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ABSTRACT 

The emergence of a novel strain of ß-coronavirus in Wuhan in early December 2019, signaled what were 

to be the most harrowing months for humanity in recent memory. Studies relating to the epidemiology 

and pathophysiology of the SARS-CoV-2 virus and its mutant variants, the causative pathogens for the 

COVID-19 pandemic and its second surge, revealed that the viral coat carried a spike protein specific to 

the angiotensin-converting enzyme 2 (ACE2)-receptors found on type II pneumocytes in the alveoli of 

human lungs. Victims of the pathogen primarily demonstrate pneumonia-like symptoms and a fatal 

cytokine storm, the combination of which leads to acute respiratory distress syndrome (ARDS) and 

systemic inflammatory response syndrome (SIRS). However, as the disease began to spread globally, a 

multitude of varied symptoms was brought to the fore, one of the most significant being neurological. 

With a rise in the prevalence of the long-term effects of the disease (Long COVID), it would be 

interesting to study the neurological changes which have either arisen or have continued onwards from 

the spark of initial infection. There are several reports of persistent neurological effects of the disease, 

ranging from mild symptoms including pain, sleep disorder, and all the way to the rare cases of Guillain-

Barre syndrome. This review aims to consolidate these severe aftermath related to COVID-19 and Long 

COVID, with special emphasis on the dilapidating neurological conditions. 
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INTRODUCTION 

At the time of conception of this article, 

major portions of world population are still 

under the thrall of the virus. Despite valiant 

efforts at vaccination, some countries are 

observing their 4th wave of the pandemic, 

while some, like ours, are just entering into 

their second. Till date, the SARS-CoV-2 

virus has affected 154,188,318individuals 

and has taken the life of 3,227,163 humans. 

Even though the rate of recovery is high, and 

131,602,640 individuals have recovered as of 

now, it is quite apparent that the disease has 

several chronic effects [1, 2].  

According to The Centers for Disease 

Control and Prevention (CDC), health issues 

which persist for longer than 4 weeks after an 

initial COVID-19 infection are described as 

‘post-COVID’ conditions. One aspect of 

post-COVID Conditions is ‘Long COVID’, 

and it can affect any patient irrespective of 

whether they had severe or mild COVID-19 

[3]. It has been observed to surface even 

months after the initial infection.  

Some of the prominent symptoms of Long 

COVID include fatigue, brain fog, ageusia, 

anosmia, dizziness, heart palpitations, 

depression, anxiety and fever. Research has 

revealed that close to 87% of patients 

hospitalized with the disease has at least one 

symptom prevalent even 60 days post-

discharge. These symptoms were usually 

noted to be fatigue and dyspnea, which have 

a trend to get worse after physical or mental 

activities [2]. Several studies have identified 

that one of the most prominent facets of 

Long COVID are the neurological 

manifestations. Prospective studies have 

revealed that close to 1/3rd of patients 

hospitalized with the disease may develop 

long-term neurological complications. The 

complications observed include cognitive 

deficits, hyposmia as well as postural 

tremors. Patients cured of COVID-19 have 

also reported memory impairments and sleep 

disorders [4]. 

Taxonomic Classification of SARS-CoV-2 

In the nomenclature of COVID-19, 'CO' 

stands for corona, 'VI' for virus and 'D' for 

the disease, which was first identified in 

December 2019. Earlier, the pathogen was 

referred to as '2019 novel coronavirus' 

('2019-nCoV’). However, The International 

Committee on Taxonomy of Viruses (ICTV) 

renamed this virus as “Severe Acute 

Respiratory Syndrome Corona Virus 2 

(SARS-CoV-2)” on 11th February 2020 [5]. 

This is an enveloped, positive sense RNA 

virus, and belongs to the sub-family 

Coronavirinae under the family 

Coronaviridae in the order Nidovirales. It is 
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at present the seventh member of the 

coronavirus family that infects humans. It has 

been classified under the Orthocoronaviridae 

subfamily, and belongsto a clade under the 

subgenus Sarbecovirus [6, 7].  

Epidemiology of COVID-19  

Epidemiologically, the COVID-19 outbreak 

originated in Wuhan, the capital city of 

Hubei Province in the People's Republic 

of China [6]. The World Health Organization 

(WHO) report indicates that the virus most 

possibly originated in November 2019, but 

was not in wide circulation before the third 

week of 2020. Speculative studies have 

identified the Wuhan South China Wholesale 

Sea Food Market as the origin of the 

epidemic, and since then, a number of 

environmental samples from around the live 

animal section of the market were found to 

be positive for SARS-CoV-2 [6]. However, 

whether the strain itself originated from the 

market is still debatable, and under the 

scanner. But the market definitely played a 

defining role as a cluster for the spread of the 

disease [8].  

Among coronaviruses analysed phylo-

genetically, the closest relative to SARS-

CoV-2 virus inhabits horseshoe bats 

(Rhinolophus spp.) and pangolins. However, 

there is no conclusive proof to implicate 

them as the origin or the intermediate 

medium for transmission of the virus [8].  

The conclusive statement for the WHO 

report was that the virus was most likely 

introduced to the human population through 

an intermediate host.  

Generalized symptoms of COVID-19  

The primary manifestations of COVID-19 

infection, with the virus targeting the 

respiratory system, are severe pneumonia 

(with CT-SCAN revealing the presence of 

ground-glass opacity nodules and woolly 

patches in the lungs), detectable serum 

SARS-CoV-2 viral load (RNAaemia), acute 

respiratory distress syndrome (ARDS) and 

systemic inflammatory response syndrome  

(SIRS). Along with these symptoms, various 

dermatological, neurological and gastro-

intestinal manifestations are also reported, 

with one of the most worrying aspect that the 

disease seems to have is on the human brain. 

High blood levels of cytokines and 

chemokines predominate in patients with 

COVID-19 infections. This ‘cytokine storm’ 

includes IL1-β, IL1RA, IL7, IL8, IL9, IL10, 

basic FGF2, G-CSF, GM-CSF, IFNγ, IP10, 

MCP1, MIP1α, MIP1β, PDGFB, TNFα and 

VEGFA. Critically ill patients who were 

admitted to the intensive care units (ICUs) of 

hospitals usually display high levels of pro-

inflammatory cytokines like IL2, IL7, IL10, 
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GCSF, IP10, MCP1, MIP1α, and TNFα. 

These were shown to promote disease 

severity [9–13]. All these together are 

believed to play a part in the disease 

symphony, complementing the more severe 

effects of the disease, including death [9–13]. 

Pathogenesis of SARS-COV-2 virus 

The spike protein of SARS-COV-2 has a 

receptor binding domain which is 

complementary to the angiotensin-converting 

enzyme 2 (ACE2)-receptor found primarily 

on the membrane of type II pneumocytes of 

the lung alveoli [14]. Due to receptor 

compatibility and certain novel mutations in 

the receptor binding domain, the SARS-

CoV-2 virus has a heightened affinity for 

binding to these receptors [15].  

Following membrane fusion, the viral 

genome is released into the cytoplasm, after 

which, in presence of host RNA dependent 

RNA-polymerase, multiple copies of the 

positive sense viral RNA are formed. At the 

same time, host ribosomes translate the 

mRNA forming various viral polyproteins. 

These polyproteins, in presence of various 

proteases, are cleaved into functional 

proteins. Following this, the viral genetic 

material, along with the functional proteins 

produced, is packaged into new virion 

particles. Due to a gradual increase in the 

intracellular concentration of active virion 

particles, the host cells are lysed, releasing 

the viral load [9, 11, 15]. 

The cell death releases inflammatory 

mediators such as IL6, TNF-α and IL1. Apart 

from acting as chemokines for signaling the 

action of alveolar macrophages, these 

chemicals vasodilate the alveolar capillaries 

that causes plasma to leak out into the 

alveolar surroundings. The increased 

interstitial fluid content builds pressure on 

the alveolar walls, until it is enough to 

penetrate the walls of the alveolus. This will 

flood the alveolus, causing alveolar edema 

[16, 17]. The primary function of the type II 

pneumocyte cells is to produce surfactant. 

Due to viral lysis, they cannot do so 

anymore. Residual surfactant is drowned out 

due to alveolar oedema. This increases the 

surface tension and by Laplace's law, 

increases the collapsing pressure of the 

alveolus. 

The inflammatory molecules released by the 

alveolar macrophages will also attract 

neutrophils into the alveolus. The release of 

reactive oxygen species (ROS) and proteases 

by the neutrophils to destroy the viruses also 

destroys virus-infected cells, impairing 

gaseous exchanges. As the cells die, they will 

collect inside the collapsing alveolus, seeding 

the formation of consolidations. The 

macrophages, neutrophils, secreted proteins 
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and viral particles will all start accumulating 

within the alveolus, leading to consolidation 

and productive cough. The alveoli will 

finally give up, leading to hypoxia, increased 

work of breathing, resulting in ARDS. 

Impediment in proper gas exchange will 

decrease blood pO2, stimulating peripheral 

chemoreceptors to increase the heart beat. 

This will result in tachycardia and increased 

rates of respiration [17–19]. 

Presence of IL-6 and IL-1 in blood, and in 

the hypothalamus will induce fever. 

Increased IL concentrations will increase 

membrane permeability of circulatory 

vessels. The plasma will leak out, decreasing 

blood volume. Total peripheral resistance 

will also decrease with the decreasing blood 

volume, leading to hypotension. This can, 

therefore decrease perfusion and cause multi-

system dysfunction event [16–19]. 

SARS-CoV-2 INFECTIONS OF THE 

HUMAN NERVOUS SYSTEM 

As the pandemic has progressed, two of the 

most disturbing symptoms that have surfaced 

are the neurological and neuropsychiatric 

effects of the disease.  

Sites of infection in the human nervous 

system 

It is well established that coronaviruses 

(CoV) possess the capability to infect the 

human nervous system. A similar 

predisposition is also observed in cases of 

both Middle East Respiratory Syndrome 

(MERS) and Severe Acute Respiratory 

Syndrome (SARS) epidemics. Double 

immunofluorescence studies employing 

fluorescent-tagged antibodies to virus and 

host cell surface markers have shown 

infection of fetal astrocytes, and of adult 

microglia and adult astrocytes by strain 

OC43 strain of the human CoV [20]. SARS-

CoV-2 virus is no exception. The viral RNA 

has been successfully identified and isolated 

from the cerebrospinal fluid (CSF) [21, 22]. 

This establishes the virus as possessing 

neuroinvasive properties, with the capability 

to infect the human central nervous system 

(CNS) including brain, and peripheral 

nervous system (PNS) through post-infection 

immune-mediated pathways, and in situ 

infection of the CNS, along with viral 

hyperinflammatory and hypercoagulable 

states. CNS-associated symptoms include 

encephalitis, ischemic stroke, meningitis and 

headache, among several other prominent 

ones. Also Guillain-Barre Syndrome, muscle 

injury and other PNS-associated symptoms 

are found to surface. Different kinds of non-

neuronal cells in the olfactory epithelium, 

along with the epithelial cells of the cerebral 

vasculature, express ACE2 receptor and this 

may act as a facilitator for the multiplication, 
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growth and entry point of the SARS-CoV-2 

virus [20, 23]. It has been suggested that the 

virus may enter the CNS through the 

vasculature, nerve structure, CSF or the 

lymphatic systems [24–26]. The presence of 

various types of non-neuronal cells in the 

olfactory epithelium, as well as on the 

epithelial cells of the cerebral vasculature 

which express ACE2 receptor may act as a 

facilitator for the multiplication, 

accumulation and entry point of the SARS-

CoV-2 virus [20, 23]. It may be so that the 

virus can enter transneuronally via the 

olfactory nerve, approaching the brain across 

the cribriform plate [27]. It is highly probable 

that the pathophysiological reason behind the 

loss of smell, as reported by various patients, 

is a direct result of the effect of the virus on 

the ‘nose-to-brain’ route [28, 29]. Since 

‘nose-to-brain’ route is used for medicine 

delivery, this pathway could very well act as 

the pathway for brain infection by the virus 

[28, 29]. Post-mortem (PM) studies have 

presented evidence that the virus is present in 

the neural and capillary endothelial cells of 

the brain’s frontal lobe [30]. It also seems 

that co-morbidities like diabetes and 

hypertension enhances the expression of 

ACE2 in the brain and promotes 

neurotropism. The circulation of the viral 

particles in the blood stream, leading to their 

interaction with the capillary endothelium 

and subsequent destruction, could provide a 

basis for the access of the viral particles to 

the brain. This may be a cause for brain 

hemorrhage long before the lethal effects of 

the neuronal damage manifest. One of the 

primary manifestations of the disease is 

ARDS-related hypoxic conditions, and it 

may so happen that the condition of the 

patient worsens due to infection of the 

pneumotaxic center in the brainstem 

following the viral invasion [31, 32]. 

Direct effects of COVID-19 on the Human 

Brain 

The major neurological symptoms of 

COVID-19 include headache, myalgia and 

malaise among the major neurological 

symptoms. The effect is comprehensive, and 

accounts for infection throughout the neural 

axis as well as the cerebral vasculature. The 

major complications implicated in this 

disease include meningitis, encephalopathy, 

meningoencephalitis, ischemic stroke, acute 

necrotizing encephalitis and Guillain-Barre 

Syndrome [27]. 

Indirect effects of COVID-19 on the 

Human Brain 

Chances of cerebral vasculature 

complications is enhanced through the 

dysregulation of blood pressure as a result of 

downregulation of the ACE2 receptors as a 
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result of the disease [33]. The development 

of SIRS is a prevalent syndrome linked to 

viral infections like COVID-19. The 

oxidative stress resulting from the acute 

inflammation-mediated early release of pro-

inflammatory cytokines may sometimes not 

be compensated by the antioxidants in the 

system. This may increase the systemic 

oxidative stress, as a result of which, the 

brain would be in a susceptible position since 

it is a metabolizer of oxygen and has no 

antioxidant mechanism [34].  

It has been established that the brain-lung-

brain axis is interconnected, and neurological 

dysfunction along with injury may be related 

to acute respiratory distress [35].  

SARS-CoV-2 elicits a potent cytokine storm, 

and resultant apoptosis and cell death arising 

from a marked inflammatory and immune 

response. COVID-19 patients have elevated 

levels of IL-1β, IFN-γ, IP-10, MCP-1, IL-4 

and IL-10 [9, 11, 12]. The excitation of the 

immune system results in vascular 

hyperpermeability, along with coagulopathies, 

associated neural degeneration and multiorgan 

failure [36]. Inflammatory damage to the 

Blood Brain Barrier (BBB) has been 

observed to be the reason behind various 

neurodegenerative and CNS infections. The 

presence of elevated levels of pro-

inflammatory cytokines such as  TNF-α and 

IL-6 is strongly correlated with 

neuroinflammatory signaling [37]. 

There is a potent disbalance in the redox state 

of general body physiology, which may 

enhance tissue damage along with neuronal 

degeneration [38–40]. The hypoxic 

conditions resulting from alveolar infection 

and impaired gas exchange raises the 

anaerobic metabolism rate in the 

mitochondria of the brain cells [41, 42].  This 

may result in the promotion of vasodilation 

along with swelling of the blood cells, 

interstitial edema, cerebral blood flow 

obstruction, ischemia and congestion [43].  

Additionally, there are also associated 

gastrointestinal tract symptoms with urinary 

blood control dysregulation. 

NEUROLOGICAL EFFECTS OF LONG 

COVID 

The concept of Long COVID is slowly 

taking form, and countries are moving 

forward to tackle this resilient disease. A 

recent study established that nearly 87.4% of 

patients who had recovered from COVID-19 

still reported at least one disease symptom, 

mostly fatigue or dyspnea [2]. An important 

aspect of Long COVID lies in the 

neurological manifestations of the disease. 

This may range from mild symptoms such as 

headache, hyposmia, hypogeusia and fatigue 

to more severe complications involving pain, 
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cognitive impairment and Guillain-Barre 

syndrome.  

In a seminal study carried out between 16th 

June 2020 and 3rd September 2020, 76% of 

the patients with confirmed COVID-19 who 

had been discharged from the Jin Yin-tan 

Hospital, Wuhan, China between 7th January 

2020 and 29th May 2020, were reported as 

having neurological discomforts. Complaints 

recorded six months after the onset of 

symptoms included fatigue, muscle 

weakness, sleep difficulties, anxiety and 

depression [44].  

Pre-COVID 19 literature illuminates the fact 

that one-third of patients with ICU stays 

resulting from acute respiratory failure 

demonstrate high degrees of cognitive 

impairment. This was found to be 

comparable to patients suffering from 

moderate brain injury [45]. Long COVID 

ICU stays are similar, as has been confirmed 

from studies carried out in Britain, Canada 

and Finland. Due to the infectious nature of 

the disease, the restrictions imposed on either 

patient-patient party interaction and patient-

healthcare worker interaction might play a 

dominant role in such reduced cognitive 

stimulations. Post-operative or post-treatment 

rehabilitation is reduced or abandoned due to 

the disease, upending efforts to prevent the 

neurological complications [46].  

Some direct effects of Long COVID may 

also be a result of encephalitis, stroke or 

exposure to hypoxic conditions. However, it 

is interesting to note the impact of the disease 

on patients who have recovered from 

COVID-19. In a study carried out on 29 

subjects, it was revealed that there was a 

stark impairment in sustained attention in 

patients who had recovered from COVID-19 

[47]. The same study identified a plausible 

link between this effect and the inflammatory 

response to COVID-19.  

The acute phase of the disease was followed 

by inability to return to daily routines with 

exhibition of different symptoms [48]. 

Ischemic stroke or silent stroke resulting 

from COVID-19 leads to drop in oxygen 

concentration in the brain, resulting in 

damage. Silent strokes can impact sections of 

the brain related to coordination, resulting in 

impairment of attention spans [49]. Since the 

virus has prominent neurotropic properties, it 

may also increase a person’s risk towards 

Alzheimer’s and Parkinson’s diseases. 

Disease progression may be exacerbated 

through increased oxidative stress, followed 

by impairment of glutamatergic signaling, 

cerebrovascular accidents, heightened 

cytokine response, direct effect interaction of 

the viral particles with neuronal function and 

glial activity compound factors which 
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influence neuropsychiatric disorders. These 

neuropsychiatric and cognitive disabilities 

would result in debilitating occupational and 

functional hazards which might directly lead 

to cognitive dysfunction, with higher levels 

of Post-Traumatic Stress Disorder (PTSD) 

and depressive symptoms [48]. The virus is 

specific for the ACE2 cells expressed in non-

neuronal cells and may engage in further 

deterioration of the vascular architecture 

through hypoperfusion as a result of 

demyelination, neurodegeneration and 

cellular senescence. As a result, the energy 

substrate required for maintenance of the 

neuronal networks might disappear, resulting 

in the accelerated cognitive decline in the 

elderly. There remain possibilities of 

retrograde and anterograde amnesia because 

of damage to the limbic and cortical regions 

[48]. Brain fog, dizziness and fatigue have 

also been reported [50].  

CONCLUSION 

It has been well over a year since the 

pandemic began. Cutting edge science has 

progressed in leaps and bounds to formulate 

vaccination strategies as well as execute the 

same. There are robust medical treatment 

protocols, triage methods and testing centers. 

Recovery rates are in general high. That is 

when we have to ask the question, what are 

we qualifying as “recovered”. It is now 

apparent across peer-reviewed well-

established studies that chronic COVID-19, 

or the long haulers are facing dire threats to 

life and livelihood with various debilitating 

symptoms. A vast percentage of such 

symptoms are neurological in nature, with 

neuropsychiatric disability and high 

prospective of cascading Alzheimer’s or 

Parkinson’s Diseases. The pathophysiology 

of Long COVID requires minute examination 

of molecular pathways, statistical evaluation 

of broad-based clinical studies followed by 

robust schemes for post-COVID 

rehabilitation programs. As ever we fight 

against the acute conditions of this disease, 

we need to identify with COVID-19 as a 

chronic disease as well. At the fore of these 

are the neurological manifestations, which 

are ever increasing, necessitating further 

investigation and studies to be performed to 

deal with this hidden onslaught.  
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