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Abstract. – OBJECTIVE: The “Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2)” disease caused a challenging and threat-
ing pandemic (COVID-19) worldwide with a great 
loss to life and the global economy. SARS-CoV-2 
mainly involves the respiratory system, howev-
er, with Magnetic Resonance Imaging (MRI), neu-
rological and special senses clinical manifes-
tations have been reported rarely. The present 
study aims to investigate the MRI findings, clin-
ical manifestations of neurological and special 
senses involvement in SARS-CoV-2 patients.

METHODS: In this study, 284 articles from the 
databases “Pub-Med, Web of Science-Clarivate 
Analytics, Embase and Google Scholar” were 
identified. The keywords, coronavirus, SARS-
CoV-2, COVID-19 pandemic, MRI, brain, special 
senses, neurological involvement were entered 
into the search engines and the concerned doc-
uments were selected and reviewed. The de-
scriptive information was recorded from the par-
ticular studies; finally, we included 48 publica-
tions. 

RESULTS: The common neurological manifes-
tations in SARS-CoV-2 patients were headache, 
impaired consciousness, acute cerebrovascu-
lar disease, ataxia, tremors, meningitis, enceph-
alitis, cerebral bleeding, subarachnoid hemor-
rhage, frontal lobe, temporal lobe and intracere-
bral hematoma, hemiparesis and seizures. How-
ever, common special senses manifestations 
in SARS-CoV-2 patients were olfactory, audito-
ry and gustatory disorders including red eyes, 
painless monocular visual disturbance, anos-
mia, ageusia, dysgeusia, dysosmia and hypoa-
cusis. Moreover, the MRI findings identified in 
SARS-CoV-2 patients were isolated oval-shaped 
lesion in the corpus callosum, bilateral basal 
ganglia hemorrhage, ischemic lesions involving 
the corpus callosum, basal ganglia, cerebellum 
and vasogenic edema extending to the cerebral 
peduncles, pons and ventricles.

CONCLUSIONS: The neurologic manifesta-
tions of SARS-CoV-2 patients are highly vari-

able. The SARS-COV-2 exerts its damaging ef-
fects on the nervous system and special senses 
by developing determinant numerous neurolog-
ical and special senses’ clinical manifestations. 
Physicians with the help of MRI must rule out the 
neurological and special senses manifestations 
among SARS-CoV-2 patients.

Key Words:
SARS-CoV-2, MRI, Brain, Special senses, Neurologi-

cal manifestations.

Introduction

The “Severe Acute Respiratory Syndrome 
Corona Virus 2 (SARS-CoV-2)” disease caused 
a challenging and threating pandemic globally 
(COVID-19). It has various key epidemiological 
and biological features, causing it to be more 
contagious than previous pandemics1. The viral 
infections spread rapidly and frequently provoke 
major health and socio-economic harms1. The 
trends in the prevalence and mortality rate of 
SARS-CoV-2 are changing on a daily basis2. On 
Dec 16, 2020, on the date of submission of this 
manuscript, COVID-19 pandemic involved 216 
countries, and had, to date, affected 72,851,747 
people with a fatality of 1,643,339 (2.25%)3. 

The most common clinical manifestations in 
SARS-CoV-2 patients are related to the respira-
tory system. However, limited number of studies 
are now available and are revealing neurologic 
manifestations too. The SARS-CoV-2 is not only 
affecting the respiratory system but it also in-
volves the other body systems including the ner-
vous system. However, the neurological manifes-
tations of SARS-CoV2 are variable, and literature 
is acutely lacking. Therefore, this study aims at 
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investigating the various clinical manifestations 
and evidence of neurological and special senses 
involvement in SARS-CoV-2 patients.

Materials and Methods 

This study was performed in the “Department 
of Physiology, College of Medicine, King Saud 
University, Riyadh, Saudi Arabia”. In this study, 
284 published studies were identified through 
a systematic database with searches including 
“Pub-Med4 “Web of Science-Clarivate Analyt-
ics5, Embase and Google Scholar” from Dec 29, 
2019 to Dec 2, 2020. The literature was searched 
by using the key-terms including Coronavirus, 
SARS-CoV-2, COVID-19 pandemic, brain, spe-
cial senses and neurological manifestations. The 
study heading, abstract was appraised to deter-
mine the admissibility for the documents. All 
studies in which SARS-CoV-2, COVID-19 pan-
demic, brain, special senses, neurological mani-
festations were conferred, were eligible for inclu-
sion. No limitations on publication status, study 
design or language of publication were imposed. 
The descriptive information was retrieved from 
the selected literature. Two co-authors reviewed 
articles, including, original articles, case series 
and case reports, for neurologic manifestations 
of SARS-CoV-2 and organized them into tabular 
form. After that, third co-author rechecked the 
literature and their findings. We reviewed 284 
documents, finally we included 48 publications. 

Inclusion and Exclusion Criteria
The inclusion criteria were cohort, cross sec-

tional studies, case series, case reports which re-
ported the coronavirus, SARS-CoV-2, COVID-19 
pandemic, MRI, brain, special senses, neurologi-
cal manifestations. The studies published without 
clinical manifestation were excluded. 

Data Extraction and Ethics Satement
MRI findings, neurological and special senses 

allied clinical manifestations of SARS-CoV-2 pa-
tients were thoroughly reviewed by investigators; 
the findings were documented by using a stan-
dardized form including a full description of the 
study characteristics. In this study, we recorded 
publicly available data base literature on corona-
virus, SARS-CoV-2, COVID-19 pandemic, MRI 
findings, brain, special senses, neurological man-
ifestations hence we did not require the ethical 
approval. 

Results

Table I demonstrates the neurological manifes-
tations in SARS-CoV-2 patients. The most fre-
quent neurological clinical manifestations have 
shown to be headache, impaired consciousness, 
acute cerebrovascular disease, ataxia, tremors, 
meningitis, encephalitis, cerebral bleeding, sub-
arachnoid hemorrhage, frontal lobe, temporal 
lobe and intracerebral hematoma, hemiparesis 
and seizures (Table I Figure I). The common 
special senses manifestations in SARS-CoV-2 
patients are olfactory, auditory and gustatory dis-
orders and include: red eyes, painless monocular 
visual disturbance, anosmia, ageusia, dysgeusia, 
dysosmia, ear hypoacusis (Table II, Figure I). The 
magnetic resonance imaging (MRI) based neu-
ro-radiological findings in SARS-CoV-2 patients 
are presented in Table III.

Discussion

The novel coronavirus SARS-CoV-2 infec-
tion is an emerging global health concern and 
has infected a significant portion of the world’s 
population2. In this study, it was identified that 
SARS-CoV-2 infection exerts damaging effects 
on the nervous system and special senses by 
developing determinant numerous neurological 
and special senses clinical manifestations. More-
over, the brain MRI findings also indicate a 
strong evidence of the involvement of various 
regions of brain (Tables I-III). SARS-CoV-2 pa-
tients primarily suffer from respiratory illnesses, 
which are occasionally accompanied by other 
body systems54. The severity can range from mild 
respiratory symptoms to severe acute respiratory 
distress syndrome, which also involves the ner-
vous system54.  

Mao et al25 reported the numerous central ner-
vous system symptoms in patients with SARS-
CoV-2. The authors found that 36.4% of patients 
had headache, dizziness, impaired consciousness, 
acute cerebrovascular disease, ataxia and sei-
zures. Moreover, 8.9% patients have the involve-
ment of special senses manifestations, such as 
taste, smell, vision impairment, and nerve pain. 
Similarly, in the present study, we identified ner-
vous system and special senses associated clini-
cal manifestations. 

Brouwer et al55 demonstrated that more than 
10% of SARS-CoV-2 patients had complaints 
of headache, loss of smell and taste disturbance. 
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Moreover, acute cerebrovascular events were al-
so identified in about 3% of the patients, and 
6% of patients with severe manifestations had 
cerebrovascular events. Similarly, Tsai et al56 
reported the various neurologic manifestations, 
including “olfactory taste disorders, headache, 
acute cerebral vascular disease, dizziness, altered 
mental status, seizure, encephalitis, neuralgia, 
ataxia, Guillain-Barre syndrome, Miller Fisher 
syndrome, intracerebral hemorrhage, polyneuri-
tis and dystonic posture”. 

Al-olama et al10 found that SARS-CoV 2 infec-
tion can cause meningoencephalitis in the right 
frontal intracerebral hematoma, subarachnoid 
hemorrhage, frontal and temporal lobes thin sub-
dural hematoma. Domingues et al57 reported mild 
respiratory symptoms and neurological mani-
festations with demyelinating disease in SARS-
CoV-2 patients.

Elkhaled et al53 reported that SARS-CoV-2 
patient can be presented with various neurolog-
ical findings including auditory hallucinations, 

restlessness and rapidly developed systemic in-
flammatory response syndrome (SIRS). Brain 
MRI revealed an isolated oval-shaped lesion in 
the splenium of the corpus callosum, with hy-

Table I. Neurological clinical manifestation among SARS-CoV 2 patients.

	 Authors and	 Sample	 Age	 Type of	
	 study year	 size	 (years) 	 study	 Study findings 

Moriguchi et al 20206	 M:1 	 24 	 Case report 	 Meningitis, encephalitis, mainly involved the
				    right lateral ventriculitis and encephalitis on 
				    right mesangial lobe and hippocampus
Bernard-Valnet et al 20207	 F:2	 64, 67 	 Case report 	 Patient 1: Acute meningoencephalitis, 
 				    tonico-clonic seizure. Patient 2: Intense wake-up
				    headache and disorientation, left hemianopia,
				    sensory hemineglect.
Ye et al 20208	 M:1		  Case report	 Encephalitis, meningeal including nuchal rigidity 
Lyons et al 20209	 M:1	 20	 Case report 	 Lightheadedness and seizures
Al-olama et al 202010 	 M:1	 36	 Case report 	 Meningoencephalitis with “right frontal
				    intracerebral hematoma, subarachnoid hemorrhage, 
				    frontal and temporal lobes thin subdural hematoma”
Huang et al 202011	 F:1	 40	 Case report	  Encephalitis, CSF positive for SARS-CoV-2
Hayashi et al 202012	 M:1	 75	 Case report	 Mild encephalitis/encephalopathy
Beach et al202013	 M:3; F:1	 ≥ 68	 Case series 	 Delirium with change in mental status
Morassi  et al 202014	 M:5, F:1	 ≥ 57	 Case series	 Stroke, ischemic and hemorrhagic stroke 
Wong et al 202015	 M:1	 40	 Case report	 Encephalitis, acute brainstem dysfunction 
Panariello et al 202016 	 M:1	 23	 Case report	 Encephalitis 
Efe  et al 202017	 F:1	 35	 Case report	 Encephalitis, mimicking glial tumor 
Afshar et al 202018	 F:1	 39	 Case report 	  para-infectious encephalitis
Lu et al 202019	 MF: 304	 15-49	 Retrospective 	 Seizures during acute phase of the disease.
Sedaghat et al 202020	 M:1	 65	 Case report 	 GBS neurological complication of COVID-19
Haddadi et al 202021	 M:1	 65	 Case report	 COVID-19 effect basal ganglia
Avula et al 202022	 MF:4	 -	 Retrospective 	 COVID-19 patients can present with CVA
El Otmani et al 202023	 F:1 	 70	 Case report	 SARS-Cov-2 can trigger GBS.
Zhao et al 202024	 F:1	 61	 Case report	 A linkage between GBS and COVID-19
Mao et al 202025	 214 M,F	 52.7	 Retrospective	 36.4% patients had headache, dizziness, impaired
				    consciousness, cerebrovascular disease, ataxia 
				    and seizures

M = Male; F = Female.

Figure 1. Neurological and special senses manifestations 
in SARS-CoV-2patients.
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perintense signal on diffusion-weighted imaging 
(DWI) and hypointense on apparent diffusion 
coefficient (ADC) maps. The patient also devel-
oped multiple organ dysfunction syndrome and 
severe intra-abdominal and cerebral bleeding, 
and cardiac arrest. 

Mao et al 202025 established the patholog-
ic mechanism and reported that SARS-CoV-2 
may enter into the brain through the hematog-
enous or retrograde neuronal route. The au-
thors highlighted the evidence that patients with 
SARS-CoV-2 had smell impairment and the low 
lymphocyte numbers support the hypothesis of 
the entry of the virus into the nervous system. 
SARS-CoV2 can reach the nervous system from 
the bloodstream or olfactory pathway by bind-
ing with the ACE-2 receptor. Ahmed et al58 
established the hypothesis that SARS-CoV-2 en-
ters into the CNS through direct infection inju-
ry, blood circulation pathway, neuronal pathway, 
immune mediated injury and hypoxic injury. We 
also believe that SARS-CoV-2 can enter into the 
CNS through the hematogenous or retrograde 
neuronal route and infect the nervous system 
and special senses. There is reliable MRI evi-
dence that SARS-CoV-2 develops neurological 
manifestations (Table III). It enters into the 
brain through the blood and neuronal routes, and 
causes the breakdown of blood brain barriers 
and infects the meningeal layers and various 
parts of the brain. 

Study Strengths and Limitations
This is the first study added in the literature 

to analyze the numerous neurological, special 
senses and MRI allied clinical manifestation in 
SARS-CoV 2 patients. This study has few limita-
tions, no homogeneity in the study type, design 
and sample size. 

Conclusions 

The SARS-CoV-2 exerts its effects on the 
nervous system and special senses by developing 
determinant neurological and special senses clin-
ical manifestations, including headache, menin-
gitis, encephalitis, impaired consciousness, acute 
cerebrovascular disease, ataxia, tremors, cerebral 
bleeding, frontal lobe, temporal lobe and intra-
cerebral hematoma, hemiparesis and seizures. 
It also causes olfactory, auditory and gustatory 
disorders including red eyes, painless monocular 
visual disturbance, anosmia, ageusia, dysgeusia, 
dysosmia and hypoacusis. 

The neurologic manifestations of COVID-19 
are highly variable and can occur at the initial 
stage of the diseases. The neurological mani-
festations alert the physicians to immediately 
rule out the high-risk patients. As the brain 
is a very vital and complex organ, hence its 
complications are also complex. There is an 
acute need to establish varying degrees of an 

Table II. Special senses clinical manifestation among SARS-CoV-2 patients.

	 Authors and	 Sample	 Age	 Type of	
	 study year	 size	 (years) 	 study	 Study findings 

Lechien et al 202026	 N:417	 ---	 Multi-center	 The olfactory and gustatory disorders are
			   cross sectional 	 prevalent symptoms in SARS-CoV-2 patients
Vaira et al 202027	 N:72 	 --	 Case series	 Olfactory and gustatory dysfunctions findings in 
				    SARS-CoV-2 patients
Haldrup et al 202028	 M:1	 30	 Case report	 Anosmia and ageusia in COVID-19 patients
Lee et al 202029	 N:3191		  Observational	 Female patients with anosmia or ageusia 
Gilani et al 202030	 N:8	 22-39	 Case series	 Anosmia 
Melley et al 202031	 N:1	 59	 Case report 	 Hypogeusia an initial presentation of COVID-19
Zhang et al 202032	 N:1	 60	 Case report	 Anosmia and ageusia could be the only symptoms.
Gane et al 202033	 N:1	 ----	 Case report	 Anosmia in their current COVID-19
Vijairam et al 200234	 1 F:1	 50	 Case report	 Acute painless right eye, visual disturbance, 
				    Dysgeusia, dysosmia, right ear hypoacusis and
				    right hemiparesis. 
Alex et al 202035	 134 	 57.1 	 Case control 	 Anosmia or dysgeusia, presence of blurred vision 
Shane et al 20209	 M:1	 20	 Case report 	 Blurred and double vision
Mao et al 202025	 214 M,F	 52.7	 Retrospective	 8.9 % patients had taste, smell impairment, 
				    vision impairment, and nerve pain, and 
				    skeletal muscular injury

M = Male; F = Female.
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association between the medical and intensive 
care unit physicians, neurologists and neuro-ra-
diologist for the treatment of SARS-CoV-2 

patients. The team should consider the nervous 
system as a priority like considering the respi-
ratory system. 

Table III. Magnetic resonance imaging (MRI) based neuro-radiological findings in SARS-CoV-2 patients.

	 Authors and	 Sample	 Age	 Type of	
	 year of study	 size	 (years) 	 study	 MRI findings  

Poyiadji et al 202036	 F = 1	 58 	 Case report 	 The hemorrhagic rim enhancing lesions in the
				    bilateral thalami, medial temporal lobes and 
				    sub insular regions
Zambreanu et al 202037	 F = 1	 66 	 Case report	 Hyperintensities in medial temporal lobe and
				    medial thalami, lesser extent upper pons, as well 
				    as scattered subcortical white matter hyperintensities
Dixon et al 202038	 F = 1	 59	 Case report 	 Hemorrhagic lesions in the brain stem, amygdalae,
				    putamina, and thalamic nuclei. It causes brain
				    stem distension
Beyrouti et al 202039	 M = 5	 53-85	 Case series 	 The findings show left vertebral artery occlusion,
	 F = 1			   left posterior inferior cerebellar artery infarction
				    with petechial hemorrhage, infarct and thrombus
				    in the basilar artery, stenosis and multiple acute 
				    infarcts
Radmanesh et al 202040 	 M = 9	 38-64	 Case series 	 Microhemorrhasgic transformation,
	 F = 2			   parenchymal hemorrhages, and thalamic expansile
				    T2 hyperintensity
Radmanesh et al 202041 	 N = 242 	 68.7 ± 16.5 	 Retrospective	 Nonspecific white matter microangiopathy, acute
			   case series 	 or subacute ischemic infarct and hemorrhage
Mahammedi et al 202042	 M = 69	 69 ±1 5	 Retrospective	 Acute ischemic infarcts, and intracranial
	 F = 39		  case series 	 hemorrhages with subarachnoid hemorrhage 
				    being the most common.
Klironomos et al 202043 	 M = 138	 62 ± 14	 Retrospective	 Corpus callosum ischemic changes and
	 F = 74		  case series	 macro-hemorrhagic manifestations
Chougar et al 202044 	 M = 48	 58.5 ± 15.6	 Retrospective	 Acute ischemic infarct, deep venous thrombosis, 
	 F = 25			   microhemorrhages, perfusion abnormalities, foci
				    within the corpus callosum with cytotoxic lesions 
				    in corpus callosum, basal ganglia lesions
Kremer et al 202045	 M = 30	 8-78 	 Retrospective	 Signal abnormalities in medial temporal lobe, 
	 F = 7		  case series	 hemorrhagic lesions, wide isolated white matter
				    microhemorrhages and intracerebral hemorrhagic
				    lesions
Forestier et al 202046 	 M = 1	 55	 Case report	 Brain MRI demonstrated cytotoxic lesion of the
				    corpus callosum
Lin et al 202047 	 M = 158	 50-75	 Case series 	 Cranial nerve abnormalities including olfactory 
	 F = 1 20			   bulb abnormalities, and microhemorrhage pattern
				    associated microbleeds
Hanafi et al 202048	 M = 1	 65	 Case report	 Ischemic lesions involving the centrum semiovale, 
				    corpus callosum, basal ganglia, and cerebellum
				    with patchy/punctuate enhancement
Chougar et al 202049 	 M = 1	 72	 Case report 	 Marked vasogenic edema, extending to the right
				    cerebral peduncle, pons and increased hemorrhagic 
				    changes involving the lateral ventricle
Aragão et al 202050 	 N = 5	 --	 Case series 	 Small hyperintensity in the left olfactory bulb
Cavalcanti et al 202051 	 M = 2	 38, 41,23	 Case series 	 Reduced diffusion throughout the subcortical and
	 F = 1			   deep hemispheric white matter bilaterally, left
				    greater than right
Daci et al 202052 	 F = 1 	 60s 	 Case report 	 Bilateral basal ganglia hemorrhage
Elkhaled et al 202053	 M = 1	 23 year	 Case report	 Isolated oval-shaped lesion in the splenium of the
				    corpus callosum, with hyperintense signal on
				    diffusion-weighted imaging (DWI) and
				    hypointense on apparent diffusion coefficient 
				    (ADC) maps



S.A. Meo, A.A. Abukhalaf, A.A. Alomar, F. Al-Hussain

1106

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
The authors extend their appreciation to the Deputyship for 
Research & Innovation, “Ministry of Education” in Saudi 
Arabia for funding this research work through the project 
number IFKSURG-181.

References

  1)	 Meo SA, Alhowikan AM, Al-Khlaiwi T, Meo IM, 
Halepoto DM, Iqbal M, Usmani AM, Hajjar W, 
Ahmed N. Novel coronavirus 2019-nCoV: preva-
lence, biological and clinical characteristics com-
parison with SARS-CoV and MERS-CoV. Eur Rev 
Med Pharmacol Sci 2020; 24: 2012-2019.  

  2)	 Meo SA, Al-Khlaiwi T, Usmani AM, Meo AS, Klo-
noff DC, Hoang TD, Meo AS. Biological and ep-
idemiological trends in the prevalence and mor-
tality due to outbreaks of Novel Coronavirus 
COVID-19. J King Saud Univ Sci 2020; 32: 2495-
2499. 

  3)	 World Health Organization. Coronavirus dis-
ease (COVID-19) outbreak situation. Available at: 
https://www.who.int/emergencies/diseases/nov-
el-coronavirus-2019. Cited date Dec 18, 2020. 

  4)	 Pub Med. Available at: https://pubmed.ncbi.nlm.
nih.gov. Cited date Dec 12, 2020. 

  5)	 Web of Science, Clarivate Analytics. Available 
at: https://apps.webofknowledge.com. Cited date 
Dec 12, 2020. 

  6)	 Moriguchi T, Harii N, Goto J. A first case of men-
ingitis/encephalitis associated with SARS-Coro-
navirus-2. Int J Infect Dis 2020; 94: 55-58. 

  7)	 Bernard-Valnet R, Pizzarotti B, Anichini A, De-
mars Y, Russo E, Schmidhauser M, Cerutti-So-
la J, Rossetti AO, Du Pasquier R. Two patients 
with acute meningoencephalitis concomitant with 
SARS-CoV-2 infection. Eur J Neurol 2020; 27: 
e43-e44.  

  8)	 Ye M, Ren Y, Lv T. Encephalitis as a clinical man-
ifestation of COVID-19. Brain Behav Immun 2020; 
88: 945-946.  

  9)	 Lyons S, O’Kelly B, Woods S, Rowan C, Brady D, 
Sheehan G, Smyth S. Seizure with CSF lympho-
cytosis as a presenting feature of COVID-19 in an 
otherwise healthy young man. Seizure 2020; 80: 
113-114. 

10)	 Al-Olama M, Rashid A, Garozzo D. COVID-19-as-
sociated meningoencephalitis complicated with 
intracranial hemorrhage: a case report. Acta Neu-
rochir (Wien) 2020; 162: 1495-1499.

11)	 Huang YH, Jiang D, Huang JT. SARS-CoV-2 de-
tected in cerebrospinal fluid by PCR in a case 
of COVID-19 encephalitis. Brain Behav Immun 
2020; 87: 149. 

12)	 Hayashi M, Sahashi Y, Baba Y, Okura H, Shimo-
hata T. COVID-19-associated mild encephalitis, 
encephalopathy with a reversible splenial lesion. 
J Neurol Sci 2020; 415: 116941. 

13)	 Beach SR, Praschan NC, Hogan C, Dotson S, 
Merideth F, Kontos N, Fricchione GL, Smith FA. 
Delirium in COVID-19: a case series and explora-
tion of potential mechanisms for central nervous 
system involvement. Gen Hosp Psychiatry 2020; 
65: 47-53.  

14)	 Morassi M, Bagatto D, Cobelli M. Stroke in pa-
tients with SARS-CoV-2 infection: case series. J 
Neurol 2020; 1-8. 

15)	 Wong PF, Craik S, Newman P, Makan A, Srini-
vasan K, Crawford E, Dev D, Moudgil H, Ahmad 
N. Lessons of the month 1: aAcase of rhomb-
encephalitis as a rare complication of acute 
COVID-19 infection. Clin Med (Lond) 2020; 20: 
293-294.  

16)	 Panariello A, Bassetti R, Radice A, Rossotti R, 
Puoti M, Corradin M, Moreno M, Percudani M. 
Anti-NMDA receptor encephalitis in a psychiatric 
Covid-19 patient: a case report. Brain Behav Im-
mun 2020; 87: 179-181.  

17)	 Efe IE, Aydin OU, Alabulut A, Celik O, Aydin K. 
COVID-19-associated encephalitis mimicking gli-
al tumor. World Neurosurg 2020; 140: 46-48.  

18)	 Afshar H, Yassin Z, Kalantari S. Evolution and 
resolution of brain involvement associated with 
SARS- CoV2 infection: A close Clinical - Para-
clinical follow up study of a case. Mult Scler Relat 
Disord 2020; 43: 102216. 

19)	 Lu L, Xiong W, Liu D, Liu J, Yang D, Li N, Mu J, 
Guo J, Li W, Wang G, Gao H, Zhang Y, Lin M, 
Chen L, Shen S, Zhang H, Sander JW, Luo J, 
Chen S, Zhou D. New onset acute symptomat-
ic seizure and risk factors in coronavirus disease 
2019: a retrospective multicenter study. Epilepsia 
2020; 61: e49-e53. doi: 10.1111/epi.16524. 

20)	 Sedaghat Z, Karimi N. Guillain Barre syndrome 
associated with COVID-19 infection: A case re-
port. J Clin Neurosci 2020; 76: 233-235. 

21)	 Haddadi K, Ghasemian R, Shafizad M. Basal 
ganglia involvement and altered mental status: a 
unique neurological manifestation of Coronavirus 
Disease 2019. Cureus 2020; 12: e7869. 

22)	 Avula A, Nalleballe K, Narula N, Sapozhnikov 
S, Dandu V, Toom S, Glaser A, Elsayegh D. 
COVID-19 presenting as stroke. Brain Behav Im-
mun 2020; 87: 115-119.  

23)	 El Otmani H, El Moutawakil B, Rafai MA, El Ben-
na N, El Kettani C, Soussi M, El Mdaghri N, Bar-
rou H, Afif H. Covid-19 and Guillain-Barré syn-
drome: more than a coincidence. Rev Neurol 
(Paris) 2020; 176: 518-519.  

24)	 Zhao H, Shen D, Zhou H, Liu J, Chen S. Guil-
lain-Barré syndrome associated with SARS-
CoV-2 infection: causality or coincidence? Lancet 
Neurol. 2020; 19: 383-384. 

25)	 Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, 
Chang J, Hong C, Zhou Y, Wang D, Miao X, Li Y, 



Magnetic Resonance Imaging (MRI) and neurological manifestations in SARS-CoV-2 patients 

1107

Hu B. Neurologic manifestations of hospitalized 
patients with Coronavirus Disease 2019 in Wu-
han, China. JAMA Neurol 2020; 77: 683-690. 

26)	 Lechien JR, Chiesa-Estomba CM, De Siati DR, 
Horoi M, Le-Bon SD, Rodriguez A, Dequanter 
D, Blecic S, El Afia F, Distinguin L. Olfactory and 
gustatory dysfunctions as a clinical presentation 
of mild-to-moderate forms of the coronavirus dis-
ease (COVID-19): a multicenter European study. 
Eur Arch Otorhinolaryngol 2020; 277: 2251-2261.  

27)	 Vaira LA, Deiana G, Fois AG. Objective evalu-
ation of anosmia and ageusia in COVID-19 pa-
tients: Single-center experience on 72 cases. 
Head and Neck 2020; 42: 1252-1258. 

28)	 Haldrup M, Johansen MI, Fjaeldstad AW. Anosmia 
and ageusia as primary symptoms of COVID-19. 
Ugeskr Laeger 2020; 182: V04200205. 

29)	 Lee Y, Min P, Lee S, Kim SW. Prevalence and du-
ration of acute loss of smell or taste in COVID-19 
patients. J Korean Med Sci 2020; 35: e 174.  

30)	 Gilani S, Roditi R, Naraghi M. COVID-19 and an-
osmia in Tehran, Iran. Med Hypotheses 2020; 
141: 109757.

31)	 Melley LE, Bress E, Polan E. Hypogeusia as the 
initial presenting symptom of COVID-19. BMJ 
Case Rep 2020; 13: e236080. 

32)	 Zhang Q, Shan KS, Abdollahi S, Nace T. Anos-
mia and ageusia as the only indicators of Coro-
navirus Disease 2019 (COVID-19). Cureus 2020; 
12: e7918.  

33)	 Gane SB, Kelly C, Hopkins C. Isolated sudden 
onset anosmia in COVID-19 infection. A nov-
el syndrome? Isolated sudden onset anosmia in 
COVID-19 infection. A novel syndrome. Rhinolo-
gy 2020; 583: 299-301.

34)	 Vijairam S, Daniel S, Arkadiy F, Dapaah-Afriyie K. 
Acute vision loss in a patient with COVID-19. R I 
Med J 2020; 103: 37-38. 

35)	 Alex C, Louis V, Cynthia G, Jean BM, Delphin N, 
Marcil-Héguy A. Anosmia and dysgeusia associ-
ated with SARS-CoV-2 infection: an age-matched 
case-control study. CMAJ 2020; cmaj.200869.  

36)	 Poyiadji N, Shahin G, Noujaim D, Stone M, Patel 
S, Griffith B. COVID-19-associated acute hemor-
rhagic necrotizing encephalopathy: imaging fea-
tures. Radiology 2020; 296: E119-E120. 

37)	 Zambreanu L, Lightbody S, Bhandari M, Hoskote 
C, Kandil H, Houlihan CF, Lunn MP. A case 
of limbic encephalitis associated with asymp-
tomatic COVID-19 infection. J Neurol Neurosurg 
Psychiatry 2020; 91: 1229-1230. doi: 10.1136/jn-
np-2020-323839. 

38)	 Dixon L, Varley J, Gontsarova A, Mallon D, To-
na F, Muir D, Luqmani A, Jenkins IH, Nicholas R, 
Jones B, Everitt A. COVID-19-related acute nec-
rotizing encephalopathy with brain stem involve-
ment in a patient with aplastic anemia. Neurol 
Neuroimmunol Neuroinflamm 2020; 7: e789. 

39)	 Beyrouti R, Adams ME, Benjamin L, Cohen H, 
Farmer SF, Goh YY, Humphries F, Jäger HR, 

Losseff NA, Perry RJ, Shah S, Simister RJ, 
Turner D, Chandratheva A, Werring DJ. Char-
acteristics of ischaemic stroke associated with 
COVID-19. J Neurol Neurosurg Psychiatry 2020; 
91: 889-891. 

40)	 Radmanesh A, Derman A, Lui YW. COVID-19–as-
sociated diffuse leukoencephalopathy and micro-
hemorrhages. Radiology 2020; 297: E223-E227.  

41)	 Radmanesh A, Raz E, Zan E, Derman A, Ka-
minetzky M. Brain imaging use and findings in 
COVID-19: a single academic center experience 
in the epicenter of disease in the United States. 
AJNR Am J Neuroradiol 2020; 41: 1179-1183. 

42)	 Mahammedi A, Saba L, Vagal A, Leali M, Rossi 
A, Gaskill M, Sengupta S, Zhang B, Carriero A, 
Bachir S, Crivelli P, Paschè A, Premi E, Padovani 
A, Gasparotti R. Imaging of neurologic disease 
in hospitalized patients with COVID-19: an Ital-
ian multicenter retrospective observational study. 
Radiology 2020; 297: E270-E273. 

43)	 Klironomos S, Tzortzakakis A, Kits A. Ner-
vous system involvement in Coronavirus Dis-
ease 2019: results from a retrospective consec-
utive neuroimaging cohort. Radiology 2020; 297: 
E324-E334. 

44)	 Chougar L, Shor N, Weiss N, Galanaud D, Lecler-
cq D, Mathon B, Belkacem S, Ströer S, Burrel S, 
Boutolleau D, Demoule A, Rosso C, Delorme C, 
Seilhean D, Dormont D, Morawiec E, Raux M, De-
meret S, Gerber S, Trunet S, Similowski T, Degos 
V, Rufat P, Corvol JC, Lehéricy S, Pyatigorska-
ya N; CoCo Neurosciences Study Group. Retro-
spective observational study of brain MRI find-
ings in patients with acute SARS-CoV-2 infection 
and neurologic manifestations. Radiology 2020; 
297: E313-E323.  

45)	 Kremer S, Lersy F, de Sèze J, Ferré JC, Maamar 
A, Carsin-Nicol B, Collange O, Bonneville F, Ad-
am G, Martin-Blondel G, Rafiq M, Geeraerts T, 
Delamarre L, Grand S, Krainik A; SFNR-COVID 
Group. Brain MRI findings in severe COVID-19: 
a retrospective observational study. Radiology 
2020; 297: E242-E251.  

46)	 Forestier G, de Beaurepaire I, Bornet G, Bou-
louis G. Cytotoxic lesion of the corpus callosum 
as presenting neuroradiological manifestation of 
COVID-2019 infection. J Neurol 2020; 18: 1-3. 

47)	 Lin E, Lantos JE, Strauss SB, Phillips CD, Campi-
on TR Jr, Navi BB, Parikh NS, Merkler AE, Mir S, 
Zhang C, Kamel H, Cusick M, Goyal P, Gupta A. 
Brain imaging of patients with COVID-19: findings 
at an academic institution during the height of the 
outbreak in New York City. AJNR Am J Neurora-
diol 2020; 41: 2001-2008.  

48)	 Hanafi R, Roger PA, Perin B. COVID-19 neurolog-
ic complication with CNS vasculitis-like pattern. 
Am J Neuroradiol 2020; 41: 1384-1387. 

49)	 Chougar L, Mathon B, Weiss N, Degos V, Shor N. 
Atypical deep cerebral vein thrombosis with hem-
orrhagic venous infarction in a patient positive 
for COVID-19. Am J Neuroradiol 2020; 41: 1377-
1379. 



S.A. Meo, A.A. Abukhalaf, A.A. Alomar, F. Al-Hussain

1108

50)	 Aragão MFV, Leal MC, Cartaxo FOQ, Fonse-
ca TM, Valença MM. Anosmia in COVID-19 as-
sociated with injury to the olfactory bulbs evi-
dent on MRI. Am J Neuroradiol 2020; 41: 1703-
1706. 

51)	 Cavalcanti DD, Raz E, Shapiro M. Cerebral ve-
nous thrombosis associated with COVID-19. Am 
J Neuroradiol 2020; 41: 1370-1376. 

52)	 Daci R, Kennelly M, Ferris A. Bilateral basal 
ganglia hemorrhage in a patient with confirmed 
COVID-19. Am J Neuroradiol 2020; 41: 1797-
1799. 

53)	 Elkhaled W, Ben AF, Akhtar N, Abukamar MR, 
Ibrahim WH. A 23-year-old man with SARS-
CoV-2 infection who presented with auditory hal-
lucinations and imaging findings of Cytotoxic Le-
sions of the Corpus Callosum (CLOCC). Am J 
Case Rep 2020; 21: e928798. 

54)	 Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y. Clin-
ical features of patients infected with 2019 novel 

coronavirus in Wuhan, China. Lancet 2020; 395: 
497-506. 

55)	 Brouwer MC, Ascione T, Pagliano P. Neurologic 
aspects of covid-19: a concise review. Infez Med 
2020; 28: 42-45. 

56)	 Tsai ST, Lu MK, San S, Tsai CH. the neurologic 
manifestations of Coronavirus Disease 2019 pan-
demic: a systemic review. Front Neurol 2020; 11: 
498. doi: 10.3389/fneur.2020.00498. 

57)	 Domingues RB, Mendes-Correa MC, de Mou-
ra Leite FBV, Sabino EC, Salarini DZ, Claro I, 
Santos DW, de Jesus JG, Ferreira NE, Romano 
CM, Soares CAS. First case of SARS-COV-2 se-
quencing in cerebrospinal fluid of a patient with 
suspected demyelinating disease. J Neurol 2020; 
267: 3154-3156. 

58)	 Ahmed  MA, Hanif M,  Ali MJ,  Haider MA, Khera-
ni D,  Memon GM,  Karim AH, Sattar A. Neurolog-
ical manifestations of COVID-19 (SARS-CoV-2): a 
review. Front Neurol 2020; 11: 518.


