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Abstract

Background A wide range of neurological manifestations has been described in COVID-19.

Methods In this nationwide retrospective observational study, patients in Tunisia diagnosed with COVID-19 between the 2nd of
March and the 16th of May 2020 were contacted by telephone. We collected demographic and clinical data and specified
characteristics and evolution of main neurological symptoms.

Results Of 1034 confirmed COVID-19 patients, 646 were included (mean age 42.17 years old) and 466 (72.1%) had neurolog-
ical symptoms. Neurological symptoms were isolated 22.7% (n = 106). Headache was the most frequent neurological symptom
(n=279, 41.1%): mainly frontotemporal (n = 143, 51.1%) and mild or moderate (n = 165, 59.1%). When associated with fever (n
= 143, 51.3%), headache was more likely to be severe and present at onset. Recovery was reported in 83.2%. Smell and taste
impairment were found in 37.9% (n = 245) and 36.8% (n = 238) respectively. Among them, 65.3% (156/239) were anosmic and
63.2% (146/231) were ageusic. A complete improvement was found in 72.1% (174/240) of smell impairment and in 76.8% (179/
233) of taste impairment. Myalgia (n = 241, 37.3%) and sleep disturbances (n = 241, 37.3%) were also frequent. Imported cases
had more neurological symptoms (p = 0.001). In 14.5%, neurological symptoms preceded the respiratory signs (RS). RS were
associated with more frequent (p = 0.006) and numerous (p < 0.001) neurological symptoms.

Conclusions Neurological symptoms in COVID-19 are frequent, can be isolated and present at onset. A total recovery is the most
recorded outcome. RS are predictive of neurological symptoms. Studies in to virus and host genetics should be considered to
understand the different phenotypes.
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Introduction

The coronavirus disease of 2019 (COVID-19), caused by the
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Tunisia [6]. However, a wide range of neurological manifes-
tations has been described as headache, encephalitis, stroke,
dizziness, confusion, myalgia, anosmia, or ageusia [7].
Several neuropathophysiological hypotheses were discussed
including direct and indirect mechanisms [8]. Previous studies
were focused on hospitalized COVID-19 patients and very
few included all people exposed to COVID-19 whether symp-
tomatic or not.

To date, few studies described the characteristics of
COVID-19 neurological symptoms and their evolution [9,
10].

In this paper, we describe the neurological symptoms asso-
ciated with COVID-19, their main characteristics, and their
evolution in the Tunisian population followed by discussion
of their underlying pathophysiological mechanisms.

Method
Study design

We conducted a nationwide retrospective observational study
on COVID-19 patients in Tunisia diagnosed between the 2nd
of March 2020 and the 15th of May 2020. The diagnosis was
made by real-time reverse-transcription polymerase chain re-
action (RT-PCR) analysis of nasal and throat swab specimens.
Patients of the electronic database of the National Observatory
of New and Emerging Diseases of Tunisia (ONMNE) were
contacted by a team of trained neurologists between 27th
April, 2020, and 16th May, 2020. During the telephone inter-
view, patients underwent a survey questionnaire validated by
the neurologists of the Department of Neurology and the
Clinical Investigation Centre of Neurosciences and Mental
Health of Razi Hospital. For deceased patients, we
interviewed close family members.

Patients with insufficient data and no contact phone num-
ber were not included. Patients who were not reachable or did
not consent were excluded.

Data collection

The following demographic and general clinical data were
collected through the questionnaire:

—  Sex, date of birth, age, and current location (domicile,
place/structure of containment, hospital)

—  Personal history of neurological disease

— Date of disease onset defined as date of onset of any
symptoms for symptomatic patients and date of first pos-
itive RT-PCR for asymptomatic patients

—  Mode of transmission: imported cases which were diag-
nosed upon arrival from foreign countries and patients
that were infected locally.
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— Possible need of hospitalization

—  Extra-neurological symptoms: fever, cough, dyspnea,
and gastrointestinal symptoms

— Neurological symptoms: headache, disorientation, behav-
ior disorders, dizziness, sleep disturbances, cognitive
complaint, seizures, focal weakness, smell impairment,
taste impairment, myalgia, paresthesia or neuropathic
pain, and visual loss/blurred vision.

The presence of respiratory symptoms (RS) was defined as
the presence of dyspnea and/or cough.

We specified the chronology between onset of neurological
symptoms and RS when possible.

For headache, smell impairment, taste impairment, myal-
gia, and sleep disturbances, a specific detailed questionnaire
was used including onset time, duration, and characteristics of
each symptom. When patients did not remember the details of
these symptoms, they were not considered for the percentage
evaluation. Sense of smell and taste were assessed using a
subjective score ranging from 0 to 10 (0 = no sense of smell
or taste, 10 = normal sense of smell or taste). This was
assessed for before disease onset, during the disease and after
recovery.

Statistical analysis

All statistical analyses were performed using SPSS 24.0.0
(IBM SPSS Statistics Version 24). Mean and standard devia-
tions (SD) or median and interquantile range (IQR) were used
for continuous variables when appropriate. Categorical vari-
ables were expressed as counts and percentages.

A chi-square or Fisher’s exact test was used to calculate
differences in categorical data as appropriate. To analyze the
continuous variables, Mann-Whitney U test or ¢ test was con-
ducted according to the distribution of data. The significance
level was set at p < 0.05

A logistic regression was used to explore the risk
factors associated with the neurological symptoms.
Variables with univariate analysis test value < 0.2 were
entered into logistic multivariate regression models. The
final returned variables were those significant at the
level of 5%. Odds ratio (OR) was presented with 95%
confidence intervals (CI).

Standard protocol approvals, registration and
patients consents

The research protocol was approved by the local ethic com-
mittee board of Razi Hospital on the 27th of April 2020.
Verbal consent to participate was obtained from all patients
or their legal proxy.
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Results
Demographic and Clinical Data

Among 1034 SARS-Cov-2 infected cases, a total of 646 con-
firmed COVID-19 patients were included in the analysis. One
hundred sixty-five were imported cases and 480 were locally
transmitted cases. Mode of transmission was not specified in
one case. Eighty-eight patients required hospitalization. At the
time of survey, 332 were housebound, 145 within contain-
ment quarantine and 15 in hospital. Participants’ location
was not specified in 154 cases. The demographic and clinical

characteristics are presented in Table 1.The mean age was
42.17 + 17.58 years old. Sex ratio was 0.85. Fifty-nine pa-
tients had a medical history inclusive of a neurological disease
prior to COVID-19 infection. Fever (35.3%) and cough
(36.2%) were the most frequent extra-neurological symptoms.

Neurological symptoms
Neurological symptoms were found in 72.1% of the cases.

They preceded RS in 14.5% of cases, were concomitant to
RS in 48.1%, and followed them in 27.8%. One hundred six

Table 1 Demographic and clinical data of COVID-19 patients according to mode of transmission, age, and respiratory signs
Total Mode of transmission Age Respiratory symptoms (RS)
Imported Local pvalue <50years >50years pvalue RS+ RS - p value
n=165 n =480 n =400 n=226 n =268 n=378
Age (mean (SD), 42,17 £17.58 442+149 41.5+184 0.059 313+119 593+88 0.000 440+16.7 40.8+18.1 022
ears
Se)}c/ (n ()%)) -Male 348 (53.9) 83 (50.3) 263 (55.00 0295 225(56.4) 114 (50.4) 0.152 144(53.9) 203(53.8) 0.983
- Female 298 (46.1) 82 (49.7) 215 (45.0) 174 (43.6) 112(49.6) 123 (46.1) 174 (46.2)
Extra-neurological symptoms (1 (%))
- Fever 228 (35.3) 64 (38.8) 164 (35.3) 0.284 138 (34.5) 88(38.9) 0267 148(55.2) 80(21.2) < 0.001
- Cough 234 (36.2) 62 (37.6) 172 (35.8) 0.688 142 (35.5) 86(38.1) 0.524 234(87.3) 0 < 0.001
- Dyspnea 118 (18.3) 27(16.4) 91(19) 0457  65(16.3) 52(23.0)0 0.037 118 (44) 0 < 0.001
- Gastrointestinal 213 (33.0) 52(31.5) 161(33.5) 0.633 121 (30.3) &87(385)  0.035 152(56.7) 61 (16.1) < 0.001
symptoms
Neurological 466 (72.1) 135 (81.8)  331(71.0) 0.001  283(70.8) 167 (73.9) 0401 235(87.7) 231(61.1) < 0.001
symptoms (1 (%),
any)
- Headache 279 (41.1) 76 (46.1) 204 (42.5) 0426 168 (42.0) 103 (52.6) 0386 158(59.0) 122(32.3) < 0.001
- Smell impairment 245 (37.9) 84 (50.9) 161 (33.5) < 0.001 157(39.3) 80(35.4) 0.534 128¢47.8) 117 (31.0) < 0.001
- Taste impairment 238 (36.8) 84 (50.9) 154 (32.1) < 0.001 144 (36) 87 (38.5)  0.657 130 (48.5) 108 (28.6) < 0.001
- Myalgia 241 (37.3) 80 (48.5) 161 (33.5) 0.001 150 (37.5) 82(36.3) 0.762 131 (54.4) 110(45.6) < 0.001
- Sleep disturbance 241 (37.3) 67 (40.6) 174 (36.3) 0318 154 (38.5) 81(35.8) 0.509 123(45.9) 118 (31.2) < 0.001
- Visual loss/blurred 48 (7.4) 159.1) 33(6.9) 0.349  28(7.0) 18 (8.0) 0340 31(11.6) 17 (4.5) 0.001
vision
- Focal weakness 16 (2.5) 3(1.8) 13 (2.7) 0.772  7(1.8) 73.1) 0274 10@3.7) 6 (1.6) 0.084
- Disorientation 13 (2.0) 6 (3.6) 7 (1.5) 0.107 6 (1.5 6(2.7) 0367 11(4.1) 2(0.5) 0.001
- Behavior disorders 13 (2.0) 2(1.2) 11(2.3) 0.530 8(2.0) 4(1.8) 1.000 10 (3.7) 2(0.5) 0.005
Time to appearance (median (IQR), d):
- Headache 1(0-3) 1(0-3) 1(0-3) 0.363  1(0-3) 1(0-2) 0488 1 (1-3) 1(0-2) 0.067
- Myalgia 1 (0.5-3) 1(0.75-3) 1(1-3) 0920 1(0.25-3) 1(1-3) 0971 1 (1-3) 1(0.5-3) 0927
- Smell impairment 2.5 (1-5) 3(1-5) 2 (1-5) 0.044 3 (1-5) 2 (1-4) 0.045 2 (1-5) 3 (1-5) 0.427
- Taste impairment 3 (1-5) 3(1-4) 2 (1-5) 0.889  3(1-5) 2 (1-4) 0435 2(1-5) 3(1-4) 0.814
Total duration (median (IQR), d):
- Headache 4 (2-7) 45(3-75 427 0.586 4(2-7) 4(3-7) 0.607 4.753-7) 3(2-7) 0.082
- Myalgia 5(3-10) 5(2-8.5) 5(3-10) 0244  5(2-7) 6 (3-10) 0.106 5 (3-10) 4 (3-8) 0.818
- Smell impairment 7(4.5-14) 7 (4.38-14) 7(4-14) 0911  7(4-14) 7(45-14) 0902 8 (5-15) 7 (4-12) 0.223
- Taste impairment 7 (4-14) 7 (4-10) 7 (4-10) 0.591 7 (4-14) 7 (4-14) 0232 8 (5-14) 7 (3.25-10) 0.184
- Sleep disorders 7 (4-15) 14.5 (14-15) 7 (3.25-15) 0.020 7 (3-15) 14 (7-17.5) 0437 14 (4-15) 7 (4-15) 0.779

Significant results have been italicized
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patients (22.7%) of the patients had purely neurological symp-
toms only.

Headache was the most common reported symptoms found
in 41.1% of the cases. The pain was most commonly located
in the frontotemporal region (51.2%). It was mostly mild or
moderate (59.1%). The median time between the appearance
of the first COVID-19 symptoms and the onset of headache
was 1 day. Headache appeared during the first 3 days of the
disease in 62.3%. The median duration of headaches was 4
days and median attack duration 3 h (range: 15 min to 24 h). A
complete recovery was reported in 83.2%. When associated
with fever (51.3%), headache was more likely severe or pres-
ent at onset (Table 2).

Smell and taste impairment was reported in 37.9% (n =
245) and 36.8% (n = 238) of cases respectively. Among pa-
tients with smell impairment, 65.3% (156/239) had complete
anosmia, 62 patients (26.6%) mentioned parosmia, and 26
patients (10.9%) olfactory hallucinations. Only 93 patients
(38.4%) reported concomitant nasal obstruction. Fifty-nine
(24.9%) reported a fluctuating hyposmia. Among patients
with taste impairment, 63.2% (146/231) reported a complete
ageusia, 162 participants (79.4%) had an altered taste of
sweetness, 163 (79.9%) had an altered taste of saltiness, 145
(71.4%) had an altered acid taste, and 128 (66%) had an al-
tered taste of bitterness. Two hundred three patients reported
combined smell and taste impairment, 42 reported smell im-
pairment only, and 35 reported taste impairment only. The
median time from the disease onset to development of smell

and taste impairment was two and a half days (IQR 1.0-5.0)
and 3 days (IQR 1.0-5.0) respectively. The median duration
of smell and taste impairment was 7 days (smell impairment
IQR 4.5-14.0; taste impairment IQR 4.0-14.0). A complete
recovery was noted in 72.1% (174/240) of smell impairment
and 76.8% (179/233) of taste impairment. Chemosensory im-
pairment scores are presented in Fig. 1.

Myalgia was reported in 37.3% of the cases. Muscle pain
was distributed as follows: generalized (n = 95; 43.2%), limbs
(n = 68;30.5%), trunk (n =30; 13.6%), and limb and trunk (n
=28; 12.7%). Muscle cramps were present in 12.4% of cases.
The median time from the disease onset to appearance of
myalgia was 1 day (IQR 0.5-3.0) and the median duration
was 5 days (IQR 3.0-10.0).

More than one-third of the patients (37.3%) had sleep dis-
turbances. The median daily sleep duration was 6 h (range:
1.5-20 h). Sleep disturbances included insomnia (n = 123;
51.0%), hypersomnia (n = 40; 16.6%), and day-night cycle
reversal (n = 30; 12.4%). Participant-reported causes of in-
somnia included the following: anxiety (35.0%), RS
(13.8%), fever (9.8%), and pain (9.8%). The median total
sleep disturbance duration was 7 days (IQR 4.0-15.0).

The other neurological symptoms were the following: vi-
sual loss/blurred vision (n = 48), focal weakness (n = 16),
disorientation (n = 13), behavior disorders (n = 13), dizziness
(n=11), paresthesia/neuropathic pain (n = 10), cognitive com-
plaint (n = 5), and seizures (n = 1).

Table 2 Headache characteristics

in patients with COVID-19 in Total With fever Without fever p value
Tunisia
n=279 n=143 (51.3%) n=136(48.7%)
Time to appearance (median (IQR), days) 1(0-3) 1(0-2) 1(04) 0.127
Total duration (median (IQR), days) 4 (2-7) 4.25 (2.25-7) 3.52-7) 0.202
Attack duration (median (IQR), hours) 3(1-12) 4 (2-24) 2 (1-12) 0.071
Headache at onset (n (%)) 219 (78.5) 122 (85.3) 97 (71.3) 0.004
Location (n (%))
- Frontal 124 (44.4) 67 (46.9) 57 (41.9)
- Generalized 80 (28.7) 39 (27.3) 41 (30.1)
- Bitemporal 19 (6.8) 10 (7.0) 9 (6.6)
- Occipital 20(7.2) 9(6.3) 11(8.1)
- Unilateral 16 (5.7) 8 (5.6) 8(5.9)
- Variable 13 (4.7) 6(4.2) 7(5.1)
- Not specified 7(2.5) 4(2.8) 3(2.2)
Intensity (n (%))
- Mild or moderate 165(59.1) 74 (51.7) 91 (66.9) 0.026
- Severe 110 (394) 67 (46.9) 43 (31.6) 0.005
- Not specified 4(1.4) 2(1.4) 2 (L.5)
Persistence of headache after recovery (n (%)) 47 (16.8) 26 (18.2) 21 (15.4) 0.404
Consultation for headache (1 (%)) 15(5.4) 10 (7.0) 53.7) 0.199

Significant results have been italicized
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Fig. 1 Chemosensory score impairment (mean, SD) in patients with COVID-19 in Tunisia (a smell impairment, b taste impairment)

Considering the four main neurological symptoms (head-
ache, smell impairment, taste impairment, and myalgia), 115
patients had only one symptom (17.8%), 140 had two symp-
toms (21.7%), 110 had three symptoms (17.0%), and 69 had
all four symptoms (10.7%).

Association between hospitalization and neurological
symptoms

Patients who required hospitalization were older (51.82 +
17.46 years old) than non-hospitalized (NH) patients (40.66
+ 17.13 years old) with no significant differences between the
2 groups. Hospitalized patients (H) had a higher frequency of
any neurological signs (H = 76.1%, NH = 71.5%, p = 0.368),
headache (H =48.9%; NH =42.1%, p = 0.071), myalgia (H =
46.6%, NH = 35.8%, p = 0.035), sleep disturbance (H =
44.3%; NH = 36.2%, p = 0.090), visual loss/blurred vision
(H = 13.6%; NH = 6.5%, p = 0.020), focal weakness (H =
3.4%; NH =2.3%, p = 0.375), disorientation (H = 6.8%; NH =
1.3%, p = 0.004), and behavior disorders (H = 3.4%; NH =
1.8%, p = 0.225). NH patients had a higher prevalence of
smell impairment (H = 27.3%, NH = 39.6%, p = 0.017) and
taste impairment (4 = 31.8%, NH = 37.6%, p = 0.176).

Association between neurological symptoms and age,
transmission mode, and extra-neurological signs

Participants infected abroad had a higher prevalence of
neurological symptoms than those infected locally. There
was a particularly prevalence of smell impairment (p <
0.001), taste impairment (p < 0.001), and a longer sleep
disturbance duration (p = 0.02) in those infected abroad
(Table 1).

There was no difference in the frequency of the neurolog-
ical symptoms between the two age groups (Table 1).
Patients with RS were more likely to have fever (p <
0.001), gastrointestinal symptoms (p < 0.001), and neu-
rological symptoms (p < 0.001) (Table 1).

Conversely, the frequency of RS was higher in patients
who reported the 4 main neurological symptoms:

headache (with RS = 56.7%, without RS = 43.3%; p <
0.001), anosmia (with RS = 52.2%, without RS =47.8%;
p < 0.001), ageusia (with RS = 54.6%, without RS =
45.4%, p < 0.001), and myalgia (with RS = 54.4%, with-
out RS = 45.6%, p < 0.001). The frequency of RS was
also higher with patients who had four combined main
neurological symptoms (headache, smell impairment,
taste impairment, and myalgia) (p < 0.001) (Fig. 2).

Risk factors associated with neurological symptoms

Univariate analysis showed that local transmission (p =
0.001), fever (p < 0.001), RS (p < 0.001), and gastroin-
testinal symptoms (p < 0.001) were associated with neu-
rological symptoms.

On a multivariate analysis, RS (OR = 3.162, CI: [1.397-
7.157], p = 0.006) and gastrointestinal symptoms (OR =
3.802, CI: [1.446-9.996], p = 0.007) were independent
predictive factors for the presence of neurological symp-
toms (Table 3).

= With Respiratory Symptoms
250 4
Without Respiratory Symptoms

200

150 -

168

100 -

50 4

Number of combined main neurological symptoms

Fig. 2 Respiratory symptoms according to the combination of main
neurological symptoms
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Table3  Multiple logistic regression evaluating risk factors for COVID- Chemosensory impairment was the second most frequently
19 neurological symptoms s .

observed symptom within our study, with 37.9% and 36.8%
Variable OR C195% p value of participants reporting smell and taste impairment respec-

tively. Previous studies reported very variable rates ranging
Respiratory symptoms 3.162 1.397 - 7.157 0.006 from 0.21 to 85.6% for smell impairment and from 0.23 to
Gastrointestinal symptoms 3.802 1.446 — 9.996 0.007 88.0% for taste impairment [9, 11, 17-20]. Chemosensory

OR, odds ratio; CI, confidence interval

Significant results have been italicized

Discussion

This study shows the prevalence of neurological manifesta-
tions in COVID-19 occurs in 72.1% of participants. In previ-
ous studies, neurological symptoms were noted in 13.9 to
57.4% of the cases [9, 11, 12] and up to 84% in a series of
patients hospitalized in intensive care units [10]. Headache,
chemosensory impairment, and myalgia were the most fre-
quently observed neurological symptoms in our series.
Neurological symptoms preceded RS in 14.5% of the cases
and were the sole presenting symptom in 22.7% of the cases.
Interestingly, fever and cough were found in only one-third of
the cases.

The high prevalence of COVID-19 neurological symptoms
raises the question of a potential neurotropism and
neurovirulence of SARS-CoV-2, as seen with other naturally
neurotropic human coronaviruses. This is supported by autop-
sy reports of deceased COVID-19 patients where cerebral
edema and reactive gliosis reported [9, 13]. Additionally,
SARS-CoV-2 ribonucleic acid (RNA) has been detected in
cerebrospinal fluid of patients with encephalitis [14].

In our study, headache was the most frequent neurological
symptom (41.1% of the cases). It was also reported as one of the
most common complaints in participants with COVID-19 in
several other studies where its prevalence ranged between
11.7 and 64.8% of the cases [9, 11, 15]. As yet, a detailed
description of headache characteristics and timeline of its oc-
currence compared to other COVID-19 symptoms have not
been undertaken. We have therefore emphasized here the early
onset of this symptom and its main characteristics: a moderate
intensity, a frontotemporal or generalized pain location, and a
mean total duration of 4 days. Headache was not necessarily
associated with fever. While a minority of headaches with
COVID-19 are explained by meningitis/meningoencephalitis
and or vascular events associated with COVID-19 hyper-coag-
ulability [16], less is known about pathophysiological connec-
tion of isolated headache in COVID-19. Potential mechanisms
include a cytokine-mediated immune injury, hypoxic injury,
and ACE2 receptor saturation [8]. This could explain the oc-
currence of other COVID-19 neurological manifestations such
as “toxic encephalopathies™ [8] and confusion, seen in 13 par-
ticipants within our series and up to 40% of the cases within the
literature [10].

@ Springer

impairment occurred early in the illness (in keeping with pre-
vious studies), with a complete anosmia or ageusia
predominating and the majority of patients reporting complete
recovery within less than 10 days [17]. The literature reports
the higher prevalence of these symptoms compared to other
respiratory viruses (influenza virus, parainfluenza virus, respi-
ratory syncytial virus, coxsackievirus, adenovirus, poliovirus,
enterovirus, and herpesvirus) [21]. In addition, contrarily to
influenza, COVID-19 anosmia is typically not associated with
nasal obstruction. Given the complete recovery within few
days, the underlying pathophysiological mechanism is likely
to be a destruction of the rapidly regenerating olfactory neuro-
epithelium (multipotent globose basal cells of the olfactory
epithelium are active in giving rise to neurons for at least the
first few days after a lesion and neurons reappear after 3—4
days after lesion and mature after 8—10 days after lesion [22]).
The hypothesis of an altered neurotransmission by direct con-
tact between SARS-CoV-2 and chemosensory receptors with-
out cell destruction has also been suggested [23] and is
strengthened by the fluctuating aspect of chemosensory im-
pairment, seen in 29.9% of the cases in our cohort. Finally,
central nervous system involvement is a possible etiology for
anosmia in COVID-19 patients and may be explained by the
presence of olfactory bulb edema on brain MRI [24] and cor-
tical FLAIR hyperintensity in the gyrus rectus that resolves
after 28 days [25]. This may explain the presence of olfactory
hallucinations reported in 10.9% of our participants.

Regarding the other neurological symptoms, we noted a
higher range of sleep disturbances, associated with anxiety
in particular. A potential pathophysiological mechanism is
reduced melatonin levels caused by societal “lockdown” and
the resultant decrease in exposure to natural light, and there-
fore poor quality of sleep [26]. The effect of COVID-19 stress
on sleep quality could also be incriminated.

Neurological emergencies were not found in our study
but have been described in previous reports. New onset
cerebrovascular disease has indeed been reported in 5% of
the cases in a large Chinese cohort [9] and in five and six
cases of series of patients in the USA and the UK [27,
28]. Neuroinflammatory immune-mediated syndromes in-
cluding Guillain-Barré syndromes [29-32] and myelitis
[33] have been documented. Finally, cognitive complaint,
which was reported in five of our patients, has also been
reported in a French cohort [10] where a dysexecutive
syndrome was noted in 36% of the cases. The underlying
mechanism is still unclear but a potential neurodegenera-
tion is being proposed [34].
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Two important observations of COVID-19 influencing fac-
tors can be drawn in our study. First, neurological symptoms
were more frequently observed in patients with RS and the
combination of several neurological symptoms was associated
with greater respiratory involvement. Moreover, hospitalized
patients had a higher frequency of neurological symptoms.
This indicates a probable link between the severity of the
disease and particularly of RS and neurological implications,
as previously described [9]. Secondly, patients who contracted
the virus abroad had a higher prevalence of neurological
symptoms when compared to those who were infected locally.
The differences of neurological and extra-neurological symp-
toms found in our population compared to other populations
but also between imported cases and locally infected cases in
Tunisia, suggest a possible less virulent “Tunisian” strain or a
lower viral load. Indeed, the increasing diversification of
SARS-CoV-2 strains has already been underlined—the com-
plete genome sequencing of SARS-CoV-2 strains isolated in
Asia, Europe, North, and South America identified 3 different
genetic clades [35]. In Indian and Egyptian genetic studies,
several mutations were recorded but the isolated SARS-CoV-
2 strains were at least 99.7% identical to 2019-nCoV-WHUO1
strain [36, 37]. Thus, the real implication in the pathogenicity
remains to be confirmed.

Thus, neurological symptoms in COVID-19 are frequent,
can be the initial signs, or occur sometimes in isolation. The
main neurological symptoms are moderate headache, com-
plete transient chemosensory impairment, and myalgia.
Neurological symptoms were greater in imported cases and
in patients with RS.

The present study has both strengths and weaknesses. The
strengths of our study are the large population (more than a
1000 positive RT-PCR), the national scale including all peo-
ple exposed to COVID-19 whether symptomatic/benign or
not, and the fact that it is the first African study describing
detailed characteristics and evolution of neurological COVID-
19 symptoms. The limitation of this study is the missing data
due to the retrospective aspect of the study and the lack of
neurological examination and brain imaging. Further studies
are needed to confirm our conclusions.
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