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Abstract
Severe acute respiratory syndrome–correlated new coronavirus 
(SARS-Cov-2) infection may result in neurological signs and 
symptoms through different mechanisms. Although direct 
infection of the central nervous system is uncertain or very 
rare and the para-infectious complications (e.g. inflammatory 
neuropathies) are rare, delirium and septic encephalopathy 
are common in severely ill patients. Smell dysfunction and 
headache are very common in mild cases, especially in younger 
people and females. Muscle pain is common in both mild 
and severe cases, and in the most compromised patients, it 
is accompanied by increased creatine kinase levels and by 
a likely true myopathic damage. Ischemic stroke has been 
reported as a possible complication of the hypercoagulability 

associated with severe SARS-Cov-2 infection, but further 
studies are needed. Most of the neurological manifestations 
may occur early in the illness. Therefore, during the pandemic 
period, neurologists need to be involved, alert, and prepared. 
Neurological practice will not be the same until a vaccine is 
available. 
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Introduction
The severe acute respiratory syndrome–correlated new 
coronavirus (SARS-Cov-2), first isolated from three Chinese 
patients in Wuhan, China, is spreading worldwide since the 
beginning of 2020, emerging as an unprecedented crisis. This 
disease has been called ‘coronavirus disease 2019 (COVID-19).’1 

By March 11, 2020, the World Health Organization declared 
the pandemic status. Clinical features and risk factors are 
highly variable, making the clinical severity range from 
asymptomatic to fatal. Understanding of COVID-19 is ongoing. 
Respiratory droplet transmission is the main route, and it can 
also be transmitted through person-to-person contacts by 
asymptomatic carriers. The most common features at onset of 
COVID-19 are fever, cough, and fatigue, while other signs and 
symptoms include sputum production, headache, hemoptysis, 
diarrhea, dyspnea, and lymphopenia.2 

Variable incubation period (5–14 days), highly transmissible 
nature, asymptomatic carriage, and wide spectrum of illness 
make this disease extremely challenging for healthcare systems.3 

Several neurological symptoms were identified as part of the 
COVID-19 spectrum since the first detailed study from Wuhan. 

Symptoms included muscle pain (11%), confusion (9%), and 
headache (8%) in this first retrospective study performed on 
severely ill patients.4 

The major clinical manifestations of the SARS-Cov-2 infection 
are due to pulmonary complications. Although most have 
mild symptoms, such as fever, headache, cough, dyspnea, 
myalgia, and anosmia, some develop acute respiratory distress 
syndrome (ARDS) that can result in death.5 

A study on 113 Chinese patients who died from COVID-19 
(compared with patients who ultimately survived) revealed 
that ARDS with respiratory failure, sepsis, acute cardiac injury 
with heart failure, and lastly hypoxic encephalopathy were 
the most common critical complications. The median age 
of the deceased patients was 68 years, and male sex was 
predominant (73%). Hypertension and other cardiovascular 
comorbidities were more frequent among the deceased 
patients. As expected, dyspnoea, chest tightness, and altered 
consciousness, as well as increased creatine kinase (CK) levels 
were more common in the deceased patients.1 

A report of viral infiltration of the brainstem in a limited 
number of pathologic specimens (from patients infected with 
coronaviruses other than SARS-Cov-2) opened the debate 
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about the neurological features of SARS-Cov-2 infections and 
the potential direct neuroinvasivity of this virus.6 However, to 
date, this hypothesis has not been confirmed and its relevance 
remains to be assessed.

A retrospective case series from Wuhan on 214 hospitalized 
patients with SARS-Cov-2 infection (severe in 41% of them) 
revealed that 78 patients (36%) had some neurological features. 
For instance, ‘dizziness’ (not further defined) was present 
in 17% of cases.7 Patients with severe disease had signs of 
neurological impairment such as ‘skeletal muscle injury’ (19%), 
impaired consciousness (15%), and acute cerebrovascular 
diseases (6%).7 

This review aims to summarize early findings on the 
neurological features of COVID-19 and their treatment 
approaches. We searched PubMed until May 27, 2020, for 
all articles about “(covid* OR coronavirus* OR sars*) AND 
(neurolog* OR nervous OR brain OR *neuropath* OR nerve OR 
nerves OR neuron* OR muscle* OR muscular OR neuromuscular 
OR hyposmia OR anosmia OR myopath* OR stroke OR 
coagulati* OR seizure* OR delirium OR consciousness OR 
ataxi*),” where * is the Pubmed wildcard for every possible 
word beginning or ending. Then we reviewed the abstracts 
in order to identify all the relevant publications in English 
language. 

Taste and smell
Olfactory and gustatory dysfunctions 
(common in mild cases)
A multicenter, specifically designed prospective European 
study performed on 417 mild and moderate COVID-19 patients 
showed that 86 and 88% of patients reported olfactory and 
gustatory dysfunctions, respectively.8 

There was a significant positive association between olfactory 
and gustatory dysfunctions as expected, considering that the 
perceived gustatory impairment is usually secondary to the 
true olfactory dysfunction. Olfactory dysfunction appeared 
before the other symptoms in 12% of cases. Interestingly, 
females were significantly more affected by olfactory and 
gustatory impairments. In this study, olfactory and gustatory 
symptoms were more prevalent than general symptoms such 
as cough, myalgia (~58%), loss of appetite, diarrhea, fever, 
headache (~45%), and asthenia. The olfactory dysfunction 
persisted after the resolution of the other symptoms in 63% of 
cases. Among the patients who reported anosmia, the olfactory 
function recovered throughout the first 2 weeks following the 
resolution of the disease in >95% of cases. Many viruses may 
lead to olfactory dysfunction through an inflammatory reaction 
of the nasal mucosa and the development of rhinorrhea; the 
most familiar agents being rhinovirus, parainfluenza, Epstein–
Barr virus, and some other coronaviruses. However, olfactory 
dysfunction linked to COVID-19 infection seems specific as it is 
not associated with rhinorrhea.8 

Another large, multicenter, prospective European study 
performed on mild COVID-19 patients confirmed a high 
prevalence of loss of smell (70%) and gustatory dysfunction 
(54%). Young people more frequently reported loss of smell 
compared with older subjects; moreover, it was more prevalent 
in females compared with males.9 

Interestingly, clinically evident new-onset smell and taste 
disorders were significantly more frequent among COVID-19 
patients (39%) than influenza patients (13%). They usually had 
an acute onset and were commonly an initial manifestation. 
Concomitant nasal obstruction was rare in COVID-19 patients.10

Smell and taste impairments were also common in not-tested 
household contacts of mildly symptomatic home-isolated 
SARS-Cov-2-positive patients.11 

The retrospective study from Wuhan reported a markedly 
lower prevalence of these manifestations (taste impairment 6% 
and smell impairment 5%). However, this study was performed 
on older, severely affected patients and was not specifically 
designed to asses these subtle symptoms, difficult to evaluate 
in severely ill subjects.7 

Of note, transient bilateral olfactory bulbs edema was 
demonstrated by magnetic resonance imaging (MRI) in a 
patient with COVID-19-related anosmia.12 

It has been suggested that the olfactory epithelium may 
represent a site of SARS-Cov-2 active replication and 
accumulation, considering that cells located there express 
the receptors required for efficient SARS-Cov-2 infection. A 
key, open question is whether SARS-Cov-2 may infect the 
brain through the uptake into ciliated dendrites/soma and 
subsequent anterograde axonal transport along the olfactory 
nerve.13 Further studies are strongly needed.

Limited evidence-based treatments exist for anosmia.14 However, 
smell and taste dysfunctions are self-limiting in the great majority 
of COVID-19 patients and do not require specific treatments. 

Pain
Headache (common in mild cases)
A meta-analysis inclusive of 61 studies (59,254 patients) 
reported that headache was present in 12%, representing 
the fifth clinical feature (after fever, cough, muscle pain and/
or fatigue, dyspnea).15 Headache was also reported in the 
retrospective case series from Wuhan with nearly exactly the 
same prevalence (13%).7 

A large, multicenter, prospective European study performed 
on mild COVID-19 patients reported a higher prevalence of 
headache (70%).9 Young people more frequently had headache 
compared with older subjects; moreover, it was more prevalent 
in females compared with males. The prospective nature of 
this latter study and the fact that it was performed on milder 
and younger (mean age 39 years)9 patients are the likely 
explanations of this markedly different percentage.
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Several types of headaches can appear during COVID-19. It has 
been suggested that the headache occurring from the seventh 
day after the clinical onset could be related to the cytokine 
storm typical of this infection,16 but further studies are needed.

As no specific treatment options for COVID-19-related 
headache were reported, a careful pain management is 
recommended.

Central nervous system
Impaired consciousness and delirium 
(common in severe cases)
Chen and coworkers reported that altered consciousness at the 
time of hospital admission was more common in the patients 
who subsequently passed away (22%) than in the subjects 
who eventually recovered from the disease (1%), as expected. 
Unfortunately, the exact meaning of ‘altered consciousness’ in 
this setting was not provided.1 

Another study reported the neurological features of 58 patients 
with ARDS due to COVID-19.17 ‘Agitation’ (likely corresponding 
to hyperkinetic delirium) was present in 40 patients (69%) when 
neuromuscular blockade was discontinued. Subsequently, 
33% of the patients who have been discharged were reported 
to have a ‘dysexecutive syndrome’ consisting of inattention, 
disorientation, and poorly organized movements in response 
to command. Cerebrospinal fluid (CSF) samples were negative 
for SARS-Cov-2 in seven patients who underwent lumbar 
puncture. Electroencephalography (EEG) and brain MRI showed 
nonspecific findings (only two patients had a small acute 
ischemic stroke). Further studies are needed to determine which 
of these ‘encephalopathic’ features were due to critical illness–
related encephalopathy, cytokines, and/or medications and 
which features were specific of SARS-Cov-2 infection, if any.17 

The retrospective study from Wuhan also showed that nervous 
system manifestations were more frequently found in severe 
SARS-Cov-2 infections compared with the less severe ones. For 
instance, ‘impaired consciousness’ was reported in ~15% of 
the most severely ill subjects compared with ~2% of the other 
patients.7

Impaired consciousness and delirium are likely to be associated 
with pyramidal signs (i.e., enhanced tendon reflexes, ankle 
clonus, bilateral extensor plantar reflexes), which were reported 
in 67% of ARDS patients.17

COVID-19-related impairment of consciousness and delirium are 
probably due to infectious toxic (or ‘septic’) encephalopathy, 
a type of reversible brain dysfunction syndrome caused by 
factors such as systemic inflammatory response syndrome–
related toxemia and hypoxia during the process of acute 
pulmonary infection.18 Detailed studies are greatly required. 

It has been suggested that the implementation of excellent 
delirium prevention and management at the bedside should be 
a priority during the COVID-19 pandemic.19

A study performed in a palliative care hospital revealed that 
agitation could respond well to benzodiazepines.20 However, 
benzodiazepines may be dangerous for patients with respiratory 
failure who are not ventilated, and a special attention is needed. 
For everything else, even if it has been suggested that hyperactive 
delirium could require a more aggressive management in these 
patients,21 COVID-19-related delirium should probably not be 
treated differently from delirium due to other causes.22

Ischemic stroke (rare)
In the retrospective study from Wuhan,7 ischemic stroke was 
reported in five of the severely ill subjects (~5%) compared 
with only one (~1%) in the other group (moderately affected 
patients). Interestingly, patients with severe infection had 
higher D-dimer level, suggestive of consumptive coagulation 
system. Unfortunately, the relationship between stroke and 
D-dimer levels was not provided.7 

A retrospective Dutch research studied 184 patients with 
proven COVID-19 pneumonia admitted to the intensive 
care unit (ICU) and observed the following clinically 
evident thrombotic complications: ~14% pulmonary 
thromboembolism, ~2% different venous thromboembolic 
events, and ~2% ischemic strokes.23 

An Italian study from Milan reported the same rate of ischemic 
stroke (2.5%). Three of these patients with stroke (n=9) were in 
the ICU and six on the general ward. In six patients, stroke was 
the primary reason for hospitalization.24 

A study from the United States reported ischemic stroke in 1.1% 
of hospitalized COVID-19 patients.25

Furthermore, a 36-year-old Spanish woman was reported with 
an infarct in the territory of the left middle cerebral artery 
associated with a free-floating thrombus in the ascending 
aorta, during SARS-Cov-2 infection.26 

A case series from London, UK, reported six consecutive 
patients with acute ischemic stroke and COVID-19. All six 
patients had large vessel occlusion with markedly elevated 
D-dimer levels (≥1000 μg/L). Five of these patients had a 
positive lupus anticoagulant – but its pathogenic relevance is 
uncertain. Three patients had multiterritory infarcts, two had 
concurrent venous thrombosis, and, in two, ischemic strokes 
occurred despite therapeutic anticoagulation.27 

A recent paper from New York, United States, reported five cases 
of large-vessel stroke in patients who had SARS-Cov-2 infection 
and were younger than 50. On admission, the mean National 
Institutes of Health Stroke Scale score was 17, consistent with 
severe stroke. One patient had a previous history of stroke.28 

However, New York and London are very large cities 
importantly affected by COVID-19 pandemic, and further 
investigation is needed to confirm that the association between 
large-vessel stroke and COVID-19 was not simply due to chance. 

An important cohort study from Northern Italy (Brescia) 
compared neurological patients with and without COVID-19 
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admitted during the same period.29 Patients with COVID-19 
were older and had a different distribution regarding admission 
diagnoses, including cerebrovascular disorders (77 versus 58%). 
In-hospital mortality rates (38 versus 4%) and incident delirium (27 
versus 8%) were significantly higher in the COVID-19 group. Stroke 
had similar baseline characteristics in both groups, but patients 
with COVID-19 had a worst outcome at discharge. Therefore, 
COVID-19 patients admitted with neurological disease, including 
stroke, had a significantly higher in-hospital mortality, incident 
delirium, and higher disability than patients without COVID-19.29 

The procoagulant pattern of COVID-19 patients may justify 
the clinical reports of thromboembolic complications, 
including stroke, during the course of the disease. COVID-19 
patients with ARDS showed a procoagulant profile 
characterized by an increased clot strength due to both 
platelet and fibrinogen contribution, elevated D-dimer 
levels, and hyperfibrinogenemia (possibly linked to increased 
interleukin-6, a powerful pro-inflammatory cytokine).30 At 
least in the most severe cases, an aggressive antithrombotic 
therapy may be warranted (i.e. low molecular weight heparin 

6000 IU, two times a day).30 Further studies are also needed to 
assess the best prophylaxis and treatment of this condition. A 
randomized controlled trial is being planned to study whether 
prophylactic-dose enoxaparin (versus no treatment) may reduce 
early, all-cause mortality and unplanned hospitalizations in 
adult symptomatic ambulatory COVID-19 patients with no 
other indications to receive anticoagulation.24 

Another study confirmed that coagulation dysfunction is 
common in patients with COVID-19, especially fibrinogen and 
D-dimer elevation, and the degree of elevation is related to the 
severity of the disease. As the patient recovers, fibrinogen and 
activated partial thromboplastin time also return to normal.31 

However, the issue of stroke in SARS-Cov-2 infections is still 
debated. For instance, there has not been any evident increase 
in stroke incidence during COVID-19 pandemic in some of 
the most affected areas, such as Piacenza and its province 
in Northern Itay.32 This is also true for our area. Our province 
(Lucca) is one of the most hit in Tuscany (Central Italy) with 351 
confirmed COVID-19 cases per 100,000 inhabitants up to May 
27, 2020. Our Neurological Unit is the Stroke Unit for an area 

Figure 1. Minor stroke in a COVID-19-positive subject.

Our patient presented at 70 years with transitory sensory and motor disturbances on the left side of the body (~6 hours). His 
past medical history was remarkable for hypertension, type 2 diabetes, chronic renal disease, dyslipidemia, and ischemic 
heart disease with a myocardial infarction. He had an implantable cardioverter-defibrillator and pacemaker (not MRI 
compatible). He was a smoker. The day before he was discharged from the pneumological unit of our hospital, where he had 
been hospitalized for 27 days because of COVID-19-related bilateral pneumonia. SARS-Cov-2 RNA was still detectable in his 
nasopharyngeal specimens by reverse-transcription polymerase chain reaction. Brain CT (left) and angioCT (right) revealed 
a thrombus in the right cerebral posterior artery (arrows). When he was evaluated, the disturbances were resolved and 
the neurological examination was normal. Therefore, there were not any criteria for systemic thrombolysis or mechanical 
thrombectomy, and he was treated with standard medical therapy.
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comprising ~228,000 persons. However, we are aware of only 
one stroke case in a SARS-Cov-2 positive subject in our area. 
Furthermore, this patient was recovering from COVID-19 and 
had several other ‘conventional’ risk factors for stroke (Figure 1). 
Therefore, we don’t believe that SARS-Cov-2 infection had a 
major role in causing this minor stroke.

During the last weeks, further case reports of ischemic stroke 
in subjects with SARS-Cov-2 have appeared.33–40 In at least 
some of these cases, a causal link is possible, and specifically 
designed longitudinal studies are strongly needed.

Importantly, even if some adaptations in the real-life 
management of stroke may be needed,41,42 COVID-19 pandemic 
should not alter the inclusion and exclusion criteria for acute 
stroke treatments, such as systemic fibrinolysis and mechanical 
thrombectomy.43 This also applies to stroke patients with 
suspected or confirmed SARS-Cov-2 infection.44,45

Rarer central neurological features
There are reports of rare patients with various neurological 
features during the course of COVID-19, including intracerebral 
hemorrhage,7,46–50 cerebral venous thrombosis,51–53 slight 
neck stiffness (with no SARS-Cov-2 genomes in the CSF),54 
generalized myoclonus,55 seizures,7,56,57 status epilepticus58,59 

and acute epileptic encephalopathy,60 hemorrhagic posterior 
reversible encephalopathy syndrome,61 acute necrotizing 
encephalopathy,62 white matter and globus pallidum 
inflammatory lesions,63 diffuse leukoencephalopathy with 
microhemorrhages,64,65 ‘steroid-responsive encephalitis’,66 
neuroleptic malignant syndrome,67 and post-infectious acute 
transverse myelitis.68 Furthermore, a 6-week-old term male infant 
was reported with episodes characterized by sustained upward 
gaze, dystonic bilateral leg extension, and altered responsiveness 
in the setting of COVID-19 and rhinovirus coinfection.69

A recent neuropathological case report revealed a range 
of neuropathological lesions, with features resembling 
both vascular and demyelinating etiologies.70 Hemorrhagic 
white matter lesions were present throughout the cerebral 
hemispheres with surrounding axonal injury and macrophages. 
The subcortical white matter had scattered clusters of 
macrophages, a range of associated axonal injury, and a 
perivascular acute disseminated encephalomyelitis (ADEM)-like 
appearance.70 Surprisingly, SARS-Cov-2 genomes (and/or viral 
particles) were not searched in these lesions. 

There is only one report of meningoencephalitis with finding 
of SARS-Cov-2 genomes in the CSF.71 In another case of 
meningoencephalitis started with seizures in a young COVID-19 
positive woman in the United States, SARS-Cov-2 genomes 
were not researched in the CSF72 (note: in a subsequent 
paper, which appeared when this paper was under review, 
other researchers claim that “CSF was subsequently found 
to be positive for SARS-Cov-2” in this patient).73 Therefore, 
the issue of direct central nervous system (CNS) infection by 
SARS-Cov-2 remains unconfirmed to date. Even if confirmed, 

meningoencephalitis is likely a very rare complication of 
COVID-19.

More cases with epidemiological data are necessary to support 
a direct causal relationship between SARS-Cov-2 and most of 
the above-reported rarer neurological features. For instance, 
seizures are a common symptom in elderly patients with fever 
due to any cause and may not be directly related to this specific 
viral infection.

It has been suggested, on the basis of purely theoretical 
considerations, that when visiting critical COVID-19 patients 
who have a change in mental status, one should make sure that 
nonconvulsive status epilepticus is not ongoing, by means of 
continuous EEG monitoring.74 Unfortunately, there are not yet 
any clinical data supporting (or not supporting) this approach. 

A recent specifically designed retrospective study from China 
confirmed that seizures are rare during COVID-19. A total of 
304 people were studied, of whom 108 had a severe condition. 
Only two people had seizure-like symptoms during the 
hospitalization. Therefore, there was no evidence suggesting an 
important additional risk of seizures in people with COVID-19.75 

When treating epilepsy in a given patient with SARS-Cov-2 
infection, it is important to check the pharmacological 
interactions between antiepileptic drugs and the drugs used to 
treat COVID-19 in that subject. A special attention is needed for 
carbamazepine, phenytoin, phenobarbital, and primidone. An 
updated list provided by the University of Liverpool is available 
here: https://www.covid19-druginteractions.org. 

Muscle and nerve
Muscular involvement (common)
The prospective European study performed on mild COVID-19 
patients reported a high prevalence of muscle pain in this 
setting (63%).9 In contrast, a large, prospective study from New 
York performed on critically ill patients reported that muscle 
pain was present in 26%.76 

The previous Chinese retrospective study performed on severe 
cases reported muscle pain as an onset symptom in 22% of the 
patients. Median CK levels (normal values < 190) were higher in 
the patients who subsequently passed away (189 U/L) than in 
the other patients (84 U/L).1 

The retrospective study from Wuhan reported a similar finding: 
‘skeletal muscle injury’ (defined in the following way: “when 
a patient had skeletal muscle pain and elevated serum CK,” 
greater than 200 U/L) was significantly more common in severe 
infections compared with less severe infections (19 versus 5%). 
Median CK levels were higher in the severe group: 83 U/L (range 
9–12,216) compared with 59 U/L (19–1260). Of note, patients 
with muscle injury had multiorgan damage, including more 
serious liver and kidney abnormalities.7 

Severe rhabdomyolysis may be a rare, late complication 
associated with COVID-19.77
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Even if electromyography, muscle imaging, or muscle 
histopathology are not available to date, on the basis of 
the available data, coronavirus infections may likely cause a 
viral myositis.78 Furthermore, very sick patients may develop 
weakness due to muscle fiber atrophy from disuse and/
or critical illness myopathy (and/or polyneuropathy), but 
specifically designed studies are still pending.78 

Inflammatory neuropathies (rare)
There are few reports of patients who experienced typical 
acute inflammatory demyelinating polyneuropathy during79–82 
or after83–86 the course of COVID-19.87 A case of acute 
polyradiculoneuritis with locked-in syndrome in a patient with 
COVID-19 was also reported.88 Another patient was reported 
with acute motor-sensory axonal neuropathy during the course 
of the infection, but its CSF was not sampled.89 Most of those 
patients have been treated with intravenous immunoglobulins 
(IVIg) with variable outcome.

Furthermore, a recent paper reported two Spanish cases 
highlighting the rare occurrence of Miller Fisher syndrome and 
polyneuritis cranialis during the COVID-2 pandemic. The first 
subject was treated with IVIg. Two weeks later, both patients 
made a complete neurological recovery.90 Two patients who 
were diagnosed with COVID-19 after presenting with diplopia 
and ophthalmoparesis were also reported.91 

A detailed case series from Northern Italy described five 
patients who had Guillain–Barré syndrome after the 
onset of COVID-19.92 Four of these patients had a positive 
nasopharyngeal swab for SARS-Cov-2 at the onset of the 
neurologic syndrome, whereas the fifth subject had a positive 
serologic test. The first symptoms of Guillain–Barré syndrome 
were lower-limb weakness and paresthesia in four patients, 
and facial diplegia followed by ataxia and sensory disturbances 
in one patient. Generalized, flaccid tetraparesis or tetraplegia 
evolved over a period of 36 hours to 4 days in four patients; 
three received mechanical ventilation. The interval between 
the onset of symptoms of COVID-19 and the first symptoms of 
Guillain–Barré syndrome ranged from 5 to 10 days. On analysis 
of the CSF, two patients had a normal protein level and all 
the patients had a normal white-cell count. Antiganglioside 
antibodies were absent. In all the patients, SARS-Cov-2 
genomes were not found in the CSF. Electrophysiological 
findings were consistent with an axonal variant of Guillain–
Barré syndrome in three patients and with a demyelinating 
process in two patients. MRI showed enhancement of the 
caudal nerve roots in two patients and of the facial nerve in 
another patient. All the patients were treated with IVIg; two 
received a second course of IVIg and one started plasma 
exchange. At 4 weeks after treatment, only one patient had 
been discharged and was able to walk independently.92

The effect of reduced vital capacity due to neuromuscular 
failure from Guillain–Barré syndrome should be considered 
if findings on chest imaging are not commensurate with the 
severity of respiratory insufficiency in COVID-19 patients.92

Future research is needed to characterize the clinical/
electrophysiological pattern of the new cases of acute para- 
or post-infectious autoimmune polineuropathies (Guillain–
Barré syndrome and its variants) observed in the context of 
COVID-19 pandemic and to definitively confirm the causal 
relationship. 

The treatment of SARS-Cov-2 infection-related Guillain–Barré 
syndrome does not differ from the treatment of any other 
inflammatory acute neuropathy.93 However, plasma exchange 
may pose more organizational issues than IVIg infusions, 
especially in those patients who are still infectious.

Neurological practice during 
COVID-19 pandemic
Neurological practice is affected by the COVID-19 pandemic in 
several key ways.94 Patients with neuromuscular disorders (e.g. 
myasthenia gravis)95 and neurodegenerative conditions (e.g. 
dementia, Parkinsons disease) may be particularly susceptible to 
SARS-Cov-2 infection and its complications, and this pandemic 
has forced a rapid reorganization of clinical care delivery, including 
telemedicine and telephonic contacts.78 Telemedicine can be 
fundamental for the follow-up of chronic neurological disorders 
such as amyotrophic lateral sclerosis96 and multiple sclerosis.97 

The COVID-19 pandemic necessitated cancellation of elective 
or nonurgent contact with the healthcare system, including 
nonurgent electrodiagnostic studies and other neurological 
diagnostic tests.98 

A very recent meta-analysis showed that the pooled 
percentage for having a pre-existing neurological disease 
in patients with severe COVID-19 was 8%. The presence 
of pre-existing neurological disease was frequently not 
specified in detail.3 Futhermore, there is a 2.5-fold increase 
in odds of severe COVID-19 illness with a previous history of 
cerebrovascular disease.99 

Moreover, many patients with neurological autoimmune 
disease such as multiple sclerosis, neuromyelitis optica, 
myasthenia gravis, inflammatory myopathies, and 
neuropathies are on a wide variety of immunosuppressive 
therapies. It might be prudent for such patients to take extra 
precautions to prevent exposure to the virus and in selected 
instances to reevaluate the dosages of the medications.5 
Holding or suspending oral corticosteroids or subcutaneous 
immunoglobulins is not routinely recommended, whereas 
requirement for intravenous infusions needs to be taken into 
risk/benefit discussions as reliance on health workers may 
increase the overall risks.78 

When treating a neurological patient with SARS-Cov-2 
infection, it is important to check the pharmacological 
interactions (see https://www.covid19-druginteractions.
org). Furthermore, the possibility of drug toxicity should 
be considered before using (hydroxy)-chloroquine (with or 
without azithromycin), particularly in individuals who may 
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be more susceptible to these effects, including subjects with 
epilepsy, porphyria, and myasthenia gravis.2 

Conclusion
SARS-Cov-2 infection may result in neurological signs and 
symptoms, through different mechanisms. Although direct 
infection of the CNS is uncertain or very rare and para-
infectious complications (e.g. inflammatory neuropathies and 
possibly ADEM) are rare, delirium and septic encephalopathy 
are common in severely ill patients.100 A schematic 
representation of the most typical neurological features 
associated with COVID-19 is presented in Figure 2. Smell 
dysfunction is a fairly specific,101 ‘key’ symptom of COVID-19 
infection (more frequent in mild cases and especially in 
younger people and females).9 Headache follows a similar 
pattern. Muscle pain is common in both mild and severe cases, 
and in the most compromised patients, it is accompanied by 
increased CK levels and by a likely true myopathic damage. 
Ischemic stroke has been reported as a possible complication 
of the hypercoagulability associated with severe SARS-Cov-2 
infection, but further studies are needed.

During the epidemic period of COVID-19, when seeing patients 
with these neurological manifestations, clinicians should 
suspect a possible SARS-Cov-2 infection. Most neurological 
manifestations may occur early during the course of the illness.7 

Interestingly, angiotensin converting enzyme 2, which was 
identified as the functional receptor for SARS-Cov-2, is present 
in multiple human tissues, including nervous system and 
skeletal muscle.7 However to date only very limited anedoctal 
data suggest a systematic neuroinvasive potential of SARS-
Cov-2. It has been hypothesized that SARS-Cov-2 can enter the 
human CNS, based upon the observation that several patients 
need mechanical ventilation to treat respiratory failure.6 
However, respiratory failure caused by pneumonia is clinically 
distinct from that caused by brainstem dysfunction. The known 
respiratory clinical features of COVID-19 do not suggest that 
involvement of the CNS is a common cause of respiratory failure 
in these patients, and the possibility of CNS entry by SARS-
Cov-2 remains plausible, but unproven.102 SARS-Cov-2 genomes 
were not found in two COVID-19 patients with neurological 
symptoms,103 and direct SARS-Cov-2 meningoencephalitis is 
likely very rare. 

Given that COVID-19 patients can present with neurological 
symptoms and signs, neurologists need to be involved, alert, 
and prepared.104 Furthermore, the longitudinal follow-up of 
people who have been infected by SARS-Cov-2 should include 
a careful assessment of the nervous system,105 in order to 
evaluate the possible development of late complications. 

Neurological practice will not be the same until a vaccine is 
available.

Figure 2. The most typical neurological features associated with mild (left) and 
severe (right) coronavirus disease 2019. 
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