SARS-CoV-2 and Brain

Subjects: Virology | Public, Environmental & Occupational Health | Neurosciences

Contributor: Domenico De Berardis, Hashir Ali Awan

The second year of the COVID-19 (coronavirus disease) pandemic has seen the need to identify and assess the long-
term consequences of a SARS-CoV-2 infection on an individual's overall wellbeing, including adequate cognitive
functioning. ‘Cognitive COVID’ is an informal term coined to interchangeably refer to acute changes in cognition during
COVID-19 and/or cognitive sequelae with various deficits following the infection. These may manifest as altered levels of
consciousness, encephalopathy-like symptoms, delirium, and loss of various memory domains. Dysexecutive syndrome is
a peculiar manifestation of ‘Cognitive COVID’ as well.
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| 1. Introduction

Apart from major respiratory symptoms, there are reports of acute and post-recovery cognitive deficits occurring in
COVID-19 patients M. Some authors @ have also coined a more generic term ‘infectious disease-associated
encephalopathy’ to encompass neurological manifestations of both the classical and novel infections. While it is assumed
to have a separate pathophysiology than encephalopathy of a non-infectious origin &, and although evidence of central
nervous system (CNS) involvement exists for the 1918 HIN1 Influenza Virus and 2002 SARS-CoV &, there is a lack of
academic evidence necessary to evaluate the causality of cognitive impairments accurately. Nevertheless, several
mechanisms have been presented to explain SARS-CoV-2's acute and ‘sequelae’ effects AEIEIA on the brain. These
include viral neurotropism, widespread systemic inflammation, and psychological burden of the pandemic across the
world.

These sequelae consist of cognitive impairment after COVID-19 and have also been associated with the medical
interventions, especially mechanical ventilation, provided to alleviate conditions of those with severe forms of the infection,
which mainly manifested as acute respiratory distress syndrome (ARDS) 8. Moreover, the immense psychosocial strain
due to the prevailing conditions, rising mortality, and government-mandated distancing mechanisms such as lockdowns &
may also lead to psychological and cognitive consequences in the long run &1,

2. History of Cognitive Impairment in Previous Major Coronavirus
Outbreaks and Other Classical Infectious Diseases

Before SARS-CoV-2, two coronaviruses caused significant outbreaks—the Severe Acute Respiratory Syndrome caused
by SARS-CoV in 2002 29 and the Middle Eastern Respiratory Syndrome caused by MERS-CoV in 2012 (111,

Furthermore, the comparative pathophysiology of SARS and COVID-19 and a similar psychological strain caused by
some of the disease processes and circumstances increase the likelihood that COVID-19 will present with cognitive
impairments. SARS and COVID-19 both consist of extensive systemic inflammation, the level of which determines
disease severity and outcomes 2. Furthermore, a study on three MERS patients in Saudi Arabia revealed that they had
altered levels of consciousness and confusion, which was correlated to new-onset changes on MRI imaging, indicating a
neurological component of the viral infection (2],

This link, however, expands beyond just coronaviruses. For example, multiple studies conducted on viral infections
involving the Human Immunodeficiency Virus (HIV) and Zika Virus (ZIKV) have also underscored a cognitive aspect to the
disease presentation with attention, memory, and learning defects 24151, The Influenza viruses have also been reported
to affect cognition and result in a cognitive decline. Neurological manifestations of Influenza (NMI) have been reported for
both global and seasonal outbreaks of the virus and have ranged from seizures to encephalopathies 18!,



3. Brief Review of Manifestation of Acute and Long-Term Cognitive
Deficits

Acute decline in cognitive functions may result due to a combination of causes, including neurotropism of SARS-CoV-2
and sedation during mechanical ventilation. Encephalopathy is then cited as a general cause for the development of
cognitive disturbances 4. Early in the pandemic, a study involving 214 patients in Wuhan, China, noted CNS-related
symptoms including dizziness, headache, and diminished consciousness in 24.8% of patients 8. In April 2020, ‘altered
mental status’ was listed as one of the ‘clinical syndromes’ associated with COVID-19 and defined as an ‘acute alteration
in personality, behavior, cognition, or consciousness’ by a survey in the United Kingdom 2. In the same survey, 31% of
the patients recorded having an altered mental status following COVID-19, and nearly 5% of the total patients had
dementia-like cognitive symptoms 2], In addition, viral encephalitis has been identified in some COVID-19 patients, and it
alone is possibly linked to the development of acute and lasting cognitive losses 2129,

‘Dysexecutive syndrome’ is another peculiar concept that depicts cognitive defects in individuals, particularly of attention,
control, and orientation loss (1. Empirical evidence from a French study shows that loss of executive functions was
reported in almost a quarter of COVID-19 patients presenting with ARDS [22],

Apart from lasting psychiatric conditions, cognitive impairments may follow a SARS-CoV-2 infection, causing impaired
memory, confusion, and attention deficits in the long term Bll23l A study in Zhejiang, China administered multiple tests
evaluating attention, memory, executive function, and information processing, checking for cognitive function of recovered
COVID-19 patients against a control group, and finding the sustained attention domain significantly lesser in COVID-19
survivors [24],

Lu et al. 28 recorded data of 60 patients during acute SARS-CoV-2 infection and at a 3-month follow-up visit. The
proportion of patients with memory loss more than doubled from 13.3% during the acute disease to 28.3% at the follow-up
(23] demonstrating the long-term impact of COVID-19 on an individual's cognition.

| 4. Causality
4.1. Neurotropism and the ACE2 Receptor

While still unclear, it is hypothesized that SARS-CoV-2, similarly to other coronaviruses, can infect and survive in nervous
tissue (281271 Although rare, evidence of SARS-CoV-2's presence in cerebrospinal fluid (CSF) [29[28] as with other viruses
(291 js available. There are numerous suggested pathways by which such neurotropism occurs. However, the exact
mechanism is still uncertain. Retrograde neuronal access via peripheral nerves, hematogenous spread via directly
infecting endothelial cells, and infiltration of infected cells are three main explanations BIBAB1I32] phehind how respiratory
viruses (such as SARS-CoV-2) enter the CNS.

Olfactory invasion: There is emerging evidence of SARS-CoV-2 affecting the olfactory and gustatory sensations,
producing well-known symptoms of ‘loss of taste and smell’ in infected individuals [B3!B4I35] wjith time, evidence has
surfaced supporting the pathobiology of olfactory and gustatory dysfunction because of a direct invasion of the mucosal
epithelium and olfactory bulb 8. The invasion can potentially be attributed to their expression of the ACE2 surface
receptor and Transmembrane Protease Serine 2 (TMPRSSZ2), cleaving the spike protein of SARS-CoV-2 and facilitating
the fusion of SARS-CoV-2 with cellular membranes B71128],

Hematogenous spread: Some authors B! claim hematogenous spread via the cerebral vasculature plays a more critical
role in direct brain entry and damage-causing cognitive deficits in COVID-19. Evidence of SARS-CoV-2’s presence in
blood samples of some confirmed COVID-19 patients exists. As many as 41% 9 of the samples showed viremia 22,
showcasing the ability of the virus to easily reach the brain once the blood-brain barrier (BBB) is damaged. The
distribution of SARS-CoV-2's functional (ACE2) receptor is widespread in endothelial cells and pericytes throughout the
body 29, Analysis of available genomic databases confirms noteworthy expression of the receptor in neuronal and glial
tissues of the CNS 24, Consequently, the nervous tissue is potentially vulnerable if the virus comes in direct contact and
interacts with the ACE2 receptors. In addition, SARS-CoV-2's potential neurotropic properties may allow it to assume
latency inside neuronal tissue of patients even after recovery from COVID-19, putting them at greater risk of long-term or
delayed cognitive deficits and neurological symptoms [,

Infiltration of infected cells: A 2005 study aimed at SARS-CoV found a sizeable proportion of immune cells (29.7% of
monocytes and 51.5% of lymphocytes) in 6 out of 22 patients to contain viral particles 21, signaling their potential as a
reservoir for the virus. If immune cells were to infiltrate the neuronal space by crossing the BBB, this would allow the viral
particles in them to cause direct brain damage by binding to ACE2 receptors on neuronal and glial cells . However,



whether these findings can be accurately extrapolated to SARS-CoV-2 remains yet to be ascertained. In addition,
autopsies and studies conducted on samples obtained from infected individuals have been inconclusive about direct
immune cell infiltration during COVID-19 [42],

4.2. Non-Specific Systemic Inflammation, Multisystem Inflammatory Syndrome (MIS), and ARDS

Widespread systemic inflammation: A significant increase in inflammatory cytokines plays a role in SARS symptoms, with
inflammation persisting even after the viral clearance, and a similar ramped up an innate immune response in the form of
‘cytokine storm’ is behind COVID-19 as well 12241431 Highly circulating amounts of Interleukins and other mediators
(including IL-6, IL-1B, and TNF, and others) resulting in a pro-inflammatory status are commonly found in COVID-19
patients 44451 This amplified immune response may cause increased vascular permeability and vasculopathy arising
from disseminated intravascular coagulation (DIC). Subsequently, the BBB is compromised, allowing cytokines to activate
a microglial inflammatory response [48],

Multisystem Inflammatory Syndrome (MIS): Demographically, COVID-19 has been shown to cause more severe disease
in adults, but increasing reports of COVID-associated Multisystem Inflammatory Syndrome (MIS) have surfaced 471481149
While more prevalent in children, as MIS in children (MIS-C), it can potentially occur in adults as well (MIS-A). A meta-
analysis comparing MIS-C’s clinical course to COVID-19 revealed how it can potentially lead to multi-organ failure 9.
MIS-C was also shown to have a relatively higher incidence of neurological manifestations compared to acute COVID-19
B9, As a distinct manifestation of a SARS-CoV-2 infection even in adults B, with a high risk of neurological symptoms,
MIS warrants discussion as a potential causal factor in the development of Cognitive COVID. MIS-C is considered to
cause a hyperinflammatory shock and resembles Kawasaki Disease (KD) 52 or Toxic Shock Syndrome (TSS) [,
Several cases with serologic evidence of a SARS-CoV-2 infection reported symptoms of MIS-C such as shock, cardiac
symptoms, gastrointestinal complains, and elevated markers of inflammation, particularly after it was recognized by the
Centers for Disease Control and Prevention (CDC) in May 2020 53], The pathophysiology of MIS-C during and after a
SARS-CoV-2 infection is largely unknown 33 Generally, MIS-C is believed to cause a dysregulated immune response
possibly by viral mimicry of the host and development of autoantibodies. This leads to widespread systemic inflammation
that potentially has a damaging impact on multiple systems, including the neurological system [B4551(56]

Acute respiratory distress syndrome (ARDS), mechanical ventilation, and associated cognitive decline: Although the exact
ratio of COVID-19 patients developing severe disease and requiring hospitalization or intensive care unit (ICU) admission
varies extensively, there is undoubtedly a noticeable proportion that progresses to life-threatening conditions 27,
Preliminary studies from China investigating data of more than 70 thousand patients suggested that around 19% of
patients with COVID-19 develop severe or critical disease, most likely necessitating hospitalization 28, A survey of 17
studies examining statistics of hospitalized COVID-19 patients from different regions found that one-third of all
hospitalized and three-quarters of all ICU-admitted patients develop ARDS B4, Cognitive impairment following ARDS of
variable etiology is widely reported and reviewed 2. Although severe inflammation, hemodynamic instability, and hypoxia
have been indicted, the exact mechanism causing it is unknown. However, a review of studies has shown that cognitive
impairment post-ARDS has a high incidence and ranges from 70-100% at hospital discharge, to 46—-80% at one year after
discharge, to 20% at five years after discharge B2. In addition, an observational study in France described several ICU-
admitted COVID-19 patients with complaints of ARDS developing encephalopathy manifesting as confusion and agitation
(221 According to Tzotzos et al., of the COVID-19 ICU-admitted patients who develop ARDS, more than 80% must receive
mechanical ventilation 24, Mechanical ventilation, regardless of ARDS, is associated with cognitive decline and reduced
quality of life in the long run B9, Since mechanical ventilation inextricably leads to the administration of sedatives, it is
essential to note delirium and other cognitive consequences that may accompany, both in the short and long term €. The
likelihood of a systemic inflammation playing a significant role in the development of cognitive loss compared to direct viral
damage is underscored by the sparse evidence of the virus being found in the CSF 12,

4.3. The Psychosocial Strain of the Pandemic and Associated Lockdowns

Psychological stressors: While countries battle their second or third waves, confinement due to lockdowns and the fear of
one or one’s loved ones contracting COVID-19 are just some of the reasons that continue to cause an unprecedented
psychological burden on people across the world 282, with psychological conditions such as anxiety and depression

now being recorded globally, cognitive consequences can be reasonably expected as a unique symptomatic presentation
[63]

Social isolation and government-mandated lockdowns: An article published in late 2020 had reviewed the available
evidence and stipulated that social distancing/isolation and lack of human interaction may have a detrimental effect on a
person’s cognition 4. Echoing these findings, a study conducted in Italy during May 2020 investigated the effects of



psychological stressors as a result of isolation in the form of national lockdown as a mitigation technique on the global
cognitive function of the public 2. Findings suggested cognitive function such as barring memory deteriorated during
lockdowns. Furthermore, with a greater prevalence of anxiety, depression, and other mental health changes, a significant
deleterious impact on cognitive function(s) was noted in those who had lesser social interactions (€21,

| 5. COVID-19 Vaccination, Autoimmunity, and Cognitive Impairment

The vaccine roll-out for COVID-19 began recently, but nearly 3.57 billion doses have been administered worldwide
already (881, Various vaccines were approved by the World Health Organization (WHO) for emergency use but all of them
fall under three major subtypes: messenger RNA (mRNA), viral vector, and inactivated whole-virus [€4. As the pace of
vaccine administration increases, more data is surfacing regarding post-vaccination adverse events. Neurocognitive
symptoms following vaccinations COVID-19 vaccinations are rare but emerging case reports require due attention to
accurately evaluate the pathophysiology and risk-factors carefully and accurately.

An interesting case is of an adult, who recovered from COVID-19 6 weeks ago, developing MIS following a second dose
of an inactivated virus vaccine €8l Features of shock and cardiac dysfunction were present in the patient along with
elevated inflammatory markers, indicating MIS. The authors postulate that the vaccine may have accentuated their body’s
immune response which was ‘already primed’ following SARS-CoV-2 infection and therefore led to an uninhibited
inflammatory condition in the body 68!,

Some authors have warned against the use of certain immunogenic proteins of SARS-CoV-2 in vaccines that are
homologous to the human immune system 9. With most of SARS-CoV-2's immunogenic epitopes matching human
proteins, there is a reasonable risk that vaccines containing these epitopes will lead to autoimmunity 9. Excessive
inflammation, creation of autoantibodies, and a series of biochemical processes due to autoimmunity may lead to
neuroinflammation, damage to neuronal integrity and cognitive impairment 2,

| 6. Way Forward

Moving forward, greater attention should be paid to cognitive impairment during and after COVID-19 and vaccination. With
the emergence of new strains of COVID-19, such as the Delta and the Lambda variant 41, the variation in prevalence of
cognitive manifestations of the viral infection needs to be ascertained. Therefore, it is imperative to collect empirical data
from multiple demographics in order to attain uniform clinical and biochemical information regarding causality and risk-
factors in developing cognitive impairments.
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