specific treatment option for headaches associated 
with SARS-CoV-2 infection, careful pain management is 
required. Also, pain in COVID-19 patients can be associ-
ated with myalgia and peripheral neuropathies. The lack of 
nursing and physiotherapy in COVID-19 patients resusci-
tates using high-dose intravenous opioid infusions for a pro-
longed period [44]. Peripheral neuropathies in COVID-19 
patients may require an addition of gabapentinoids, such as 
gabapentin and pregabalin for pain management [44]. Treat-
ment of COVID-19-induced GBS is the same as those that 
followed any other acute inflammatory neuropathy [129]. 
Immunoglobulin infusions are potentially useful than plasma 
exchange therapy, particularly for those patients who are still 
infected. No specific treatment is required for chemosensory 
dysfunctions in COVID-19 patients as these are self-limit-
ing in the majority of the patients [129]. However, special 
attention is required on drug-drug interaction, particularly 
between drugs used for COVID-19 management and drugs 
used to treat neurological manifestations.

Challenges and Conclusions

Although COVID-19 principally infects the respiratory 
tract and causes severe respiratory disorders, several cases 
of neurologic manifestations have been reported in COVID-
19 patients. Neurologic manifestations were more common 
in old and severely ill patients, which potentially increase 
the risk of mortality in COVID-19 patients. The presence of 
comorbidities can further deteriorate neurological complica-
tions and worsen the clinical outcomes. The exact neurotoxic 
mechanism of COVID-19 is yet to be explored; however, a 
large body of clinical and experimental data hypothesized 
that neuroinvasion, endothelial dysfunction, neuroinflamma-
tion, immune-pathogenecity, and hypoxemia may contribute 
to the development of these CNS manifestations.

Patients with existing neurodegenerative or inflammation-
mediated neurological diseases may also increase the risk of 
neurologic manifestations in COVID-19 patients; however, 
the direct association and post-infective effect have yet to 
be revealed. The exact pathogenesis of COVID-19 in the 
manifestation of neurological complications is yet to be 
revealed. The clinical spectrum and consequences of neu-
rologic manifestations in COVID-19 patients are broad and 
heterogeneous. The presence of SARS-CoV-2 in the brain 
has been detected, and several hypotheses of neuroinvasion 
have been proposed. Thus, the theory of neuroinvasion and 
the direct effect of the virus on the nervous system may 
not be excluded; however, the absence of virus in CSF in 
the majority of the cases may suggest an alternative mecha-
nism of COVID-19-provoked neurological complications. 

Certain reports proposed that virus-provoked inflammation 
and immune response may have potential roles in neuro-
logic manifestations in COVID-19 patients. SARS-CoV-2 
has been revealed to trigger a “cytokine storm,” which 
refers to an overproduction of pro-inflammatory cytokines. 
The extent of inflammation is directly associated with the 
severity of the infection. COVID-19-provoked activation 
of immune cells can consequently endorse several signal 
transductions, which further enhance cytokine produc-
tion. COVID-19 patients with neurological complications 
exhibited a high extent of inflammation apparent from an 
elevated level of inflammatory markers and the presence 
of neuroinflammation in MRI scans. Thus, inflammation 
may have a potential role in neurologic manifestations in 
COVID-19 patients. However, more studies are required for 
a complete understanding of the exact pathological mecha-
nism of the SARS-CoV-2 virus in developing neurologic 
manifestations. So far, no specific treatment is available to 
treat COVID-19-provoked neurologic manifestations; how-
ever, the proposed causative factors are generally targeted in 
the therapeutic management along with the drugs used for 
COVID-19 treatment.

The neurological complications in COVID-19 patients 
are not only restricted to acute effects but can also impart 
a sustained impact on the nervous system. Despite neuro-
logic manifestation is directly associated with the disease 
severity and presence of comorbidities, it can also appear 
to the patients earlier to COVID-19 pneumonic/respira-
tory symptoms. Thus, special attention must be given to the 
neurologic patients as well as the COVID-19 patients with-
out neurologic symptoms. Also, COVID-19 patients may 
be offered prophylactic therapy to protect them from or to 
delay neurologic manifestations. In conclusion, COVID-
19-manifested neurological complications are a serious 
issue, which requires substantial attention until a specific 
treatment is available.
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