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lethal and highly pathogenic coronavirus known 
as SARS ‑CoV ‑2 has been reported in China.5

The first cases of the new coronavirus infec‑
tion were observed in Wuhan City, Hubei Prov‑
ince, China, in December 2019. Furthermore, 
a cluster of cases with a clinical presentation of 
viral pneumonia was also noted.6 The assess‑
ment of the lower respiratory tract samples con‑
firmed the presence of the novel coronavirus, 
which was contagious among humans. Terms 
such as “Wuhan coronavirus” or “the new coro‑
navirus” (2019 ‑nCoV) were commonly used until 
January 2020. The official name, ie, SARS ‑CoV ‑2, 
which was based on taxonomic designation, ap‑
peared on February 11, 2020. At the same time, 
World Health Organization termed the disease 
“COVID ‑19.”7 The recent pneumonia outbreak 
was associated with a large animal and seafood 
market. However, the investigations are ongoing 

Introduction Coronaviruses represent a large 
group of positive ‑strand RNA viruses, geneti‑
cally classified into 4 major genera, ie, alpha‑, 
beta‑, gamma‑, and deltacoronaviruses. They main‑
ly cause respiratory and enteric diseases in ani‑
mals and humans.1 So far, 6 subtypes of human 
coronaviruses have been recognized, namely, hu‑
man coronavirus NL63 (HCoV ‑NL63), human 
coronavirus 229E (HCoV ‑229E), human corona‑
virus OC43 (HCoV ‑OC43), human coronavirus 
HKU1 (HCoV ‑HKU1), severe acute respiratory 
syndrome coronavirus (SARS ‑CoV), and Middle 
East respiratory syndrome coronavirus (MERS‑
‑CoV).2 Although human coronaviruses were first 
identified in the 1960s,3 only the SARS ‑CoV ep‑
idemic in 2003 followed by the MERS ‑CoV epi‑
demic in 2013 drew the attention of researchers 
worldwide.4 While the clinical implications of the 
MERS ‑CoV epidemic are still noticeable, another 
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Numerous experimental and clinical studies have proven that the new severe acute respiratory syndrome 
coronavirus 2 (SARS ‑CoV ‑2) has a tropism for the nervous system. The infection of the nervous system 
by SARS ‑CoV ‑2 can occur via the nasal route through trans ‑synaptic pathways. Coronaviruses can infect 
neurons and glial cells through angiotensin ‑converting enzyme 2 receptors or by endocytosis. The infection 
of the central nervous system accompanied by coronavirus disease 2019–related systemic inflamma‑
tion leads to the impairment of the blood–brain barrier and triggers a neuroinflammatory response with 
reactive astrogliosis and microglial activation. In addition, brain stem cells are being damaged, which 
results in respiratory distress. Apart from typical symptoms of COVID ‑19 associated with the involvement 
of the respiratory system, neurological manifestations such as headache, dizziness, myalgia, anosmia, 
ageusia, encephalopathy, encephalitis, stroke, epileptic seizures, rhabdomyolysis, and Guillain–Barré 
syndrome are related to SARS ‑CoV ‑2 infection. In this review, we focused on the currently known neu‑
rological manifestations of COVID ‑19, which could be considered mainly in asymptomatic patients with 
COVID ‑19 and, if noted, may limit the transmission of coronavirus infection.
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response, and multiple organ failure involving 
the liver, the kidneys, and muscles.9

severe acute respiratory syndrome coronavirus, 
severe acute respiratory syndrome coronavirus 2, 
and Middle East respiratory syndrome coronavirus  
Clinical symptoms of pneumonia due to SARS‑
‑CoV ‑2, SARS ‑CoV, and MERS ‑CoV infection are 
very similar. Genomic analysis confirmed that 
some conserved replicase domains of SARS ‑CoV ‑2 
were 94.6% identical to those of SARS ‑CoV.10,11 
The most common clinical manifestations of 
SARS ‑CoV and SARS ‑CoV ‑2 infections were fe‑
ver, dry cough, chills, and difficulty breathing.12 
However, as opposed to SARS ‑CoV and MERS‑
‑CoV, the target cells of SARS ‑CoV ‑2 seem to be 
mainly located in the lower respiratory tract.6 
Common clinical signs at disease onset in pa‑
tients with COVID ‑19 in Wuhan included fever 
(83%–99%) and dry cough (59.4%–82%). Respi‑
ratory distress was the most characteristic symp‑
tom (55%) that impaired spontaneous breathing 
in about 89% of patients.6,13,14 In addition to re‑
spiratory disturbances, some neurological symp‑
toms such as paresthesia, headache, or loss of con‑
sciousness were reported in 36.4% of patients 
with SARS ‑CoV ‑2 infection. Furthermore, neu‑
rological signs were more prevalent in severely 
affected patients compared with those with mild 
COVID ‑19.9 A potential damage to the nervous 
system was also determined in other SARS ‑CoV 
infections. Similarly to patients with COVID ‑19, 
those with SARS ‑CoV infection developed axonal 
polyneuropathy, myopathy, and rhabdomyolysis. 
However, these abnormalities were induced not 
at the beginning yet 3 to 4 weeks after the on‑
set of respiratory symptoms. Hypercoagulability 
followed by ischemic stroke and encephalitis has 
been described both in SARS ‑CoV ‑2 and SARS‑
‑CoV infections.15 Based on the autopsy studies 
demonstrating meningeal vasodilatation, cere‑
bral edema, neuronal changes, infiltration of lym‑
phocytes and monocytes in the vessel wall, and 
demyelination of the nerves, immune cell injury 
was considered to account for the pathogenesis of 
SARS ‑CoV.16 Furthermore, patients with MERS‑
‑CoV infection mainly presented with rapid respi‑
ratory disturbances accompanied by cough, dys‑
pnea, fever, myalgia, and multiple organ failure.12 
However, Kim et al17 noted that MERS ‑CoV in‑
fection was also related to a potential neuroinva‑
sion. Almost 1/5 of patients exhibited neurologi‑
cal manifestations including Guillain–Barré syn‑
drome (GBS), ischemic stroke, and toxic or infec‑
tious polyneuropathy, which were delayed by 2 to 
3 weeks after respiratory distress.17 Similarly to 
patients with SARS ‑CoV ‑2 infection, those with 
MERS ‑CoV also had seizures.18

There is evidence showing that most coronavi‑
ruses have a neuroinvasive potential. They may 
invade the CNS, and their action is not only re‑
lated to respiratory tract damage. As a result, 
neurotropism is a common feature of corona‑
viruses.19 Due to the similar invasion pathway 

to establish the origin of the infection.8 To date, 
over 6 million cases of human SARS ‑CoV ‑2 in‑
fection have been reported, and coronavirus dis‑
ease 2019 (COVID ‑19) is said to be rapidly spread‑
ing worldwide.

Methods We performed a literature review us‑
ing the PubMed and Google Scholar databases to 
identify relevant papers published only in Eng‑
lish until May 10, 2020. We searched the follow‑
ing terms: “COVID ‑19,” “coronavirus,” “SARS‑
‑CoV,” “severe acute respiratory syndrome coro‑
navirus,” “SARS ‑CoV ‑2,” and “MERS” with com‑
binations including “neurotropism,” “neurology,” 
“neurological,” “stroke,” “cerebrovascular disease,” 
“meningoencephalitis,” and “acute inflammato‑
ry polyneuropathy.” The aim of the search was 
to identify case reports, retrospective studies, 
review articles, guidelines, or recommendations. 
Additional relevant papers from references were 
also included in the analysis. The overall number 
of articles included in the final analysis was 82.

Neurological symptoms in patients with coronavirus 
disease 2019: Wuhan’s experience Apart from 
the complex pathophysiology of neuroinvasion 
in COVID ‑19, SARS ‑CoV ‑2 also shows neuro‑
tropic properties. The first retrospective study 
on the specific neurological manifestations in 
patients with COVID ‑19 was conducted in Wu‑
han, China.9 This is the only report summariz‑
ing all previous neurological symptoms of SARS‑
‑CoV ‑2 invasion in the Chinese population. It was 
based on the clinical data of 214 patients hos‑
pitalized in 3 designated COVID ‑19 care units 
from January 16 to February 19, 2020. Over‑
all, neurological symptoms occurred in 36.4% of 
individuals and the patients were divided into 
groups depending on the affected site, ie, periph‑
eral nervous system (PNS; 8.9%), central ner‑
vous system (CNS; 24.8%), and skeletal muscles 
(10.7%). The most common complaints related to 
the PNS included hypogeusia (5.6%) and hypos‑
mia (5.1%), while those associated with the CNS 
involvement included dizziness (16.8%) and head‑
ache (13.1%). Based on the diagnostic criteria, 
41.1% of the study subjects were classified as se‑
vere patients (SPs) and 58.9% as nonsevere pa‑
tients (NSPs). The former group comprised old‑
er patients who more frequently had concom‑
itant diseases compared with the latter group 
(age, 58.2 vs 48.9 years; comorbidities, 47.7% vs 
32.5%). Interestingly, disturbances of the ner‑
vous system were more prevalent in SPs compared 
with NSPs (45.5% vs. 30.2%) and included mus‑
cle injury (19.3 vs 4.8%), impaired consciousness 
(14.8 vs 2.4%), and acute cerebrovascular diseas‑
es (5.7 vs 0.8%)—a single patient with cerebral 
hemorrhage, 4 patients with ischemic stroke in 
the SP group, and a single patient with ischemic 
stroke in the NSP group. Additionally, compared 
with the NSP group, the SP group presented with 
an impaired coagulation system with higher D ‑di‑
mer levels, a markedly increased inflammatory 
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prevalent in women compared with men (52.6% 
vs 25%). Furthermore, patients with at least 1 of 
these disorders were younger than those asymp‑
tomatic (56 vs 66 years).28 The analysis showed 
that olfactory and taste disorders were fairly fre‑
quent in patients with SARS ‑CoV ‑2 infection and 
might precede the onset of full ‑blown clinical 
disease.

Additionally, the brain glymphatic pathway, 
which consists of cervical and olfactory vessels, 
could provide another significant entry route 
to the brain for SARS ‑CoV ‑2.29 A postmortem 
histological examination indicated that SARS‑
‑CoV ‑2 can cause endothelial dysfunctions with 
lymphocytic endotheliitis in numerous organs 
such as the heart, the kidneys, the lungs, the liv‑
er, and the small intestine, as well as in the lym‑
phatic drainage in the  brain.30,31 Moreover, 
Paniz ‑Mondolfi et al32 described SARS ‑CoV ‑2 in 
the frontal lobe tissue on transmission micros‑
copy, which provided evidence for the hematog‑
enous route as a pathway for SARS ‑CoV ‑2 entry 
to the brain.

To sum up, SARS ‑CoV ‑2 can infect the brain 
and the CNS and cause multiple neurological 
symptoms. Of note, there are several mecha‑
nisms underlying its entry.

Cytokine storm Another significant result of 
COVID ‑19 related to nervous system damage is 
that SARS ‑CoV ‑2 infection may lead to a notice‑
able systemic inflammatory storm.33 The patho‑
physiology of SARS ‑CoV ‑2 infection has not 
been established yet. However, an aggressive 
inflammatory process after SARS ‑CoV replica‑
tion has already been confirmed.34 The result of 
a large release of chemokines and cytokines is as‑
sociated with BBB impairment, which addition‑
ally initiates and enhances the neuroinflamma‑
tory reaction.3 Huang et al6 reported that SARS‑
‑CoV ‑2 infection contributed to an increased se‑
cretion of interferon γ, interleukin 1β (IL ‑1β), 
monocyte chemoattractant protein 1, interfer‑
on γ–induced protein 10, IL ‑4, or IL ‑10 and was 
related to higher serum levels of granulocyte 
colony ‑stimulating factor, IL ‑2, IL ‑7, interfer‑
on γ–induced protein 10, IL ‑10, monocyte che‑
moattractant protein 1, macrophage inflamma‑
tory protein 1α, and tumor necrosis factor α in 
patients hospitalized in an intensive care unit 
compared with non–intensive care unit patients. 
A positive correlation was also observed between 
COVID ‑19 severity and IL ‑6 levels.35 However, it 
was assumed that overactive immune reactions 
could induce clinical deterioration. As a result, 
some immunosuppressive drugs are under in‑
vestigation, being regarded as a putative treat‑
ment for COVID ‑19.36,37 Of note, Giovannoni 
et al38 indicated a low ‑to ‑moderate mortality 
and morbidity risk in multiple sclerosis patients 
with COVID ‑19 who received disease ‑modifying 
therapy. However, other authors were skeptical 
about this approach and indicated the necessi‑
ty to confirm such data in long ‑term studies.39

and structure of coronaviruses, some neuro‑
invasive properties could also be identified in 
SARS ‑CoV ‑2.

Neurotropism of severe acute respiratory syndrome 
coronavirus 2 Studies have shown that SARS‑
‑CoV and SARS ‑CoV ‑2 use the same cell entry 
receptor, ie, angiotensin ‑converting enzyme 2 
(ACE2), and indicated that the SARS ‑CoV ‑2 pro‑
tein binds to ACE2 10‑ to 20 ‑fold stronger than 
SARS ‑CoV.20 By binding to ACE2 receptors lo‑
cated in various sites such as skeletal muscles, 
the capillary endothelium, and the nervous sys‑
tem, SARS ‑CoV ‑2 may increase the risk of cere‑
bral hemorrhage and impairment of the blood–
brain barrier (BBB). It may enter the CNS and at‑
tack the vascular system.7 As previously report‑
ed,  the brain expresses ACE2 receptors detected 
mainly in the brain stem, in the region responsi‑
ble for cardiovascular functions, ie, the nucleus 
of the tractus solitarius and the paraventricular 
nucleus. The ACE2 receptors are expressed in glial 
cells and neurons, which should prompt further 
investigation of neurotropic properties of SARS‑
‑CoV ‑2 and its impact on mortality and morbidi‑
ty in patients with COVID ‑19.21,22

The route of viral spread to the nervous system  
In several viruses, including coronaviruses, stud‑
ies confirmed the presence of another pathway 
enabling entry via peripheral nerves and facil‑
itating the viral spread to the CNS via synaptic 
connections.19 The neural pathway makes vi‑
ral migration possible through infecting motor 
or sensory nerve endings by dynein and kine‑
sin for antero‑ or retrograde transport.23 Con‑
sidering the unusual structure of the olfactory 
nerve in the nasal cavity and olfactory fibers, it 
seems that the olfactory transport is a good ex‑
ample of the neural pathway for SARS ‑CoV ‑2. 
In 2013, Koyuncu et al24 reported that the olfac‑
tory system could be a unique passage for virus‑
es between the nasal epithelium and the CNS. 
Other reports have also shown a rapid invasion 
of SARS ‑CoV ‑2 and MERS ‑CoV into the brain 
through the olfactory bulb via the trans ‑synaptic 
neural pathway after intranasal administration 
of coronaviruses.25,26 As a result, coronaviruses 
can invade the nasal cavity and reach the brain 
and the cerebrospinal fluid (CSF) through olfac‑
tory nerves and the olfactory bulb, which can re‑
sult in inflammation and demyelination.12 Apart 
from that, the ACE2 receptor is extensively ex‑
pressed in the epithelium of the mucosa and 
the oral cavity, which is used by SARS ‑CoV ‑2 to 
bind and penetrate the cells.27

Some patients at a department of infectious 
diseases in Milan, Italy, reported olfactory and 
taste disorders. As a result, a survey on the preva‑
lence of these abnormalities was conducted in pa‑
tients with COVID ‑19. It revealed that 33.9% of 
the subjects presented with at least 1 taste or ol‑
factory disorder and 18.6% of the patients report‑
ed both disorders. These symptoms  were more 
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infection–related encephalitis and potential men‑
ingitis showed neuroinvasive properties of the vi‑
rus. In light of the COVID ‑19 pandemic, it should 
be noted that unconscious patients are suspect‑
ed to be infected with SARS ‑CoV ‑2.

Currently, at the time of the pandemic, corona‑
virus infection should also be considered an etio‑
logical factor in patients with clinical symptoms 
suggestive of encephalitis and meningitis. Typ‑
ical symptoms of neuroinfection include head‑
ache, photophobia, vomiting, impaired conscious‑
ness, and seizures. Meningeal symptoms and fe‑
ver may also be present. Additional investiga‑
tions include neuroimaging and electroenceph‑
alography. However, the assessment of the CSF 
and CSF PCR testing for SARS ‑CoV ‑2 represent 
the most useful diagnostic methods.

severe acute respiratory syndrome coronavirus 2 and 
the risk of damage to the peripheral nervous system  
To date, several cases of GBS have been reported 
in patients with COVID ‑19.47-52 The syndrome is 
characterized by ascending symmetrical flaccid 
paralysis of the upper and lower limbs, associat‑
ed with areflexia, disorders of superficial sensa‑
tion, and the involvement of the cranial nerves. 
It is typically triggered by an autoimmune reac‑
tion directed against neuronal gangliosides. As 
a result of molecular mimicry, it causes damage to 
the myelin sheath and peripheral nerve axons. It 
is mostly preceded by Campylobacter jejuni, cyto‑
megalovirus, Epstein–Barr virus, influenza A vi‑
rus, Mycoplasma pneumoniae, and Haemophilus in-
fluenzae infections. However, the syndrome has 
also been reported in the course of SARS ‑CoV 
and MERS ‑CoV infections.53

Symptoms of axonal and demyelinating GBS 
were reported within 5 to 11 days after the diag‑
nosis of COVID ‑19 in patients with the presence 
or absence of fever and symptoms of respiratory 
distress during coronavirus infection. Some pa‑
tients presented only with the preceding olfac‑
tory and / or taste disorders.47-52 The diagnosis 
of GBS was confirmed by the typical albumino‑
cytological dissociation in the CSF and the elec‑
trophysiological data indicative of acute demy‑
elinating polyneuropathy with the demyelinat‑
ing or axonal variant. Test results were negative 
in patients who underwent CSF PCR testing for 
SARS ‑CoV ‑2. Some patients with GBS developed 
symptoms of respiratory failure. It is difficult to 
assess whether respiratory distress was associat‑
ed with neuromuscular damage in the course of 
GBS or COVID ‑19. All patients were successfully 
treated with human intravenous immunoglobu‑
lin preparations.47-52

Miller Fisher syndrome (MFS) is another un‑
usual manifestation related to SARS ‑CoV ‑2 infec‑
tion.54 It is characterized by ataxia, external oph‑
thalmoplegia, loss of tendon reflexes, and rapid 
disease onset. It is mainly preceded by infections 
similar to those observed in GBS. In a 50 ‑year ‑old 
man, cough, fever, low back pain, headache, and 
malaise were reported. Additionally, anosmia, 

severe acute respiratory syndrome coronavirus 2 
and its association with encephalitis and meningitis  
For many years, SARS ‑CoV has been perceived 
as the pathogen responsible for diseases that oc‑
cur outside the respiratory system. The genome 
sequences of SARS ‑CoV were found in the brain. 
The  inflammatory process was detected in 
the brains of all patients with SARS ‑CoV infection 
at autopsy, using a real ‑time polymerase chain re‑
action (PCR) test. Of note, high signals were ob‑
served in the hippocampus.40 Inflammatory le‑
sions in the CNS, including damage to the nerve 
tissue and neurons, are related to encephali‑
tis caused by some pathogens such as viruses. 
The disease is usually manifested by a violent on‑
set, vomiting, headache, high fever, convulsions, 
and impaired consciousness.41 To date, several 
cases of encephalitis and meningitis have been 
reported in patients with SARS ‑CoV ‑2 infection, 
including a single case of rhombencephalitis.42-45

In Japan, a case of a 24 ‑year ‑old man with gen‑
eralized fatigue and fever was reported. Two phys‑
ical examinations were performed and antivi‑
ral and antipyretic agents were administered. 
On day 5, generalized seizures accompanied by 
loss of consciousness were observed. Interest‑
ingly, the SARS ‑CoV ‑2 RNA was detected only in 
the CSF. It was not found in the nasopharyngeal 
swab. Additionally, hyperintensity along the right 
lateral ventricular wall, in the right mesial tem‑
poral lobe, and in the hippocampus was seen on 
magnetic resonance imaging (MRI).46 Similarly, 
a young, obese 41 ‑year ‑old woman from Los An‑
geles, United States, with a history of diabetes, 
complained of headache, fever, and new ‑onset sei‑
zures. The patient was diagnosed with COVID ‑19. 
Previously, she had been admitted due to viral 
meningitis based on the CSF examination (70 
white blood cells, 100% lymphocytes). Owing to 
worsening encephalopathy with disorientation, 
hallucinations, and febrile illness, SARS ‑CoV ‑2 
testing was performed. The patient’s neurological 
condition improved several days after hydroxy‑
chloroquine administration. It was impossible to 
directly confirm the presence of SARS ‑CoV ‑2 in 
the CSF owing to the fact that the CSF specimen 
could not be referred for PCR testing through local 
commercial, governmental, or academic laborato‑
ries.43 Hence, the presence of isolated COVID ‑19–
related meningoencephalitis without respiratory 
involvement should also be considered.

Furthermore, aseptic meningitis with neu‑
rological focal symptoms was also reported in 
patients with COVID ‑19. It can be explained by 
the presence of a parainfectious mechanism, 
which further supports rapid clinical improve‑
ment and results in the absence of abnormali‑
ties on brain MRI.44

Recently, Dogan et al42 presented a series of se‑
verely ill patients with COVID ‑19–related auto‑
immune meningoencephalitis who were treated 
with plasmapheresis. They found that, in most of 
them, the clinical status improved after therapy. 
Severe acute respiratory syndrome coronavirus 2 
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increased alanine transaminase activity, increased 
creatinine kinase activity, elevated lactate de‑
hydrogenase (LDH) and C ‑reactive protein lev‑
els, prolonged prothrombin time with elevated 
D ‑dimer levels, and depletion of CD4 and CD8 
lymphocytes accompanied by lymphopenia.13 
A significant decrease in the peripheral blood 
lymphocyte count and a progressive increase in 
D ‑dimer levels were observed in patients with 
severe COVID ‑19.58 In these cases, prothrom‑
botic conditions may make SARS ‑CoV ‑2–infect‑
ed patients susceptible to acute cerebrovascular 
events.13 An inflammatory cytokine storm, pre‑
viously confirmed in the course of COVID ‑19, is 
also potentially associated with cerebrovascular 
disease.60,61 In addition, hypoxia in SARS ‑CoV ‑2 
infection should be considered a factor predis‑
posing to acute cerebrovascular disease, mainly 
in patients at risk of developing cerebrovascular 
disturbances.12 Furthermore, since SARS ‑CoV ‑2 
binds to ACE2 receptors, patients with hyperten‑
sion may report blood pressure fluctuations due 
to SARS ‑CoV ‑2 infection, which may increase 
the risk of intracranial hemorrhage. Additional‑
ly, patients with advanced COVID ‑19 often devel‑
op severe thrombocytopenia, which can also pre‑
dispose them to cerebral hemorrhage.

Numerous cases of cerebrovascular disease have 
been reported in patients with COVID ‑19.62-64 
International recommendations on the care of 
stroke patients during the COVID ‑19 pandemic 
have been developed.65,66

It is assumed that hypertensive patients with 
SARS ‑CoV ‑2 infection should be switched from 
ACE inhibitors or angiotensin II receptor block‑
ers to other antihypertensive drugs (eg, calcium 
channel blockers or diuretics).66

From the clinical point of view, caution should 
be exercised in patients with symptoms of acute 
cerebrovascular disease who may have COVID ‑19, 
which predisposes them to vascular disease. Ac‑
cording to the recommendations of the Polish 
Ministry of Health, severely ill patients are at in‑
creased risk of developing COVID ‑19.

severe acute respiratory syndrome coronavirus 2 and 
other neurological disorders Muscle injury is con‑
firmed by elevated creatinine kinase and increased 
LDH levels.67 However, the relationship between 
muscle damage and COVID ‑19 remains unclear. 
Perhaps, it could be related to SARS ‑CoV ‑2 bind‑
ing to ACE2 receptors in skeletal muscle cells. An‑
other reason for muscle injury in COVID ‑19 may 
be a systemic inflammatory storm accompanied 
by elevated cytokine levels.

The associations between systemic inflamma‑
tion and delirium as well as neurodegenerative 
disturbances and psychiatric disorders have been 
confirmed in previous studies.68-70 To conclude, 
SARS ‑CoV ‑2 may compromise the BBB, infect 
glial cells, activate Toll ‑like receptors in astro‑
cytes and microglia, promote chronic neuroin‑
flammation, and cause brain damage by neuronal 
death.12 Based on that, the onset or progression 

ageusia, ataxia, areflexia, right fascicular oculo‑
motor palsy, and right internuclear ophthalmo‑
paresis were observed after 5 days. Biochemical 
tests showed albuminocytological dissociation 
and present anti‑GD1b ‑IgG antibodies. The oro‑
pharyngeal swab PCR test for SARS ‑CoV ‑2 yield‑
ed a positive result, and the CSF test result was 
negative. Except for residual anosmia and ageu‑
sia, the patient completely recovered after treat‑
ment with intravenous immunoglobulin.54

Probably, an immune response due to increased 
proinflammatory cytokine levels, including IL ‑6, 
causes GBS and MFS in patients with COVID ‑19. 
This interleukin type, produced by lymphocytes, 
triggers a cascade of inflammatory events lead‑
ing to neuronal damage in the PNS.

Knowledge on the potential occurrence of GBS 
and MFS as a neurological manifestation or com‑
plication of COVID ‑19 is crucial to establish an 
effective immunoglobulin therapy. Of note, re‑
spiratory distress typically occurring in patients 
with COVID ‑19 may also be one of the symptoms 
of severe GBS. At the time of the pandemic and 
due to a large number of severely ill patients, it 
is easy to overlook other clinical symptoms sug‑
gestive of GBS such as flaccid paralysis with are‑
flexia and sensory disturbances. Lumbar punc‑
ture (indicating elevated protein levels and nor‑
mal cell counts in the CSF albuminocytological 
dissociation) and electroneurography (indicating 
acute demyelinating polyneuropathy) represent 
the most relevant and, at the same time, conclu‑
sive diagnostic tests.

severe acute respiratory syndrome coronavirus 2 and 
the risk of cerebrovascular disease Coronavirus 
disease 2019 is often related to deep hypoxia due 
to impaired alveolar gas exchange in lung tissue 
cells.55 The increasing anaerobic metabolism in 
the mitochondria of the brain results in cere‑
bral vasodilation, brain edema, and decreased 
cerebral blood flow followed by ischemia. Intra‑
cranial hypertension occurs if hypoxia is uncon‑
trolled. Hypertension, in turn, leads to deterio‑
ration of the brain function, cerebral circulation 
disorders, drowsiness, or even coma.56 Finally, 
whereas 40% of patients with SARS ‑CoV ‑2 in‑
fection showed evident symptoms of brain dys‑
function,9 some evidence for brain edema in pa‑
tients with COVID ‑19 has been reported at au‑
topsy.57 These findings confirmed that hypoxia 
initiated by SARS ‑CoV ‑2 leads to nervous sys‑
tem damage. Furthermore, severe viremia with 
hypoxia in patients with COVID ‑19 may contrib‑
ute to toxic encephalopathy.

As a result of multiple significant laboratory 
abnormalities found in patients with COVID ‑19, 
it has been suggested that SARS ‑CoV ‑2 infec‑
tion is related to immune deficiency, hepatic in‑
jury, activated coagulation, and cardiac and renal 
disorders.58 Abnormal laboratory test results are 
similar to those previously reported in patients 
with SARS ‑CoV and MERS ‑CoV infections.13,59 
The biochemical features of COVID ‑19 include 
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livedo reticularis (6%).76 The different types of 
rash seem to be related to various pathophysi‑
ological mechanisms; early skin manifestations 
reflected the virological phase and those occur‑
ring later were a consequence of an impaired im‑
mune response.74

severe acute respiratory syndrome coronavirus 2 in 
children Severe acute respiratory syndrome coro‑
navirus 2 infection has been predominantly more 
prevalent among adults; confirmed cases in chil‑
dren were relatively rare. Noteworthy, COVID ‑19 
might occur not only in adults but also in chil‑
dren and infants. The latest reports have clear‑
ly shown that children are susceptible to SARS‑
‑CoV ‑2 infection because of their immature im‑
mune systems. Moreover, due to severe illness, 
children with comorbidities (lung and airway dis‑
eases, malnutrition, tumors) are vulnerable to 
COVID ‑19. In children, the most common clini‑
cal manifestations of COVID ‑19 included cough 
and fever, sometimes accompanied by myalgia, 
rhinitis, headache, dizziness, fatigue, vomiting, 
or abdominal pain. Some newborns exhibited 
atypical symptoms like gastrointestinal distur‑
bances and diarrhea.77 Neurological manifesta‑
tions have also been evaluated in children with 
COVID ‑19 and included encephalopathy, muscle 
weakness, cerebellar and brainstem signs, head‑
ache, and reduced reflexes. All patients required 
intensive care unit admission, but there was no 
evidence for infection in the CSF examination. 
They had mild neuropathic and myopathic chang‑
es and slow activity on electroencephalography 
and showed neurological improvement and com‑
plete recovery.78 It seems that COVID ‑19 in chil‑
dren was less severe than in adults and children 
were less sensitive to SARS ‑CoV ‑2 infection. It 
has been speculated that children often expe‑
rience viral infections and may have higher lev‑
els of antibodies against viruses compared with 
adults. Additionally, children’s immune systems 
are still developing and their response to patho‑
gens may differ from that observed in adults.79 
Of note, the number of children with COVID ‑19 
has also increased, and data regarding epidemi‑
ology and neurological symptoms are still scarce.

summary: implications for internists Despite 
the fact that the case ‑fatality rate of SARS ‑CoV ‑2 
infection is low, all studies have confirmed that 
the virus is more infectious than SARS ‑CoV and 
MERS ‑CoV. Additionally, coronaviruses are neu‑
rotropic, and SARS ‑CoV ‑2 may have neuroinva‑
sive properties that lead to neurological distur‑
bances. It is also postulated that COVID ‑19 neu‑
rotropism may contribute to respiratory failure.80 
The impairment of the nervous system can be 
caused by several mechanisms. A direct CNS in‑
fection via trans ‑synaptic pathways, an impaired 
BBB, and an enormous neuroinflammatory re‑
sponse with prolonged hypoxia promote damage 
to the nervous system in SARS ‑CoV ‑2 infection. 
Furthermore, in patients with severe COVID ‑19, 

of neurodegenerative disorders, behavioral chang‑
es, or cognitive deficits in COVID ‑19 pneumonia 
seem to be undoubtable.

According to Helms et al,71 58 of 64 patients 
hospitalized in intensive care units (in Strasbourg, 
France) for acute respiratory distress syndrome 
due to COVID ‑19 presented with neurological 
symptoms caused by encephalopathy with agita‑
tion, confusion, dysexecutive syndrome, ataxia, 
and corticospinal tract signs. In 2 patients, MRI 
showed single acute ischemic stroke.71

Particular attention should be paid to the de‑
creased respiratory function in patients with my‑
asthenia gravis, in whom COVID ‑19 should be re‑
garded as the underlying cause.37

A single case of spinal injury in COVID ‑19 has 
also been reported.72 In SARS ‑CoV ‑2 infection, 
a systemic inflammatory reaction accompanied by 
a massive release of inflammatory markers includ‑
ing cytokines and chemokines leads to increased 
BBB permeability. As a result, the markers initi‑
ate neuroinflammation, which can impair brain 
homeostasis and cause neuronal death.3 Neuro‑
inflammation associated with functional brain 
damage can explain clinical observations accord‑
ing to which patients recovering from pneumo‑
nia present with cognitive impairment and be‑
havioral disorders or delirium. Delirium is often 
caused by a peripheral infection associated with 
systemic inflammation. During delirium, elevat‑
ed serum levels of interleukins and 100% soluble 
protein (S100B; a marker for BBB disruption) were 
found in elderly patients.68 Neuroinflammation 
is also observed in neurodegenerative diseases 
and plays a role in the pathogenesis of psychiat‑
ric disorders.69,70 In addition, severe respiratory 
distress associated with COVID ‑19, causing long‑
‑term hypoxia, may be responsible for neurocog‑
nitive changes.3

skin symptoms of coronavirus disease 2019 Fur‑
thermore, an impaired immune response seems to 
be associated with skin manifestations in SARS‑
‑CoV ‑2 infection. The first study73 on skin in‑
volvement in COVID ‑19 identified cutaneous 
symptoms in 20.4% of patients, which includ‑
ed widespread urticarial erythematous rash and 
chickenpox ‑like vesicles. Lesions were located 
mainly in the trunk region and healed within 
several days.73 Moreover, urticarial rash with an‑
gioedema was documented 48 hours before de‑
veloping other clinical signs (continuous cough 
and fever) of SARS ‑CoV ‑2 infection.74 This is‑
sue increased the risk of potentially delayed 
COVID‑19 diagnosis as a consequence of misdi‑
agnosis of spontaneous urticaria. Another mild 
case of COVID ‑19 with pruritic lesions on both 
heels has also been reported in Spain.75 Recent‑
ly, in a study of 375 patients, Galván Casas et al76 
divided skin eruptions observed in SARS ‑CoV ‑2 
infection into 5 subgroups: maculopapular erup‑
tions (47%), acral areas of erythema with pus‑
tules or vesicles (19%), urticarial lesions (19%), 
other vesicular eruptions (9%), and necrosis or 
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pandemic should prompt physicians in outpa‑
tient settings to test patients for SARS ‑CoV ‑2 
infection. Additionally, the characteristic signs 
of CNS damage, including unilateral paresis, hy‑
poesthesia, speech abnormalities, or the first 
episode of seizure, should be considered typi‑
cal of SARS ‑CoV ‑2 infection. In the case of vom‑
iting, high fever, headache, or dizziness, the as‑
sessment of the CSF and CSF PCR testing for 
SARS ‑CoV ‑2 are required. General practitioners 
should suspect COVID‑19 not only in severely af‑
fected patients but also in those presenting with 
some other symptoms suggestive of GBS, such as 
limb weakness, sensory disturbances, or areflexia, 
which should not be overlooked. The widespread 
urticarial erythematous rash and chickenpox ‑like 
vesicles located mainly in the trunk region should 
be considered when establishing the diagnosis 
of COVID ‑19. Finally, all patients with impaired 
consciousness in various hospital departments 
should be monitored and tested for SARS ‑CoV ‑2.

There are well ‑known, serious consequences of 
SARS ‑CoV ‑2 infection that are associated with nu‑
merous diseases involving multiple internal or‑
gans. Therefore, general practitioners are often 
obliged to perform medical examination in pa‑
tients with neurological symptoms suggestive of 
COVID ‑19. They should pay special attention to 
a decreased peripheral blood lymphocyte count 
and increased D ‑dimer levels in SARS ‑CoV ‑2–in‑
fected patients, which predispose them to pro‑
thrombotic conditions and acute cerebrovascu‑
lar diseases. Physicians should monitor acute re‑
spiratory disturbances in COVID ‑19—resulting 
in decreased oxygen saturation, dyspnea, and hy‑
poxia—to avoid acute cerebrovascular events or 
a crisis in myasthenia gravis. Due to the fact that 
SARS ‑CoV ‑2 binds to ACE2 receptors, hyperten‑
sive patients with COVID ‑19 may report blood 
pressure fluctuations, which is a risk factor for 
intracranial hemorrhage. As a result, internists 
should consider switching patients to other an‑
tihypertensive drugs, ie, calcium channel block‑
ers should be administered instead of ACE inhib‑
itors or angiotensin II receptor blockers. Further‑
more, general practitioners should be aware of 
multiple general complications in COVID ‑19, in‑
cluding acute liver and kidney damage, immune 
deficiency, or arrhythmia. Dysrhythmias may oc‑
cur in viral diseases due to hypoxia, inflammatory 
stress, and abnormal metabolism.81 Each general 
medical examination in patients with neurologi‑
cal symptoms suggestive of COVID ‑19 should in‑
clude monitoring of biochemical features of SARS‑
‑CoV ‑2 infection, ie, increased creatinine kinase 
and alanine transaminase activity, elevated LDH 
levels, or depletion of CD4 and CD8 lymphocytes 
accompanied by lymphopenia. Acute infection 
with an increased C ‑reactive protein concentra‑
tion and elevated proinflammatory cytokine levels 
should also be assessed by general practitioners. 
Additionally, gastrointestinal disturbances such 
as diarrhea, abdominal pain, nausea, and vomit‑
ing could be the manifestations of SARS ‑CoV ‑2 

neurological involvement is more remarkable and 
manifested by impaired consciousness, encepha‑
litis, cerebrovascular diseases, or muscle injury. 
Patients should be screened to stop the COVID‑19 
pandemic. This is the first step to overcome the 
clinical manifestations of SARS ‑CoV ‑2 infection 
at disease onset and to limit the spread of the vi‑
rus. Therefore, next to respiratory tract symp‑
toms, close attention should be paid to neurolog‑
ical signs in patients with COVID ‑19.

Coronaviruses can infect neurons and glial cells 
through ACE2 receptors or by endocytosis. These 
viruses damage brain stem cells, which may result 
in respiratory distress. The CNS infection with 
systemic inflammation associated with COVID ‑19 
leads to BBB damage and triggers a neuroinflam‑
matory response with reactive astrogliosis and 
microglial activation.

The case of our friend who is a cardiologist in‑
spired us to write this review. The physician was 
diagnosed with COVID ‑19 at the beginning of 
the pandemic. The patient reported prodromal 
symptoms (severe weakness, severe headache, 
periodic dizziness, olfactory and taste disorders, 
insomnia, limb and facial paresthesia, and mus‑
cle pain) approximately a week before the onset 
of dyspnea, respiratory disturbances, and fever.

From the clinician’s perspective, knowledge 
on SARS ‑CoV ‑2 neurotropism is of crucial im‑
portance. First, in some patients, neurological 
symptoms such as headache, dizziness, olfacto‑
ry and taste disorders, paresthesia, and myalgia 
may precede the general symptoms of COVID ‑19 
(ie, fever and respiratory disturbances). Severe 
acute respiratory syndrome coronavirus 2 can 
be the primary source of infection in patients 
presenting with typical neurological symptoms 
including impaired consciousness, seizures, or 
symptoms of flaccid or spastic paralysis associat‑
ed with hypoesthesia. The above should prompt 
testing for SARS ‑CoV ‑2.

Due to neuroinvasion in COVID ‑19, a rapid 
and adequate differentiation of SARS ‑CoV ‑2–in‑
fected patients is needed to overcome the pan‑
demic. Therefore, immediate attention should be 
paid to the neurological manifestations of the dis‑
ease. The first step is to make physicians aware 
of the neurotropic properties of SARS ‑CoV ‑2. 
Of note, screening of neurological disturbances 
should be performed by a neurologist as well as 
by an internist, a cardiologist, or a pulmonologist. 
Furthermore, most neurological signs could be 
recognized by family doctors in outpatient clin‑
ics. In most cases, these specialists are involved in 
the assessment of the clinical manifestations of 
SARS ‑CoV ‑2 at disease onset. They should remem‑
ber that neurological symptoms may be the only 
abnormalities in the course of COVID ‑19. Based 
on the established evidence for neuroinvasion in 
COVID ‑19, family doctors and internists could ef‑
fectively limit the spread of the virus.

To conclude, some typical neurological symp‑
toms (such as olfactory and taste disturbanc‑
es) reported by patients during the COVID ‑19 
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infection. Such disturbances should be always 
taken into account by family doctors and inter‑
nists.82 General practitioners should be aware 
that a single clinical sign may occur as a result of 
multifocal disturbances in SARS ‑CoV ‑2–infect‑
ed patients, particularly in those with neurolog‑
ical symptoms. For example, hypoesthesia is re‑
lated to polyneuropathy in diabetes, and senso‑
ry disturbances could be directly associated with 
SARS ‑CoV ‑2 infection. Similarly, headache, dizzi‑
ness, dyspnea, impaired consciousness, system‑
ic inflammation, or prothrombotic conditions 
are found in numerous internal and neurologi‑
cal diseases and also reported in COVID ‑19. Di‑
agnosing the real cause of these abnormalities 
seems to pose a challenge to physicians. Howev‑
er, it is of key importance to achieve the inter‑
disciplinary approach in the management of pa‑
tients with COVID ‑19 and to overcome the world‑
wide pandemic.

Of note, neurological manifestations due to 
SARS ‑CoV ‑2 infection might occur in either symp‑
tomatic or asymptomatic patients. The major‑
ity of infected patients had moderate or mild 
symptoms, and patients with the most severe 
course of COVID ‑19 experienced respiratory dis‑
turbances leading to intubation. Meanwhile, Wu 
et al12 showed that meningoencephalitis might 
be the sole manifestation of COVID ‑19. Similar‑
ly, Duong et al43 reported a case of a 41 ‑year ‑old 
woman with a  history of diabetes who had 
COVID ‑19 and presented with isolated menin‑
goencephalitis without respiratory distress. Neu‑
rologically, she suffered from worsening enceph‑
alopathy with hallucinations and disorientation, 
and CSF analysis revealed viral meningitis. No re‑
spiratory involvement was observed.43

Currently, numerous questions related to 
SARS ‑CoV ‑2 neurotropism still remain unan‑
swered, for example:
•	 What percentage of patients with SARS ‑CoV ‑2 

infection will present with neurological symptoms 
and / or complications?
•	 Could the involvement of the CNS or the PNS 

be one of the potentially reversible causes of life‑
‑threatening conditions (eg, respiratory failure in 
GBS, stroke) in severely ill patients and in those 
with respiratory and circulatory failure?

A more extensive neurological assessment in 
patients with COVID ‑19 should be considered 
based on the previously reported cases. Current‑
ly, we observe a rapidly growing knowledge on 
the new coronavirus infection. We are convinced 
that the following weeks and months will provide 
new insights into this issue.
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