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Background and purpose: Although the main clinical features of COVID-19

infection are pulmonary, several associated neurological signs, symptoms and

diseases are emerging. The incidence and characteristics of neurological com-

plications are unclear. For this reason, the European Academy of Neurology

(EAN) core COVID-19 Task Force initiated a survey on neurological symp-

toms observed in patients with COVID-19 infection.

Methods: A 17-question online survey was made available on the EAN web-

site and distributed to EAN members and other worldwide physicians starting

on 9 April 2020.

Results: By 27 April 2020, proper data were collected from 2343 responders

(out of 4199), of whom 82.0% were neurologists, mostly from Europe. Most

responders (74.7%) consulted patients with COVID-19 mainly in emergency

rooms and in COVID-19 units. The majority (67.0%) had evaluated fewer

than 10 patients with neurological manifestations of COVID-19 (neuro

COVID-19). The most frequently reported neurological findings were head-

ache (61.9%), myalgia (50.4%), anosmia (49.2%), ageusia (39.8%), impaired

consciousness (29.3%) and psychomotor agitation (26.7%). Encephalopathy

and acute cerebrovascular disorders were reported at 21.0%. Neurological
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manifestations were generally interpreted as being possibly related to COVID-19;

they were most commonly recognized in patients with multiple general symp-

toms and occurred at any time during infection.

Conclusion: Neurologists are currently and actively involved in the manage-

ment of neurological issues related to the COVID-19 pandemic. This survey

justifies setting up a prospective registry to better capture the prevalence of

patients with neuro COVID-19, neurological disease characteristics and the

contribution of neurological manifestations to outcome.

Introduction

After an initial rapid outbreak in China at the end of

2019, coronavirus disease 2019 (COVID-19) started to

break out in Europe at the beginning of 2020, infecting

millions and killing by now more than 307 000 people

worldwide [1]. Exact epidemiological data on the glo-

bal incidence and prevalence of COVID-19 are proba-

bly underestimated because the use of the reverse

transcriptase polymerase chain reaction (RT-PCR) test

to diagnose the infection is restricted in many coun-

tries, the results can be false negative [2,3] and because

of the presence of asymptomatic carriers [4]. Serologi-

cal confirmation is even less available, and there are

different serological assays (ELISA, Western blot,

CLIA) which vary in specificity and sensibility [5,6].

The clinical presentation of COVID-19 is quite

heterogeneous with a broad variety of symptoms and

a wide spectrum of severity. Indeed, besides classical

respiratory symptoms and signs (cough, dyspnoea and

pyrexia), renal, gastrointestinal, dermatological and

neurological manifestations have been described [7,8].

Moreover, whilst the clinical course is most commonly

mild to moderate [9], severe cases are also frequent,

requiring hospitalization and often admission to the

intensive care unit (ICU) due to severe acute respira-

tory syndrome (SARS-CoV-2) [10].

Reports of neurological dysfunction of the central

and peripheral nervous system in patients with

COVID-19 infection are increasing. Some patients

complain of headache, anosmia and ageusia, but a

wider range of more severe neurological complications

may also occur, especially in patients requiring hospi-

talization, including stroke, encephalopathy,

encephalitis and polyneuritis [8,11-14]. It is currently

unknown to what extent European neurologists are

involved in the diagnosis and management of COVID-

19 related neurological features (‘neuro COVID-19’).

Moreover, the impact of pre-existing neurological dis-

eases on the onset of neurological dysfunction, the

clinical course of patients with neuro COVID-19, the

association of neurological complaints with the viral

infection and short- and long-term outcomes are yet

to be elucidated [15]. To fill some of these gaps in

knowledge, a core COVID-19 Task Force of the Euro-

pean Academy of Neurology (EAN) promoted a sur-

vey amongst its members and the world medical

community on neurological signs and symptoms

observed in patients with COVID-19 infection.

Methods

The main aim of the online survey was to rapidly col-

late core relevant data on the impact of neuro

COVID-19 in various countries through reporting

from the physicians involved in the care of patients

with COVID-19 infection.

Questionnaire design

The EAN core COVID-19 Task Force modified an

available Italian survey originally developed by investi-

gators at the University of Milan, Italy (AP and LC).

The questionnaire was limited to 17 key questions to

facilitate rapid responses and increase the completion

rate. Questions were formulated to capture (i) the main

characteristics of the responder [medical specialty and

country of origin, involvement as consultant or pri-

mary physician in charge of the care of patients with

COVID-19 infection, site of evaluation of patients (in

the emergency room, ER; COVID-19 intensive care

units, ICUs; COVID-19 wards or neurology wards)];

(ii) number and typical age of patients with COVID-19

infection evaluated; (iii) number of PCR test positive

patients; (iv) type and frequency of general (non-neu-

rological) symptoms and signs; (v) type and frequency

of neurological symptoms and investigations; (vi) an

opinion on the association of the observed neurologi-

cal symptoms with COVID-19 infection; (vii) number

of ICU patients evaluated. A dedicated electronic form

was used to distribute the survey online. Concerning

the frequency of general and neurological symptoms

and signs, percentages were used to define boundaries:

absent (0%), low (<25%), moderate (25%–50%) and

high (>50%) frequency. Figure 1a, b shows the

detailed questionnaire structure.
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Survey dissemination

The main target of the survey was all EAN members,

but the survey was open to any physician worldwide.

EAN used all available communication channels

(EAN website, EAN pages, Twitter, Facebook, What-

sApp, other societies’ website) for dissemination. The

survey was officially launched on 9 April 2020. Email

reminders were sent at intervals during the following

2 weeks to advertise the survey.

Statistical analysis

Descriptive statistics were performed for all questions

included in the survey, using counts and percentages

for categorical variables and medians with ranges for

numerical variables. Neurological clinical features

were first analysed for the entire sample of respon-

dents, and then stratified by subgroup for different

general clinical features, by continent, by country

(only including countries with at least 50 respondents),

by role of the respondent (consultant or primary

physician), by site of evaluation of patients (ER,

COVID-19 ICU, COVID-19 ward, neurology ward),

by time of onset of the clinical manifestation and by

opinion on causality. Differences in neurological man-

ifestations between categories of stratified variables

were assessed with the chi-squared test. Significance

level was set at P < 0.05.

All analyses were carried out with the SAS statisti-

cal package (version 9.4, SAS Institute, Cary, NC,

USA).

(a)

(b)

Figure 1 (a), (b) Details of the 17-question online questionnaire.
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Results

Responders’ characteristics

By censorship on 27 April 2020, a total of 4199 physi-

cians participated in the survey. The survey took on

average 3 min (median 2.9; range 1–9) to complete. A

total of 1856 participating physicians completed only

the first five questions (Fig. 1), without providing any

further information. Therefore, these physicians were

excluded from all the subsequent analyses. The

remaining 2343 physicians (55.8%) provided full

responses on the country of origin, the approximate

number of consultations, the average age of evaluated

patients and the percentage of patients with confirmed

COVID-19 infection.

Specialty

Responders were represented by 1921 neurologists

(82.0%) and by 422 physicians from other medical

specialties (18.0%). Amongst the latter, 50 (2.1%)

were internal medicine physicians, 48 (2.0%) family

medicine doctors and 48 (2.0%) anaesthesiologists

(Table 1).

Physician role

There were 1436 (74.7%) consultant physicians and

487 (25.3%) primary physicians of patients with

COVID-19 infection, whilst 420 did not provide this

information. Consultations were mostly in the ER

(872) and COVID-19 wards (779). Most clinicians

(1572; 67.1%) had seen fewer than 10 patients with

COVID-19 infection, 461 (19.7%) between 10 and 30

patients, 162 (6.9%) between 30 and 50 patients, and

148 (6.3%) more than 50 patients.

Geographical distribution

Most responders were from Europe (Table 2), mainly

from Italy (267), France (191), Turkey (168), Spain

(138), Switzerland (105) and Portugal (100). Twelve

countries (10 from Europe) contributed with 50 or

more responses.

General characteristics of patients with COVID-19

The most typical age of patients ranged from 60 to

79 years (50.7%), followed by 40 to 59 years (32.8%).

The age distribution was similar amongst countries

except for Central Asia, where patients were younger,

mainly aged 40–59 years.

The perceived distribution of general COVID-19

symptoms is illustrated in Fig. 2a, b. The most com-

mon symptom was fever (79.9%), followed by fatigue

(76.8%), dry cough (73.9%) and dyspnoea (60.0%).

The median proportion of PCR-confirmed cases was

52% (range 0%–100%). Laboratory findings included

elevated C-reactive protein (69.8%), lymphopenia

(57.7%), elevated lactate dehydrogenase levels (48.6%)

and elevated D-dimer (48.6%) (Fig. 3a, b).

Characteristics of patients with neuro COVID-19

Neurological findings

Almost all responders who filled the complete list of

questions on neurological manifestations (1452/1505)

reported at least one neurological finding. The com-

monest clinical features reported (occurring with mod-

erate or high frequency) were, in decreasing order,

headache (61.9%), myalgia (50.4%), anosmia (49.2%)

and ageusia (39.8%), impaired consciousness (29.3%),

psychomotor agitation (26.7%), day-time sleepiness

(24.3%), encephalopathy (21.3%), cerebrovascular dis-

ease (21.0%) and dizziness (20.3%). Less frequent were

dysphagia (11.2%), sleep disorders other than hyper-

somnia (10.7%), peripheral nerve damage (8.5%), sei-

zures (8.1%), ataxia (7.4%), meningeal signs (5.7%),

movement disorders (5.2%) and visual abnormalities

(5.1%). Further details can be found in Fig. 4a, b.

Cerebrospinal fluid and electroencephalographic

abnormalities were detected in 27.4% and 32.0% of

cases, respectively (Fig. 4a, b). The estimated fre-

quency of neuroimaging assessments had a bimodal

distribution: for 27.9% responders, computed tomog-

raphy or magnetic resonance imaging was performed

Table 1 Distribution of responders by medical specialty

Medical specialty Number Rate (%)

Neurology 1921 82.0

Internal medicine 50 2.1

Family medicine 48 2.0

Anaesthesiology 48 2.0

Paediatrics 22 0.9

Emergency medicine 19 0.8

Surgery 17 0.7

Infectious diseases 12 0.5

Pulmonary medicine 10 0.4

Allergy and immunology 3 0.1

Other 193 8.2

Total 2343 100.0

Table 2 Geographical distribution of responders

World region Number of respondents Rate (%)

Europe 1646 70.2

Asia 305 13.0

Africa 58 2.5

America 330 14.1

Oceania 4 0.2

Total 2343 100.0
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in more than 90% of cases, whereas for 19.46%, in

less than 10% of patients (median 21; range 3–80).

Time of onset of neurological symptoms

Neurological symptoms were present at the time of

admission according to 521/1705 responders (30.6%),

appeared during the hospitalization in 350 (20.5%),

and were present both at admission and during hospi-

talization for 834 (48.9%).

Association with COVID-19

Overall, 1292/1705 (75.0%) responders thought there

was an association between COVID-19 and the

observed neurological symptoms: 1046 (61.3%) con-

sidered neurological findings as possibly related to

systemic effects of COVID-19, and 246 (14.4%)

thought the association was definite. Amongst the

remaining responders, 210 (12.3%) declared that the

association was unknown, and 203 (11.9%) considered

the neurological findings incidental.

ICU patients

Patients were not frequently seen in ICU settings (re-

ported < 10% by 83.9% of responders). Only 10.7%

of responders had seen between 10 and 30 patients in

this setting.

There were no major differences in neurological

manifestations on comparing continents and individ-

ual countries. However, African responders reported

more severe findings compared to European

Figure 2 (a) Estimation rates of non-neurological symptoms in patients with COVID-19. (b) Number of responders allocated by esti-

mation rate for each symptom. [Colour figure can be viewed at wileyonlinelibrary.com]
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responders (impaired consciousness, 81.1% vs. 74.3%;

encephalopathy, 69.4% vs. 59.6%; dysphagia, 58.8%

vs. 44.9%; meningeal signs, 50.0% vs. 31.4%) (see

Table S1). No differences were found between consul-

tants and primary physicians concerning neurological

findings (data not shown). Neurological symptoms,

signs and diseases were most commonly reported in

people with multiple general symptoms of infection

(Table S2). Neurological manifestations could occur

at any time during the infection (Table S3). As

expected, the most severe neurological manifestations

were observed by responders involved in the ICU

(Table S4).

Discussion

To our knowledge, so far this is the largest survey on

neurological manifestations of SARS-CoV-2 infection

promoted by an international academic society with

almost 4200 responders in less than 3 weeks. This sur-

vey captures a broad spectrum of reported manifesta-

tions by investigating a variety of different care

settings and obtaining data from neurologists and

other specialists involved in the management of the

outbreak as primary physicians or consultants.

It was found that neurologists were frequently

involved in the care of patients with COVID-19

Figure 3 (a) Estimated rates of laboratory findings in patients with COVID-19. (b) Number of responders allocated by estimation rate

for each finding. [Colour figure can be viewed at wileyonlinelibrary.com]
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Figure 4 (a) Estimated rates of neurological findings in patients with COVID-19. (b) Number of responders allocated by estimation

rate for each finding. [Colour figure can be viewed at wileyonlinelibrary.com]
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infection, mainly as consultant physicians in emer-

gency settings and COVID-19 wards. Remarkably, it

was found that the spectrum of neurological changes

recognized by physicians is broad and frequent

(95.6% of responders recognized at least one neuro-

logical manifestation amongst the evaluated patients).

This finding seems to be relevant compared with the

first observations described in China where more than

35% of 126 affected patients were found to have some

neurological features [8]. However, this is not unex-

pected because the large majority of our responders

were neurologists.

Our survey has revealed that a wide array of neuro-

logical manifestations is recognized at differing rates,

the commonest being headache, myalgia, anosmia,

ageusia, impaired consciousness, psychomotor agita-

tion, day-time sleepiness, encephalopathy, cerebrovas-

cular disease and dizziness. These diverse neurological

complaints suggest the possibility of involvement of

the entire (central and peripheral) nervous system by

this disease [16–18]. Many viruses, including coron-

aviruses, can alter the structure and function of the

nervous system manifesting as meningitis, encephalitis,

toxic encephalopathy and post-infectious demyelinat-

ing [19]. Coronaviruses can invade nervous tissues,

involving macrophages, microglia, astrocytes [20], and

cause nerve damage not only through direct infection

pathways (both circulatory and neuronal) but also

through secondary hypoxia, immune-mediated inju-

ries, attack to enzymes involved in the renin-an-

giotensin system, and other mechanisms [16]. Indeed,

COVID-19 viral load has been found in the brain tis-

sue samples of patients who died during the pandemic

[17,21].

Anosmia and ageusia were commonly reported in

our survey. These findings are in line with previous

reports [22] which have suggested that these symptoms

are due to direct effects of the virus on the olfactory

system [23] and gustatory receptors [24]. Coron-

aviruses may also enter the brain through the olfac-

tory tract in the early stages of infection [25].

Interestingly, anosmia and ageusia can be an early

sign of infection, a sign of a milder form of infection

and can occur during and after the general symptoms

[9].

Cerebrovascular events were reported to occur at a

frequency of 21% of cases by our responders. Indeed,

there is growing evidence that the COVID-19 pan-

demic is having several important implications for

stroke [26,27]. Patients with previous stroke appear to

be more susceptible to COVID-19 and to severe forms

[28,29]. Moreover, COVID-19 infection itself seems to

be a risk factor for stroke, probably related to

increased predisposition to thrombotic disease [30,31].

The occurrence of thrombotic complications has been

documented in 31% of ICU patients with COVID-19 [32].

The SARS-CoV-2 virus binds to angiotensin-convert-

ing enzyme 2 (ACE2) in brain endothelial and smooth

muscle cells. ACE2 is part of the renin-angiotensin

system along with angiotensin-converting enzyme 1

(ACE1) and angiotensin II. Angiotensin II is pro-in-

flammatory, induces vasoconstriction and promotes

organ damage. Depletion of ACE2 by SARS-CoV-2

may enhance the activity of the ACE1/angiotensin II

axis and promote tissue injury, predisposing to occur-

rence of stroke [33,34].

In our survey, neurological symptoms, signs and

diseases occurred in people in whom the general mani-

festations of infection were common and widespread

(requiring hospitalization), and appeared at various

times during the infection. As expected, the most sev-

ere neurological features were reported by physicians

consulted in the ICU, as reported recently in a case

series of 58 ICU patients with COVID-19 infection

[35]. The tendency of neurological symptoms, signs or

diseases to appear at any time during the infection

may be explained by differing, perhaps not yet entirely

understood, mechanisms of action of coronaviruses,

as demonstrated in preclinical models [36]. The occur-

rence of neurological manifestations after the onset of

the acute phase of the disease may imply the presence

of post-infectious immune-mediated mechanisms [37]

or the SARS-CoV-2 potential to chronically infect the

central nervous system as other CoVs [38]. For this

reason, further occurrence of neurological complica-

tions of immune-mediated reactions to the virus at the

end of the acute phase of the pandemic or even later

may be possible. To support this hypothesis, cases of

Guillain–Barr�e syndrome, a classical example of post-

infectious immune-mediated disease, have already

been reported in the literature [39–42].
Despite some observed differences, perhaps attribu-

table to the setting and the degree of involvement of

the responders during the outbreak, neurological man-

ifestations did not differ greatly across countries and

continents. This might suggest that the different

genetic characteristics of the host and the environment

are not major features in determining whether the

virus involves the nervous system.

Most survey responders thought that the neurologi-

cal manifestations that they observed were associated

with the viral infection. Still, 24% of clinicians defined

the association as either ‘unknown’ or ‘coincidental’.

Indeed, the median proportion of PCR-confirmed

cases was 52% with wide variability amongst respon-

ders. This type of study cannot determine whether

infection and neurological manifestations are indepen-

dent or not, although the reported prevalence of
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neurological symptoms and diseases appear well above

general population background rates. In a scoping

review of four retrospective studies, a 6.0%–36.4%
risk of secondary neurological complications was

demonstrated in hospitalized patients with COVID-19

[13]. In a recent study on seizures occurring during

the epidemic, there was no evidence suggesting an

additional risk of acute symptomatic seizures in peo-

ple with COVID-19 [43]. However, inconsistent

reporting and limited statistical analyses amongst

these studies prevented accurate assessment of com-

parative outcomes. Thus, the emergence of a neuro-

logical disease during the acute phase of COVID-19

infection must be assessed in its complex context, and

consideration given case-by-case as to whether the dis-

ease may be a direct or indirect effect of viral invasion

or represent a stochastic finding. Causality is difficult

to prove. Studies providing dedicated comparisons

with the number of cases of each neurological disease

expected in the care setting and geographical area in

the general population during follow-up would pro-

vide some support.

As any survey, results must be interpreted with cau-

tion, and it is acknowledged that ours has some

strengths and several limitations. The major strength

is the involvement of a large number and wide range

of neurologists across multiple countries who con-

tributed to the direct management of patients with

COVID-19 or consulted for the identification of neu-

rological disorders. This contributes to providing a

comprehensive picture of the outbreak and its neuro-

logical manifestations from the perspective of clini-

cians dealing with it. Another strength is that the

spectrum of the infection and its complications do not

differ when described by physicians delivering primary

care and those providing only a consultation. There-

fore, detection bias does not seem to have affected

our results to a significant extent.

The limitations of this survey are the different

degree of contribution of the participating countries,

with only 11 countries represented by more than 50

interviewees. The continents are not represented in

equal proportions either and perhaps the spectrum of

neurological manifestations may reflect the different

ease of access of affected individuals to local health-

care facilities. This might explain the differing peak

age when comparing high-income to resource-poor

countries. Selection bias cannot be excluded and the

results should be interpreted in context, driven mostly

by participants from Europe. In addition, limitations

intrinsic to the characteristics of survey methodology

are reporting and recall bias. However, this survey is

not intended to give a precise picture of the pandemic

but just to provide an overview based on the

impressions of the physicians who were asked to inter-

vene in the management of the disease. A third limita-

tion is the low full completion rate (40%) and the

high number of missing variables (see tables). How-

ever, even with these limitations, this survey provides

valid data on clinician experience, in line with previ-

ous reports, and with a large sample size. Most

importantly, the study establishes a solid basis to out-

line the spectrum of COVID-19 infection and its neu-

rological aspects, and supports the need for further

study, such as dedicated case registries.

In conclusion, this survey indicates that neurologists

are involved in the management of neurological issues

related to the current COVID-19 pandemic. Overall, our

findings underscore the high recognized prevalence of

neurological disorders accompanying the COVID-19

outbreak at a global level, the association of these disor-

ders with more widespread symptoms and signs of

COVID-19 infection, and the observation that involve-

ment of the nervous system can occur at any time during

the infection and may provide clues into various under-

lying pathogenic mechanisms. Nonetheless, the numbers

provided by our survey should represent important

information for leading the European healthcare sys-

tems to consider strengthening neurological services.

The present survey provides the basis to implement

surveillance programmes for a more complete assess-

ment of neurological disorders across different coun-

tries. Moreover, it is likely that long-term neurological

complications and new post-infection neurological

findings will be recognized.

A registry promoted and endorsed by the EAN has

recently been activated (ENERGY, see ean.org) to

provide a more comprehensive longitudinal picture of

neurological manifestations in various European

countries during and after the acute phase of the pre-

sent COVID-19 outbreak.
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