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REVIEW

Coronavirus Disease 2019 (COVID-19) From the Point of View of Neurologists: 
Observation of Neurological Findings and Symptoms During the Combat 
Against a Pandemic

Ayşe Nur ÖZDAĞ ACARLI , Bedia SAMANCI , Esme EKİZOĞLU , Arman ÇAKAR , Nermin Görkem ŞİRİN ,  
Tuncay GÜNDÜZ , Yeşim PARMAN , Betül BAYKAN

Istanbul University, Istanbul Faculty of Medicine, Department of Neurology, Istanbul, Turkey

Some respiratory viruses have long been known to cause neurological 
involvement. A novel coronavirus, leading to severe acute respiratory 
syndrome, also called coronavirus disease 19 (COVID-19), seems to be 
a new member of neuroinvasive viruses. While severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) keeps on spreading around the 
world rapidly, reports about the neurological manifestations associated 
with SARS-CoV-2, increases day by day. It is reported that a variety of 
symptoms and syndromes such as headache, dizziness, confusion, ataxia, 
epilepsy, ischemic stroke, neuropathic pain and myopathy are common 
especially in more severe COVID-19 patients. It is also suggested that the 
development of neurological complications is strongly associated with a 
poor outcome. On the other hand, hyposmia can be the unique symptom 
in COVID-19 carriers and this can serve as a marker for identifying the 
otherwise asymptomatically infected patients. It is thought that SARS-
CoV-2 may cause neurological symptoms through direct or indirect 

mechanisms. Nevertheless, neuroinvasion capability of SARS-CoV2 
is confirmed by the presence of the virus, in the cerebrospinal fluid of 
a COVID-19 patient with encephalitis, and this is proven by gene 
sequencing. In conclusion, during the COVID-19 pandemic, it is crucial 
to be aware of the possible neurological complications of the disease. 
Therefore, in this review, we aimed to report neurological manifestations 
associated with SARS-CoV-2 and possible underlying pathophysiological 
mechanisms. Due to the high homology of SARS-CoV-2 with other 
human coronaviruses such as SARS-CoV or Middle East Respiratory 
Syndrome (MERS)-CoV, reviewing the neurological involvement also 
associated with these coronaviruses will provide an idea about the long-
term complications of COVID-19.
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The outbreak of acute severe respiratory failure syndrome (SARS) 
coronavirus 2 (SARS-CoV-2), or more commonly known as coronavirus 
disease (COVID-19), is rapidly spreading worldwide since December 
2019. More than 1.5 million people in a total of 184 countries have 
been confirmed to be infected. The infection is shown to affect not 
only the respiratory or cardiovascular system but also many systems 
and organs, including the central nervous system (CNS) and peripheral 
nervous system (PNS). Nowadays, while all clinical symptoms and signs 
of the COVID-19 are being determined, the diversity of neurological 
involvement draws the attention of neurologists. A potential of 
neurovirulence of the virus seems to exist. The fact that the single 
symptom of decreased sense of smell in many COVID-19 carriers even 
suggests that this symptom can be considered as a disease marker. It is 
recommended by some authors to investigate the patient at this stage 
for the presence of CNS involvement (1).

The epidemic is increasing in our country. The reports from long-term 
strugglers, such as China and Italy, are guiding us in understanding the 
disease and recognizing the possible neurological signs and symptoms 
that can be related to COVID-19. Also, the data from other highly 

homologous human coronaviruses such as SARS-CoV or Middle East 
Respiratory Syndrome (MERS)-CoV may allow us to have an idea about 
the long-term complications of the pandemic. 

In this review, we aim to present the definite and likely neurological 
symptoms and neuropathogenesis of COVID-19 with the guidance of 
recently published data.

SARS-CoV-2 and Possible Neuro-invasion Mechanisms
SARS-CoV-2 is a novel positive-sense, single-stranded RNA virus and 
is located in the genus Betacoronavirus, known for its neuro-invasion 
potential (2). The virus can enter the cell by binding to angiotensin-
converting enzyme 2 (ACE2), which acts as a receptor (3). ACE-2 is 
present in many tissues in the human body, including the nervous system 
and skeletal muscle (4–6). The connection of this receptor with some 
drugs used in the treatment of hypertension also raises question marks. 
However, given the potential benefits, it is not currently recommended 
by cardiologists to discontinue this group of drugs in patients with 
controlled hypertension (7). 
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It is thought that SARS-CoV-2 can cause neurological symptoms 
through direct and indirect mechanisms (8). The first of the possible 
pathological mechanisms is the direct effect of the virus to the CNS 
as shown in SARS-CoV and MERS-CoV (9–13). Invasion of respiratory 
viruses into the CNS can occur in two ways: through bloodstream or via 
retrograde neuronal route. The virus in the bloodstream first infects the 
endothelial cells in the blood-brain barrier (BBB) or the epithelial cells 
in the blood-cerebrospinal fluid (CSF) barrier in the choroid plexus or 
reaches the CNS through leukocytes. Relatively slow blood flow in the 
brain microcirculation probably increases the interaction of the virus 
with the ACE2 in the capillary endothelium, and thus facilitates the virus 
to attach to ACE2 and enter the CNS after capillary endothelial damage 
(14). As a second route, it is assumed that the virus can reach the CNS 
via retrograde axonal transport through several cranial (such as olfactory, 
trigeminal, glossopharyngeal and vagus) or the peripheral nerves (15, 16). 

Myositis which is supposed to be another form of neurological 
involvement of the coronavirus, might be due to the direct invasion of 
the virus into the muscle tissue through ACE2. Although the virus binds 
to the same receptor, in post-mortem muscle tissue studies conducted 
in patients with SARS-CoV, the virus has not been isolated by in-situ 
hybridization or viral culture. Myopathy findings might be related to 
immune damage mechanism due to cytokine release (17).

Neurological symptoms may also occur with indirect mechanisms as 
a result of systemic adverse outcomes (multiple organ failure and/or 
disseminated intravascular coagulation and sepsis) due to increased 
immune response to the coronavirus infection or as a result of respiratory 
failure due to pathological changes in the lungs (8). 

SARS-CoV-2 Related Neurological Involvements Reported up to 
Date 
There is only one study in the literature regarding this subject, in addition 
to reviews, letters to the editor, and case reports. Neurological symptoms 
reported to date in COVID-19 patients and their distribution are shown 
in Figure 1.

In order to investigate the neurological findings of the virus, the medical 
data of 214 patients who were hospitalized with the diagnosis of SARS-

CoV-2 related SARS between January 16, 2020, and February 19, 2020, at 
the Union Hospital of Huazhong University of Science and Technology 
in Wuhan, China, where the outbreak first appeared, were analyzed 
retrospectively. Neurological findings were detected in 78 (36.4%) 
patients. In this study, neurological symptoms were classified in three 
categories: 

1.	 CNS symptoms or signs (headache, dizziness, impaired 
consciousness, ataxia, acute cerebrovascular disorder or epilepsy) 
were detected in 53 (24.8%) patients,

2.	 Neuropathy symptoms (hypogeusia, hyposmia or neuropathic pain) 
were detected in 19 (8.9%) patients,

3.	 Skeletal muscle symptoms were detected in 23 (10.7%) patients.

Dizziness (36; 16.8%) and headache (28; 13.1%) were the most frequent 
symptoms in patients with CNS involvement. On the other hand, 
hypogeusia (12; 5,6%) and hyposmia (11; 5.1%) were the most common 
symptoms related to PNS involvement. It was noted that severe patients 
with comorbid diseases like hypertension were more likely to have 
nervous system involvement, without typical symptoms, such as fever 
and coughing. In these patients, prominent inflammatory response with 
lower lymphocyte counts and increased C-reaction protein levels were 
found. Moreover, D-dimer levels were higher in this group and were 
thought to be the reason for the cerebrovascular diseases frequency (8). 
It was also observed that muscle involvement could be very severe and 
may result in rhabdomyolysis (CK levels: 525-12216 U/L). These patients 
frequently had accompanying organ dysfunction, such as liver or kidney 
failure. Since the hospitalization of the patients continued during this 
study, the effects of neurological findings on disease outcomes could not 
be evaluated (8). 

In a retrospective study, examining the clinical features of 799 cases 
with moderate-severe COVID-19 at the Tongji Hospital in Wuhan 
Province, China, impaired consciousness during hospital admission was 
22% in the deceased cases, and only, 1% in the recovered cases. It was 
observed that the frequency of headache (12% vs. 10%) and dizziness 
(10% vs. 7%) was similar between the deceased and the recovered 

Figure 1. The neurological symptoms reported to date in COVID-19 patients and their distribution (%).
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cases on admission. Although the neurological complications were not 
included, the development of secondary neurological symptoms was 
reported to be associated with poor outcome in this report. It was also 
noted that the levels of D-dimer and pro-inflammatory cytokines such 
as interleukin (IL) -2, IL-6, IL-8, IL-10, and tumor necrosis factor-α were 
significantly higher in deceased cases (18). IL-6 probably causes the 
initiation and the development of inflammatory damage in the brain and 
microvascular endothelial cells in ischemic strokes, and the release of 
this cytokine also disrupts cerebrovascular autoregulation (19). It is well 
known that the immune system activation and related to inflammatory 
processes that develop at the post-infectious stage, play an important 
role in the development of both atherothrombotic and cardioembolic 
ischemic strokes. Vascular damage can occur directly due to endothelial 
dysfunction during the inflammation process, and autoimmune 
processes may cause cardiac dysfunction. It was reported that coronary 
artery disease, myocardial infarction, dilated cardiomyopathy, and 
atrial fibrillation may develop due to immune mechanisms, and this 
entire pathological process which ends up with a cardioembolic stroke 
is defined as “cardiopathy” (20). COVID-19 infection was also observed 
to cause severe cardiovascular system involvement due to acute 
myocardial damage and endothelial dysfunction (21). Along with an 
increase in cytokine levels, widespread microvascular thrombosis with 
prothrombotic activation was also reported, and consequently these 
patients had increased D-dimer levels. In the new guideline of AHA/ASA, 
it was emphasized that 5.9% of the patients with COVID-19 had a stroke 
on average ten days after the onset of symptoms (22). Depending on first 
observations, cerebrovascular diseases were frequently seen in the group 
with poor prognosis (23).

In another report from China, reflex respiratory function in a 24-year-old 
medical school student from Wuhan University was lost, and she constantly 
needed to be kept awake at the intensive care unit to survive. Based on 
this observation and previous studies with experimental animal models, 
it was emphasized that COVID-19 can also cause severe respiratory 
symptoms by affecting the CNS, especially the cardiorespiratory center of 
the brainstem. Nevertheless, this should be assessed cautiously since the 
obsevation is based on a single case and controversial data. It was also 
stated that the virus could protect itself from the immune response inside 
the neurons and may not be completely cleared from the body even 
after the signs of acute infection have ended, similar to Herpesviruses 
that cause latent infection (24). However, the data is still insufficient to 
conclude that SARS-CoV-2 has a neurotropic feature like Herpesviruses. 

The gene sequencing of the virus from the CSF of a 56-year-old patient 
in Beijing hospital, suggested that the virus infects the CNS. Along with 
respiratory symptoms, this patient also developed altered consciousness 
while CSF examination confirmed the diagnosis of viral encephalitis. 
After the treatment of encephalitis, the patient improved and finally was 
discharged from the hospital (25). The increasing number of case reports 
and systematic clinical studies will of course improve our understanding 
of CNS involvement of COVID-19.

Thirty-year-old Iranian female patient without any history of previous 
seizures or family history presented with new-onset seizures. COVID-19 
was accused to be the etiology of her seizures although brain magnetic 
resonance imaging (MRI) and CSF examination including microscopy, 
protein, glucose, and SARS-CoV-2 testing by polymerase chain reaction 
(PCR) turned out to be normal. Authors claimed that direct invasion 
of brain tissue and production of toxins by the virus or production of 
inflammatory mediators by the brain might be the possible mechanisms 
for the etiology of seizures (26). Future studies are needed to clarify 
the relation between COVID-19 and epilepsy. As a reference center in 
neurology, according to our experience, an increased tendency of status 
epilepticus exists, even in patients with epilepsy associated with different 

etiologies such as high-grade glial tumors during the pandemic period. 
Clinical research is now planned to disclose this relationship.  

The first case with acute hemorrhagic necrotizing encephalopathy 
associated with COVID-19 is published on 31st of March, 2020. A 50-year-
old female airline worker presented with confusion and headache (27). 
Her MRI demonstrated widespread lesions affecting bilateral mesial 
temporal lobes, subinsular region and thalamus. The clinical prognosis 
is unknown in this patient. Previous studies identify acute necrotizing 
encephalopathy as a rare complication associated with other respiratory 
viruses, probably caused by loss of blood-brain barrier integrity due to 
intracranial cytokine storm. Additionally, the isolation of the virus from 
the neuronal tissue was absent in these cases (28). Following the previous 
one, a case with meningoencephalitis is published on 4th of April, 2020. 
In this patient, the nasopharyngeal swab was negative for SARS-CoV2 
while PCR analysis of the CSF confirmed the diagnosis. The patient, 
published by Moriguchi et al, is a 24-year-old male without a history of 
traveling abroad, developed headache and sore throat on the fifth day 
of his fatigue and fever. Later, on day 9, he was found unconscious by 
his relatives and had a generalised tonic-clonic seizure on his way to the 
hospital. His examination on admission, revealed neck stiffness and 6/15 
points according to the Glasgow Coma Scale. Ground-glass opacities 
were present at his chest computerized tomography (CT). Cranial 
MRI showed hyperintensities in the right mesial temporal lobe and 
hippocampus in fluid-attenuated inversion recovery (FLAIR) images with 
slight hippocampal atrophy and no definite dural enhancement existed 
during contrast-enhanced imaging. The patient was then intubated and 
the outcome was unknown when the article was published. Interestingly, 
nasopharyngeal swabs were negative for the virus in this patient (29).

Zhao et al have published the first case with post-infectious myelitis 
associated with COVID-19. This patient was a 66-year-old male presented 
with fever and fatigue. After his chest CT revealed patchy changes in both 
lungs and he was nasopharyngeal-swab-positive, and he was admitted to 
the hospital with a diagnosis of COVID-19. During follow-up, after an attack 
of high fever (40°C), he developed flask tetraparesis with incontinence. 
His neurological examination showed bilateral weakness in the upper 
(MRC 3/5), and lower limbs (MRC 0/5) and a global sensory loss at T10 
level with decreased deep tendon reflexes, with no pathological reflexes. 
Cranial CT revealed multiple bilateral basal ganglia and paraventricular 
lacunar infarcts with brain atrophy. Acute myelitis was diagnosed. MRI of 
the spine and CSF analysis could not be performed. After the treatment 
with antiviral agents and intravenous immunoglobulin (15 gr/day for 7 
days), his neurological symptoms improved parallel with his infectious 
state and then he was transferred to a rehabilitation clinic (30).

Wei et al, recently published a case report in which they present a 62-year-
old patient with diplopia and unilateral ptosis. Neurological examination 
of the patient revealed unilateral oculomotor nerve palsy and laboratory 
tests showed elevated CRP levels and sedimentation rates. MRI and MR 
angiogram were normal without any lesions associated with the clinical 
picture. Although the patient was diabetic, the authors reported that the 
diabetic peripheral neuropathy was excluded due to the well controlled 
blood glucose levels of the patient. The viral respiratory panel was 
negative. However, the chest CT showed bilateral ground-glass opacities, 
in accordance with COVID-19. There were no symptoms associated with 
COVID-19 initially. On day 2, the patient developed respiratory distress 
with high fever and SARS-CoV-2 was detected in the throat swab sample. 
The patient died because of respiratory failure at day 12 after admission. 
Although lumbar puncture was not performed and the virus could not 
be isolated from CSF, authors claimed that oculomotor nerve palsy was 
associated with COVID-19 because all possible but etiologies causing this 
neurological presentation were discarded. The mechanism underlying 
the involvement of the third cranial nerve was thought to be due to the 
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invasion of the virus, and inflammatory mediators or it could be related to 
the disruption of the myelin and the axon of the cranial nerve caused by 
the virus (31). These mechanisms need to be clarified by future research. 

While autopsy studies of COVID-19 patients were reported to have 
severe hypoxia and viremia (32), another study reported edema in the 
brain tissue (33). These findings suggest that toxic encephalopathy may 
also play a role in the etiology of confusion, especially in severe cases (34).

As we know, Italy is one the countries having the highest mortality 
rates due to COVID-19. In Brescia University of Italy, an 18-bed neuro-
COVID-19 unit was established due to the high percentage of patients 
with neurological symptoms and signs, such as stroke, delirium, epileptic 
seizure, and encephalitis (35). The frequency of ischemic stroke and 
thrombosis increased dramatically in COVID-19 patients, and in some 
cases, the virus is thought to affect the coagulation mechanisms because 
no risk factors existed previously for these patients. They performed tissue 
plasminogen activator administration and/or mechanical thrombectomy 
in acute stroke patients positive for COVID-19 if they did not have 
respiratory involvement. Authors stated that the majority of the doctors 
dealing with COVID-19 have observed neurological symptoms, and the 
most common were headache, confusion, taste and smell impairment, 
myalgia, and prominent weakness. 

Zhao et al. reported a 61-year-old woman with a complaint of bilateral 
lower extremity weakness. She had returned from Wuhan four days ago. Her 
initial blood tests revealed lymphopenia and thrombocytopenia without 
any signs or symptoms of an infection. Seven days later, she was diagnosed 
as Guillain-Barre syndrome (GBS) and started to receive IVIG. One day 
later, fever and cough developed, while chest imaging and nasopharyngeal 
swab PCR sampling showed COVID-19 infection (36). Authors stated 
that, because of a recent Wuhan journey and abnormal lymphocyte 
and thrombocyte counts on admission, the patient should be assumed 
to be infected before admission. In this case, GBS is a para-infectious 
phenomenon secondary to COVID-19 infection. The authors refer to a 
report of a para-infectious GBS during Zikavirus infection, regarding this 
case. They also pointed out that another possibility could be the presence 
of an unknown co-incidental infection leading to GBS, and COVID-19 
infection was nosocomial. However, COVID-19 was not detected in the 
hospital staff who were in charge of this patient. This case report is worth 
mentioning, as this is the first case to show GBS and COVID-19 association, 
but more reports are needed to see whether the association is causal or 
random. Currently, screening the patients with peripheral nervous system 
involvement symptoms and abnormal blood tests might be useful, even 
when they do not have a classical COVID-19 presentation.

Another study suggests that, COVID-19 patients with neurological 
symptoms may not have fever and cough at the beginning (37). Some may 
develop respiratory failure while some may not, later in the course of the 
disease. Insidious and mild neurological symptoms can be overlooked, 
especially in patients presenting with severe systemic findings and 
respiratory failure who first receive medical intervention for vital functions. 
The frequency of mild neurological symptoms such as hyposmia or 
hypogeusia in the home quarantine cases is currently unknown.

Additionally, unpublished reports indicate that the frequency of 
admission of peripheral facial palsy and even trigeminal neuralgia cases 
increased relatively during the pandemic period.

Possible Neurological Involvements in COVID-19 Regarding the 
Other Coronavirus Infections
The first data showing that coronavirus could infect the CNS goes back 
to 1980 when the virus was detected in the brain tissue at the autopsy of 
a multiple sclerosis (MS) patient (38). In a study conducted in 2000, the 

presence of coronavirus in brain autopsies of various neurological diseases 
was investigated, and the frequency of coronavirus in MS was significantly 
higher than other diseases (39). The murine coronavirus (M-CoV) that 
causes epidemics with high mortality, especially in laboratory mice, is 
genetically similar to the human coronavirus OC43 (HCoV-OC43). CNS 
involvement findings of both viruses that lead to demyelination are similar 
(16). Experimentally microglia cells are important in M-CoV infection 
and the virus replicates faster by decreasing their number. Besides, when 
inoculated intracranially in mice, the virus can cause meningitis, focal 
acute encephalitis, and optic neuritis in a short period of time, especially 
in 3 days (40). The COVID-19 infection data shows us that the virus may 
cause chronic inflammation and brain damage by activating immune 
cells in CNS, so an increase in the prevalence of demyelinating diseases 
can be expected. 

Studies and case reports conclude that coronavirus can cause encephalitis, 
especially in immunosuppressed individuals. Two different publications 
showed that two immunosuppressed children have developed HCOV-
OC43 related fatal encephalitis after upper respiratory complaints, but the 
presence of the virus could only  be shown in the brain tissue not in the 
CSF (41, 42). In another study published in 2017, 22 (12%) of 183 children 
were positive for the presence of anti-CoV immunoglobulin M (IgM), who 
were hospitalized with acute encephalitis findings and respiratory tract 
infections in China. Inflammatory cytokines and chemokine levels such 
as IL-6, IL-8, and monocyte chemotactic protein 1 (MCP-1) were found 
to be significantly higher in the CSF of anti-CoVIgM positive patients, and 
it was stated that these cytokines might be the cause of brain damage in 
these patients (43). 

Neurological syndromes such as encephalitis, polyneuropathy, and 
ischemic stroke were reported during the SARS-CoV epidemic during 
the 2002-2003 period, in which a total of 8098 cases were infected, and 
774 of them died. Cases with myopathy and rhabdomyolysis developed 
either due to the direct damage to the nerve or muscle tissue by the 
virus or due to critical illness (44). Epileptic seizures and encephalopathy 
were also reported, genetic material of the virus was detected in CSF 
samples of these patients (16). Similar to the recent reports in the current 
COVID-19 pandemic, it was also pointed out that during the SARS 
epidemic, coronavirus could cause hypercoagulation leading to ischemic 
stroke, especially in patients with critical illness (45). 

In a retrospective study conducted during the MERS-CoV epidemic in 
Saudi Arabia in 2012, 25.7% of patients developed confusion, and 8.6% had 
epileptic seizures (46). Additionally, 4 patients had CNS involvement (acute 
disseminated encephalomyelitis, stroke and encephalitis), and also critical 
illness polyneuropathy (47). In 2015, during the MERS-CoV pandemic in 
South Korea, neurological symptoms were reported to be present in 20% 
of the infected patients. Four patients were published with overlapping 
neurological manifestations like Bickerstaff encephalitis, GBS and critical 
illness polyneuropathy after 2-3 weeks of MERS-CoV pneumonia (48).

In a latest report by Dr. Padovani, (46) from Italy, published at the website 
of “European Academy of Neurology” on 28th of March, 2020, a patient 
with Bickerstaff cerebellitis was already admitted to the neuro-COVID-19 
inpatient clinic of the Brescia University (49). Immune-mediated 
complications like acute disseminated encephalomyelitis and GBS 
associated with COVID-19 should be kept in mind.

CONCLUSION
SARS-CoV-2 may have neuro-invasion and neurotrophic ability like other 
coronaviruses and the presence of neurological symptoms and signs 
should be thoroughly looked for when evaluating the COVID-19 cases. 
Isolation of the virus from the cerebral microcirculation, endothelial cells, 
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CSF, nerve and muscle tissue in autopsy examinations is also crucial. Thus, 
neurological spectrum of the virus and the underlying pathophysiological 
mechanisms can further be clarified.

Consequently, it should be kept in mind that the patients may have COVID-19 
regardless of the presence of respiratory infection symptoms, especially 
those presenting to the emergency departments or neurology outpatient 
clinics during the pandemic with the above-mentioned neurological 
complaints and symptoms. This approach is of great importance in terms 
of protecting healthcare workers from infection as well as preventing late 
or misdiagnosis. Investigations of accompanying neurological involvement 
in patients admitted with severe respiratory tract infection and impaired 
consciousness are mandatory for correct management.
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