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ABSTRACT

Aim: To review neurological aspects of patients infected with COVID-19 including neurological dysfunctions and possible
pathophysiology.

Methods: A systematic review of articlesfrom PubMed, Ovid MEDLIN, DOAJ databases and grey literature included the WHO-
COVID-19 database, and medRxiv.Articles published from January 2020 until June 2020 were included in the review. Out of the226
titles and abstracts, 213 were identified after the removing duplicates. With a screening of 119 studies carried by all authors, 83 full-
text articles were assessed based on inclusion criteria of the neurological perspectives with COVID-19. Subsequently, 45 texts were
removed. A total of 38 studies were included in the last scrutiny.Specifically, case reports, cohort studies, and case series were
included

Results: Reviewed evidence was presented in textual and tabulated format, which includes methodology, characteristics of included
studies and summary of findings. Correlational evidence of COVID-19 disease and neurological dysfunctions with possible
pathophysiology isreviewed.

Conclusion:The findings provide evidence for physicians and neurologists working with COVID-19 patients about the possible
probable complications and clinical presentations due to the SARS-CoV-2 infection.
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INTRODUCTION

Severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2 or
‘novel’ coronavirus), which is the pathogenic agent for coronavirus
disease (COVID-19) is a beta coronavirus, one of the four genera
of coronaviruses. Pneumonia of unfamiliar origin was detected in
Wuhan province of China on 31 December 2019. World Health
Organization announced this infection as coronavirus disease
(2019) COVID-19 on 11 February. COVID-19 has since then
spread worldwide !, and WHO declared it a ‘pandemic’ on March
11, 202021t has caused 416,614,051confirmed cases and
5,844,097confirmed deaths worldwide as of Februaryl7, 20218,
The virus spreads through droplets, with an incubation time period
of 5 to 14 days and a case fatality rate of 1.8 to 3.4% *.Patients
show pneumonia-like illness with fever, cough, muscle aches and
dyspnea, symptoms similar to the SARS-CoV (Severe acute
respiratory syndrome-coronavirus) outbreak in 2003. Patients with
severe disease have reported neurological dysfunctions. A study
comprising 214 patients with COVID-19 from Wuhan, the initial
epicentre of the pandemic, revealed that 36.4% patients presented
with neurological symptoms, including vertigo (16.8%), headache
(13.1%), diminished taste (5.6%), impaired smell (5.1%) and stroke
(2.8%)°. Patients with neurological symptoms may show no
pulmonary symptoms and can maintain normal oxygen blood
levels®. In some cases, patients can manifest neurological
symptoms before showing respiratory or cardiovascular symptoms;
however, patients with severe disease are extremelyat risk to
develop neurological symptoms’. The review aims to address
physicians, intensivists and neurologists working  with
probablepatients of COVID-19 about the possible neurological
manifestations and complications.

Neuropathology and immune-mediated injury: SARS-Cov-2
could affect the central nervous system through direct invasion or
indirectly through metabolic or immune-mediated mechanisms;
Angiotensin-converting-enzyme-2-receptors (ACE-2-receptors)
located on the neurons and glial cells are primary site of SARS-
CoV-2 attachment, subsequently leading to viral entry,
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multiplication, and neuronal damage®.Mice experiments have
shown that coronavirus enters the brain within seven days of
infection through a retrograde pathway, after attaching on the
olfactory epithelium and passing through the cribriform bone®.
Viremia disrupts the blood-brain barrier, causing direct viral entry.
Viral invasion of the nerve terminal provides access to the nervous
system through the synapses. Moreover, systemic hypoxia due to
viral pneumonia causes hypoxic brain impairment. The contributing
factors include anaerobic metabolism, hypercarbia, hypoxia,
peripheral vasodilation, and accumulation of toxic compounds.
These factors may lead to CNS insult with neuronal distension and
cerebral edema which results in neurological manifestations of the
coronavirus (2019) disease®’. The damage of the nervous system
may be mediated by the immune system. The pathology of severe
viral infection is linked to a systemic inflammatory response
syndrome (SIRS) through systemic cytokine storm. COVID-19
could be linked to severe pneumonia, and virus-induced SIRS or
SIRS-like immune disorders. CoV infections potentially infect
astrocytes, microglia, and macrophages in the CNS. The
neurotropic virus may induce a pro-inflammatory state. The
augmented levels of erythrogenic cytokines, activated T-
lymphocytes, macrophages, and endothelial cells lead to immune-
mediated injury®.IL-6 is an imperative member of the cytokine that
has a positive correlation to the symptoms of COVID-19
symptoms. IL-6 causes vascular leakage, activation of the
coagulation cascade, and end-organ damage®. These all result in
acute encephalitis with or without strokes.

MATERIAL AND METHODS

Search strategy: Two independent reviewers searched PubMed,
Ovid MEDLINE, DOAJ and the reference lists of articles for
inclusion. Grey literature search included the WHO-COVID-19
database, and medRxiv, the preprint server from January 2020, to
June 2020.The search strategy used in all databases was
Coronavirus, Sars-CoV-2, COVID-19, pathology, neurology.
Preferred Reporting Items for Systematic Reviews. The papers
that were included were identified as case reports, cohort studies,
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case series, reviews associatedwith the neurological findings in
COVID-19 patients. The search was limited to papers published in
English only. The Preferred Reporting Items for Systematic
Reviews (PRISMA) diagram and checklist was utilized for reporting
the search findings.After the titles and abstracts of potentially
relevant articles were reviewed in the initialstage, full text articles
were to be reviewed in the subsequentstage to assess for inclusion
eligibility. Any disagreements were resolved by a third reviewer to
reach consensus.PRISMA flow sheet for the search strategy is
given in Figure 1.Data was extracted as author's name, study
design, year of publication, possible pathophysiology and, the
relative frequency of neurological dysfunctional findings.

Eligibility Criteria: The following criteria for eligibility was
employed for the review. There were no language restrictions for
articles published from January 2020 until June 2020. Case
reports, Cohort studies, case series, correspondences, brief
communications and reviews were added were included.COVID-19

encephalopathy, delirium, encephalitis, seizures, epilepsy,
anosmia, or ageusia were found.Incidence of Acute peripheral
neuropathy due to SARS-CoV-2 including Guillain-Barre
Syndrome, Miller-Fisher syndrome or polyneuritis cranialis was
assessed.

RESULTS

The PRISMA flowchart is attached in figure 1. Our literature search
identified 226 abstracts, of which full-text articles were focused on
the neurological perspectives of COVID-19. After removing
duplicates, 213 articles were identified, with a screening of 119
studies carried by all authors. Subsequently, 45 texts were
removed. A total of 38 studies were included in the final review.
Detailed characteristics of findings from the review are presented
in Table 1. Characteristics of included studies and summary of
findings are listed in Table 2.

and links to arterial strokes, cerebral

venous thrombosis,

Fig. 1: PRISMA flowchart
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Table 1: Methodology of located studies.

Records exchided
in=36)

Title of Study

Type of study

Possible pathophysiology

Reference

Focal status epilepticus as unique clinical feature of
COVID-19: A case report.

Case report

Viral invasion of neurons and glial cells via ACE-2-receptor
binding

(Vollono et al., 2020, p. 110)

COVID-19: ICU delirium management during SARS-
CoV-2 pandemic

Review

Metabolic dysfunction

(Kotfis et al., 2020, p. 3)

COVID-19 presenting as stroke

Review

Pneumonia-related cerebral hypoxia

(Avula et al., 2020, p. 116)

A first case of meningitis/encephalitis associated with
SARS-Coronavirus-2

Case Report

Guillain Barre syndrome associated with COVID-19
infection: A case report

Report

Early Guillain-Barré syndrome in coronavirus disease
2019 (COVID-19): a case report from an Italian COVID-
hospital

Case Report

Miller Fisher Syndrome and polyneuritis cranialis in
COoVvID-19

Case Report

Viral invasion of neurons and glial cells via ACE-2-receptor
binding

(Moriguchi et al., 2020, p. 56)

(Sedaghat & Karimi, 2020, p. 233)

(Ottaviani et al., 2020, p. 1353)

(Gutiérrez-Ortiz et al., 2020)

Prevalence and Duration of Acute Loss of Smell or Taste
in COVID-19 Patients

Brief Communication

Anosmia in COVID-19 patients

Cohort Study

Olfactory nerve invasion and destruction by SARS-CoV-2;
Olfactory dysfunction and SARS-CoV-2-induced destruction
of the oral cavity’s epithelium after binding at the ACE-2-
receptor on mucosal cells. This receptor is absent in the
olfactory epithelium

(Lee, Min, Lee, & Kim, 2020, p. 5)

(Hornuss et al., 2020, p. 1)

COVID-19 and stroke—A global World Stroke
Organization perspective

Case Report

Characteristics of ischemic stroke associated
with COVID-19

Letter

Intravenous Thrombolysis for Stroke in a COVID-19
Positive Filipino Patient, a Case Report

Case Report

Thrombotic vascular occlusion due to inflammation-
associated hypercoagulability

(Markus & Brainin, 2020, p. 362)

(Beyrouti et al., 2020, p. 889)

(Co, Yu, Laxamana, & David-Ona,
2020, p. 234)

Neurological manifestations and complications of
COVID-19: A literature review

Literature Review

Venous cerebral thrombosis in COVID-19 patient

Case Report

Cytolytic T-cell-mediated dysregulated immune responses &
inflammatory cytokines; Infection-induced cardiovascular
compromise, cardiac emboli after viral cardiac injury

(Ahmad & Rathore, 2020, p. 11)

(Garaci, Di Giuliano, Picchi, Da
Ros, & Floris, 2020, p. 116871)

COVID-19 Presenting with Seizures

Case Report

Retrograde viral movement into the CNS via cranial nerves,
hematogenous spread via circulating lymphocytes, cytokine-
mediated damage to the blood-brain barrier

(Sohal & Mansur, 2020)
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Table 2: Characteristics of included studies and summary of findings.

Author Name Publication Year Number of patients with neurological dysfunction Finding %age
Lee et al. Hornuss et al.
Ahmad et al, Markus et al. 2020 389 +18 +59 + 11 + 1=478 Anosmia 41.60%
Gutiérrez-Ortiz et al, Mao et al.
Leeetal. 2020 354 + 12 + 144= 510 Ageusia 44.40%
Mao et al.
Francesco et al. 2020 1 CVT 0.09%
Ahmad et . 2020 26+ 16= 42 Delirium 3.70%
Mao et al.
Vollono et al. Moriguchi et al. 2020 2 Menlngltl_s_/ 0.17%
Encephalitis
Ahmad et al. 2020 107 Encephalop 9.30%
athy
Beyrouti et al.
Markus et al. Ischemi
Coetal, 2020 88 +6 +1 + 8 + 4= 107 schemic 9.30%
stroke
Ahmad et al.
Avula et al.
Ahmad et al. 2020
Sedaghat et al. 2020 7+1+1=9 Neuropathy 0.80%
Ottaviani et al.

DISCUSSION

Arterial strokes: COVID-19 itself is deemed a risk factor for
ischemic stroke in studies from the United Kingdom and New
York®®*, The incidence of stroke among PCR-positive COVID-19
patients is around 5%!2, A correspondence published in April
2020 reported large-vessel ischemic strokes in five patients with
COVID-19aged 50 years or below!®. Patients with stroke may
present clinically with confusion, dysphagia, dysarthria, numbness,
and hemiparesis. Brain imaging and angiographic studies confirm
thrombotic vascular occlusions and ischemic infarcts'®213, D-
dimer, C-reactive protein, and fibrinogen levels are notably high*®
which relateto increased stroke severity, infarction volume, and
subsequent 1-month disability’*. The laboratory parameters guide
treatment plans, which comprises standard acute stroke treatment
including acute 1V thrombolysis and mechanical clot extraction®*3,
Co CO et al. reported the case of acute ischemic stroke in female
with  COVID-19 that was managed with intravenous
alteplase’*.Mechanisms of ischemic stroke are yet to be
understood, and include cardioembolic secondary to pneumonia
and sepsis, vasculitis with direct endothelial injury, and immune
induced-hypercogaulopathic state including possibility of acquired
antiphospholipid antibody syndrome (articles attached and look for
more). Fewer cases of primary intracerebral hemorrhage have
been reported®®and risk factors include coexisting HTN and
concurrent use of antithrombotic.Timely diagnosis and appropriate
management can reduce stroke-related morbidity*2.

Cerebral Venous Thrombosis: Cerebral venous thrombosis
(CVT)presents with a wide range of clinical spectra that is common
in younger patients with a female to male ratio of 3:1. CVT is a
rare phenomenon that is seen with some frequency in young
patients; while it is of multifactorial origin, gender-related causes
are found®®'’.Notably, a prothrombotic state is a risk factor for
CVTs in COVID-19 positive patients. With emerging neurological
evidence about thrombotic complications and prothrombotic states,
COVID-19 is a risk factor in precipitating episodes of
CVTsCerebral vascular imaging ought to be considered in COVID-
19 patients showing neurological signs and symptoms because
CVT is recognized as a filling defect on cerebral CT
angiography!®’. Prothrombotic state in a COVID-19 setting, even
without a previously documented hypercoagulability, may account
for CVT when other inherited and acquired causes (for example
brain tumors, head trauma, and local central nervous system
infection) have been excluded. Apart from in-hospital management
with low-molecular-weight heparin, Hughes, et al, proposed
prophylactic in-patient and post-discharge LMWH therapy for
COVID-19 patients?®.

Encephalopathy/Delirium: Risk factors for delirium in COVID-19
patients include multi-organ failure, sedatives, prolonged

mechanical ventilation, immobilization, and separation from
family’®. Encephalopathy and altered sensorium in COVID-19
infection were reported in 40% of patients®. One case of Acute
necrotizing encephalopathy has been reported, diagnosed was
suggested after brain MRIfindings of bilateral, hemorrhagic,
multifocal thalamic lesions®®, however, there was no mention of
histopathology report to exclude encephalitis.

Acute Encephalitis/ Meningo-Encephalitis/& Myelitis: The first
case of encephalitis associated with COVID-19 was reported when
RNA of SARS-CoV-2 was detected in the CSF specimen of the
patient by PCR. This provided direct evidence of the neuro-
invasiveness of COVID-19%. Additional pathological findings in
brain tissue of COVID-19 positive cases are reported in the gross
anatomy of the admitted patients due to the cerebral infarction
diagnosed on the 13" day of admission 2. COVID-19-associated
meningoencephalitis has been reported in a 24-year-old male who
presented with generalized seizures, cervicalstiffness and loss of
consciousness after a 10-day history of flu-like symptoms. Bilateral
ground-glass opacities on lung CT, hyperintense signals on MRI
brain, raised CSF white cell count and PCR-detection of SARS-
CoV-2 RNA in the CSF by PCR helped in diagnosis. However, the
specific SARS-CoV-2 RNA was undetected in the nasopharyngeal
swab, indicating that a negative pharyngeal swab PCR cannot rule
out COVID-19 infection®.Another 40-year-old man with COVID-19
reported having rhombencephalitis based on MRI findings
presented with gait imbalance, diplopia, nystagmus, and limb
ataxia?®.A third patient with flaccid lower limb weakness and
persistent fever in COVID-19 infection has also been reported to
have acute myelitis?2. Therefore, neurological inspection and
attempts to distinguish SARS-CoV-2 from the neuronal tissue are
necessary to establish neurotropic evidence of the virus?.
Seizures/Epilepsy: Historically, the group of coronaviruses have
been found to affect the central nervous system leading to
neurological indications?*. However, seizures have not been
reported as a neurological manifestation of COVID-19 disease. In
two COVID-19 patients who had elevated risk for developing
seizures, the origin of seizures was found to be multifactorial.
Electrography has been used to monitor COVID-19 patients for
seizures?*. A case report finds a 30-year-old healthy female patient
with recurrent generalized tonic-clonic seizures?. In these reported
cases, the brain MRI findings are normal, and the CSF is negative
for RNA of SARS-CoV-2 upon discharge®.COVID-19 patients
primarily present with myoclonic jerks or focal status epilepticus,
with  characteristic abnormal electroencephalogram findings.
Investigations excluded encephalitis and cerebral infections.
Management  with  antiepileptics is likely to control
seizures.Antiepileptics can controlseizures, which can occur in
encephalitis’?'. Another case report presented a 72 years old
positive tested patient with sudden onset of seizures. Patient had
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no previous medical history of seizures. To conclude, patients with
sudden onset of seizures having common symptoms of
Coronavirus disease should be tested for SARS COV-2%,
Anosmia & Ageusia: Upper respiratory tract infections may cause
a mild reduction in smell and taste sensation?. COVID-19 is
associated with a partial or total loss of smell (hyposmia and
anosmia respectively) and taste disturbances. These findings were
indicated in case series of five COVID-19 patients from Iran who
developed acute anosmia and taste dysfunction. New-onset
anosmia and ageusia is common in patients with COVID-19%°and
maybe the only manifesting symptom??’, 1t is reversible and highly
common in younger patients?28, Anosmia may only unveil on
standardized screening procedures such as the Burghart-Sniffin’
Stick test; however, it does not predict disease severity?®. Lee Y, et
al. reported sudden anosmia and ageusia in 15.3% patients with
COVID-19 in the early stage and 15.7% of patients with
asymptomatic to mild disease®. In a prospective cross-sectional
study conducted in Germany, anosmia was found in 40% of 45
hospitalized patients with COVID-19, and in none of the 45
uninfected controls®. These studies suggest early COVID-19
testing for people who report acute anosmia during the pandemic.
Acute peripheral neuropathy including Guillain-Barre
Syndrome (GBS), Miller-Fisher syndrome and polyneuritis
cranialis: Mao et al evaluated the neurological findings in 214
COVID-19 patients. Of all these patients that were hospitalized,
36.4% had neurological symptoms®. However, there was no
reported GBS due to COVID-19 infection. GBS has a progressive,
symmetrical, and ascending symmetrical flaccid limb paralysis®.
SARS-CoV-2-associated peripheral neuropathy including Guillain-
Barre Syndrome (GBS) has been reported in multiple case
reports®*3!, PCR-positive COVID-19 patients after a brief period of
respiratory illness can develop hallmark symptoms of GBS such as
acute symmetrical progressive ascending limb weakness, cranial
nerve involvement, and ultimately respiratory failure. The
assessment shows reduced muscle strength, areflexia, and
sensory deficits. Albumino-cytological dissociation (raised proteins
and normal cell count) in CSF, decreased action potential
amplitudes, reduced conduction velocities on neurophysiological
studies, and decreased recruitment on electromyography are
observed. Along with supportive treatment for COVID-19,
intravenous immunoglobulins are given for GBS
management®*3132, GBS associated with SARS-CoV-2 can occur
concomitantly with the infection, instead of the typical post-
infectious course®>%,

Patient data from Spain finds that Miller Fisher syndrome

is a rare finding during the COVID-19 pandemic®. Neurological
findings may occur due to the aberrant immune system response
to the virus®. The first patient identified in a case report presents
treatment options such as intravenous immunoglobulin. Recovery
includes complete neurological improvement excluding residual
ageusia and anosmia®. Recent studies also report Miller-Fisher
syndrome and polyneuritis cranialis in COVID-19 patients. GD1b-
IgG antibodies are useful in diagnosing Miller-Fisher syndrome.
GD1b-lgG antibodies and the absence of SARS-Cov-2 RNA in
CSF of the patient with Miller-Fisher syndrome implied immune-
mediated damage rather than a direct viral injury®.
Post-GBS locked-in syndrome was reported in 51-year-old male
COVID-19 patient, in which condition of GBS worsened despite
treatment with intravenous immunoglobulins and plasma exchange
therapy. The patient exhibited complete quadriplegia and sensory
loss, bilateral facial and hypoglossal nerve paralysis and eventually
respiratory failure warranting artificial ventilation. Bilateral contrast
enhancement of nerve roots at all spinal levels with symmetrically-
involved anterior and posterior nerve roots were found on MRI of
the spine®.

CONCLUSION

While COVID-19 largely affects the respiratory and the
cardiovascular system, associated involvement of the nervous

system may occur. Acute encephalitis, stroke, and GBS are the
most clinically significant and life-threatening complications if not
managed promptly. On top of that, neurological manifestations
could present early during the COVID-19 course of illness.
Pathogenesis includes direct and indirect mechanisms, which
suggests effective antiviral treatment will only reduce their rate of
occurrence, and neurologists have to be familiar with these
complications.

Funding: There was no funding source for this study.

Conflict of interest: Nil

REFERENCES

1. Gilani, Sapideh, Rachel Roditi, and Mohsen Naraghi. "COVID-19 and
anosmia in Tehran, Iran." Medical Hypotheses (2020): 109757.
https://doi.org/10.1016/j.mehy.2020.109757

2. WHO Director-General's opening remarks at the media briefing on
COVID-19 - 11 March 2020. 11 March 2020. Available at
https://www.who.int/dg/speeches/detail/who-director-general-s-
opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020

3. Coronavirus disease (COVID-19) — World Health Organization. (2022,
Februaryl7). https://www.who.int/emergencies/diseases/novel-
coronavirus-2019

4. Herman C, Mayer K, Sarwal A. Scoping review of prevalence of
neurologic comorbidities in patients hospitalized for COVID-19.
Neurology. 2020 Apr 24. DOl:
https://doi.org/10.1212/WNL.0000000000009673

5. Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, Chang J, Hong C, Zhou
Y, Wang D, Miao X. Neurologic manifestations of hospitalized patients
with coronavirus disease 2019 in Wuhan, China. JAMA neurology.
2020 Jun 1;77(6):683-90. doi:10.1001/jamaneurol.2020.1127

6. Netland J, Meyerholz DK, Moore S, Cassell M, Perlman S. Severe
acute respiratory syndrome coronavirus infection causes neuronal
death in the absence of encephalitis in mice transgenic for human
ACE2. Journal of virology. 2008 Aug 1;82(15):7264-75. DOI:
10.1128/JV1.00737-08

7. Vollono C, Rollo E, Romozzi M, Frisullo G, Servidei S, Borghetti A,
Calabresi P. Focal status epilepticus as unique clinical feature of
COVID-19: A case report. Seizure. 2020 Apr 21,
https://doi.org/10.1016/j.seizure.2020.04.009

8. Ahmad I, Rathore FA. Neurological manifestations and complications
of COVID-19: A literature review. Journal of Clinical Neuroscience.
2020 May 6.https://doi.org/10.1016/j.jocn.2020.05.017

9.  Markus HS, Brainin M. COVID-19 and stroke—A Global World Stroke
Organization perspective. International journal of stroke. 2020
Apr;15(4):361-4. https://doi.org/10.1177/1747493020923472

10. Beyrouti R, Adams ME, Benjamin L, Cohen H, Farmer SF, Goh YY,
Humphries F, Jager HR, Losseff NA, Perry RJ, Shah S.
Characteristics of ischaemic stroke associated with COVID-19. Journal
of Neurology, Neurosurgery & Psychiatry. 2020 Apr 30.
http://dx.doi.org/10.1136/jnnp-2020-323586

11. Li Y, Li M, Wang M, et al. Acute cerebrovascular disease following
COVID-19: a single center, retrospective, observational study
[published online ahead of print, 2020 Jul 2]. Stroke Vasc Neurol.
2020;svn-2020-000431. doi:10.1136/svn-2020-000431

12. Avula A, Nalleballe K, Narula N, et al. COVID-19 presenting as stroke.
Brain Behav Immun. 2020;87:115-119. doi:10.1016/j.bbi.2020.04.077

13. Oxley TJ, Mocco J, Majidi S, Kellner CP, Shoirah H, Singh IP, De
Leacy RA, Shigematsu T, Ladner TR, Yaeger KA, Skliut M. Large-
vessel stroke as a presenting feature of Covid-19 in the young. New
England Journal of Medicine. 2020 May 14;382(20):e60. DOI:
10.1056/NEJMc2009787

14. Co CO, Yu JR, Laxamana LC, David-Ona DI. Intravenous
Thrombolysis for Stroke in a COVID-19 Positive Filipino Patient, a
Case Report. Journal of Clinical Neuroscience. 2020 May 11.
https://doi.org/10.1016/j.jocn.2020.05.006

15. Sharifi-Razavi A, Karimi N, Rouhani N. COVID-19 and intracerebral
haemorrhage: causative or coincidental?. New Microbes New Infect.
2020;35:100669. Published 2020 Mar 27.
https://doi.org/10.1016/j.nmni.2020.100669

16. Hughes C, Nichols T, Pike M, Subbe C, Elghenzai S. Cerebral Venous
Sinus Thrombosis as a Presentation of COVID-19. European Journal
of Case Reports in Internal Medicine. 2020;7(5). doi:
10.12890/2020_001691

17. Francesco G, Di Giuliano Francesca PE, Da Ros Valerio FR. Venous
cerebral thrombosis in COVID-19 patient. Journal of the Neurological
Sciences. 2020 May 1. doi: 10.1016/j.jns.2020.116871

10 PJMHS Vol. 16, No. 03, MAR 2022


https://doi.org/10.1016/j.mehy.2020.109757
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://doi.org/10.1212/WNL.0000000000009673
https://doi.org/10.1016/j.seizure.2020.04.009
https://doi.org/10.1016/j.jocn.2020.05.017
https://doi.org/10.1177/1747493020923472
http://dx.doi.org/10.1136/jnnp-2020-323586
https://doi.org/10.1016/j.jocn.2020.05.006
https://doi.org/10.1016/j.nmni.2020.100669

F. Al-Hussain, M. H. Ghouri, Z. Sarfraz et al

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

Koftis K, Williams R, Wilson JE, Dabrowski W, Pun BT, Ely EW.
COVID-19: ICU delirium management during SARS-CoV2 pandemic.
Version 2. Crit Care. 2020 Apr 28;24(1):176.
https://doi.org/10.1186/s13054-020-02882-x

Poyiadji N, Shahin G, Noujaim D, Stone M, Patel S, Griffith B. COVID-
19-associated Acute Hemorrhagic Necrotizing Encephalopathy:
Imaging Features. Radiology. 2020;296(2):E119-E120.
https://doi.org/10.1148/radiol.2020201187

Zhou Z, Kang H, Li S, Zhao X. Understanding the neurotropic
characteristics of SARS-CoV-2: from neurological manifestations of
COVID-19 to potential neurotropic mechanisms. Journal of Neurology.
2020 May 26:1. https://doi.org/10.1007/s00415-020-09929-7

Moriguchi T, Harii N, Goto J, Harada D, Sugawara H, Takamino J. &
Nakao, A.(2020). A first Case of Meningitis/Encephalitis associated
with SARS-Coronavirus-2. International Journal of Infectious Diseases.
https://doi.org/10.1016/.ijid.2020.03.062

Wong PF, Craik S, Newman P, Makan A, Srinivasan K, Crawford E,
Dev D, Moudgil H, Ahmad N. Lessons of the month 1: A case of
rhombencephalitis as a rare complication of acute COVID-19 infection.
Clinical Medicine. 2020 May 1;20(3):293-4.
https://doi.org/10.7861/clinmed.2020-0182

Zhao K, Huang J, Dai D, et al. Acute myelitis after SARS-CoV-2
infection: a case report.. medRxiv; 2020. DOl:
10.1101/2020.03.16.20035105.

Hepburn M, Mullaguri N, George P, Hantus S, Punia V, Bhimraj A,
Newey CR. Acute Symptomatic Seizures in Critically Ill Patients with
COVID-19: Is There an Association?. Neurocritical Care. 2020 May
28:1. PMID: 32462412 PMCID: PMC7253233 DOI: 10.1007/s12028-
020-01006-1

Sohal S, Mossammat M. COVID-19 Presenting with Seizures.
IDCases. 2020 May 1:e00782.
https://doi.org/10.1016/j.idcr.2020.e00782

Lee Y, Min P, Lee S, Kim SW. Prevalence and duration of acute loss
of smell or taste in COVID-19 patients. Journal of Korean medical
science. 2020 May 11;35(18).
https://doi.org/10.3346/jkms.2020.35.e174

Hjelmesaeth J, Skaare D. Loss of smell or taste as the only symptom
of COVID-19. Tidsskrift for Den norske legeforening. 2020 Apr 5. doi:
10.4045/tidsskr.20.0287

28.

29.

30.

31.

32.

33.

34.

35.

Beltran-Corbellini A,  Chico-Garcia  JL, Martinez-Poles  J,
Rodriguez-Jorge F, Natera-Villalba E, Gémez-Corral J, Gémez-Lépez
A, Monreal E, Parra-Diaz P, Cortés-Cuevas JL, Galan JC. Acute-onset
smell and taste disorders in the context of COVID-19: a pilot
multicentre polymerase chain reaction based case—control study.
European journal of neurology. 2020 Apr 22.
https://doi.org/10.1111/ene.14273

Hornuss D, Lange B, Schroter N, Rieg S, Kern WV, Wagner D.
Anosmia in COVID-19 patients. Clinical Microbiology and Infection.
2020 May 22. https://doi.org/10.1016/j.cmi.2020.05.017

Sedaghat Z, Karimi N. Guillain Barre syndrome associated with
COVID-19 infection: A Case report. Journal of Clinical Neuroscience.
2020 Apr 15. https://doi.org/10.1016/j.jocn.2020.04.062

Ottaviani D, Boso F, Tranquillini E, Gapeni |, Pedrotti G, Cozzio S,
Guarrera GM, Giometto B. Early Guillain-Barré syndrome in
coronavirus disease 2019 (COVID-19): a case report from an Italian
COVID-hospital.  Neurological ~Sciences. 2020 May 12:1.
https://doi.org/10.1007/s10072-020-04449-8

Zhao H, Shen D, Zhou H, Liu J, Chen S. Guillain-Barré syndrome
associated with SARS-CoV-2 infection: causality or coincidence?. The
Lancet Neurology. 2020 May 1;19(5):383-4.
https://doi.org/10.1016/S1474-4422(20)30109-5

Toscano G, Palmerini F, Ravaglia S, Ruiz L, Invernizzi P, Cuzzoni MG,
Franciotta D, Baldanti F, Daturi R, Postorino P, Cavallini A. Guillain—
Barré syndrome associated with SARS-CoV-2. New England Journal
of Medicine. 2020 Apr 17. DOI: 10.1056/NEJMc2009191
Gutiérrez-Ortiz C, Méndez A, Rodrigo-Rey S, San Pedro-Murillo E,
Bermejo-Guerrero L, Gordo-Mafias R, de Aragén-Gomez F, Benito-
Ledn J. Miller Fisher Syndrome and polyneuritis cranialis in COVID-19.
Neurology. 2020 Apr 16.
https://doi.org/10.1212/WNL.0000000000009619

Pfefferkorn T, Dabitz R, von Wernitz-Keibel T, Aufenanger J, Nowak-
Machen M, Janssen H. Acute polyradiculoneuritis with locked-in
syndrome in a patient with Covid-19. Journal of Neurology. 2020 May
12:1. https://doi.org/10.1007/s00415-020-09897

PJMHS Vol 16, No. 03, MAR 2022 11


https://doi.org/10.1186/s13054-020-02882-x
https://doi.org/10.1148/radiol.2020201187
https://doi.org/10.1007/s00415-020-09929-7
https://doi.org/10.1016/j.ijid.2020.03.062
https://doi.org/10.7861/clinmed.2020-0182
https://doi.org/10.1016/j.idcr.2020.e00782
https://doi.org/10.3346/jkms.2020.35.e174
https://doi.org/10.1111/ene.14273
https://doi.org/10.1016/j.cmi.2020.05.017
https://doi.org/10.1016/j.jocn.2020.04.062
https://doi.org/10.1007/s10072-020-04449-8
https://doi.org/10.1016/S1474-4422(20)30109-5
https://doi.org/10.1212/WNL.0000000000009619
https://doi.org/10.1007/s00415-020-09897

