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Abstract

Purpose of Review Coronavirus disease 2019 (COVID-19) has become a global health crisis of our time. The disease arises from
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that binds to angiotensin-converting enzyme 2 (ACE2) recep-
tors on host cells for its internalization. COVID-19 has a wide range of respiratory symptoms from mild to severe and affects
several other organs, increasing the complexity of the treatment. There is accumulating evidence to suggest that SARS-CoV-2
can target the nervous system. In this review, we provide an account of the COVID-19 central nervous system (CNS)
manifestations.

Recent Findings A broad spectrum of the CNS manifestations including headache, impaired consciousness, delirium, loss of
smell and taste, encephalitis, seizures, strokes, myelitis, acute disseminated encephalomyelitis, neurogenic respiratory failure,
encephalopathy, silent hypoxemia, generalized myoclonus, neuroleptic malignant syndrome and Kawasaki syndrome has been
reported in patients with COVID-19.

Summary CNS manifestations associated with COVID-19 should be considered in clinical practice. There is a need for modi-
fication of current protocols and standing orders to provide better care for COVID-19 patients presenting with neurological

symptoms.
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Abbreviations

ACE2 Angiotensin-converting enzyme 2
ADEM Acute disseminated encephalomyelitis
ANE Acute necrotizing encephalopathy
CNS Central nervous system
COVID-19 Coronavirus disease 2019
CSF Cerebrospinal fluid
CT Computed tomography
DWI Diffusion-weighted imaging
EEG Electroencephalography
FLAIR Fluid-attenuated inversion recovery
ICH Intracerebral hemorrhage
ICU Intensive care unit
IeG Immunoglobulin G
IegM Immunoglobulin M
IL-6 Interleukin 6
MCA Middle cerebral artery
MERS-CoV  Middle East respiratory
syndrome coronavirus
MRI Magnetic resonance imaging
NIHSS National Institute of Health stroke scale
OR Odds ratio
PCR Polymerase chain reaction
RAS Renin-angiotensin system
RNA Ribonucleic acid
SAH Subarachnoid hemorrhage
SARS-CoV Severe acute respiratory
syndrome coronavirus
SARS-CoV-2 Severe acute respiratory syndrome
coronavirus 2
SE Status epilepticus
TMPRSS2 Transmembrane protease, serine 2
WHO World Health Organization
Introduction

A new strain of coronavirus, named severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), was identi-
fied in patients with pneumonia in Wuhan, China, in
December 2019. Subsequently, the corresponding disease
was named coronavirus disease 2019 (COVID-19). On
October 7, 2020, according to the World Health
Organization (WHO), the number of confirmed cases
and the corresponding deaths were 35,537,491 and
1,042,798, respectively [1]. Common symptoms of
COVID-19 are shortness of breath, cough, fever, fatigue,
anosmia, hypogeusia, sore throat, chest tightness, anorex-
ia, myalgias, dyspnea, sputum production, hemoptysis,
diarrhea, vomiting, nausea, and abdominal pain [2].
Although the most common and important presentation
of COVID-19 is a respiratory disease, reports of central
nervous system (CNS) manifestations are increasing.
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These manifestations appear to be a combination of non-
specific CNS symptoms, non-specific systemic disease
complications, the effects of direct viral infection, or in-
flammation of the nervous system and vasculature with a
para-infectious or post-infectious mechanism. Therefore,
the pathophysiology of the observed symptoms could be
due to direct infection or an abnormal immune reaction.
Given the existing knowledge of other coronaviruses, the
wide range of CNS complications with COVID-19 is not
surprising, as several reports suggest these associations
[3]. Well-designed clinical, diagnostic, and epidemiologi-
cal studies are needed to better define the CNS manifes-
tations associated with COVID-19 and to establish wheth-
er the observed symptoms are causal or coincidental. The
present review highlights the reported COVID-19-associ-
ated CNS manifestations for helping practitioners who
treat these patients.

Preliminary Estimates
of COVID-19-Associated CNS Manifestations

Currently, definite estimates of COVID-19-associated CNS
manifestations are not available. Although reports of neuro-
logical manifestations in COVID-19 patients are increasing in
the literature, it is not certain if these manifestations can be
considered a direct effect or coincidental. The challenges in
managing an overwhelming number of patients with a highly
contagious infection, absence of comprehensive studies such
as cerebrospinal fluid (CSF)/tissue analysis and imaging, or
longitudinal follow-up make the accuracy of these estimates
questionable.

Previous coronaviruses such as the severe acute respiratory
syndrome coronavirus (SARS-CoV) and Middle East respira-
tory syndrome coronavirus (MERS-CoV) showed rare neuro-
logical complications [4]. A conservative estimate of the prev-
alence of CNS complications ranged from 0.04 for SARS-
CoV to 0.20% for MERS-CoV [3]. However, the scale of
the COVID-19 pandemic means that even a low-rate neuro-
logical complication can lead to a large number of cases. In a
study conducted by Mao et al. in Wuhan, China [5], 36.4% of
214 COVID-19 patients presented with neurologic manifesta-
tions. Ellul et al. [3] argued that with approximately 4.8 mil-
lion cases of COVID-19 globally (at the time of their publica-
tion on May 19, 2020), the prevalence projects to a total of
1805 to 9671 patients with CNS complications. However,
their estimate did not include the increasingly stroke-
associated COVID-19 complications. Considering the fact
that the total number of COVID-19 cases is over seven times
larger than at the time of Ellul et al.’s publication [3] and
taking into account the number of stroke cases, the total num-
ber of CNS complications due to COVID-19 is significantly
higher than previous estimates.
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Neurotropism of SARS-CoV-2

Genetically, SARS-CoV-2 is akin to SARS-CoV and
MERS-CoV. SARS-CoV-2 utilizes angiotensin-
converting enzyme 2 (ACE2) receptors on host cells
for its internalization. The spike (S) glycoprotein, a
structural protein on the SARS-CoV-2 outer envelope,
is activated by transmembrane protease, serine 2
(TMPRSS2), allowing the virion to bind to ACE2
[6°¢]. The S glycoprotein priming depends in part upon
the endosomal cysteine proteases cathepsin B and ca-
thepsin L [7]. The virus thereafter affects the nervous
system through several mechanisms such as disturbance
of renin angiotensin system (RAS). Fig. 1 depicts a
schematic process of the SARS-COV-2’s internalization,
proliferation in the cell, and influence on RAS. ACE2 is
present in several organs and in endothelial and arterial
smooth muscle cells [8—12]. More to the point, ACE2 is
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encoded in astrocytes, oligodendrocytes, and neurons.
ACE?2 has been also discovered in substantia nigra, ven-
tricles, middle temporal gyrus, the posterior cingulate
cortex, and the olfactory bulb [13]. Such widespread
expression in the brain has led to speculation that, like
SARS-CoV, SARS-CoV-2 has the potential to infect
neurons and glial cells in the CNS [14].

Viruses can cross the blood-brain barrier through sev-
eral mechanisms such as transcellular, paracellular, and
retrograde axonal transport along sensory and olfactory
nerves [15]. How SARS-CoV-2 affects the brain is not
fully understood. A possible mechanism of entry of the
virus into the brain is axonal transport via the cribriform
plate, adjacent to the olfactory bulb [16, 17], as well as
viremia via systemic spread [18]. The slow circulation
in the brain capillaries can also facilitate the interaction
of the viral S glycoprotein with the ACE2 on brain
endothelial cells.
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Fig. 1 Schematic process of the SARS-CoV-2’s internalization,
proliferation in the cell, and influence on RAS. Endocytosis of SARS-
CoV-2 occurs when the viral S glycoprotein binds to ACE2, with the help
of TMPRSS?2 and Cat B and Cat L. Viral gene expression is done in the
nucleus. SARS-CoV-2 causes mitochondrial dysfunction and
downregulates ACE2, which in turn under-activates the RAS alternative
pathway (ACE2-Ang-(1-7)-Mas). Consequently, under-activation of the
alternative axis brings about over-activation of the classical RAS pathway
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Gene expression

.

(ACE-Ang II-ATIR). The resultant imbalance in neuroinflammation,
oxidative stress, thrombotic response, and vasodilation can be involved
in the pathophysiology of CNS manifestations associated with COVID-
19. Abbreviations: SARS-CoV-2: severe acute respiratory syndrome
coronavirus 2, RAS: renin-angiotensin system, ACE2: angiotensin-
converting enzyme 2, TMPRSS2: Transmembrane protease, serine 2,
Cat B: Cathepsin B, Cat L: Cathepsin L, Ang: angiotensin, Mas: Mas
receptor, AT1R: angiotensin 1 receptor
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CNS Manifestations Associated
with COVID-19

Headache

Headache is a possible symptom in any systemic viral infec-
tion such as SARS-CoV-2. In COVID-19, headache usually
coincides with fever. Headache has been reported in 6.5—
14.1% [2, 5, 19-23, 24e] of COVID-19 cases. Headache
could be related to the cytokine storm in SARS-CoV-2 infec-
tion [25], though further studies are needed to better under-
stand the link. It is suggested that ibuprofen has a potential to
increase ACE2 expression, which may enhance SARS-CoV-2
infection [26, 27]. However, this assertion was not supported
by another study [28]. Therefore, there is currently no evi-
dence to support the cessation of use of non-steroidal anti-
inflammatory drugs if indicated for COVID-19 patients with
headache.

Impaired Consciousness

Patients with COVID-19 experience an impaired level of con-
sciousness, which may reflect the disease severity. Viral en-
cephalitis, septic encephalopathy, metabolic perturbation,
stroke, and seizures with post-ictal confusion can be underly-
ing causes of impaired consciousness [29]. In the study by
Mao et al. [5], 6 (7.5%) of 214 COVID-19 patients had im-
paired consciousness. Moreover, comparing severe (1 = 88)
and non-severe (n=126) cases, 13 (14.8%) and three (2.4%)
patients showed impaired consciousness, respectively. Chen
et al. [2] showed that of 113 COVID-19 patients, 25 (22%)
patients died, and only one (1%) who recovered experienced
impaired consciousness. In another study, impaired con-
sciousness was seen in 19.6% of 841 patients with COVID-
19, mostly in older patients and in severe cases [24+]. Kremer
et al. [30] evaluated 37 COVID-19 patients presenting with
neurological manifestations with relevant abnormal brain
magnetic resonance imaging (MRI) and found that 27 (73%)
of the patients experienced impaired consciousness. COVID-
19—related impairment of consciousness is probably due to
toxic or septic encephalopathy, a reversible brain dysfunction
syndrome caused by factors such as systemic inflammatory
response syndrome related to toxemia and hypoxia during the
process of acute pulmonary infection [31].

Agitation and Delirium

Agitation and delirium have been reported in COVID-19
cases [32, 33]. In a study by Helms et al. [34¢], agitation
was observed in 40 (69%) of 58 COVID-19 patients after
neuromuscular blockade treatment was discontinued. Of these
40 patients, 26 (65%) experienced delirium. Kremer et al. [30]
reported that seven (19%) and 12 (32%) of the COVID-19
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patients experienced agitation and confusion, respectively.
Chen et al. [22] reported that confusion was present in 10%
0f 99 COVID-19 patients in China. Therefore, the implemen-
tation of bedside delirium prevention and management proto-
cols should be considered a priority for COVID-19 patients
[35], where hyperactive delirium may require more aggressive
management [36]. Haloperidol, risperidone, olanzapine, and
quetiapine relieve symptoms of delirium. However, doses
should be kept as low as possible to minimize adverse effects.
Moreover, it should be noted that the atypical antipsychotics,
paliperidone, and ziprasidone are associated with a higher risk
of akathisia [37]. Benzodiazepines can also be co-
administered with antipsychotics in patients who tolerate low-
er doses of either medication or have prominent anxiety, agi-
tation, or neuroleptic-induced akathisia. However, unneces-
sary sedation should be avoided as it could worsen hypoactive
delirium [38]. Elderly patients may present primarily with
hypoactive delirium [38, 39]. A high degree of suspicion
may be particularly important in long-term facilities where
many residents have comorbidities such as dementia. This
highlights the need for longitudinal studies, especially in older
patients, as delirium is linked to the early stage of Alzheimer’s
disease [40]. Because SARS-CoV-2 causes delirium in a sig-
nificant proportion of patients in the acute stage, clinicians
should also be aware of the possibility of the development
of depression, anxiety, fatigue, post-traumatic stress disorder,
and rarer neuropsychiatric syndromes [41].

Hypogeusia/Dysgeusia and Hyposmia/Anosmia

Hypogeusia/dysgeusia and hyposmia/anosmia are some of the
typical symptoms [24ee, 42, 43] and the main neurological
manifestations of COVID-19 [44]. The loss of smell may be
due to axonal transport of SARS-CoV-2 to the brain via the
cribriform plate, adjacent to the olfactory bulb [15], where
MRI studies have demonstrated signal abnormality in both
olfactory bulbs and in the posterior portion of the right gyrus
rectus [45].

An online survey of 4039 participants with a history of
COVID-19 showed that taste, smell, and chemesthetic func-
tions significantly decreased during the infection period [46].
Loss of smell and/or taste have been reported in several stud-
ies [5, 16, 17, 47-51]. Using a reporting tool, 237 patients
with a history of COVID-19 were investigated for anosmia
[52]. In 73% of the patients, anosmia onset was recognized
prior to a COVID-19 diagnosis, while anosmia was the initial
symptom in 26.6% of the patients. Twenty-seven percent of
the patients with anosmia showed some improvement within
an average of 7.2 days.

Among 59 Italian COVID-19 patients, 20 (33.9%) and
11 (18.6%) had a taste or olfactory disorder or both, re-
spectively [49]. ALBACOVID registry, a Spanish study,
reported that anosmia and dysgeusia were seen in 4.9%
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and 6.2% of COVID-19 patients in the early stages of the
disease [24e¢]. In the UK, among 7178 COVID-19 pa-
tients, loss of smell and taste was self-reported by
65.03% of patients [50]. Hypogeusia was observed in 12
(5.6%) of 214 patients in Wuhan, China [5]. A multicen-
ter European study [53] showed that 85.6% and 88.0% of
COVID-19 patients had olfactory and gustatory dysfunc-
tions, respectively. In a retrospective study on 1206
COVID-19 patients in Wuhan [54], loss of taste and smell
was reported in 20.6% and 11.4% of the patients, respec-
tively. In a retrospective study in Iran [55], 98% of 60
patients with COVID-19 showed some degrees of smell
dysfunction. In a case-control study of 1480 patients with
influenza-like symptoms [56¢], loss of smell and taste was
observed in 68% and 71% of COVID-19 patients, respec-
tively, and in 16% and 17% of COVID-19-negative pa-
tients, respectively. Patients with loss of smell and taste
are roughly ten times more likely to have COVID-19 (ad-
justed odds ratio [OR] for smell loss = 10.9; adjusted OR
for taste loss =10.2) [56°].

Limited evidence-based treatments exist for anosmia
[57]. Smell and taste dysfunctions are self-limiting in the
majority of COVID-19 patients and do not require specif-
ic treatments, as the symptoms resolved on recovery. It
has been reported that approximately 80% of 1206 pa-
tients with COVID-19 recovered from smell and taste
dysfunction within 2 weeks [54].

Seizures

There is a risk of COVID-19 patients developing seizures due
to electrolyte derangements, hypoxia, organ failure, and cere-
bral insults. An early case report [58] described a 30-year-old
COVID-19 patient with generalized tonic-clonic seizures with
no history of drug and alcohol abuse with normal MRI and
CSF studies. Moriguchi et al. [59°] also reported a 24-year old
COVID-19 case with no history of mesial temporal sclerosis
or seizures who had a 1-min transient generalized seizure with
subsequent MRI changes in the right temporal mesial tempo-
ral lobe. Lu et al. [60] studied the incidence and risk of acute
symptomatic seizures among 304 patients during acute
SARS-CoV-2 infection. Even though no new acute symptom-
atic seizures were observed, subclinical seizures could have
been missed due to absence of electroencephalography
(EEG). Contrary to findings of this study, Mao et al. [5] ob-
served seizures in 0.5% of 214 patients with COVID-19 in
Wuhan, China. In Spain, one of 841 patients with COVID-19
experienced seizures [24e°].

In the COVID-19 pandemic era, due to the decreased use of
EEG to reduce staff exposure and utilization of personal pro-
tective equipment, it is important to note that there may be an
occurrence of undetected non-convulsive seizures while pa-
tients are sedated. However, there is currently an increased

awareness of the use of rapid response EEG, an eight-
channel headband EEG system (Ceribell, Mountain View,
CA) that lessens additional exposure to the staff in the room
with the patient [61]. For reducing staff exposure, medical
centers should consider the use of protective intubation boxes
(also called aerosol shield boxes) for the electrode placement
as an extra protective measure for the EEG technicians.

EEG may have clinical application in the management of
COVID-19, particularly among those admitted to intensive
care units (ICUs). In a study of 22 critically ill COVID-19
patients, 19 underwent continuous EEG monitoring for 24 h
and two of them had electrographic seizures [62]. In a differ-
ent study, eight of 22 COVID-19 patients had frontal sharp
waves [63]. Elsewhere, two COVID-19 patients with seizure-
like activity were reported [64]. On EEG, the first patient
showed rhythmic discharge in right fronto-central/vertex re-
gion corresponding to clonic movements of the left arm. The
second patient showed rhythmic discharges evolving in the
left frontotemporal region and spreading anteriorly and poste-
riorly corresponding to right facial clonic movements. These
findings highlight the importance of continuous EEG moni-
toring in COVID-19 patients with altered consciousness.

So far, no detailed reports of management of status epilep-
ticus (SE) in COVID-19 patients are available. Vollono et al.
[65] reported a COVID-19 patient with prior history of epi-
lepsy admitted with focal SE. CSF analysis and head comput-
ed tomography (CT) were normal. However, the patient’s
MRI scan demonstrated extensive gliosis and atrophy with
the involvement of the left temporoparietal lobe. The absence
of new cerebral lesions confirmed by diffusion-weighted im-
aging (DWI) and contrast MRI suggests the possibility that SE
might have been coincidental with COVID-19. Another case
series showed that de novo SE can be the initial presentation in
patients presenting with altered mental status, but otherwise
asymptomatic COVID-19. McAbee et al. [66] reported a
COVID-19 case with SE and CSF evidence for encephalitis
in an 11-year-old male presenting with generalized weakness.

At this stage, in the absence of further evidence, SE occur-
ring during the COVID-19 pandemic should be diagnosed,
classified, and treated according to current guidelines [67]. It
is important to build up a COVID-19 safe fast-track for SE.
When treating epilepsy in a patient with SARS-CoV-2 infec-
tion, it is important to check the pharmacological interactions
between antiseizure medications and drugs for COVID-19
treatment. Special attention should be paid to carbamazepine,
phenytoin, phenobarbital, and primidone [68]. Lorazepam,
levetiracetam, valproate, lacosamide, topiramate, and thiopen-
tal have no reported interactions with the proposed antiviral
therapy agents (https://www.covid19-druginteractions.org/
checker and https://www.who.int/). Ketamine may
potentially be useful in cases of SARS-CoV-2 infection with
resistant SE [69] to inhibit N-Methyl-p-Aspartate (NMDA)
mediated spreading cortical depression [70, 71].
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Meningitis/Encephalitis

There are few reports of meningitis and encephalitis in
patients with COVID-19, although it remains unclear
whether these are secondary to direct infection or para-
infectious immune-mediated disease. The first evidence of
meningitis/encephalitis in COVID-19 was reported in a
Japanese man with altered mental status and transient gen-
eralized seizures [59+]. An MRI showed hyperintensity in
the right lateral ventricle wall of the hippocampus and
right mesial temporal lobe. SARS-CoV-2 ribonucleic acid
(RNA) was not detected in the nasopharyngeal swab;
however, the CSF was positive for the RNA suggesting
that this may have been a potential case of infectious
meningoencephalitis.

A Chinese case of COVID-19 was also clinically diag-
nosed as encephalitis but had negative CSF SARS-CoV-2
[72]. Another case report [73] described a 41-year-old obese
female COVID-19 patient presenting with headache, fever,
and seizure. While her sensory examination and the head CT
were unremarkable, the encephalopathy worsened with hallu-
cinations and disorientation and became lethargic and agitat-
ed. Her EEG demonstrated generalized slowing without epi-
leptiform discharges after receiving levetiracetam. She report-
edly had isolated meningoencephalitis without respiratory in-
volvement. However, a CSF SARS-CoV-2 RNA test was not
performed in her case. In a retrospective study in Spain [24s¢],
encephalitis was seen in one of 841 COVID-19 patients.
Bernard-Valnet et al. [74] reported two COVID-19 patients
with meningoencephalitis. The first patient was a 64-year-old
woman presenting with a tonic-clonic seizure. EEG showed
non-convulsive, focal SE. The patient’s MRI was unremark-
able, but her CSF analysis revealed aseptic viral meningoen-
cephalitis. The second patient was a 67-year-old woman with
drowsiness and confusion. She was disoriented with aggres-
siveness, left hemianopia, and sensory hemineglect on neuro-
logical evaluation while her motor function was preserved.
Her MRI was unremarkable and her lumbar puncture demon-
strated lymphocytic pleocytosis. SARS-CoV-2 RNA was not
detected in her CSF.

It is important to note that the failure to detect SARS-CoV-
2 RNA in CSF does not necessarily rule out direct CNS in-
fection. Most COVID-19 studies failed to detect SARS-CoV-
2 in the CSF samples of the COVID-19 patients with neuro-
logical manifestations. Such a failure may have justifications.
The virus may be cell-bound without entering the CSF or at
concentrations below the level of detection of the testing
method [14]. In addition, the presence of hem products owing
to the breakdown of erythrocytes in the CSF can interfere the
PCR tests for detecting SARS-CoV-2 [14]. Viruses can be
associated with limited viremia in blood and CSF. SARS-
CoV-2 RNA can only be detected from blood in 1% of the
actively infected cases [75].
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In a recent study, Benameur et al. [76] reported three pa-
tients who had COVID-19 with severe symptoms affecting
cortical and brainstem functions. They proposed that CSF
assessment can improve the distinction between neurologic
involvement of SARS-CoV-2 (or neuro-COVID) and neuro-
logic symptoms resulting from other COVID-related causes.
Although they did not detect SARS-CoV-2 RNA from the
patients’ CSF, they found increased levels of CSF anti-S1
immunoglobulin M (IgM) associated with selective CSF cy-
tokine alterations. Increased levels of CSF IgM are more com-
monly found as evidence for CNS infection than viral recov-
ery in other encephalitides, including those for infection with
Japanese encephalitis virus [77], dengue virus [77], human
parvovirus [78], and rabies virus [79]. Demonstration of intra-
thecal synthesis of immunoglobulin G (IgG) via a serum/CSF
IgG index or a fourfold increase in CSF titer compared to
serum can also serve as evidence for CNS infection and can
be more sensitive than polymerase chain reaction (PCR) as is
the case with the varicella-zoster virus [80]. CSF SARS-CoV-
2 serology testing can be considered in these patients in addi-
tion to routine PCR as an alternative method for demonstrat-
ing CNS infection. Having said that, at this time, it remains
unclear whether SARS-CoV-2 causes infectious meningoen-
cephalitis and if so which CSF assay is most sensitive.
Demonstrating the presence of the virus on histopathology
can help in establishing neuroinvasion. In autopsy studies of
18 consecutive patients who died from COVID-19, the virus
was detected at low levels in six brain samples of five patients
[81]. However, the authors speculated that the positive tests
might have been due to in situ virions or viral RNA from
blood.

Although direct infection remains a potential cause of me-
ningoencephalitis, alternative autoimmune mechanisms have
been postulated, where some of these patients have been re-
ported to respond to treatment with methylprednisolone, plas-
ma exchange, or intravenous immunoglobulin [82].

Myelitis

To the best of our knowledge, myelitis has been mentioned
only in two case reports. A 28-year-old COVID-19 female
patient in Denmark experienced lower back pain, bilateral
symmetric upper and lower extremity numbness, numbness
of the tongue, and urinary retention [83]. CSF analysis
showed 125/ul mononuclear cells (reference range 0-5/pl)
and negative antibodies. Spine MRI demonstrated widespread
elongated signal alteration in the spinal cord to the conus
medullaris with the involvement of the medulla. The patient
had no visual symptoms of vision loss or pain in the eyes that
are routinely observed in patients with neuromyelitis optica or
multiple sclerosis, nor the immunological hallmarks (i.e., IgG
auto-antibodies or oligoclonal bands) of such diseases.
Furthermore, her anti-nuclear antibody test was negative.
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Zhao et al. [84] also reported that a 66-year-old man with
COVID-19 presented with acute flaccid paralysis of both low-
er limbs, a sensory level at T10, and urinary and bowel incon-
tinence consistent with post-infectious acute myelitis. CSF
and imaging could not be obtained and a diagnosis of
parainfectious myelitis was made on clinical grounds. A 61-
year-old female developed flaccid quadriparesis with bilateral
extensor responses in the setting of COVID-19 [85]. An MRI
scan demonstrated an extensive intramedullary signal extend-
ing throughout the entire length of the cervical spinal cord.
CSF analysis showed an elevated protein but normal cell
count. The CSF test for SARS-CoV-2 RNA was negative.
She did not respond to intravenous methylprednisolone and
had only limited response to plasma exchange.

Acute Disseminated Encephalomyelitis

A case report by Zhang et al. [86] presented a COVID-19
patient with acute disseminated encephalomyelitis (ADEM).
The patient was a woman in her early 40s with dysphagia,
dysarthria, and encephalopathy. She showed a right gaze pref-
erence, a mild left facial droop, and mildly decreased equal
bilateral muscle strength. The head CT showed evidence of
multifocal patchy areas of white matter hypodensities. MRI
studies showed extensive patchy areas with an abnormal sig-
nal in the anterior temporal lobes, bilateral frontoparietal white
matter, thalami, basal ganglia, and external capsules. DWI
showed changes in these foci and corresponding apparent dif-
fusion coefficient alterations with questionable minimal
enhancement.

A 51-year-old woman with COVID-19 experienced coma
and an impaired oculocephalic response to one side [87]. Her
muscle tone was flaccid, and the extremities failed to move
spontaneously or to noxious stimuli. Muscle stretch reflexes
were depressed; even so, plantar responses were neutral. A
brain MRI demonstrated scattered hyperintense lesions on
fluid-attenuated inversion recovery (FLAIR) and DWI in deep
hemispheric and juxtacortical white matter. Repeated FLAIR
MRI showed a hyperintensity of the left frontal juxtacortical
white matter indicating mild enhancement. Four oligoclonal
bands were present in both CSF and serum samples.

A 64-year-old woman with anosmia and ageusia developed
bilateral vision impairment associated with a sensory deficit
on her right leg [51]. Her brain and spine MRI scan showed
multiple lesions of the brain, which were associated with a
single spinal cord lesion at the T8 level and with the enhance-
ment of optic nerves. CSF analysis showed lymphocytic
pleocytosis with 22 cells/mm’, mostly CD3*CD4* T-cells,
with mild hyperproteinorrachia, and identical IgG oligoclonal
bands in serum and CSF. The viral test was negative on the
nasal swab, while positive on the CSF sample. Her serum
sample was positive for anti-SARS-CoV-2 IgG.

There is also a neuropathology report of COVID that
showed a spectrum of vascular and ADEM-like pathology
[88]. On autopsy, hemorrhagic white matter lesions were
found throughout the cerebral hemispheres having surrounded
axonal injury and macrophages. It was demonstrated that the
subcortical white matter had a range of associated axonal in-
jury, scattered clusters of macrophages, as well as a
perivascular ADEM-like appearance. Focal microscopic areas
of necrosis with central loss of white matter and marked axo-
nal injury were also documented. Treatment with high-dose
steroids and plasma exchange has been attempted in these
cases with variable outcomes.

Encephalopathy

Galanopoulou et al. [63] studied 28 individuals suspected of
COVID-19. Twenty-two were tested positive for SARS-CoV-
2. The most common indication for EEG was encephalopathy
(68.2%) and seizure-like events (63.6%). Sporadic epilepti-
form discharges were seen in 40.9% of the patients, but
electrographic seizures were not observed.

Acute Necrotizing Hemorrhagic Encephalopathy

In a COVID-19 patient, acute necrotizing encephalopathy
(ANE) with bilateral hemorrhagic lesions in the medial tem-
poral lobes, and subinsular areas has been reported [89].
Another case was reported with predominant brainstem in-
volvement in a 59-year-old woman who also suffered from
aplastic anemia [90]. Despite occurring in the setting of infec-
tion, ANE is not generally considered to be caused by
neuroinvasive diseases, since CSF parameters are commonly
within normal limits and a pathogen is not usually detected on
CSF or histopathology. Although the exact pathophysiology
remains obscure, ANE likely results from cytokine-mediated
brain injury in genetically vulnerable individuals [91].

Hypoxic Necrotizing Leukoencephalopathy

A 50-year-old man with COVID-19 experienced considerable
depressed mental status, as well as occasional diffuse myo-
clonic movements after hypoxia [92]. On examination, he
showed preserved brainstem reflexes with equal sluggishly
reactive pupils without grimace or response to noxious stimuli
in the extremities. His EEG demonstrated moderate general-
ized slowing without epileptiform discharges. Head CT
showed symmetric confluent hypodensities involving
supratentorial white matter. MRI findings reflected extensive
areas of white matter demyelination with areas of active de-
myelination (geographic margins of reduced diffusion) and
presumed central regions of necrosis (T2 heterogeneity).
Solomon et al. [81] carried out histopathological examina-
tions of brain specimens collected from 18 patients who died
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from COVID-19. They demonstrated that acute hypoxic-
ischemic damage was present in the brain specimens without
any evidence of encephalitis or other specific brain alterations
associated with SARS-CoV-2 infection.

Posterior Reversible Leukoencephalopathy

Kishfy et al. [93] reported two cases of COVID-19 with pos-
terior reversible leukoencephalopathy. The first patient was a
58-year-old man in whom MRI indicated hyperintensity in-
volving subcortical white matter in both occipital and tempo-
ral lobes, while his head CT demonstrated the presence of
subarachnoid hemorrhage (SAH). The second patient was a
67-year-old woman with MRI demonstrating hyperintense fo-
ci involving the subcortical white matter of the right occipital
lobe and the left cerebellar hemisphere. Susceptibility weight-
ed imaging indicated petechial hemorrhage.

A 38-year-old man, infected with SARS-CoV-2, devel-
oped acute confusion with agitation and bilateral vision loss
[94]. His brain MRI showed bilateral (especially left occipital,
frontal cortical white matter, and splenium of corpus
callosum) hyperintensities on FLAIR sequence indicating
vasogenic edema similar to posterior reversible
leukoencephalopathy.

Parauda et al. [95] reported four COVID-19 patients with
posterior reversible leukoencephalopathy. All the four patients
required mechanical ventilation and were admitted to ICU.
The patients showed persistent confusion, lethargy, new focal
neurological deficits, or seizures (evidence of seizures on EEG
in two patients). Imaging studies demonstrated evidence of
cerebral vasogenic edema and leukoencephalopathy. All the
patients had history of hypertension and renal injury in addi-
tion to systemic hypercoagulability and systemic
inflammation.

The non-contrast head CT of a 59-year-old COVID-19
patient indicated symmetric hypoattenuation of the posterior
subcortical cerebral white matter and external capsules [96].
His further MRI studies showed greater hyperintensity with
high diffusivity in the subcortical regions than deep cerebral
white matter, external and internal capsules, and cerebellar
white matter. Moreover, a hyperintense signal without restrict-
ed diffusion was found in the deep gray matter. Posterior
reversible leukoencephalopathy was subsequently diagnosed.

Diffuse Leukoencephalopathy and Microhemorrhages

Brain CT scan of a 59-year-old COVID-19 patient with severe
agitation demonstrated a noticeable hypoattenuation of the
bilateral cerebral hemispheric white matter and corpus
callosum. Subsequent MRI scan showed diffuse, confluent
posterior predominant white matter hyperintensities, scattered
microhemorrhages, and apparent posterior circulation
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hyperperfusion, without diffusion restriction and abnormal
enhancement [97].

In a study performed in New York [98], 11 critically ill
COVID-19 patients with persistently depressed mental status
were assessed and diagnosed as having diffuse
leukoencephalopathy and microhemorrhages. Confluent T2
hyperintensity and mild restricted diffusion in bilateral
supratentorial deep and subcortical white matter in ten cases
and multiple punctate microhemorrhages in seven cases were
observed.

Hypoxic Ischemic Encephalopathy

In Tonji hospital in Wuhan, hypoxic encephalopathy was ob-
served in 23 (20%) of 113 deceased COVID-19 patients [2].
Hypoxic encephalopathy was seen more frequently in the de-
ceased than survived patients, indicating its possible associa-
tion with the mortality.

Generalized Myoclonus

Generalized myoclonus was described in three patients (ages
63 to 88 years) as an apparent post-SARS-CoV-2 infection
complication [99]. The myoclonus could not be explained
by hypoxia, metabolic cause, or drug effect. The patients were
treated symptomatically with levetiracetam, valproate, clonaz-
epam, and/or propofol sedation, and appeared to recover grad-
ually with immunotherapy (methylprednisolone and/or plas-
ma exchange).

Strokes

Stroke may have significant interaction with COVID-19.
Patients with COVID-19 may have multiple vascular risk fac-
tors and comorbidities that can potentially increase the length
of hospital stay and ICU admissions.

Several studies have reported strokes in COVID-19 pa-
tients. In a study in Wuhan, acute cerebrovascular diseases
were found in 2.8% of 214 COVID-19 patients. They includ-
ed four ischemic stroke patients and one intracerebral hemor-
rhage (ICH) patient with severe COVID-19, compared to one
ischemic stroke with non-severe COVID-19 (5.7% vs 0.8%,
respectively) [5]. In another study conducted in Wuhan, cere-
brovascular diseases were seen in 5.1% of 138 COVID-19
patients [19]. Li et al. [100] studied 219 COVID-19 patients
in Wuhan and showed 10 (4.6%) had an acute ischemic stroke
and 1 (0.5%) had ICH. Another Chinese study indicated that
cerebrovascular disease was present in 1.4% of 1099 patients
with laboratory-confirmed COVID-19 from 552 hospitals in
30 provinces [23]. Stroke was reported in 2 (1.4%) of 143
COVID-19 patients in Italy by Carfi et al. [101]. In Spain,
cerebrovascular diseases were seen in 14 (1.7%) of 841
COVID-19 patients including 11 patients with ischemic stroke
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and three patients with ICH [24e¢]. These patients may devel-
op a more severe coagulopathy defined as COVID-19-asso-
ciated coagulopathy, which may arise from inflammation, in-
cluding inflammatory cytokine storm [6¢¢]. Furthermore,
SARS-CoV-2 induces downregulation of ACE2, which
overactivates the classical RAS axis and underactivates the
alternative RAS signaling in the brain [6°¢]. The consequent
imbalance in oxidative stress, vasodilation, neuroinflamma-
tion, and thrombogenesis may contribute to stroke pathophys-
iology of COVID-19 [6°°].

Ischemic Stroke

Helms et al. [34¢] reported that ischemic stroke was present in
three of 13 COVID-19 patients. Klok et al. [102] demonstrat-
ed that three of 184 COVID-19 patients admitted to the ICU
had an ischemic stroke. Zhang et al. [103] reported three pa-
tients with COVID-19 had multiple arterial thromboses of the
brain and upper and lower extremities, which were associated
with antiphospholipid antibodies. Avula et al. [104] reported
four COVID-19 patients with ischemic stroke.

In a study from New York, 32 (0.9%) of 3556 patients with
COVID-19 developed ischemic stroke [105]. Cryptogenic
stroke was significantly higher in COVID-19 patients
(65.6%) than in contemporary (30.4%) and historical controls
(25.0%). Stroke patients with COVID-19 were more likely to
be younger men with higher admission National Institute of
Health Stroke Scale (NIHSS) score, elevated troponin levels,
higher erythrocyte sedimentation rate values, higher D-dimer
levels, and a higher mortality rate, compared with stroke-only
controls.

Oxley et al. [106] reported five COVID-19 patients (youn-
ger than 50 years of age) with large vessel strokes. Zhao et al.
reported a COVID-19 male patient with left hemiparesis be-
cause of large blood vessel occlusion and acute cerebral in-
farction [107]. Also, a 79-year-old female patient presented
with left middle cerebral artery stroke [108]. While she had no
concomitant COVID-19 symptoms, SARS-CoV-2 was found
in her post-mortem nasal and pharyngeal swab test.

Hemorrhagic Strokes

A 79-year-old man with a history of fever and cough with
acute loss of consciousness was diagnosed with COVID-19.
His head CT scan showed a massive ICH and SAH [109]. A
38-year-old male patient with fever, cough, and shortness of
breath was shown to be positive for parainfluenza-2 and
COVID-19 [110]. He required extracorporeal membrane ox-
ygenation due to acute respiratory distress syndrome and suf-
fered ICH. In a study in New York on 33 COVID-19 patients
with ICH [111], 5 (15.2%) patients who all died had large
hematoma volume and herniation with diffuse hypoxic-
ischemic injury. Of the remaining 28 patients, 7 (25%)

experienced punctate hemorrhages, 17 (60.7%) showed small
to moderate size hemorrhages, and 4 (14.3%) suffered from a
large single hemorrhage without herniation. Twenty-six of the
remaining 28 patients (92.9%) had suffered hemorrhagic
transformation of an ischemic infarct. Behzadnia et al. [112]
assessed 47 Iranian COVID-19 patients with stroke. In this
study, 23 patients had ICH, while 24 patients suffered from
ischemic stroke. Among the COVID-19 patients with ICH, 16
(69.6%) patients had a lobar hemorrhage. In the study con-
ducted by Kremer et al. [30], hemorrhagic lesions and isolated
white matter microhemorrhages were observed in 11 (30%)
and 9 (24%) COVID-19 patients, respectively, while 20 pa-
tients (54%) had ICH with a more severe clinical presentation.
Haddai et al. [113] reported a 54-year-old COVID-19 female
patient with bilateral basal ganglia hemorrhage. Zulfigar et al.
[114] reported immune thrombocytopenic purpura in a patient
with COVID-19 who later showed SAH in his right frontal
lobe. Hanafi et al. [115] reported a COVID-19 patient with
brain ischemic and hemorrhagic lesions to the patchy/punctate
enhancement pattern on his imaging studies, which was sug-
gestive of vasculitis.

Cerebral Venous Sinus Thrombosis

An early case report described an obese man with severe
headache and fever without neurological deficits on admission
was diagnosed with COVID-19 who developed cerebral ve-
nous sinus thrombosis [116]. Klein et al. [117] reported a 29-
year-old woman with COVID-19 with evidence of a left
temporoparietal hemorrhagic venous infarction and left trans-
verse and sigmoid sinus thrombosis on imaging studies.
Lodigiani et al. [118] studied 388 Italian patients with
COVID-19. Thromboembolic events occurred in 28 (7.7%)
cases with 16 (36%) venous thromboembolism and 9 (2.5%)
ischemic stroke.

Silent “Happy” Hypoxemia

Some COVID-19 patients with severe hypoxemia do not ex-
hibit respiratory symptoms such as shortness of breath or dys-
pnea (silent hypoxemia) [119]. COVID-19 patients may pres-
ent with oxygen saturations below 80% without dyspnea
[120]. In the early course of the illness, the relatively well-
preserved lung gas volume can partially explain the absence of
dyspnea that does not alert CNS of increasing voluntary respi-
ratory drive (cortical control) and the reflex respiratory drive
due to preserved lung compliance. It is also suggested that
there is a possible direct or indirect SARS-CoV-2-mediated
inflammation of the nucleus tractus solitarius and the
subparabrachial nucleus (the Kolliker-Fuse nucleus that regu-
lates the breathing rate) across synaptic signaling and para-
crine mechanisms [121, 122], but at the moment, these are
only generating hypotheses without clear clinical and
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laboratory evidence. Other factors such as higher age, diabe-
tes, and pulmonary thrombi that are common among COVID-
19 patients can lead to blunting of dyspnea and subsequently
silent hypoxemia [123]. Furthermore, in some cases, despite
low oxygen partial pressure in arterial blood, oxygen satura-
tion is preserved that can be explained by a leftward shift of
the oxyhemoglobin dissociation curve induced by
hypoxemia-driven hyperventilation as well as possible direct
viral interaction with hemoglobin [124]. That is why pulse
oximetry readings should be interpreted vis-a-vis PaCO,
[125].

Neurogenic Respiratory Failure

The mortality of COVID-19 that arises from respiratory fail-
ure may be neurogenic. The neurogenic respiratory failure of
COVID-19 is probably due to the viral invasion of olfactory
nerve, which progresses into the rhinencephalon and
brainstem respiratory centers [126¢¢]. In post mortem exami-
nation of COVID-19 patients, viral RNA copies were detected
in the brainstem [121].

Other CNS Manifestations of COVID-19

Neuroleptic malignant syndrome has been reported in a
middle-aged male with a medical history of Schizophrenia
and administration of haloperidol decanoate 3 weeks prior to
the diagnosis of COVID-19. He was admitted to ICU to be on
a ventilator and treated for altered mental status with associ-
ated rhabdomyolysis and acute kidney failure [127].

The auditory complication is a rare symptom of COVID-
19. Only a Thai case report study pointed out a COVID-19-
positive old female patient with sensorineural hearing loss
[128].

Neuropediatrics of COVID-19 and Kawasaki-Like
Syndrome

It is believed that children suffer from COVID-19 less often
than adults. Lower ACE2 expression in children may explain
the lower risk of the disease. Encephalopathy is a characteris-
tic of critical COVID-19 in pediatric cases [129]. Kawasaki-
like syndrome has been seen in children infected with SARS-
CoV-2. The infected children may present with inflammation,
persistent fever, and single or multi-organ dysfunction such as
Kawasaki shock syndrome, cardiac, respiratory, renal, gastro-
intestinal, or neurological disorder and may or may not test
positive for COVID-19 [130]. A 6-month-old infant with clas-
sic Kawasaki syndrome presentations and COVID-19 in the
setting of minimal respiratory symptoms and fever was report-
ed by Jones et al. [131]. In the UK, Whittaker et al. [132]
studied 58 children who met the criteria of pediatric inflam-
matory multisystem syndrome associated with SARS-CoV-2
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infection and demonstrated that 13 (22%) met diagnostic
criteria for Kawasaki disease. Toubiana et al. [133] investigat-
ed 21 children with Kawasaki syndrome in France and found
that 19 (90%) had COVID-19.

Dugu et al. [134] reported a 6-week-old COVID-19 case
presenting with cough, fever, and two brief episodes (1015 s)
of upward gaze and bilateral leg stiffening. McAbee et al. [66]
reported an 11-year-old male COVID-19 case with SE and
CSF evidence for encephalitis. The patient experienced a 2-
day generalized weakness. His brain CT was normal, but his
EEG revealed frontal intermittent delta activity.

Possible Impact of COVID-19 on Providing Routine
Care

Indeed, many elderly may have died during the pandemic due
to inadequate access to healthcare. From March 13 to April
17, 2020, compared to their 5-year average, additional 11,334
deaths were reported in England and Wales [135]. Among
them, COVID-19 accounted for 8753 of these deaths only.
This is particularly an issue for time-sensitive neurological
diseases such as stroke. The fact remains that stroke admis-
sions have been diminishing at emergency departments [6°¢].
Furthermore, there is a new challenge in triage of the stroke
patients because COVID-19 patients cannot be quickly trans-
ferred to angiographic suites due to concern of staff exposure
to SARS-CoV-2 and contamination [136]. A study of clinical
features and outcomes of stroke patients in the first month of
COVID-19 lockdown in Italy-Slovenia area, in 2020, showed
that stroke admissions were reduced by 45% compared with
the same period in 2019 [137]. There was also a higher fre-
quency of severe stroke (NIHSS > 10) on admission during
the lockdown (50%), compared with that in the same period in
2019 (28%). Furthermore, a higher frequency of stroke with
unknown etiology was seen during the lockdown (50%), com-
pared with the same period in 2019 (10%). A survey of 13
comprehensive stroke centers in India that was conducted by
Sylaja et al. [138] revealed 61%, 64.76%, and 67.21% reduc-
tion in the number of stroke admissions, in intravenous throm-
bolysis, and in neuroendovascular procedures, respectively.
Standard acute stroke treatment guidelines need to be
followed in the management of patients with acute stroke,
regardless of SARS-CoV-2 infection [139, 140]. An individ-
ualized decision may have to be taken in patients with severe
SARS-CoV-2 infection. American Heart Association/
American Stroke Association Stroke Council Leadership has
issued recommendations for treating stroke patients during the
COVID-19 pandemic [141]. There is a need for creating a
dedicated neurological hot-spot as a pre-triage just outside
the Emergency Department, together with a dedicated neuro-
radiology unit with a CT scanner that could be used by
COVID-positive or COVID-suspected patients. Strategies to
protect the healthcare providers in acute stroke care can utilize
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Table 1 CNS manifestations of COVID-19 patients

Manifestation Rate and features Study type Location Author, year
Headache 6.5% of 262 patients Retrospective  China Tian et al. (2020) [20]
8% of 41 patients Retrospective ~ China Huang et al. (2020)
[21]

8% of 99 patients Retrospective ~ China Chen et al. (2020) [22]

11% of 779 patients Retrospective  China Chen et al. (2020) [2]

13.1% of 214 patients Retrospective ~ China Mao et al. (2020) [5]

13.6% of 1099 patients Retrospective ~ China Guan et al. (2020) [23]

14.1% of 841 patients Retrospective  Spain Romero-Sanchez et al.

(2020) [24]
Impaired consciousness 7.5% of 214 patients Retrospective  China Mao et al. (2020) [5]

22% of 113 patients who died; Retrospective ~ China Chen et al. (2020) [2]
only 1% of the patients who
recovered

19.6% of 841 patients with COVID-19, Retrospective  Spain Romero-Sanchez et al.
mostly in older patients and in (2020) [24]
severe and advanced stages

73% of the 37 patients presenting Retrospective ~ France Kremer et al. (2020)
with neurological manifestations with [30]
relevant abnormal brain MRI

Agitation/delirium Delirium in the absence of repiratory Case report Saudi Arabia Alkeridy et al. (2020)
symptoms or fever [32]

Hyperactive ICU delirium Case report USA Sher et al. (2020) [33]

Confusion in 10% of 99 patients Retrospective  China Chen et al. (2020) [22]

Agitation in 40 (69%) of 58 ICU Retrospective  France Helms et al. (2020)
patients (patients with ARDS). [34]

Of the 40 patients, 26 (65%)
experienced delirium

19% and 32% of 37 patients presenting Retrospective  France Kremer et al. (2020)
with neurological manifestations with [30]
relevant abnormal brain MRI experienced
agitation and confusion, respectively

Hypogeusia/dysgeusia and Taste, smell, and chemesthetic function Retrospective  Global Parma et al. (2020)
hyposmia/anosmia each significantly decreased [46]

New-onset smell and/or taste disorders were Case-control Spain Beltran-Corbellini
significantly more frequent among et al. (2020) [42]
COVID-19 patients (39.2%) than
in the influenza control group (12.5%)

Anosmia (4.9%) and dysgeusia Retrospective  Spain Romero-Sanchez et al.
(6.2%) occurred early (60% as the (2020) [24]
initial clinical manifestation) and were
commonly found in less severe patients

5.6% of 214 patients Retrospective  China Mao et al. (2020) [5]

73% of 237 patients prior to COVID-19 Retrospective ~ USA Kaya et al. (2020) [52]
diagnosis had anosmia. Anosmia was
the initial symptom in 26.6% of the patients

85.6% with olfactory dysfunction; 88.0% Retrospective ~ Multicenter Lechien et al. (2020)
with gustatory dysfunction European [53]

study
Smell and taste loss in 20.6% and 11.4% of Retrospective  China Song et al. (2020) [54]
the 1206 patients, respectively
98% of the 60 patients with COVID-19 Retrospective  Iran Moein et al. (2020)
showed some degrees of smell dysfunction [55]
Smell and taste loss in 71% of 59 subjects Cross-sectional USA Yan et al. (2020) [56]
33.9% of 59 patients with at least one taste Cross-sectional Italy Giacomelli et al.
or olfactory disorder and 8.6% both disorders (2020) [49]
65.03% of 7178 patients Cohort UK Menni et al. (2020)
[50]

Five patients with anosmia Case series Iran Gilani et al. (2020)
[48]

Sudden and complete olfactory loss function Case report France Eliezer et al. (2020)
[43]

Persistent severe anosmia and dysgeusia Case report Italy Politi et al. (2020) [16]

with a cortical hyperintensity in the right
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Table 1 (continued)

Manifestation Rate and features Study type Location Author, year
gyrus rectus and a subtle hyperintensity
in the olfactory bulbs on FLAIR
Prefrontal involvement prior anosmia Case report France Le Guennec et al.
(2020) [17]
Ageusia and anosmia along with ADEM Case report Italy Novi et al. (2020) [51]
Seizures/electroencepholagrapy No new acute symptomatic seizures were Retrospective  China Lu et al. (2020) [60]
(EEG) changes seen in 304 patients
0.5% of 214 patients Retrospective  China Mao et al. (2020) [5]
One of 841 patients Retrospective ~ Spain Romero-Sanchez et al.
(2020) [24]
Generalized tonic-clonic seizures Case report Iran Karimi et al. (2020)
[58]
One-minute transient generalized seizures Case report Japan Moriguchi et al. [59]
with MRI changes in the right temporal
mesial temporal lobe
Eight out of 22 COVID-19 positive patients Retrospective ~ USA Galanopoulou et al.
had frontal sharp waves (2020) [63]
De novo status epilepticus can be the initial Retrospective ~ USA Somani et al. (2020)
presentation in asymptomatic COVID-19 [146]
Focal status epilepticus Case report Italy Vollono et al. (2020)
[65]
Two COVID-19 patients with right Case report USA Hepburn et al. (2020)
frontocentral/vertex seizure and right more [64]
than left frontal seizures
An 11-year-old male child with status Case report USA McAbee et al. (2020)
epilepticus and CSF evidence for encephalitis [66]
Meningitis/encephalitis Meningitis/encephalitis with transient Case report Japan Moriguchi et al.
generalized seizures. SARS-CoV-2 RNA (2020) [59]
was isolated from his CSF
Encephalitis Case report China Ye et al. (2020) [72]
Meningoencephalitis Case report USA Duong et al. (2020)
[73]
Two cases of meningoencephalitis Case series Switzerland Bernard-Valnet et al.
(2020) [74]
Three cases with encephalopathy and Case series USA Benameur et al. [76]
encephalitis associated with CSF
cytokine changes
One of 841 patients Retrospective  Spain Romero-Sanchez et al.
(2020) [24]
Myelitis Acute myelitis Case report China Zhao et al. (2020) [84]
Acute transverse myelitis Case report Denmark Sarma et al. (2020)
[83]
ADEM Extensive patchy areas on MRI Case report China Zhang et al. (2020)
[86]
Scattered hyperintense lesions on Case report USA Parsons et al. (2020)
FLAIR in deep hemispheric and [87]
juxtacortical white matter
Multiple T1 post-Gd enhancing lesions Case report Italy Novi et al. (2020) [51]
of the brain associated with a single spinal
cord lesion at the T8 level and with
enhancement of bilateral optic nerve on MRI
Vascular and acute disseminated Case report USA Reichard et al. (2020)
encephalomyelitis like pathology [88]
Encephalopathy Diffuse bifrontal slowing in 1 of 8 patients Retrospective ~ France Helms et al. (2020)
undergoing EEG, confirming encephalopathy [34]
The most common indication for EEG were Retrospective ~ USA Galanopoulou et al.
encephalopathy (68.2% of 22 patients) (2020) [63]
Acute necrotizing hemorrhagic encephalopathy Case report USA Poyiadji et al. (2020)
[89]
Hypoxic necrotizing leukoencephalopathy Case report USA Radmanesh et al.
(2020) [92]
Case series USA Solomon et al. (2020)
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Table 1 (continued)

Manifestation Rate and features Study type Location Author, year
Histopathological examination of brain specimens
collected from 18 COVID-19 patients demonstrated
acute hypoxic ischemic damage
Posterior reversible encephalopathy Case report Turkey Kaya et al. (2020) [94]
Posterior reversible leukoencephalopathy Case series USA Kishfiy et al. (2020)
[93].
Diffuse leukoencephalopathy and microhemorrhages Case report USA Sachs et al. (2020)
[97]
Diffuse leukoencephalopathy and microhemorrhages Case series USA Radmanesh et al.
(2020) [98]
Hypoxic ischemic encephalopathy in 23 Retrospective  China Chen et al. (2020) [2]
(20%) out of 113 deceased patients
Neurogenic respiratory failure Possibly due to viral invasion to cranial nerve I, Review NA Roman et al. (2020)
which progresses into rhinencephalon and [126°°]
brainstem respiratory centers
Generalized myoclonus Generalized myoclonus with both positive and Case series Spain Rabano-Suarez et al.
negative jerks, predominantly involving the facial, (2020) [99]
trapezius, sternocleidomastoid, and upper
extremities muscle
Strokes Cerebrovascular diseases were seen in 2.8% of Retrospective  China Mao et al. (2020) [5]
214 COVID-19 patients. They included
4 ischemic stroke patients and one ICH patient
with severe COVID-19, compared to one ischemic
stroke patient with non-severe COVID-19
(5.7% vs 0.8%, respectively)
Cerebrovascular disease in 5.1% of 138 patients Retrospective  China Wang et al. (2020)
[19]
Acute ischemic stroke and ICH in 4.6% Retrospective ~ China Li et al. (2020) [100]
and 0.5% of 219 patients, respectively
Cerebrovascular disease in 1.4% of 1099 patients Retrospective  China Guan et al. (2020) [23]
Stroke in 1.4% of 143 patients Retrospective  Italy Carfi et al. (2020)
[101]
Cerebrovascular diseases were seen in 14 (1.7%) Retrospective  Spain Romero-Sanchez et al.
of 841 COVID-19 patients including 11 (2020) [24]
patients with ischemic stroke and 3 patients with ICH
Ischemic stroke in 23% of 13 patients Retrospective  France Helms et al. (2020)
[34]
Ischemic stroke in three out of 184 ICU patients Retrospective ~ The Netherlands ~ Klok et al. [102]
Multiple arterial thromboses of brain Case series China Zhang et al. [103]
Ischemic stroke in five patients Case series USA Avula et al. (2020)
[104]
Low rate of ischemic stroke in hospitalized Retrospective ~ USA Yaghi et al. (2020)
patients with COVID-19 (0.9%). [105]
Most strokes were cryptogenic (65.6%)
Large-vessel stroke in five patients Case series USA Oxley et al. (2020)
[106]
Large vessel occlusion and acute cerebral infarction Case report China Zhao et al. (2020)
[107]
Occlusion of the left MCA with a large Case report Italy Papi et al. (2020)
area of ischemic penumbra [108]
Massive ICH and SAH Case report Iran Sharifi-Razavi et al.
(2020) [109]
Left temporal ICH Case report USA Zahid et al. (2020)
[110]
Parenchymal hemorrhages with mass effect Retrospective ~ USA Dogra et al. (2020)
and herniation were present in 5 (15.2%) of 33 [111]
patients. Among the remaining 28 patients, 7 (25%)
experienced punctate hemorrhages, 17
(60.7%) showed small to moderate size
hemorrhages, and 4 (14.3%) suffered from a large single
hemorrhagic site without herniation
47 Iranian COVID-19 patients with stroke were studied. Retrospective  Iran Behzadnia et al. [112]

23 patients had ICH and 24 patients had ischemic
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Table 1 (continued)

Manifestation Rate and features Study type Location Author, year
stroke. Among the COVID-19 patients
with ICH, 19 (69.6%) patients had lobar hemorrhage,
which was significantly high compared to the number
of patients with non-lobar hemorrhage (7 [30.4%])
Hemorrhagic lesions and white matter microhemorrhages Retrospective  France Kremer et al. [30]
in 30% and 24% of 37 COVID-19 patients presenting
with neurological manifestations with relevant abnormal
brain MRI, respectively
Bilateral basal ganglia hemorrhage Case report Iran Haddai et al. (2020)
[113]
Immune thrombocytopenic purpura—SAH Case report France Zulfigar et al. (2020)
[114]
Vasculitis Case report France Hanafi et al. (2020)

Cerebral venous sinus thrombosis

Cerebral venous thrombosis

Venus thromboembolism was seen in 36% and
ischemic stroke in 2.5% of 388 patients

Attributable to the brain infection and subsequent
dysfunction of breathe controlling centers in cortical

Silent hypoxemia

[115]
Hughes et al. (2020)
[116]
Klein et al. [117]
Lodigiani et al. [118]

Case report UK

Case report USA
Retrospective  Italy

Commentary  NA Coen et al. (2020)

[120]

regions rather than subcortical structures and the

brain stem
‘White matter and globus pallidum
inflammatory lesions

CT scan of the brain demonstrated hypodense lesions
involving supratentorial white matter and pallidum

bilaterally. MRI showed bilateral but asymmetrical
lesions with periventricular and deep white matter

involvement
Neuroleptic malignant syndrome
Steroid responsive encephalitis High dose of corticosteroid was useful
Kawasaki syndrome

Kawasaki syndrome
22% of 58 patients

Of 21 children with Kawasaki syndrome, 19 (90%)

had COVID-19

Haloperidol decanoate use 3 weeks prior to admission

A 6-month-old infant with presentations of classic

Case report France Brun et al. (2020)
[147]

Case report USA Kajani et al. (2020)
[127]

Case report Italy Oilotto et al. (2020)
[82]

Case report USA Jones et al. (2020)

[131]

Whittaker et al. (2020)
[132]

Toubiana et al. (2020)
[133]

Case series UK

Retrospective  France

the protected codes and stroke pathways to lower the impact
of the disease on both the patients and the care providers
[142]. To further reduce the risk of exposure, significant ex-
pansion of telemedicine infrastructure, virtual rounding para-
digm, and virtual clinics without compromising patient care
quality is recommended [143].

Limitation of Current Literature on Neurological
Manifestations of COVID-19

Due to the rapid global spread of COVID-19 and the urgent
need to understand the characteristics of the disease by the
medical community, many rushed publications surfaced in
the literature to disseminate the experience and knowledge
gained by medical personnel who first dealt with COVID-
19 patients. Therefore, many reports or retrospective stud-
ies with limited sample sizes flooded the literature that may

@ Springer

have falsely presented an association between COVID-19
and the observed CNS manifestations. For example, sever-
al studies have reported less than 1% of a particular neu-
rological manifestation in a very small sample size. This
makes it difficult to discern whether this was due to
COVID-19 or just coincidental findings. Furthermore, the
aggressive use of anticoagulant therapy or the use of ex-
tracorporeal membrane oxygenation therapy [144] may in-
crease the risk of ICH without a pathological link to SARS-
CoV-2. Impaired consciousness has been suggested as a
result of SARS-CoV2 encephalopathy. However, it is im-
portant to point out that hypoxia due to lung injury can also
play a role in observed impairment. Therefore, only well-
designed case-control and prospective cohort studies can
shed light on the true pathogenic role of COVID-19 in
neurological manifestations. Hence, the results of pub-
lished data should be considered with caution.
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Conclusion

A growing body of literature suggests a broad spectrum of the
CNS manifestations associated with COVID-19 (as outlined
in Table 1). SARS-CoV-2 may directly give rise to these man-
ifestations or can exacerbate an existing condition.
Furthermore, the COVID-19 pandemic may have affected
the routine care provided for other patients. It seems necessary
to modify current protocols and standing orders in order to
offer better care for COVID-19 patients with CNS manifesta-
tions. Beyond doubt, there is a pressing need to elucidate the
pathophysiological mechanisms underlying CNS disorders
associated with SARS-CoV-2 infection. Widespread testing
and contact tracing are crucial steps toward alleviating lock-
downs and social distancing; however, they are not sufficient.
It is crucial for policymakers to ensure adequate resources are
also allocated toward populations at risk, including the elderly
with vascular diseases and comorbidities [145].
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