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In late December 2019,  an outbreak of a novel coronavirus causing severe 

acute respiratory syndrome (SARS) was reported in Wuhan, Hubei 

Province, China. The disease has been referred to as COVID-19, and the 

causative agent has been labelled SARS-CoV-2 due to its genetic 

resemblance to the virus SARS-CoV-1 responsible for SARS epidemic 

almost 20 years before. The epidemic has since spread to much of the 

world, having been considered as a pandemic with over 12 million 

confirmed cases and 5,52,143 deaths worldwide till July 10, 2020. COVID-

19 pandemic demonstrates that infection with SARS-CoV-2 affects the 

central nervous system (CNS), the peripheral nervous system (PNS) and 

the muscle. Initially thought to be restricted to the respiratory system, it is 

now understood that COVID-19) also affects other multiple organs, 

including the central and peripheral nervous system. The number of 

recognized neurologic manifestations of SARS-CoV-2 infection is rapidly 

increasing. The pathobiology of the COVID-19 in CNS is still not known. Of 

the neurological disorders, some appear to be the consequence of direct 

viral invasion of the tissues of nervous systems, others arise as a postviral 

autoimmune process, and still, others are the result of metabolic and 

systemic complications due to the associated critical illness. This review 

deals with the preliminary observations regarding the neurological 

disorders reported with COVID-19 to date and illustrates some of the 

disorders that are anticipated from prior experience with similar 

coronaviruses. 
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INTRODUCTION 

 

In December 2019, the first report  of the Corona Virus Disease 2019 

(COVID-19), an illness caused by the novel severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2), was diagnosed from Wuhan, Hubei 

Province, China.  
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Symptoms of SARS-Cov-2 infection range from 

asymptomatic disease to life-threatening acute 

respiratory distress syndrome (ARDS), severe 

pneumonia, acute kidney injury, myocarditis, multi-

organ failure and ultimately death. Most common 

symptoms of COVID‐19 include fever, cough, fatigue, 

and shortness of breath. The epidemic has since 

spread to much of the world, having been considered 

as a pandemic with over 12 million confirmed cases in 

188 countries and 5,52,143 deaths worldwide till July 

10, 2020. India has confirmed more than 450,000 

cases of COVID-19 so far, making it the world’s fourth-

worst-hit country. Metro cities like Kolkata, Delhi, 

Chennai, Ahmadabad and Mumbai are particularly 

badly affected, with hospitals struggling to 

accommodate critically ill patients. The coronavirus 

does not just target our lungs. A lot of research shows 

that COVID-19 is linked to potentially fatal brain 

damage and neurological problems. It is now 

understood that COVID-19 also affects other  multiple 

organs, including the central and peripheral nervous 

system (Koralnik  et al., 2020). The number of 

recognized neurologic manifestations of SARS-CoV-2 

infection is rapidly increasing. According to a study 

published on July 8 in the journal Brain, some 

coronavirus patients experience brain swelling which 

is accompanied by episodes of delirium (Paterson et 

al., 2020). It has been proposed that the neuroinvasive 

potential of the novel SARS-CoV-2 may be at least 

partially responsible for the respiratory failure of 

patients with COVID-19 (Politi et al., 2020). 

Neurologists should therefore be apprised 

appropriately of COVID-19 infection for the benefit of 

the patient community as well as their own 

professional advantage. This review deals with the 

preliminary observations regarding the neurological 

disorders reported with COVID-19 to date. 

 

The coronavirus: SARS-CoV-2 

 

Structural characteristics and types 

Coronaviruses, measuring 100–150 nm in diameter 

(McIntosh et al., 1985),  are a family of enveloped, 

single-stranded, positive-strand RNA viruses classified 

within the order Nidovirales (Weiss et al., 2005). The 

nucleocapsid possesses a helical symmetry. By 

electron microscopy, coronaviruses display spike 

peptomer projections measuring 20 nm in length that 

are responsible for the virus’ tropism. It is the 'crown-

like' appearance of these projections that gave rise to 

the name coronavirus (Fehr  et al., 2015). This 

coronavirus family consists of pathogens of many 

animal species and of humans, including the recently 

isolated severe acute respiratory syndrome 

coronavirus (SARS-CoV). Coronaviruses have been 

described for more than 50 years; for example, the 

isolation of the prototype murine coronavirus strain 

JHM, was reported in 1949 (Bailey et.al., 1949; 

Cheever et.al., 1949). The murine coronavirus mouse 

hepatitis virus (MHV) was studied as a model for 

human disease. This family of viruses remained 

relatively obscure, probably because there were no 

severe human diseases that could definitely be 

attributed to coronaviruses; human coronaviruses 

caused only the common cold. However, in the spring 

of 2003, when it became clear that a new human 

coronavirus was responsible for severe acute 

respiratory syndrome (SARS), coronaviruses became 

much more recognized. With the occurrence of the 

SARS epidemic, coronaviruses were then considered 

“emerging pathogens.” (Weiss et.al., 2005).  

 

Coronaviruses are classified into four genera: alpha 

(α), beta (β), gamma (γ), and delta (δ). Coronaviruses 

in the β genus include SARS, MERS, and the new 

coronavirus, referred to as SARS-Cov-2. There are now 

at least six human coronaviruses including SARS-CoV-

1, SARS-CoV-2, MERS-CoV, HcoV-OC43, HCoV-229E, 

HCoV-NL-63, and HCoV-HKU1 (Arabi et al., 2015). 

SARS-CoV-2 was named for its close genetic 

relationship to the SARS virus. The “spike proteins” of 

both SARS (Imai et al., 2010)  and SARS-CoV-2 (Lu  et 

al., 2020) use the angiotensin-converting enzyme 

receptor type 2 (ACE-2) to bind to cells. The ACE-2 

receptor is widely distributed in the body. It is widely 

present in the lungs, oral and nasal mucosa, bone 

marrow and spleen, skin, heart, arteries, kidneys, 

adipose tissue, reproductive system, and brain 

(Hamming et al., 2004).  

 

General clinical manifestations of COVID-19 

Coronaviruses in the animal kingdom have been 

associated with a variety of disorders, including 

infectious bronchitis, pneumonitis, nephrosis, 

gastroenteritis, encephalitis, enteritis, hepatitis and 

peritonitis (Berger  2020). The life threatening 

coronavirus infections identified in human have been 

respiratory infections, mainly mild upper respiratory 

infections. However, gastrointestinal disease has been 

observed in neonates and infants (McIntosh  et al., 

2005). It was also reported that coronaviruses cause 

acute and chronic respiratory, enteric, and central 
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nervous system (CNS) diseases in many species of 

animals, including humans (Weiss et al., 2005). Earlier 

to the emergence of SARS-CoV, there were two 

prototypes of human coronaviruses, OC43 and 229E, 

both etiologic agents of the common cold (McIntosh, 

1974). There had long been speculation about the 

association of human coronaviruses with more serious 

human diseases such as multiple sclerosis (Burks et.al., 

1980), hepatitis (Zuckerman  et.al., 1970), or enteric 

disease in newborns (Resta et.al., 1985). However, 

none of these early associations had been 

substantiated. The recently identified SARS-CoV, which 

was shown to cause a severe acute respiratory 

syndrome was the first example of serious illness in 

humans caused by a coronavirus (Rota et al., 2003).  

 

Neurological complications of COVID-19 

Severe neurological complications of COVID-19 appear 

to be both infrequent and diverse in nature. 

Neurological disease may be the consequence of 

generalized cardiorespiratory failure and metabolic 

abnormalities triggered by the infection, direct 

invasion of the virus, or an autoimmune response to 

the virus (Berger, 2020). A latest review of 

neurological symptoms of COVID-19 patients reveals 

that the disease pretence a global threat to the entire 

nervous system. About half of hospitalized patients 

have neurological manifestations of COVID-19, which 

include headache, dizziness, decreased alertness, 

difficulty in concentrating, disorders of smell and taste, 

seizures, strokes, weakness and muscle pain 

(ScienceDaily, 2020).Virtually any part of the neuraxis 

appears to be at risk to injury with SARS-CoV-2 

(Berger, 2020). According to Dr. Igor Koralnik, 

Northwestern Medicine chief of neuro-infectious 

diseases and global neurology and a professor of 

neurology at Northwestern University Feinberg School 

of Medicine, “It's important for the general public and 

physicians to be aware of this, because a SARS-COV-2 

infection may present with neurologic symptoms 

initially, before any fever, cough or respiratory 

problems occur." (Koralnik  et al., 2020). 

 

Occurrence of Neurological Manifestation During 

SARS-COV-1  

Several reports recently showed different neurological 

manifestations that could involve the central nervous 

system, the peripheral nervous system and 

musculoskeletal system (Guan et al., 2020; Huang et 

al., 2020; Mo et al., 2020; Wang et al., 2020a; Wang et 

al., 2020b). When SARS (caused by SARS-COV-1)  first 

appeared in China in late 2002 and  spreaded to other 

areas in Asia in early 2003 (Peiris et al., 2003), there 

were some limited reports of neurologic complications 

of SARS  that appeared in patients 2 to 3 weeks into 

the course of the illness, mainly consisting of either an 

axonal peripheral neuropathy or a myopathy with 

elevated creatinine kinase (Tsai et al., 2004). 

Interestingly, there was a single report of a patient 

with SARS with olfactory neuropathy with onset of 3 

weeks into the illness (Hwang,  2006). During the 

previous epidemic of SARS-CoV1, Umapathi et al. 

(2004) reported that, 5 among 206 patients with SARS 

in Singapore developed large-vessel strokes, 4 of these 

patients had their strokes in the setting of critical 

illness owing to SARS, and 3 were associated with 

significant episodes of hypotension.   

 

Prevalence of Neurological Manifestation During 

SARS-COV-2 (Covid-19)  

In view of the scarce history of neurologic 

manifestations of SARS-CoV-1–associated diseases, the 

recent report of Mao et. al., (2020)  on detailed 

neurologic manifestations of the hospitalized patients 

with COVID19 from Wuhan is extremely important . 

They found among 214 hospitalized patient 78 

(36.4%) had various neurologic manifestations that 

involved central nervous system (CNS), peripheral 

nervous system (PNS), and skeletal muscles (Mao et 

al., 2020). Another report on March 4, 2020, from  

Beijing Ditan Hospital found for the first time a case of 

viral encephalitis caused by a novel coronavirus (CoV) 

attacking the CNS. The researchers confirmed the 

presence of SARS-CoV-2 in the cerebrospinal fluid by 

genome sequencing and confirmed that COVID-19 has 

potential to cause nervous system damage (Xiang  et 

al., (2020). Patients with severe infection were more 

likely to develop neurologic manifestations, especially 

acute cerebrovascular disease, conscious disturbance, 

and skeletal muscle injury. Most neurologic 

manifestations occurred early in the illness (within 1-2 

days of hospital admission) (Mao et al.,  2020). 

Broadly, some of the central nervous system 

manifestations, e.g. headache and dizziness and 

peripheral nervous system manifestations, e.g. 

hyposmia and hypogeusia occurred early, while 

encephalopathy with varying grades of altered 

sensorium and irritability occurred later, and in more 

severe illness, perhaps as a feature of multiorgan 

dysfunction. Some recent reports have emphasized 

hypospmia as a presenting manifestation of COVID-19 

infection (Guan et al., 2020; Huang et al., 2020; Mo et 
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al., 2020; Wang et al., 2020a; Wang et al., 2020b). 

During the SARS epidemic in the year 2002–2003 

several reports were there that revealed presence of 

different neurological disorders in COVID-19 (Berger, 

2020). Earlier it was reported that after 3–4 weeks 

from the onset of coronavirus infection  patients 

developed an axonal polyneuropathy (Tsai et al., 

2005). Two patients developed myopathy and three 

rhabdomyolysis which were attributed to critical 

illness neuropathy and myopathy, though viral 

invasion could not be fully excluded (Tsai et al., 2005). 

Large vessel ischemic stroke was believed to be the 

consequence of multiple factors and patients with 

SARS in this period of epedemic were recognized as 

having a neurological complication (Tsai et al., 2005). 

In 2008, Netland  (Netland  et  al .,  2008) and his 

group have demonstrated in a study in transgenic mice 

for ACE-2 receptor that SARS-CoV will enter the brain 

through the olfactory nerve and result in brain 

infection, but there is little cellular infiltration. Death 

in these infected transgenic mice has been attributed 

to respiratory failure from medullary infection 

(Netland et al ., 2008). Some investigators have 

suggested that a similar mechanism of respiratory 

distress may attend infection with SARS-CoV-2 (Li et 

al., 2020).  

 

COVID-19 may affect the entire nervous system, 

including the brain, spinal cord and nerves as well as 

the muscles. There are many different ways by which 

COVID-19 can cause neurological dysfunction. Because 

this disease may affect multiple organs (lung, kidney, 

heart), the brain may also suffer from lack of 

oxygenation or from clotting disorders that may lead 

to ischemic or hemorrhagic strokes. In addition, the 

virus may cause direct infection of the brain and 

meninges. The reaction of the immune system to the 

infection may also cause inflammation that can 

damage the brain and nerves (ScienceDaily, 2020). 

 

Direct effects of Covid-19 on Nervous System 

The most common complaints for nervous system 

disorders due to COVIS-19 infection were dizziness, 

headache, hypogeusia, and hyposmia (Mao et al., 

2020). It was also observed that neurologic symptoms 

were more common in patients with more severe 

disease (30.2% in nonsevere patients and 45.5% in 

severe patients) (Mao et al., 2020). 

 

Headache is a common symptom of COVID-19 being 

observed in up to 40% of patients (Ding et. al., 2020). 

Typically, the headache has been regarded as mild. The 

frequency with which headache occurs due to a viral 

meningitis remains uncertain and will require further 

study. Similarly, the contribution of CNS viral invasion 

by SARS-CoV-2 contributes to the frequently observed 

altered levels of consciousness in the severely ill 

COVID-19 patient as opposed to general systemic 

disease. There is a least one report of the detection of 

SARS-CoV-2 from the cerebro spinal fluid (CSF) of a 

symptomatic man (Michael and Easton, 2020). 

 

Myalgia or myositis is one of the common symptoms in 

COVID-19 infection. Muscle pain is a frequent 

manifestations reported in 35 to 50% of patients (Xu 

et al., 2020; Huang  et  al., 2020; Ding et al., 2020; Li et. 

al., 2020). Rhabdomyolysis may occur as a late 

complication and can result in life-threatening renal 

impairment. Careful monitoring of renal and muscle 

enzymes is thus important during SARS-CoV-2 

infection (Jin and Tong, 2020). 

 

According to a latest report by a leading American 

professional association of medical specialists, 

anosmia (loss of smell) and ageusia (loss of taste) may 

be the early symptom of Covid-19  infection.  

Currently, there have been reports of taste and smell 

disorders related to Covid-19 from multiple countries 

around the world. Loss of smell in association with 

upper respiratory infection is common and has been 

attributed to damage to olfactory epithelial by the 

causative virus (Seiden, 2004). Some investigators 

have proposed that the frequency with which upper 

respiratory tract infection (URI)-related olfactory loss 

is seen correlates with the type of virus responsible for 

the infection (Seiden, 2004). Anosmia has been 

reported in 30 to 66% and may be an early symptom 

of infection (Hopkins and Kumar, 2020). In mild 

infection, it may be the only clue of infection. Anosmia 

is often accompanied by ageusia (Guan et al., 2020; 

Zhou et al., 2020). Anosmia and ageusia related to 

COVID-19 typically resolve over several weeks 

(Berger, 2020). 

 

Covid-19 and Stroke 

Several pathophysiological processes may be 

responsible for an increased risk of stroke with COVID-

19. As routine consultations and care are reduced or 

stopped, there is a possibility of worsening of 

neurological status due to lack of physical therapy and 

ongoing rehabilitation services. The unavailability of 

routine anticoagulation assay testing during the 
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epidemic might lead to increased risk of stroke, both 

haemorrhagic and occlusive due to inappropriate 

dosing without INR guidance. Severe disease is seen 

more often in older patients who often have co-

morbidities that increase their risk of stroke. As with 

SARS (Tsai et al., 2005), a hypercoagulable syndrome 

may complicate COVID-19. Markers of coagulation may 

be increased during infection (Zhou et al., 2020), and 

circulated intravascular coagulation has been 

observed (Tang et al., 2020). A viral myocarditis  

(Madjid et al., 2020) may increase the risk of stroke. 

Lastly, brain endothelial express ACE-2 receptor and 

the potential exists for viral-induced vasculitis. Risk 

may be increased for both arterial and venous 

cerebrovascular disease. In one recent series of 78 

COVID-19 patients, stroke occurred in 6 (2.8%) (5 

ischemic and 1 hemorrhagic) (Mao et al., 2020). In a 

small series of  24 patients from the Seattle region, 

stroke was observed in 2 (8%) of 24 hospitalized 

COVID-19 patients (Bhatraju et al., 2020). 

 

The more serious neurologic symptoms, such as 

stroke, ataxia, seizure, and depressed level of 

consciousness, all were more common in severely 

affected patients, accounting for the increased 

incidence in these patients (Mao et al., 2020). 

However, these associations should be considered for 

understanding that patients with severe complications 

from SARS-COV-2 are more likely to have medical co-

morbidities, especially vascular risk factors such as 

hypertension (Guan et al., 2020). 

 

CONCLUSION 

 

Coronavirus disease 2019 has now reached pandemic 

status and is widespread throughout the world.  

COVID-19 may infect nervous system and skeletal 

muscle as well as the respiratory tract. Patients with 

severe infection, neurologic involvement is greater, 

which includes acute cerebrovascular diseases, 

impaired consciousness, and skeletal muscle injury. 

Their clinical conditions may worsen, and patients 

may die sooner. Since knowledge about the long term 

outcome of neurologic manifestations of COVID-19 is 

limited, this review may offer important clinical 

information on COVID-19 that would help clinicians as 

well as neurologists to raise awareness of its 

involvement of neurologic manifestations.  During this 

pandemic period of COVID-19, when considering 

patients with all these neurologic manifestations, 

clinicians should consider SARSCoV-2 infection as a 

differential diagnosis to avoid tardy diagnosis or 

misdiagnosis and prevention of transmission. No 

treatment has demonstrated high level evidence of 

proven efficacy till date, yet more than 200 clinical 

trials are underway around the world. Under such 

circumstances this glimpse into neurologic 

manifestations opens a porthole for the neurologists 

and places them on the front lines of the pandemic. 
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