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Abstract

Background: Though primarily a pulmonary disease, Coronavirus disease 2019 (COVID-19) caused by the SARS-CoV-2 virus can gen-
erate devastating disease states that affect multiple organ systems including the central nervous system (CNS). The various neurological
disorders associated with COVID-19 range in severity from mild symptoms such as headache, or myalgias to more severe symptoms
such as stroke, psychosis, and anosmia. While some of the COVID-19 associated neurological complications are mild and reversible,
a significant number of patients suffer from stroke. Studies have shown that COVID-19 infection triggers a wave of inflammatory cy-
tokines that induce endothelial cell dysfunction and generate coagulopathy that increases the risk of stroke or thromboses. Inflammation
of the endothelium following infection may also destabilize atherosclerotic plaque and induce thrombotic stroke. Although uncommon,
there have also been reports of hemorrhagic stroke associated with COVID-19. The proposed mechanisms include a blood pressure
increase caused by infection leading to a reduction in angiotensin converting enzyme-2 (ACE-2) levels that results in an imbalance of the
renin-angiotensin system ultimately manifesting inflammation and vasoconstriction. Coagulopathy, as demonstrated by elevated pro-
thrombin time (PT), has also been posited as a factor contributing to hemorrhagics stroke in patients with COVID-19. Other neurological
conditions associated with COVID-19 include encephalopathy, anosmia, encephalitis, psychosis, brain fog, headache, depression, and
anxiety. Though there are several hypotheses reported in the literature, a unifying pathophysiological mechanism of many of these disor-
ders remains unclear. Pulmonary dysfunction leading to poor oxygenation of the brain may explain encephalopathy and other disorders in
COVID-19 patients. Alternatively, a direct invasion of the CNS by the virus or breach of the blood-brain barrier by the systemic cytokines
released during infection may be responsible for these conditions. Notwithstanding, the relationship between the inflammatory cytokine
levels and conditions such as depression and anxiety is contradictory and perhaps the social isolation during the pandemic may in part
be a contributing factor to some of the reported CNS disorders. Objective: In this article, we review the current literature pertaining to
some of the most significant and common neurological disorders such as ischemic and hemorrhagic stroke, encephalopathy, encephali-
tis, brain fog, Long COVID, headache, Guillain-Barre syndrome, depression, anxiety, and sleep disorders in the setting of COVID-19.
We summarize some of the most relevant literature to provide a better understanding of the mechanistic details regarding these disor-
ders in order to help physicians monitor and treat patients for significant COVID-19 associated neurologic impairments. Methods: A
literature review was carried out by the authors using PubMed with the search terms “COVID-19” and “Neurology”, “Neurological Man-
ifestations”, “Neuropsychiatric Manifestations”, “Stroke”, “Encephalopathy”, “Headache”, “Guillain-Barre syndrome”, “Depression”,
“Anxiety”, “Encephalitis”, “Seizure”, “Spasm”, and “ICUAW”. Another search was carried out for “Long-COVID” and “Post-Acute
COVID-19” and “Neurological Manifestations” or “Neuropsychiatric Manifestations”. Articles such as case reports, case series, and
cohort studies were included as references. No language restrictions were enforced. In the case of anxiety and depression, attempts were
made to focus mainly on articles describing these conditions in infected patients. Results: A total of 112 articles were reviewed. The
incidence, clinical outcomes, and pathophysiology of selected neurological disorders are discussed below. Given the recent advent of
this disease, the incidence of certain neurologic sequelae was not always available. Putative mechanisms for each condition in the setting
of COVID-19 are outlined.
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1. Introduction

With more than five million world-wide deaths re-
ported and new variants emerging, Severe Acute Respira-
tory Syndrome Coronavirus-2 (SARS-CoV-2) has been a
significant medical challenge. Symptoms of Coronavirus
Disease 2019 (COVID-19) include cough, fever or chills,
shortness of breath, fatigue, myalgia, headache, anosmia,
ageusia, sore throat, and congestion or runny nose and may
vary in severity from mild to life threatening. In severe dis-
ease, patients exhibit respiratory failure, acute renal failure,
and eventually multi-system organ failure.

While many COVID-19 patients may exhibit mild
neurologic symptoms, a small percentage of patients can
develop severe neurologic disorders [1]. Soon after the dis-
covery of the illness, and the World Health Organization
declaring COVID-19 a global pandemic, clinicians began
reporting delirium and encephalitis in acutely ill patients
with confirmed infection [2], and early retrospective stud-
ies coming out of China [3] and France [4] indicated that
significant proportions of patients were experiencing neuro-
logic complications during COVID-19 hospitalization. As
the pandemic spread globally, the impact of COVID-19 on
brain health became increasingly relevant, with one large
healthcare network in the USA reporting neurologic mani-
festations in 82.3% of both hospitalized as well as ambula-
tory COVID-19 patients [5].

While anosmia and ageusia have been recognized
since the beginning of the pandemic as mild and tempo-
rary components of the COVID-19 syndrome, startling re-
ports in the summer of 2020 estimated the incidence of
stroke in COVID-19 to be as high as 6% in hospital-
ized patients. These individuals exhibited elevated pro-
inflammatory markers, including ferritin and C-reactive
protein (CRP), as well as elevated D-dimer levels [6]. Ele-
vated D-dimer levels have also been found by another study
to be associated with acute ischemic and especially cryp-
togenic stroke, as per the results of unsupervised machine
learning cluster analysis of biomarkers [7]. Both overactive
coagulation as well as hyper-inflammation have been pro-
posed as mechanisms for endothelial damage and thrombus
formation in COVID-19 [2,8].

The true incidence of neurologic manifestations of
COVID-19 is likely underestimated in the literature, given
the predominance of respiratory complications and the
attention these issues command of patients and their
providers. Furthermore, there is a tendency in published
COVID-19 data to emphasize hospitalized patients [2].
Nonetheless, the scale of the pandemic means that in real-
ity a very large population of COVID-19 patients, number-
ing in the tens to hundreds of thousands, have experienced
or will experience neurologic complications in the course
of their illness [2,6]. Importantly, the neurological compli-
cations in persistent COVID-19 disease appear to be more
disabling relative to other organ system involvement [9].
The continuum of COVID-19 effects on the nervous system

likely represents multiple pathogenic pathways and much
remains to be elucidated in describing the pathogenicity and
deleterious effects of SARS-CoV-2 on the nervous system
[2,10]. Moreover, as indicated in the published literature,
there is no consensus on the range of neurologic conditions
that are formally recognized as associated with COVID-19.
There is also a paucity of knowledge regarding which neu-
rologic manifestations and disabilities are likely to persist
in the post-acute phase of infection and beyond [8], and an
objective characterization of the neurologic complications
of COVID-19 is needed to facilitate surveillance as well as
selection of treatment candidates [11].

Herein we review the current literature pertaining
to the common neurological disorders such as stroke,
encephalopathy, encephalitis, headache, Long COVID,
Guillain-Barre syndrome, depression, and anxiety in the
setting of COVID-19. We summarize some of the most
relevant literature to provide a better understanding of the
mechanistic details regarding these disorders with a goal to
help stimulate creative thinking and improve patient man-
agement and outcomes in Table 1 (Ref. [1,9,12-52]), with
the supporting references included.

2. Ischemic Stroke

Incidence: Ischemic stroke is one of the most feared
neurological complications of COVID-19. A retrospec-
tive cohort study of 236,379 patients with COVID-19 con-
cluded that approximately 34 percent of patients developed
neurological or psychiatric conditions within 6 months of
diagnosis, whereas the incidence of ischemic stroke was
2.10 percent [53]. Other studies have found similar inci-
dence of stroke in patients with COVID-19. A retrospec-
tive case series containing 214 hospitalized COVID-19 pa-
tients demonstrated a 5.7 percent incidence of ischemic and
hemorrhagic stroke in severe infection [3]. Another study
found that 2.3 percent of patients suffered from ischemic
stroke [12].

COVID-19 stands out among respiratory diseases in-
cluding influenza when it comes to ischemic stroke. Stroke
is nearly twice as likely to occur in non-hospitalized
COVID-19 patients compared to influenza with a hazard ra-
tio (HR) of 1.80 [53]. Incidence of stroke has been shown to
be concordant with severity of illness. For example, a meta-
analysis found that 61 percent of stroke cases occurred in
severe infection [54]. A retrospective cohort study found a
4.38 percent incidence of ischemic stroke in those hospital-
ized, as compared to an overall 6-month rate of 2.10 percent
[53]. Patients who were admitted to the intensive treatment
unit and patients with encephalopathy had an incidence of
6.92 and 9.35 percent, respectively. The HR for develop-
ing ischemic stroke for hospitalized versus non-hospitalized
patients was 1.65.

Clinical Outcome: Studies have demonstrated that
COVID-19 associated stroke patients experienced an ap-
proximately 5 times greater in-hospital mortality rate than
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Table 1. COVID-19 associated neurological sequalae and proposed mechanisms.

Neurological sequalae Putative mechanism Ref.
Ischemic stroke Cytokine overproduction; Vascular endothelial damage, Endothe-  [12-20]
lial dysfunction; Hypercoagulable state
Hemorrhagic stroke Decrease in ACE-2 levels; Blood pressure increase; Coagulopathy;  [21,23,24]
CVST
Encephalopathy, encephalitis Cytokine overproduction; Vascular endothelial damage; Direct [9,22,25-35]
CNS invasion; Hypoxia; Autoimmunity
ICUAW Cytokine overproduction; Myofiber atrophy; Direct viral damage [42—-47]
Myoclonus Autoimmune cerebellar/brainstem damage; Hypoxia [41]
Brain fog/Long COVID Autoimmune; Neuroinflammation; Neurodegeneration [9,26,35-37]
Headache Hypoxia; Activation of peripheral trigeminal nerve endings; Cy-  [38,39]
tokine overproduction; Direct CNS invasion; Hypercoagulable state
Guillain-Barre syndrome/Polyneur opathy ~ Autoimmunity/Molecular mimicry [40]
Depression, anxiety and sleep disorders Cytokine overproduction/Neuroinflammation; Direct CNS invasion ~ [48-51]
Seizure Hypoxia; Multiorgan failure; Metabolic derangements; Cytokine [1,52]

overproduction; Direct CNS invasion

that of others (odds ratio (OR) = 5.21) [54]. Patients who
suffered emergent large-vessel occlusion who were also
COVID-19 positive were much more likely to succumb
compared to COVID-19 negative patients with emergent
large-vessel occlusion (63% vs. 9% mortality) [55].

Enhanced mortality in COVID-19 patients with stroke
compared to non-infected stroke patients has also been
found by another study (39.3% vs. 16.1% mortality) [56].
Moreover, researchers assessed the functional outcomes
of these patients as measured by Modified Rankin Score
(mRS) initially and three months post-stroke. There was a
significant difference in the proportion of infected and non-
infected stroke patients who achieved favorable outcomes,
with infected patients demonstrating a relative risk for poor
functional outcome of 1.25. Yet, after adjusting for age,
baseline National Institutes of Health Stroke Scale (NIHSS)
score, admission to the ICU, and history of diabetes in mul-
tivariable logistic regression analysis, no significant differ-
ence in the probability of achieving a functional outcome
was found between these two groups. Infected patients’
NIHSS scores were significantly greater both at baseline
and post-72 hours. NIHSS score itself was significantly as-
sociated with mortality. Infected patients were also more
likely to be admitted to the ICU, which itself was associated
with poor functional outcome (OR = 3.30). Thus, the appar-
ent less favorable outcomes in this study may be attributed
to the severe disease state found in COVID-19. Further-
more, the authors failed to find a significant link between
COVID-19 and large-vessel occlusion. Both groups of pa-
tients had similar baseline NIHSS scores and the rates of
successful recanalization in infected and non-infected pa-
tients did not differ significantly. No significant difference
in favorable outcome was detected between infected and
non-infected patients. Yet, the mortality rate of infected pa-
tients exceeded that of non-infected patients, with a HR of
2.96.
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Pathophysiology: COVID-19 induced stroke may be
better understood through the lens of its proposed mech-
anism. The infection is thought to promote a systemic in-
flammatory response, with monocyte-derived macrophages
releasing cytokines that bring about endothelial cell dys-
function and general coagulopathy [13]. Macrophages
also release tissue factor (TF), thereby activating the ex-
trinsic coagulation pathway. Biopsy results have high-
lighted the microthrombotic and microangiopathic nature of
COVID-19 [57]. The prothrombotic state of patients with
COVID-19 may explain at least in part their elevated risk
of ischemic stroke.

Coagulopathy has been well documented in COVID-
19. One study found that 7.2 percent of patients expe-
rienced thromboembolic events [12]. Furthermore, 2.10
percent of patients suffered from disseminated intravascu-
lar coagulation (DIC), wherein sepsis and other conditions
generate widespread coagulation that ultimately exhausts
the supply of clotting factors, promoting bleeding.

The exact mechanism behind COVID-19 associated
stroke has yet to be elucidated for a plurality of cases. Cryp-
togenic stroke comprised 44.7 percent of cases of ischemic
stroke, whereas cardioembolic stroke made up 21.9 percent
of cases. There appears to be a male predisposition to is-
chemic stroke in COVID-19, with 71.9 percent of COVID-
19 associated ischemic stroke patients being male compared
to 45 percent in the case of historical controls [14].

Female sex has been repeatedly shown to be protec-
tive against viral ailments. Estrogen stimulates the immune
system while also inhibiting viral replication [15]. Fur-
thermore, when exposed to 175-estradiol, human atrial tis-
sue expression of LOX-1 and ICAM-1, both of which are
NF-kB target genes, decreased significantly [16]. ICAM-
1 and LOX-1 are pro-inflammatory and pro-oxidative, re-
spectively. Estrogen exposure also decreased the ratio of
ACE to ACE2 on a mRNA and protein level, providing a
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potentially protective effect. ACE2 has in fact been shown
to be protective against pulmonary hypertension, with the
gene for ACE2 residing within the X-chromosome [14].

Studies have shown that female mice display greater
resistance to the SARS-CoV virus. It was found that male
mice infected with 5000 plaque-forming units (PFU) of
mouse-adapted SARS-CoV (MAL15) suffered a mortality
rate as high as 90 percent, with a significantly lower rate
for females (20 percent) [14]. Estrogen appears to be the
source of females’ relatively low mortality. The mortality
rate of females that underwent bilateral oophorectomy in-
creased to 85 percent. The differential in mortality rates be-
tween the sexes is reflected by the more severe male lung
pathology results, which included alveolar edema, hyper-
emia, and vascular leakage. Male mice were also found
to have 2 to 3 times the amount of inflammatory mono-
cyte macrophages (IMMs) in their lungs compared to fe-
male mice on day 3 post-infection. A greater percentage of
male IMMs produced inflammatory cytokines, such as IL-6
and IL-1-8. When the males were depleted of their IMMs
using an MC21 antibody, mortality significantly decreased.

Studies have found that COVID-19 produces lingering
prothrombotic effects. Infection with COVID-19 results in
the release of IL-1, IL-6, and TNF-«, which trigger the re-
lease of TF [17]. PAI-1 expression also increases, inhibit-
ing fibrinolysis. Endothelial cell damage that arises from
cytokine storms triggers the release of von Willebrand fac-
tor (VWF), promoting platelet adhesion to the endothelium.
Inflammation of the endothelium during viral infection may
also preferentially destabilize atherosclerotic plaque, induc-
ing thrombotic stroke in the case of even mild carotid dis-
ease [18].

Research shows that some of the prothrombotic
changes may be sustained even months after initial infec-
tion. A study of 52 COVID-19 patients found that patient
ex vivo thrombin-generating potential remained elevated 4
months post-discharge [19]. PAI-1 expression was elevated
both at admission and 4 months post-discharge. Elevated
PT, factor V, vWF, fibrinogen, D-dimer, and thrombin-
antithrombin complex were present on admission, but nor-
malized 4 months later. Factor VIII remained elevated at
4 months post infection, which may explain the sustained
hypercoagulable state found in convalescent COVID-19
patients. In fact, cases of delayed COVID-19 associated
stroke, though rare, have been documented in the literature.
A study of 18 men up to 50 years old with asymptomatic
infection found a median of 54.5 days between initial in-
fection and stroke [20].

Discussion: COVID-19 related stroke is an inflam-
matory process driven by cytokine-release, endothelial cell
dysfunction, unregulated vasoconstriction, and a general
thrombogenic state. While the exact mechanism remains
unclear, histopathological studies conducted in deceased
COVID-19 patients support brain tissue damage related to
abnormal immune response [58]. COVID-19 associated

stroke has been associated with elevated D-dimer as well
as CRP [59]. Furthermore, stroke has been found to con-
fer greater odds of mortality, with an OR of 3.49. Most
COVID-19 associated cases of stroke occur in the early
stages of infection. However, the continued elevation of
prothrombotic factors such as factor VIII, PAI-1, and ex
vivo thrombin-generating potential are testament to a last-
ing risk of virus-related ischemic events. Recrudescence,
or recurrence, of stroke symptoms has also been observed.
For example, one woman who suffered ischemic stroke two
months after a mild case of COVID-19 demonstrated an old
infarct in the left middle cerebral artery territory on imag-
ing [60]. The patient presented with cognitive dysfunction,
sensory deficits, and new-onset right-sided weakness. In
one study of 153 patients with post-stroke recrudescence,
researchers found recrudescence to be associated with in-
fection, hypotension, and hyponatremia, occurring a me-
dian of 3.9 years post-stroke [61].

During the height of the pandemic, the quality of
healthcare was generally compromised due to the sudden
influx of severely ill patients. Patients with emergent large-
vessel occlusion during the pandemic were significantly
less likely to receive thrombolysis administration and me-
chanical thrombectomy compared to a prepandemic cohort.
Yet, no significant difference in poor functional outcomes
or mortality was observed [62]. Furthermore, COVID-19 is
a global health issue that impacts every race and ethnicity.
A retrospective analysis of COVID-19 positive patients ad-
mitted to New York City hospitals failed to find significant
interracial differences in the prevalence of stroke and other
thrombotic events [63]. However, other studies have sug-
gested instead that African Americans are at significantly
higher risk of developing COVID-19 associated stroke even
when controlling for co-morbidities such as hypertension as
well as smoking status [64].

3. Hemorrhagic Stroke

Incidence: A retrospective cohort study of New York
City hospital patients found that 0.67 percent of COVID-
19 positive individuals developed subdural hemorrhage
(SDH), subarachnoid hemorrhage (SAH), or intracerebral
hemorrhage [21]. A meta-analysis of 108,571 patients
found a 1.4 percent cumulative incidence of acute cere-
brovascular events with 87.4 percent ischemic and 11.6 per-
cent hemorrhagic stroke [54]. Studies have shown that
COVID-19 associated hemorrhagic stroke is less prevalent
than ischemic stroke. A study determined the incidence
of intracranial hemorrhage (ICH) to be approximately one-
fourth that of ischemic stroke [22]. The HR of develop-
ing hemorrhagic stroke in the setting of COVID-19 for
non-hospitalized patients compared to influenza was 1.87
[53]. Intensity of illness was also found to be correlated
with incidence of hemorrhagic stroke. The HR for devel-
oping intracranial hemorrhage for hospitalized versus non-
hospitalized patients was 3.09.
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Clinical Outcome: A retrospective study of COVID-
19 associated hemorrhagic stroke found infected patients
had a significantly greater chance of death compared to
non-infected controls [23]. Infected patients with ICH had
an OR of 2.64 for mortality, after adjusting for variables
such as sex, age, smoking, renal failure, and acute coronary
syndrome. Infected patients with SAH had a greater mor-
tality rate than non-infected controls (42.9% vs. 14.8%).
The adjusted OR for mortality in infected compared to non-
infected patients was 1.81 [23].

Pathophysiology: Regarding hemorrhagic stroke, a
virus-induced unregulated increase in blood pressure is
thought to be a crucial pathophysiologic mechanism. The
angiotensin-converting enzyme-2 (ACE-2) receptor, found
on lung and brain smooth muscle and endothelial cells,
is a binding target of the SARS-CoV-2 spike (S) protein.
By binding to ACE-2, the virus invades cells and elimi-
nates ACE-2 via endocytosis. ACE-2 cleaves angiotensin
I into angiotensin 1-9, which is ultimately cleaved into an-
giotensin 1-7 (a vasodilator with anti-inflammatory prop-
erties) by ACE. ACE-2 also cleaves angiotensin II into
angiotensin 1-7 [24]. Angiotensin II acts as a vasocon-
strictor while simultaneously promoting inflammation. The
decrease in available ACE-2 increases the amount of an-
giotensin II and decreases the amount of angiotensin 1—
7, thereby upregulating vasoconstriction and inflammation,
ultimately leading to hypertension and potentially hemor-
rhagic stroke. Coagulopathy, as evidenced by PT elevation,
has also been posited as an etiology of hemorrhagic stroke
[21].

Discussion: Hemorrhagic stroke, though a less com-
mon COVID-19 sequelae than ischemic stroke, has been
found to be significantly associated with SARS-CoV-2 in-
fection [53]. Infected patients have experienced a greater
risk of mortality compared to their non-infected counter-
parts, even after controlling for age, sex, and renal failure
[23]. There has been an increased usage of anticoagulants in
COVID-19 patients due to the enhanced risk of thrombotic
events. Given the fact that a significantly greater percentage
of infected patients with intracerebral hemorrhage (69.8%)
received anticoagulation compared to non-infected controls
(55.4%), this increased utilization of anticoagulants may be
partly to blame. COVID-19 associated cerebral venous si-
nus thrombosis (CVST) has also been shown to induce hem-
orrhagic stroke.

A retrospective cohort study of 537,913 patients with
COVID-19 found an incidence rate of CVST (42.8 per mil-
lion people) that was significantly greater than that of ei-
ther vaccine or influenza associated CVST in matched co-
horts. The relative risk of developing CVST following
COVID-19 infection compared to the mRNA vaccine was
6.33. Moreover, the relative risk of developing CVST fol-
lowing COVID-19 infection compared to influenza infec-
tion was 2.67 [65]. CVST is a rare cerebrovascular disease
that generally affects young adults, particularly women of
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childbearing age [66]. While symptoms of CVST include
blurred vision, fainting, and seizures, the most common
symptom is headache. Headache is also the most common
neurological symptom of COVID-19, which makes diagno-
sis of CVST more difficult.

4. Encephalopathy

Encephalopathy is defined as a disease state that leads
to impaired brain functioning as evidenced by reduced men-
tation or frank delirium.

Incidence: Occurrence of encephalopathy in COVID-
19 has varied a great deal, ranging from 7 percent to 69 per-
cent [5,6,25,67]. Luigetti et al. [22] reported encephalopa-
thy in 32.4 percent of hospitalized patients, whom they fur-
ther divided into encephalopathy related to fever (>39.5
°C), hypoxia (SpO2 <85%), and idiopathic encephalopa-
thy. While encephalopathy was the most frequently en-
countered manifestation in the cohort, most of these cases
were related to respiratory complications resulting in hy-
poxemia [22].

Clinical Outcome: Studies have shown that COVID-
19 associated acute encephalopathy or encephalitis with-
out severe hypoxia or metabolic derangement is a self-
limiting condition that responds well to intravenous cor-
ticosteroid therapy followed by oral steroid taper [26,27].
Moreover, a review of published cases of encephalopathy
found that 83.3 percent (30/36 cases) of patients improved
following medical management. Patients suffering from
encephalopathy in the setting of COVID-19 have required
mechanical ventilation and ICU care.

Altered mentation has been found to confer greater
odds of mortality, with an OR of 1.61 [59]. Importantly,
elevated procalcitonin and D-dimer levels were associated
with both severe COVID-19 infection and altered menta-
tion. Despite controlling for various biomarker levels, pa-
tients with altered mentation continued to demonstrate in-
creased risk of mortality.

Pathophysiology: A case series examined 7 hospi-
talized patients with positive COVID-19 nasopharyngeal
swabs who presented with acute changes in cognition and
behavior, focal neural deficits and/or new onset seizures.
All patients showed similar results on positron emission
tomography (PET) evaluation. Fluorine-19 magnetic res-
onance imaging and positron emission tomography (19F-
FDG-PET) imaging revealed hypometabolism in a cere-
bral network containing the prefrontal cortex, anterior cin-
gulate, insula and caudate nucleus. These changes in
brain metabolism were present despite only 28.6 percent
(2/7) of these patients developing acute respiratory distress
syndrome (ARDS) and requiring mechanical ventilation.
These PET disturbances persisted at 6 months of follow
up in all patients, though mild improvement in mentation
was observed in some patients. RT-PCR was negative for
SARS-CoV-2 in the CSF for all patients. In addition, CSF
levels of IL-6 levels were elevated in all patients tested [22].
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Another case series followed 31 hospitalized patients
with a diagnosis of “COVID-19 induced encephalopathy”
[28]. This cohort was divided into two groups, mild and se-
vere encephalopathy. No difference in severity of pneumo-
nia was observed between both groups, with 90.3 percent
of (28/31) patients developing ARDS. Brain MRI analy-
sis revealed abnormalities in 92 percent of (23/25) patients
with no difference between groups. In addition, contrast
enhancement of intracranial vessels, a sign of endothelial
damage, was observed in 85 percent of (17/20) patients.
Elevated serum CRP was found to be associated with pres-
ence of intracranial vessel enhancement. Taken together,
these reports suggest an indirect, proinflammatory effect of
SARS-CoV-2 that results in intracranial, endothelial dys-
function and encephalopathy.

Though pulmonary dysfunction leading to poor oxy-
genation of the brain can help explain encephalopathy in the
acute phase of COVID-19 hospitalization, other hypothe-
ses have been proposed implicating viral invasion of the
CNS as well as an overwhelming cytokine response to the
virus crossing the blood-brain barrier [22,29,30]. More-
over, there is evidence suggesting that the etiology of the
encephalopathy may influence the duration of impairment.

Discussion: The pathophysiology of SARS-CoV-2 in-
duced encephalopathy remains unclear. A recent case se-
ries described three pediatric patients who had tested posi-
tive for SARS-CoV-2 with mild COVID-19 symptoms but
presented with severe neuropsychiatric symptoms includ-
ing psychosis, paranoia, and agitation. All 3 had abnormal
CSF and 2 of these patients were observed to have anti-
SARS-CoV-2 IgG in addition to antineuronal antibodies.
These findings support the possibility of viral CNS invasion
as well as autoimmunity as explanations for these symp-
toms [31]. Thus, COVID-19 may pose a unique threat to
the neuropsychiatric wellbeing of even young individuals
without previous mental health history.

5. Encephalitis

Encephalitis is defined as encephalopathy with evi-
dence of brain inflammation on either MRI or CSF, with
>5 white blood cells/uL and >0.45 g protein/dL in the CSF
[68]. COVID-19 encephalitis is defined as meeting these
criteria in the presence of CSF PCR or viral culture posi-
tive for SARS-CoV-2, and/or intrathecal viral antibodies in
the absence of other pathogens within the CSF [6].

Incidence: A recent systematic review and meta-
analysis of encephalitis in 23 studies of 129,008 total pa-
tients with COVID-19 found an average incidence of en-
cephalitis of 0.215 percent [69]. However, an estimated
incidence as low as 0.05 percent has also been demon-
strated [70]. Encephalitis is only rarely a presenting symp-
tom of COVID-19. Patients initially present with respira-
tory symptoms followed by encephalitis 14.5 days later on
average. Severity of illness also impacts incidence of en-
cephalitis. Patients with severe cases of infection had a 6.7

percent incidence of encephalitis.

Clinical Outcome: Though an uncommon complica-
tion of COVID-19, encephalitis can significantly increase
morbidity and mortality. A meta-analysis of over 100,000
patients from 23 studies demonstrated an average mortal-
ity rate of 13.4 percent [69]. Following specific encephali-
tis treatment protocols that included antibiotics, antivi-
rals, high-dose steroids and immunoglobulins or plasma-
pheresis, a multicenter study reported high mortality in pa-
tients with alterations in MRI imaging (vs. negative neu-
roimaging) [70]. Patients with encephalitis had a variety
of presenting symptoms, such as delirium, aphasia, and
dysarthria. Seizure was also reported in approximately one-
third of patients. Spontaneous recovery was achieved by 24
percent of patients. A mortality rate of 16 percent was ob-
served [70].

Pathophysiology: The same ACE-2 enzyme which fa-
cilitates SARS-CoV-2 entry into nasal mucosa, lung and
other body tissues is also expressed throughout the central
nervous system, particularly in the thalami, cerebellum and
inferior olivary nuclei [32]. It is therefore important to dif-
ferentiate the encephalopathy that develops in response to
metabolic derangement and hypoxemia in the setting of crit-
ical pulmonary illness versus true viral encephalitis in treat-
ing these encephalopathic patients [25]. Case reports of al-
tered mental status combined with signs and symptoms of
meningeal irritation in the setting of normoxia and with-
out metabolic derangement highlight the inherent potential
of SARS-CoV-2 infection to cause encephalopathy or en-
cephalitis independent of respiratory function in patients
with COVID-19 [27].

The first confirmed case of SARS-CoV-2 encephalitis
was a 24-year-old Japanese male who presented in February
2020 with generalized seizures and nuchal rigidity follow-
ing a weeklong flu-like prodrome. Radiographic examina-
tion revealed paranasal sinusitis, right lateral ventriculitis
and right mesial encephalitis. Preexisting mesial tempo-
ral pathology was unlikely in this young adult who had no
prior history of epilepsy or other neurodevelopmental disor-
ders. RT-PCR was negative for SARS-CoV-2 RNA on na-
sopharyngeal swab but positive in the CSF [33]. It is now
known that detection of SARS-CoV-2 in nasopharynx re-
quires the patient to be actively shedding, whereas patients
without respiratory symptoms may exhibit a false negative
swab [9,34]. Although the clinical outcome of that patient
was not included in the report, this case highlights the im-
portance of suspecting CNS invasion of SARS-CoV-2 even
with a negative nasopharyngeal swab.

Conversely, there have been instances of COVID-
19 positive (by nasopharyngeal swab) patients with signs
of meningeal irritation (e.g., Nuchal rigidity, Kernig and
Brudzinski signs) and/or altered mentation, from whose
CSF no virus or antibodies were isolated [27,71]. Some
authors have suggested CSF testing is not sensitive enough
for detecting SARS-CoV-2, stating intrathecal viral prolif-
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eration is a transient phenomenon and a negative CSF re-
sult may be due to below-detectable CSF titers while suf-
ficient virus is nonetheless present to cause CNS disease
[22]. Other authors have argued that cases of encephalitis
occur via invasion of the olfactory tract or through a local
breakdown in the blood brain barrier [26,35].

Discussion: RT-PCR testing of CSF has success-
fully detected SARS-CoV-2 in a handful of encephalopathic
COVID-19 patients, even though the true incidence of CNS
invasion is believed to be much greater [72]. Improved
sensitivity over conventional RT-PCR methods of detect-
ing SARS-CoV-2 invasion of the CSF need to be tested and
validated in order to rapidly assess and treat patients with
COVID-19 who become encephalopathic [73,74]. Alterna-
tively, next-generation sequencing for SARS-CoV-2 in the
CSF has shown promising results. A recent study applied
high-throughput RNA sequencing and proteomics to CSF
samples from 8 COVID-19 patients with varying severities
of neurologic symptoms. RNA sequencing unequivocally
confirmed SARS-CoV-2 RNA in half of the (4/8) subjects
and indicated “high likelihood” of positivity in the remain-
ing patients. Importantly, RT-PCR and antiviral antibody
tests in the CSF samples were negative in all cases [75].
While the strength of a small, single center cohort study
is limited, this report provides strong evidence that SARS-
CoV-2 invasion of the CSF space likely eludes detection by
conventional means and instead requires amplification of
the materials for confirmation.

6. Brain Fog and Long Covid

Incidence: While many patients with COVID- associ-
ated encephalopathy or encephalitis make a full neurologic
recovery with steroid therapy and supportive care, there
are individuals who develop prolonged cognitive symp-
toms. According to a study from Northwestern Univer-
sity’s Neuro-COVID-19 Clinic, brain fog was the most re-
ported persistent (>6 weeks) neurologic symptom in sur-
vivors (81%) without history of severe illness, hypoxia, or
respiratory compromise [9]. Brain fog persisted as long
as 5 months and females were much more likely than
males (2.3:1) to exhibit “long hauler COVID-19” symp-
toms [9,76].

Clinical Outcome: A recent systematic review assess-
ing prevalence of symptoms of Long COVID affecting all
body systems found fatigue to be the most reported ailment
(58%). Effects on cognition were found to be 31% and
27% for persistent difficulty with concentrating and atten-
tion deficits, respectively [76,77]. Patients with brain fog
who underwent cognitive testing as part of another study
displayed short-term memory (32%) and attention (27%)
deficits [9]. Fatigue was found in 85 percent of patients.
Time from the onset of illness was not significantly corre-
lated with subjective recovery.

Pathophysiology: Research has suggested that so-
called brain fog might represent a sub-acute form of post-
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COVID encephalopathy. In addition, elevated antinuclear
antibody (titer >1:160) was more prevalent in the long
hauler cohort relative to the general population (33% vs.
5%), suggesting an autoimmune etiology of post-acute cog-
nitive symptoms in COVID-19 long haulers [9].

One proposed mechanism for persistent dysfunction
following mild COVID illness has been neuroinflamma-
tion causing hypometabolic lesions [36]. Hugon et al. [35]
showed that hypometabolism in the cingulate cortex was as-
sociated with diminished executive control and loss of at-
tention in a patient with a history of mild COVID. Similarly,
a PET study examining 7 patients with persistent cognitive
and emotional impairment 6 months after recovery from
COVID-19 encephalopathy found hypometabolism in the
frontal, anterior cingulate and insular cortices as well as the
caudate. The results of these studies suggest that COVID
can have lasting negative effects on cognitive networks and
that clinicians should maintain an index of suspicion for
prolonged neurocognitive symptoms in patients who have
recovered from the acute phase of COVID encephalopathy
[37]. Some authors have also suggested that neuroinflam-
mation caused by mild COVID infections could lead to neu-
rodegenerative illness [26]. Accordingly, long-term follow
up is recommended in all patients who experience neuro-
logic derangement during COVID infection to detect per-
sistent symptoms [35].

Discussion: A recent systematic review reported a to-
tal 55 long-term effects associated with COVID-19 lasting
at least 2 weeks after the acute phase of the illness [77]. Itis
estimated that one or more of these prolonged symptoms is
present in up to 30% of COVID-19 survivors [71,78]. Sev-
eral definitions for the term “Long COVID” have been pro-
posed, though there has been no consensus [77]. Sapkota et
al. [76] define “Long COVID” as an uninterrupted contin-
uation of the original COVID-19 syndrome or a relapsing-
remitting pattern of symptoms, following COVID-19 re-
covery as indicated by negative PCR swab. The UK health
system has formally defined the condition as “post-COVID-
19 Syndrome” [NICE guideline (NG188)], and the World
Health Organization has applied the term Long COVID to
individuals who have symptoms 3 months after suspected or
confirmed COVID diagnosis which last for 2 months with-
out any other likely diagnosis.

Neurological impairment following SARS-CoV-2 in-
fection presents both patients and physicians with short
and long-term challenges. The most common neurologic
symptoms of Long COVID are a cognitive dysfunction re-
ferred to as brain-fog as well as fatigue. In a study of non-
hospitalized COVID-19 individuals with Long COVID,
certain preexisting conditions such as autoimmune disease
and depression/anxiety were prevalent suggesting increased
vulnerability to SARS-CoV-2 infection [9].

The pathophysiology underlying persistent cognitive
impairment in Long COVID remains unclear. Despite
many reports indicating that delirium caused by a hyper-
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inflammatory response to viral CNS invasion is temporary
and responds well to steroid therapy [27,71] prolonged cog-
nitive symptoms following recovery from acute COVID-19
illness is a well-documented finding [9]. Aside from the di-
rect cytotoxic effects of neuronal infection, invasion of the
CNS by SARS-CoV-2 activates patrolling microglia. The
role played by microglia as neuroprotective versus aggres-
sive effectors of cytotoxicity is dependent on the balance
between anti- and pro-inflammatory markers released dur-
ing viral invasion. Microglial detection of SARS-CoV-2
is believed to trigger the release of pro- inflammatory cy-
tokines, proteases and neurotropic factors resulting in either
transient or lasting secondary damage to the CNS [29].

As the COVID-19 pandemic persists, more patients
will likely develop Long COVID, the majority of whom
are unlikely to ever be hospitalized or sick enough to visit
a specialist [9]. These patients are at risk of suffering the
effects of Long COVID without evaluation or treatment by
overtaxed health systems which are less likely to focus on
post-acute COVID-19 patients who are not seriously ill.
Moreover, the majority of Long COVID symptoms, such
as attention and memory impairment, are highly subjec-
tive. Accordingly, patients may be discouraged from seek-
ing treatment due to perceived stigma, an issue that has his-
torically been observed with other subjective disorders pri-
marily affecting women such as chronic fatigue syndrome
and fibromyalgia [9]. An increased awareness of the preva-
lence of Long COVID and education on the multi-organ
nature of the disorder is key to ensuring COVID survivors
are properly screened and assessed for these complications
[76]. The prospect of patients with Long COVID being left
with suboptimal or no treatment due to these barriers high-
lights the need to standardize the evaluation of post-acute
COVID patients and to generate a universal terminology
in categorizing these individuals and their symptoms. It
is also important that providers encourage their patients to
continue monitoring and reporting symptoms to their pri-
mary care providers beyond the acute window of illness
and/or after negative follow-up testing. Further prospective
studies are needed to continue documenting the incidence
of Long COVID complications, the natural progression of
these complications, and any responses to therapies.

7. Headache

Incidence: Headache has been described in the litera-
ture as the most common non-specific neurological symp-
tom found in COVID-19 patients. The reported incidence
of headache has varied widely from 6 to 20 percent [79].
Garcia-Azorin et al. [80] found an incidence rate of 23.4
percent for 2194 infected patients. Headache was the most
common first symptom reported in COVID-19. In fact, 5.8
percent of infected patients developed headache prior to any
other symptom.

Clinical Outcome: The median onset of COVID-19
associated headache was within 24 hours of infection, with

a median duration of 7 days [80]. However, 13 percent
of patients developed persistent headache lasting over 1
month. Persistent headaches linked to COVID-19 have
also been documented by Caronna ef al. [81] with 28 of
the 74 patients reporting ongoing headaches 6 weeks post-
admission. Patients with COVID-19 associated headache
endorsed a median severity of 7 out of 10, as well as
a median duration of 7 hours per day. COVID-19 re-
lated headache demonstrated certain defining features. In
a survey-based study of 3458 patients that included 262
positive patients, 79.5 percent of COVID-19 associated
headache patients compared to only 37.3 percent of nonin-
fected headache patients endorsed novel headache features
[82]. COVID-19 associated headache was significantly
more likely to be bilateral, long lasting, and analgesic-
resistant, with ORs 0f3.37, 1.93, and 2.61 respectively. An-
other study found that 80 percent of COVID-19 associated
headaches were bilateral [80].

Furthermore, COVID-19 patients frequently report
headache accompanied by abnormal sensory and systemic
symptoms such as anosmia and ageusia, and gastrointesti-
nal complaints such as diarrhea [82,83]. The ORs for
concomitant anosmia and gastrointestinal complaints in in-
fected patients with headache were 11.4 and 2.13, respec-
tively [82].

Pathophysiology:  The exact pathophysiological
mechanism of COVID-19 associated headache remains
unclear. However, activation of trigeminal nerve endings,
overproduction of pro-inflammatory cytokines, direct
CNS invasion as in the case of encephalitis, as well as
virus mediated hypercoagulation and hypoxia all have
been invoked as possible mechanisms in the setting of
COVID-19 [38,39].

Discussion: While clinical and basic science re-
search has suggested that the proinflammatory properties of
COVID-19 are responsible for increased incidence of stroke
and encephalopathy, studies of headache have revealed an
entirely different pathophysiologic mechanism [84]. Pa-
tients with headache had lower mortality rates as well as
lower levels of inflammatory biomarkers, including IL-6,
procalcitonin, CRP, and ferritin. The link between lower
mortality risk and decreased levels of markers such as CRP
is not unexpected. When researchers endeavored to gener-
ate a severity score of certain clinical parameters that would
predict COVID-19 associated mortality, they found CRP
and the internal normalized ratio (INR, the ratio of a pa-
tient’s PT to that of a control), to be critical components
of the score [85]. Given the unique features of COVID-
19 associated headache, as well as the other neurological
disorders patients may suffer from, the virus’ effect on the
CNS with respect to these disorders remains relatively un-
explored.
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8. Polyneuropathy, Myopathy, and
Neuromuscular Disease

Guillain-Barre syndrome (GBS), a progressive de-
myelinating autoimmune polyneuropathy usually preceded
by infection, is the most common etiology of acute flaccid
paralysis and has been linked to cytomegalovirus, Epstein-
Barr virus, Influenza A virus, Mycoplasma pneumoniae,
Haemophilus influenzae, and Campylobacter jejuni [86].

Incidence: Early on in the pandemic, the incidence of
GBS and other inflammatory polyneuropathic syndromes
following COVID-19 related hospitalization were reported
in the literature. Concurrent cases of COVID-19 and GBS
and it various subtypes have been reported in various coun-
tries including Italy, Japan, China, USA, Spain, and India,
among others [87—89]. Despite numerous observations, an
epidemiological link between COVID-19 and GBS has not
been established. The incidence of GBS in northern Italy
during March-April 2020 increased 2.6-fold when com-
pared to the same time in 2019. Authors of the study
recruited patients diagnosed with GBS from 12 hospitals
across 7 cities and divided them into COVID-19 positive
and COVID-19 negative groups based on nasopharyngeal
swab PCR results. The same study showed that COVID as-
sociated GBS was more severe than non-COVID GBS on
the basis of clinical scores of muscle strength [90]. The
authors acknowledged that the number of total COVID-19
positive patients in the hospitals that were studied was likely
higher than that reflected in the data, leading to the possibil-
ity of overestimating the incidence of GBS among COVID-
19 patients. Nonetheless, these findings are discordant with
a study from the UK that was unable to show a rise in GBS
incidence during the pandemic, finding a decrease instead.
This was a retrospective study which leveraged the UK Na-
tional Immunoglobulin Database where all cases of GBS
are required to be logged [40]. It is possible that quaran-
tining protocols in the UK decreased the incidence of GBS
associated infections. Further research is required to fully
explore the relationship between COVID-19 and GBS.

Intensive care unit-acquired weakness (ICUAW), a
clinical phenomenon defined as new-onset weakness asso-
ciated with extended hospital stay in critically ill patients,
has also been reported in COVID-19. One prospective
study in Sweden showed that in a cohort of 111 COVID-19
positive patients, 9.9% developed ICUAW. A case series
from a tertiary care center in Spain described 12 patients
with COVID-19 who had developed generalized weak-
ness and failed weaning off ventilator-assisted respiration in
the ICU. 91.7 percent of patients showed abnormal results
on nerve conduction studies (NCS) and electromyography
(EMG) consistent with critical illness myopathy (CIM). No
patients had preexisting neuromuscular disease [91].

Tremor or new-onset hyperkinetic movement disor-
ders, though rare, have been reported in the setting of
COVID-19. A literature survey by Brandao ef al. [41]
identified 93 cases in which myoclonus (63.4%) and ataxia
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(38.7%) were reported as the most prevalent disorders. Op-
soclonus and ocular flutter were found in 20.4 percent of
cases. Miller-Fisher syndrome, a rare variant of GBS in
which patients suffer from sensory ataxia, areflexia, and
ophthalmoplegia, occurred in approximately three percent
of cases [41]. Albuminocytologic dissociation, commonly
found in both GBS and Miller-Fisher syndrome, was found
in one patient’s CSF.

Clinical Outcomes: A review of 118 concurrent
COVID-19 and GBS cases across 23 countries revealed
a male predominance, with 67% of patients being male.
30% of cases resulted in poor outcomes and 6% in deaths.
Most patients (75%) received intravenous immunoglobulin
(IVIG), 8.5% received plasmapheresis, and 6.8% received
some combination of both treatment modalities [92]. An-
other study found that 23.8% of patients were admitted to
the hospital for COVID-19 and either developed GBS dur-
ing hospitalization or were discharged and later readmitted
due to neurologic symptoms. Most patients (76.2%) pre-
sented to the hospital with neurologic symptoms and during
admission tested positive for SARS-CoV-2 infection. Res-
piratory failure was seen in 33.3 percent of cases. Further-
more, GBS was ascribed as the main in half of these cases.
The median time of follow up was 14 days, with 18.9% re-
porting complete recovery, 62.1% reporting some or sig-
nificant improvement in symptoms, and 10.8% of patients
reporting no improvement [93]. Patients with polyneuropa-
thy have also been found to develop sensory ataxia.

Observations of ICUAW have been seen in the post-
acute phase. A case series followed 21 patients admitted to
a rehabilitation center after hospitalization due to COVID-
19. Strikingly, 90.5 percent of patients had clinical deficits
suggestive of neuromuscular disease. 89.5 percent of pa-
tients were found to have abnormalities on EMG and NCS.
ICUAW, particularly CIM, was the most common disor-
der among these patients. Two patients were found to have
GBS [94].

COVID-19 associated myoclonus was accompanied
by confusion and/or delirium [41]. One case of new-
onset rigid-akinetic Parkinsonism was preceded by gener-
alized myoclonus. Patients with myoclonus-opsoclonus-
ataxia syndrome have shown improvement following IVIG
administration. Myoclonus has also successfully been
treated with antiepileptics (levetiracetam) and benzodi-
azepines (clonazepam).

Pathophysiology: In the case of Campylobacter jejuni
induced GBS, a cross-reaction between antibodies against
the bacterium’s lipo-oligosaccharide surface epitopes and
peripheral nerve glycolipids is thought to be responsible
for patient neurologic deficits [86]. Antiganglioside an-
tibodies including anti-GM2 have been implicated as the
etiology of CMV induced GBS [40]. Yet, in the case of
SARS-CoV-2, no known homology between viral and hu-
man proteins exists, making molecular mimicry less likely.
Researchers have speculated that post-translational modifi-
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cation of viral proteins by host cells may allow for signif-
icantly homologous and immunogenic SARS-CoV-2 pro-
teins to arise. A link between GBS and another beta-
coronavirus, Mers-CoV, has been speculated [95]. Acute
inflammatory demyelinating polyradiculopathy (AIDP), a
motor and sensory demyelinating disorder, is the most com-
mon subtype of GBS observed in patients with COVID-19.
Other subtypes, however, including rare variants such as
Miller-Fisher syndrome, have also been observed [92].

ICUAW is subdivided into two major categories: crit-
ical illness polyneuropathy (CIP) or CIM with CIM being
more commonly observed [42,43]. CIM is characterized by
the selective loss of myosin causing myofiber atrophy and
death while CIP is a result of peripheral nerve axonal dys-
function and death, importantly, without a major demyeli-
nating component as seen in GBS. The cause of these patho-
logical processes is not fully understood, however systemic
inflammation, prolonged immobilization, and metabolic
aberrations have all been proposed.

The first case report of COVID-19 as a cause of CIM
was reported on a patient who had failed several sponta-
neous breathing trials after intubation. NCS were not con-
sistent with GBS and CIP, favoring the diagnosis of CIM.
The authors of this report warned that as cases continue to
require long-term ventilation, more cases of [ICUAW would
be seen [44]. Muscle biopsies taken from 3 patients with
CIM demonstrated degenerative processes without signs of
autoimmune or vascular etiology. These findings were sug-
gestive of direct viral damage, as has been observed with
other viral infections including Influenza [45].

Myoclonus, which has previously been shown to oc-
cur following hypoxic or metabolic brain insults, frequently
co-occurred with encephalopathy [41]. Encephalopathy,
as previously discussed, is also commonly found with
hypoxia. One possible pathophysiologic mechanism of
COVID-19 associated myoclonus is a cross-reaction be-
tween anti-viral antibodies and brain stem or cerebellum
neuronal proteins.

Discussion: A link between COVID-19 and autoim-
mune neuromuscular diseases has been difficult to estab-
lish. It is challenging to distinguish respiratory failure due
to GBS from COVID-19 associated lung disease. Elzouki
et al. [92] found that in the majority of cases of respira-
tory failure, GBS was the ascribed etiology. COVID-19 has
been shown to bind sialic acid-containing glycoproteins and
gangliosides, including those found in peripheral myelin
[96]. Spike-protein bound gangliosides may have epitopes
that are shared with peripheral nerve cell membrane sugar
residues, raising the possibility of cross-reactivity due to
molecular mimicry, an established mechanism of Campy-
lobacter jejuni and Zika virus associated GBS [96]. How-
ever, it should also be noted that antibodies commonly as-
sociated with GBS, and related pathologies have not been
found in most cases of COVID-19 associated GBS, suggest-
ing another mechanism entirely may be at play [97].
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An important facet of potential neuromuscular disease
in the spectrum of COVID-19 complications is ICUAW
given both the intense immunologic response and the ex-
tended hospitalization severe disease confers. In vitro mod-
els have shown that sera from CIM patients induce depo-
larization of muscle cell resting membrane potential, de-
crease time to action potential peak, and increase inward
sodium current amplitude. This is thought to be in part
due to prolonged cytokine induced depolarization, which
reduces membrane excitability and the deceleration of mus-
cle fiber conduction velocity [46]. This may help to explain
the high degree of spontaneous activity measured on EMG
reported previously [45]. A case series described two pa-
tients with COVID-19 pneumonia requiring intensive care
treatment who went on to develop severe proximal weak-
ness in all 4 limbs. Both patients were found to have el-
evated serum creatine kinase, indicating muscle damage,
as well as elevated markers of inflammation (CRP and IL-
6). These markers gradually normalized and both patients
made partial recoveries in muscle strength after 6-8 weeks
of rehabilitation. However, both patients reported persis-
tent fatigue during physical activity [47]. A limitation of
the reported studies here is that patients requiring standard
intensive care treatment for severe COVID-19 disease re-
ceive medications (e.g., glucocorticoids and neuromuscular
blocking agents) that have been proposed, though not con-
clusively shown, to be risk factors for developing ICUAW
[98]. Regardless, the mechanistic findings from these and
other studies should spur additional research and help clin-
icians identify cases and start appropriate rehabilitation.

9. Depression, Anxiety and Sleep Disorders

Incidence: COVID-19 has been associated with a
significant increase in mental health disorders. A meta-
analysis of 31 studies of infected patients found 45%, 47%,
and 34% prevalence of depression, anxiety, and sleep dis-
orders, respectively [99]. Mazza et al. [48] surveyed
402 COVID-19 survivors one-month post-discharge, find-
ing that 55.7% of respondents scored in the clinical range
of at least one psychiatric domain that included depression,
anxiety, OCD, or PTSD. A retrospective cohort study of
273,618 COVID-19 survivors found that anxiety and de-
pression are the most frequently cited complaints (22.82%),
occurring more frequently 3 to 6 months post-infection
[100]. Researchers found that females and younger patients
were more predisposed to anxiety and depression.

Clinical Outcome: The majority of infected patients
suffering from depression, anxiety, and sleep disorders
have mild symptoms [99]. Mild depression (33%) had the
highest prevalence, followed by moderate (14%), and se-
vere (7%) depression. Similar trends existed for both anx-
iety and sleep disorders. The prevalence of mild, moder-
ate, and severe anxiety was 29 percent, 12 percent, and 6
percent, respectively. The prevalence of mild, moderate,
and severe sleep disturbances was 20 percent, 16 percent,
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and 2 percent, respectively. Though mild symptoms pre-
dominated, moderate and severe depression were still more
prevalent in infected patients than general society, in which
the prevalence of moderate and severe depression is 5.1 per-
cent and 1.5 percent, respectively. However, suicidality has
not been shown to have necessarily increased during this
pandemic, with a number of studies even finding instead an
apparent decrease in the frequency of suicide attempts and
self-harm [101].

Pathophysiology: Social isolation during the pan-
demic has been posited as exacerbating chronic mental ill-
ness [102]. This phenomenon has been described pre-
viously in the context of other viral outbreaks, including
other coronaviruses [49]. Depression and anxiety are com-
monly reported symptoms that persist beyond the infec-
tious stage of COVID-19. It has been observed that pro-
inflammatory cytokines such as IL-6 are elevated in indi-
viduals with major depressive disorder [50]. Elevation of
inflammatory biomarkers has been associated with sever-
ity of depression and PTSD, as reported in another study
[51]. Yet, another study failed to find a significant associ-
ation between depressive symptom severity and inflamma-
tory markers [48]. Baseline inflammatory markers, such as
CRP, were not shown to be significantly associated with
depression, anxiety, or insomnia. However, the systemic-
immune inflammation index (SII) (SII = platelets X neu-
trophils/lymphocytes) was associated with depression and
anxiety at follow-up. These contradictory results suggest
the need for additional research to elucidate the mechanis-
tic details of the impact of COVID-19 on these neuropsy-
chiatric disorders. Furthermore, there are several literature
reports including review articles that detail a general impact
the pandemic has had on patients with preexisting mental
health issues. The vulnerability of these patients with added
stress factors such as social isolation and overstretched gen-
eral and mental healthcare have been identified as factors
exacerbating conditions such as anxiety and depression and
other neuropsychiatric disorders such as Wilson Disease
[103,104].

Discussion: Depression and anxiety have been re-
ported in many COVID-19 patients months post-infection.
This pandemic has introduced numerous stressors into the
lives of countless individuals. The social isolation and de-
creased access to mental health services experienced by the
general population may have contributed to the increased
incidence of anxiety, depression, and sleep disorders found
in COVD-19 patients. Though certain studies have sug-
gested that a pro-inflammatory state is conducive towards
general depression, a firm consensus has not been reached.
Evidence regarding the link between the COVID-19 in-
flammatory state and the associated depression has also
been contradictory. Furthermore, it is unclear at this time
whether incidence of suicidal behaviors actually increased
over the course of the pandemic.
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10. Seizure

Incidence: Seizure, including status epilepticus and
epileptiform discharges on electroencephalogram (EEG),
has also been reported in the setting of COVID-19. In a
study of EEG changes of infected patients admitted to the
ICU, epileptiform discharges were identified in 37.9 per-
cent of patients [105]. EEG abnormalities were detected in
93.1 percent of patients and specific abnormalities, includ-
ing sharp, spike, and multi-spike, and ictal discharges, were
detected in 37.9 percent of patients. Several studies, how-
ever, found the incidence of COVID-19 associated acute
seizure to be less than one percent [106]. Further research
is needed to accumulate evidence of COVID-19 induced
epilepsy.

Clinical Outcome: Studies have found that 8 to 35 per-
cent of patients with epilepsy who contracted COVID-19
experienced an increase in seizure frequency [106]. Yet,
data from another study did not support a similar increase.
Since older individuals are generally at greater risk of se-
vere COVID-19 illness, it is important to note that one study
with the lowest incidence of exacerbation underrepresented
the proportion of elderly individuals in the sample.

Pathophysiology: Association of a history of clinical
seizures, epilepsy, and stroke with specific EEG findings
has been demonstrated in COVD-19 patients in intensive
care [105]. The study shows that patients with chronic dis-
eases such as hypertension and diabetes had abnormal EEG
findings. A multifactorial etiology of seizure in infected
patients is likely, as studies have found hypoxemia, mul-
tiorgan failure, and metabolic derangements to be present
in many infected patients with seizure [52]. Two patients
with encephalitis (SARS-CoV-2 RNA positive CSF) have
also developed seizures. However, direct neuroinvasion as
a cause of seizure is currently controversial, with a number
of studies failing to find viral RNA in CSF. Elevated lev-
els of inflammatory cytokines, including IL-6, IL-1/3, and
TNF-q, have been found in patients following acute febrile
seizures and a dysregulated cytokine surge in response to
COVID-19 infection has been proposed as a possible etiol-
ogy of seizure [1].

Discussion: Abnormal EEGs have been reported as a
common finding in patients with COVID-19. This has been
observed more frequently in those with a prior history of
seizures. One meta-analysis of hospitalized patients’ EEGs
found a 20.3 percent prevalence of epileptiform discharges.
This proportion was higher in infected patients with a his-
tory of epilepsy or seizures than in those without such a
history (59.5% vs. 22.4%). Abnormal background activ-
ity was seen in 96.1% of all patients. The authors com-
mented that patients who underwent such studies largely
had altered mental status (68.4%) and that EEG changes,
at least in part, may be explained by underlying severe ill-
ness [107]. Clinical seizures and status epilepticus, though
much less frequently reported, have been the presenting fea-
ture of COVID-19. Clinicians should consider EEG moni-
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toring critically ill patients with altered mental status and/or
history of epilepsy.

11. Conclusions

The precise pathophysiology behind the COVID-19
associated disorders detailed above is multifaceted. Across
the spectrum of these neurological sequelae exists a com-
mon theme of neurotropic invasion and concomitant sys-
temic inflammation. Inflammation, hypercoagulation, and
endothelial dysfunction are thought to contribute heavily
to the evolution of acute ischemic stroke. Several studies
have demonstrated greater mortality in COVID-19 associ-
ated stroke [15,54,108]. Interestingly, COVID-19 associ-
ated stroke was not found to result in worse functional out-
comes. The elevated mortality rate among the infected may
be due to virus-induced comorbidity.

Pulmonary dysfunction leading to poor oxygenation
of the brain may explain encephalopathy in the acute phase.
However, other hypotheses have been proposed. Viral in-
vasion of the CNS, mass release of cytokines, and intracra-
nial endothelial damage have all been implicated as poten-
tial etiologies of encephalopathy. Encephalitis has simi-
larly been linked to neuroinvasion, possibly via the olfac-
tory tract, and has been found to be a largely self-limiting
condition that responds well to corticosteroids.

Headache, the most common non-specific neurolog-
ical symptom found in COVID-19 patients may persist
more than four weeks post infection, as in the case of long
COVID. Activation of trigeminal nerve endings, overpro-
duction of pro-inflammatory cytokines, direct CNS inva-
sion, as well as virus mediated hypercoagulation and hy-
poxia all have been invoked as possible mechanisms.

GBS and related autoimmune polyneuropathies have
been observed in a number of patients with COVID-19.
Although a causal link has not been established between
SARS-CoV-2 infection and GBS, molecular mimicry as a
potential mechanism cannot be excluded. Similarly, [UAW
and related neuromuscular diseases have also been reported
in COVID-19 patients. Given the extended hospitalization
patients with severe disease face, these findings are not en-
tirely surprising. Cytokine overproduction has been shown
to cause prolonged muscular depolarization and is therefore
a likely mechanism in COVID-associated ICUAW and its
subtypes.

As the COVID-19 pandemic evolves ultimately reach-
ing the endemic stage, a significant number of patients will
likely encounter Long COVID. A majority of these patients
will not be sick enough to be hospitalized. Considering
some of the symptoms associated with long COVID are
highly subjective and may resemble chronic fatigue or fi-
bromyalgia, a more in-depth knowledge and awareness of
the multiorgan nature of these symptoms will ensure proper
care of the survivors. Nonetheless, COVID-19 research is
a rapidly shifting landscape in which the clinical observa-
tions of today may pave the road to advanced therapeutics,
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enhanced disease management, and improved overall out-
comes.
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