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ABSTRACT

Objective: The coronavirus disease 2019 (COVID-19) has spread worldwide since December
2019. Neurological symptoms have been reported as part of the clinical spectrum of the
disease. We aim to determine whether neurological manifestations are common in hospitalized

COVID-19 patients and to describe their main characteristics.

Methods: We systematically review all patients diagnosed with COVID-19 admitted to hospital
in a Spanish population during March 2020. Demographic characteristics, systemic and

neurological clinical manifestations, and complementary tests were analyzed.

Results: Of 841 patients hospitalized with COVID-19 (mean age 66.4 years, 56.2% men)
57.4% developed some form of neurological symptom. Nonspecific symptoms such as myalgias
(17.2%), headache (14.1%), and dizziness (6.1%) were present mostly in the early stages of
infection. Anosmia (4.9%) and dysgeusia (6.2%) tended to occur early (60% as the first clinical
manifestation) and were more frequent in less severe cases. Disorders of consciousness
occurred commonly (19.6%), mostly in older patients and in severe and advanced COVID-19
stages. Myopathy (3.1%), dysautonomia (2.5%), cerebrovascular diseases (1.7%), seizures
(0.7%), movement disorders (0.7%), encephalitis (n=1), Guillain-Barré syndrome (n=1), and
optic neuritis (n=1) were also reported, but less frequent. Neurological complications were the

main cause of death in 4.1% of all deceased study subjects.

Conclusions: Neurological manifestations are common in hospitalized COVID-19 patients. In
our series, more than half of patients presented some form of neurological symptom. Clinicians
need to maintain close neurological surveillance for prompt recognition of these complications.
The investigation of the mechanisms and emerging consequences of SARS-CoV-2 neurological

involvement require further studies.
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INTRODUCTION

Since December 2019, the coronavirus disease 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus type 2 (SARS-CoV-2) has spread worldwide." This infection
was defined as pandemic by the World Health Organization in March 2020.% Up to April 30th,
2020, a total of 3231701 cases of COVID-19 and 229447 deaths have been reported. Spain is

the second country worldwide in terms of deaths adjusted by population.®

Neurotropism is one common feature of previously described pathogenic coronavirus types
such as SARS-CoV (2002) and Middle East respiratory syndrome (MERS-CoV, 2012).4 It has
been suggested that SARS-CoV-2 could reach the CNS via circulation and/or upper nasal
transcribial routes. Endothelium, glial cells and neurons have been reported to express
angiotensin-converting enzyme receptor 2 (ACE2), which makes them a potential target of

SARS-CoV-2, since the virus enters the cells through this receptor.’

Neurological manifestations of COVID-19 have been described since the beginning of the
pandemic.6 Non-specific symptoms such as headache or dizziness can be associated with viral
infection syndrome.7 Anosmia and dysgeusia are intriguing symptoms seen in early phases of
COVID-19 infection.? Neurologists have to deal with patients with neurological complications
from the disease, such as CNS dysfunction, both global (altered level of consciousness) or focal
(stroke, encephalitis, seizures), or peripheral nervous system and skeletal muscle complications

6,9-12

like myopathy. As a consequence of the hyperactivation of the immune system,13 different

autoimmune complications can also be expected.'> "

As such, we hypothesize that neurological
symptoms are common in COVID-19 infection and attempt to describe their main
characteristics. Here, we report a systematic review of neurological manifestations of COVID-19

among patients with SARS-CoV-2 infection admitted to our hospitals in Albacete in March 2020.
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METHODS
Study design and data collection

We conducted a retrospective, observational study in two centers (Complejo Hospitalario
Universitario de Albacete and Hospital General de Almansa) in the province of Albacete
(Castilla-La Mancha, Spain). We reviewed the medical records of all patients admitted to our
hospitals from March 1% to April 1%, 2020 diagnosed with COVID-19. All had a confirmed
laboratory diagnosis of COVID-19, either with a positive result for IgG/IgM antibodies against
SARS-CoV-2 in a blood test or through detection of SARS-CoV-2 RNA with a real-time reverse

transcription-polymerase chain reaction (rt-PCR) of throat swab samples.

We reviewed electronic medical records, laboratory parameters, radiological examinations
(head CT and/or brain MRI) and neurophysiological tests, including EEG and EMG, if indicated.
Demographic data such as age, sex, previous comorbidities (hypertension, diabetes,
dyslipidemia, smoking habit, obesity, heart disease, chronic kidney disease [CKD],
immunosuppression, cancer, neurological diseases) and relevant previous treatments
(antithrombotic therapy, angiotensin-converting enzyme inhibitors [ACEI], angiotensin Il

receptor blockers [ARB], statins) were recorded.

Severity of COVID-19 was defined according to the 2007 Infectious Diseases Society of
America/American Thoracic Society criteria.’® Time of onset (days since first COVID-19
symptoms) and clinical phase of the disease were assessed for each neurological symptom.
Clinical phases of COVID-19 were divided into stage | (early infection), stage lIA (pulmonary
involvement without respiratory insufficiency), stage IIB (respiratory insufficiency) and stage lli

(systemic hyperinﬂammation).17

Our research group categorized neurological manifestations into nonspecific symptoms
(headache, dizziness or myalgia), neuropsychiatric disorders (insomnia, depression, anxiety or
psychosis), central nervous system disorders (direct viral infection, disorders of consciousness,
seizures and stroke), peripheral nervous system (PNS) disorders (cranial neuropathies,

anosmia/dysgeusia, peripheral neuropathy), myopathy and demyelinating events.
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Key laboratory results (CK, lymphocyte count, C-reactive protein [CRP], ferritin, and D-dimer)
and the extent of lung involvement on chest X-ray were documented. Antiviral drugs, antibiotics,
immunomodulatory therapies (corticosteroids, beta interferon, intravenous immunoglobulins
[IVIG], baricitinib, anakinra, tocilizumab, sarilumab), low-molecular-weight heparin (LMWH)

dose (prophylactic or anticoagulant) were recorded.
Standard Protocol Approvals, Registrations, and Patient Consents

This is a retrospective and non-interventional study; we did not perform any experiments in
human subjects. This study was registered in our center (identifier: 2020/04/043) and it received
approval from our institutional ethical standards committee. We obtained a waiver of written

informed consent since all data were collected retrospectively and anonymously.
Statistical Analysis

The statistical analysis was performed using the SPSS software, version 25 (SPSS, Chicago,
IL). The ratios were compared using the Chi squared test, and the Fisher’'s exact test when the
sample size was too small. The comparison between quantitative variables was performed
using the Student’s t test, considering a value P less than 0.05 as statistically significant. We
also calculated the confidence intervals (Cl) and odds ratios (OR). A multivariate analysis was

performed if indicated.
Data Availability

After publication, the data will be made available to other researchers on reasonable request to

the corresponding author.
RESULTS

841 patients were admitted to the hospital with confirmed SARS-CoV-2 infection (85.7% by
PCR, 12.1% by IgG/IgM rapid test, 2.2% both) between March 1% and April 1%, 2020. A total of
329 (39.1%) suffered severe COVID-19, only 77 (9.16%) were admitted to the ICU, and 197
(23.4%) died during the course of their hospital admission. Neurological complications were

considered to be the fundamental cause of patient death in eight cases (4.1% of total deaths).
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We show cohort baseline characteristics and comorbidities in Table 1. The mean age was 66.4
years and 56.2% were men. The most common systemic comorbidities were hypertension
(55.2%), obesity (44.5%), dyslipidemia (43.3%), tobacco smoking (36%), diabetes mellitus

(25.1%), and heart disease (18.8%).

Severe COVID-19 infection was associated with obesity (OR 3.75, p<0.001), hypertension (OR
2.12, p<0.001), use of ACEI/ARB therapies (OR 1.89, p<0.001), CKD (OR 1.77, p=0.02),
diabetes (OR 1.66, p<0.01), heart disease (OR 1.63, p<0.01) and dyslipidemia (OR 1.4,
p=0.01). Patients in the severe disease group were older than those in the mild disease group
(p<0.001). Sex and immunosuppression were not risk factors for severe prognosis. In the
multivariate analysis, the only independent predictor for severe disease was obesity (OR 3.06,

95% Cl 1.41-6.67, p=0.005).

Clinical manifestations of COVID-19 at admission are detailed in Table 2. The most common
features were fever, cough and dyspnea. Mean time from clinical onset to hospital admission
was 7.13 days. At admission, elevated CK, ferritin, CRP, and D-Dimer plus lower lymphocyte
count were associated with severe disease. The most frequently used treatment protocol
(standard protocol, 747 [89%]) included: hydroxychloroquine, lopinavir/ritonavir, n-
acetylcysteine, and azithromycin. In some patients, lopinavir/ritonavir was replaced by
emtricitabine/tenofovir (50, 6%) or ribavirin (21, 2.5%). In most cases, antibiotics such as
levofloxacin, doxycycline, ceftriaxone, or teicoplanin were prescribed to treat bacterial super-
infection. Different doses of IV methylprednisolone pulses were added for 3-5 days: 125mg
(26.9%), 250mg (15.54%), or >250mg (5.2%). 182 patients (21.6%) received
immunomodulatory treatment, either as monotherapy (147, 17.5%) or as a variety of
polytherapy strategies (35, 4.2%). Beta interferon was the most applied immunomodulatory
drug (86, 10.2%) followed by baricitinib (49, 5.8%), IVIG (35, 4.2%), and anakinra (31, 3.7%).
Among the patients who had neurological manifestations, 102 (21.3%) received
immunotherapy, 54 of them before clinical onset. LMWH was used at a prophylactic dose in 492
(64.7%) cases and at an anticoagulant dose in 268 (35.3%), if previously anticoagulated or D-

Dimer level was above 1000 mcg/L.
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Neurological manifestations of SARS-CoV-2 infection are shown in Table 3. Up to 57.4% of
patients developed at least one neurological symptom. Within nonspecific symptoms, the most
commonly reported were myalgias and headache. These symptoms appeared early in the
evolution of the disease (mean time from onset 3.8 days) and up to 70.6% patients were at

stage | of COVID-19.

Symptoms associated with cranial nerves were statistically more common in non-severe
pneumonia compared with severe cases: anosmia (32 [6.3%] vs 9 [2.7%], p=0.02) and
dysgeusia (39 [7.6%)] vs 13 [4%], p=0.04). The mean time of evolution of symptoms was 3.5

days (more than 60% from the first day). 84.6% patients were at stage I.

Disorders of consciousness were the most repeatedly observed neurological symptoms
(19.6%), especially in the severe COVID-19 group compared to non-severe (38.9% vs 7.2%,
OR 8.18, p<0.001). The mean time of onset was 9 days. These manifestations were statistically
associated with older age (77.6 + 12.1 vs 65.22 +14.87, p<0.001), higher CK levels (386.85 +
777.244 vs 181.72 + 268.77, p < 0.001), lower lymphocyte count (731 + 12.1 vs 1008.6 + 296.6,
p=0.02), and advanced stages of COVID-19 (60 in stage IIB [38.7%] and 62 stage Ill [40%]). Of
note was that bradypsychia/disorientation occurred in the context of marked hypoxemia

(PaFi<300) in 48.23% of cases.

Two patients presented with depressed level of consciousness and pyramidal signs during
stage Ill of COVID-19. In both cases, the brain MRI was normal and the EEG showed moderate
encephalopathy. The first had a normal CSF analysis, including a negative rt-PCR for SARS-
CoV2 RNA, and improved without treatment after some days. The second case was associated
with mild acute kidney injury (creatinine 2.85 mg/dL, urea 160 mg/dL) and improved after
dialysis. No lumbar puncture was performed in this patient so we do not have CSF data in this

case.

Seizures occurred in six patients (0.7%), only one being previously diagnosed with epilepsy.
None of them were complicated by status epilepticus. Four cases occurred in severe stage
disease, two of which were after intracranial hemorrhages. In three patients, seizures had a
focal onset. It is noteworthy that seizures in the context of COVID-19 were associated with

previous history of cognitive impairment (OR 11.28, p<0.001), older age (80.67 + 6 vs 66.31 *
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15, p=0.02), higher CK levels (1001.5 + 1816 vs 201.1 + 435.3, p<0.001), and higher CRP
(391.9 £ 617 vs 133.1 + 181.8, p<0.001) at admission. The type of seizure was not related to

the severity of the infection or other clinical parameters.

With respect to neuromuscular disorders, muscle damage was the most prominent feature.
Nonspecific muscle manifestations such as myalgia, asthenia, and muscle fatigue were striking
symptoms seen in early stages of the disease in more than half of the cohort. None were
associated with disease severity or subsequent development of myopathy. HyperCKemia was
detected at admission in 73 (9.2%) patients and rhabdomyolysis in 9 (1.1%). Clinical and
examination data suggestive of myopathy were found in 26 cases (3.1%), 3 of which had
hyperCKemia. Three patients with myopathy had a compatible neurophysiology test results, but
it was not possible to perform more studies, including muscle biopsy, due to the ongoing
pandemic context. Myopathy tended to develop later in the disease, around the 12" day from
onset. In fact, longer stay in ICU was the only independent predictor in multivariate analysis (OR
1.3, 95% CI 1.02-1.71, p=0.03) that included other relevant variables such us previous
treatment with statins, corticosteroids, hydroxychloroquine, immunomodulatory therapies and
severe disease. Another PNS alteration noted was dysautonomia, recorded in 21 (2.5%)
patients, 15 of which had non-severe disease. One patient was diagnosed with acute

demyelinating polyneuropathy (AIDP) during the recovery phase of the disease.

As for cerebrovascular diseases, 11 (1.3%) patients had ischemic stroke and three (0.4%)
intracranial hemorrhage (ICH). Mean time of occurrence was 10 days after onset of COVID-19
symptoms. Cerebrovascular diseases were associated with higher D-Dimer levels at admission
(9929 + 28286 vs 2250 + 293, p=0.01). Two patients of the ischemic stroke group were on
anticoagulant treatment (dabigatran and acenocoumarol) at the time of stroke onset. In the
hemorrhage group, one patient was on LMWH (prophylactic dose) and he also had
thrombopenia, while the other patient was receiving LMWH at an anticoagulant dose.
Intracranial hemorrhage was only noticed in patients suffering severe disease (p=0.03).
Interestingly, one patient who had multiple brain hemorrhages also showed a brain MRI pattern

resembling posterior reversible encephalopathy syndrome (PRES, figure 1). Unlike intracranial
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hemorrhage, ischemic stroke occurred independently of COVID-19 severity, even in the
absence of systemic manifestations. In fact, four patients suffered this serious complication in
the recovery phase of the disease. The posterior arterial territory was involved in four cases
(36.4%). The etiology was either undetermined or other determined etiology (modified TOAST
classification) in a high proportion of patients. Highlights of this series were two cases with
multi-territorial infarctions, two more with arterial dissections (one extracranial internal carotid

and one extracranial vertebral), and one case of CNS vasculitis.

Six patients (0.7%) developed hyperkinetic movements (mostly myoclonic tremor) at a mean
time of 8.3 days from the clinical onset of COVID-19. Three patients with prior neuropsychiatric
history developed oromandibular dyskinesias, upper limb tremor and rigidity within a rigid-
akinetic syndrome exacerbated by severe pneumonia and neuroleptic use. The rest of the
cases presented with myoclonic tremor involving the upper body, uni- or bilateral, plus alteration
in the level of consciousness. Unfortunately, an appropriate neurological workup was not

performed in these cases.

When considering inflammatory manifestations, one patient had an encephalitis which
presented as a stroke-mimic due to the appearance of sudden language dysfunction (14th day
from onset, stage I1A) with bilateral temporal hyperintensity in FLAIR sequences of brain MRI
(figure 2). CSF analysis was normal, including a negative rt-PCR for SARS-CoV-2 RNA.
Another woman consulted for vision loss due to optic neuritis during the recovery phase (11th
day from onset, PCR negative, IgM positive, 1gG positive) without any sign of pneumonia.
Previously, both had mild respiratory symptoms and dysgeusia. None of these patients received

treatment before admission.

We detected neuropsychiatric symptoms in 167 (19.9%) patients, insomnia being the most
frequent symptom, followed by anxiety, depression, and psychosis. None of these symptoms

were associated with the severity of the disease.

In 21 patients (2.5%), a neurological manifestation was the main reason to visit the emergency
department (Table 4); almost a third of these patients consulted within the first 24 hours from
onset. The most common symptoms were mild disorders of consciousness (n=8) and focal
neurological deficits (n=8).
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DISCUSSION

To our knowledge, this work comprises the largest hospital-based cohort of COVID-19 patients
to date in which neurological symptoms were systematically analyzed. More than a half of
patients with COVID-19 (57.4%) developed at least one neurological symptom, a proportion

significantly higher than the 36.4% reported in previous studies.’

Our knowledge of COVID-19 remains limited since the pathogen was first described only a few
months ago. Recently, the neurotropic capacity of SARS-CoV-2 has been explored in two
articles. Moriguchi et al described the first case where RNA of SARS-CoV-2 was detected in
cerebrospinal fluid by rt-PCR in a patient with encephalitis in the context of COVID-19." After
this, Paniz-Mondolfi et al reported the presence of SARS-CoV-2 viral particles in the cytoplasm
of frontal lobe neurons, as well as in brain endothelial cells in the post-mortem examination of a
patient with COVID-19 who presented with confusion and encephalopathy during the course of
the infection.”® Nevertheless, we have been unable to demonstrate direct CNS invasion by
SARS-CoV-2 in our COVID-19 population who developed neurological manifestations, since all
CNS analyses performed were negative for the viral RNA. In addition to direct CNS infection,
the intense systemic inflammatory response elicited by SARS-CoV-2 infection can lead to
blood—brain barrier (BBB) breakdown. The increased BBB permeability may allow peripheral
cytokines to pass into the CNS and thus an indirect neuroinflammatory reaction could be

responsible for neurological manifestations in COVID-19."°

In our sample, basal comorbidities were similar to those described in previous reports.”
However, we found higher rates of hypertension, diabetes, smoking, heart disease, and CKD

than those communicated from China.>*"?

Furthermore, although in our series these
comorbidities were associated with severe SARS-CoV-2 infection, multivariate analysis allowed
us to discover that, unlike other descriptions, in our series only obesity was a comorbidity
capable of modifying risk of severe disease.” Obesity and metabolic syndrome have been
implicated in chronic inflammation, promoting a proinflammatory phenotype in macrophages
which may be a key factor leading to the hyperinflammatory response seen in the later stage of

infection by SARS-CoV-2.% Accordingly, some authors support the idea that selective

immunosuppressive therapy could be protective since the critical phase of COVID-19 is thought
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to be associated with an uncontrolled immune response.24 We have not found a relationship

between severe disease and male gender, immunosuppression, smoking, or ACEI/ARB.

In our cohort, early (stage 1) neurological symptoms were mainly non-specific. Anosmia and
dysgeusia are particularly important as they may be independent markers of early infection.
Previous studies report a high variability of the prevalence of these symptoms (from 5-
70%)>%?°, which may be underestimated in our cohort due to selection bias. In critical
respiratory conditions, early mild non-specific symptoms of the infection might be ignored,
especially in a pandemic setting and in those cases presenting with an altered level of
consciousness or confusion. Elucidating whether these early symptoms are due to local
damage of nasal epithelium and invasion of the central nervous system via the olfactory bulb is

a challenge for researchers that currently remains unresolved.®?

Late neurological complications (at stages Il and lll) include encephalopathy, myopathy, and
autoimmune diseases. In our experience, most cases of altered consciousness were secondary
to severe hypoxemia (PaFi<300) and closely related to the severity of the disease. Previous
reports suggest that this global brain dysfunction occurs in the context of multiorgan failure due
to a conjunction of hypoxemia, BBB dysfunction, cerebrovascular disease, toxic metabolites
(uremia, ammonium, electrolytes dysregulation), and cytokine release syndrome as observed in

chimeric antigen receptor (CAR) T-cell therapy associated neurotoxicity.'*?>*

However, in
several of our patients the study was incomplete, and the etiology remains unclear. Recently,
Helms J et al described patients with severe COVID-19 that presented with encephalopathy and

pyramidalism, similar to two cases highlighted in our series. Again, the neuropathological

features of these cases remains unclear.?®

The prevalence of symptoms and laboratory abnormalities associated with muscle damage like
myalgias, asthenia, hyperCKemia, and rhabdomyolysis is slightly lower than reported in other
case series of COVID-19 and infections by others coronavirus.”® The myopathy described in our
cohort was linked to critical forms of the disease and longer admissions in the ICU. This may be
better explained by multiorgan failure and critical illness myopathy, although other pathogenic
mechanisms cannot be excluded. Regarding peripheral neuropathies, dysautonomia is

suggestive of COVID-19 affecting small unmyelinated fibers, nevertheless, a central origin of
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dysautonomia cannot be excluded. Unlike that seen in the CNS, there is no evidence that
SARS-CoV-2 is capable of directly damaging the peripheral nerves and it seems more likely
that this damage is exerted indirectly by a cytokine storm or due to a dysimmune mechanism.®
Intriguingly, in our study we happen to describe three cases of classical dysimmune diseases
(AIDP, encephalitis, and optic neuritis). These complications, barely reported as being
associated with COVID-19 in the current literature, appeared in the recovery phase, thus a
dysimmune or parainfectious response elicited by SARS-CoV-2 infection appears to be

plausible in this disease.

With respect to acute cerebrovascular diseases, unusual features were observed in our series,
including a high proportion of vertebrobasilar stroke and uncommon causes such as arterial
dissection, CNS vasculitis and infarction of different arterial territories without an identified
cardioembolic source. Our research group has prepared a separate document in which we
address each of these cases. However, it is worth saying here that we hypothesize that
cerebrovascular manifestations of COVID-19 may arise as a result of a combination of
hypercoagulability and endothelial damage. The latter could be triggered by cytokine release as
well as direct viral injury by SARS-CoV-2, given that the endothelium also expresses ACE2

receptors.>*

It is important to note that most of the patients with vascular and inflammatory neurological
diseases had mild or no respiratory symptoms. Thus, in all patients presenting with a
neurological acute process during the COVID-19 outbreak, we recommend evaluation of the
possibility of a subjacent SARS-CoV-2 infection by rt-PCR, serology and, if possible, chest CT-

scan (especially during stroke codes, associated with the multimodal CT protocols).

The main limitation to this work is the ever present pandemic context, which prevented us from
performing full neurological evaluation of every patient and a complete diagnostic workup. The
data were obtained retrospectively, so selection bias may arise and some important information
could be missing. Moreover, our work is a descriptive and retrospective series, and as such we
could not determine without any doubt whether the neurological problems of the patients were
caused by the SARS-CoV-2 infection or by other factors such as cross-immunity, inflammatory

reaction or side effects of the treatments. Finally, this study is hospital-based, so it does not
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necessarily reflect the incidence of neurological complications of patients affected by COVID-19

in the community and any findings must be considered with that in mind.

In conclusion, neurological manifestations are common in hospitalized COVID-19 patients. A
wide variety of neurological symptoms can appear during COVID-19 infection and may be
related either to direct damage of neurological tissues or indirectly due to cytokine release,
respiratory insufficiency, critical illness and side effects of pharmacological treatment. Moreover,
potentially severe conditions such as stroke or inflammatory diseases can appear in later
stages, even during recovery. Since the global emergency is expected to persist for some time,
we encourage first-line doctors to be aware of potential neurological symptoms. We recommend
that patients with altered levels of consciousness or confusion should be evaluated by a
neurologist, especially in the absence of hypoxemia or marked metabolic alterations. We also
encourage neurologists to be included in COVID-19 response teams as a matter of routine for
adequate early recognition and management of neurological manifestations in order to improve
neurological outcomes. With this in mind, we consider that the mechanisms of neurological

injury and their emerging long-term medical consequences require further investigation.
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TABLES

Table 1. Baseline characteristics

Total Non-severe Severe OR 95% Cl  p value

Demographic data n 841 n 512 (60.9%) n 329 (39.1%)
Age (years, mean + 66.42+14.96 63.14+1522  71.52+12.04 NA <0.001
SD)
Sex (male, n [%]) 473 (56.2%) 287 (56.1%) 186 (56.5%) 098 0.7-13 0.89

Systemic

comorbidities n (%)

Hypertension 464 (55.2%) 246 (48%) 218 (66.3%) 212 1.6-28 <0.001

ACEI/ARB | 338 (40.2%) 175 (34.2%) 163 (49.5%) 1.89 14-25 <0.001
Diabetes mellitus 211 (25.1%) 109 (21.3%) 102 (31%) 166 1.2-2.3 <0.01
Dyslipidemia 364 (43.3%) 204 (39.8%) 160 (48.6%) 1.4 1.1-1.9 0.01
Obesity 122 (44.5%%) 61 (33.7%") 61 (65.6%") 3.75 22-64 <0.001
Heart disease 158 (18.8%) 81 (15.8%) 77 (23.4%) 1.63 1.1-23 <0.01
Tobacco smoking 203 (36%*) 130 (36%*) 73 (36%*) 1 0.7-1.4 1
Alcohol and/or 29 (6.5%*) 16 (5.6%%) 13 (8.3%%) 155 0.7-3.3 0.26
Substance abuse
Chronic kidney disease 69 (8.2%) 33 (6.5%) 36 (10.9%) 1.77  1.1-29 0.02
Malignant neoplasm 72 (8.6%) 38 (7.4%) 34 (10.3%) 14  0.9-23 0.14
Immunosuppression 51 (6.1%) 30 (5.9%) 21 (6.4%) 1.1 0.6-1.9 0.76
Neurologic
comorbidities, n (%)
Prior stroke 53 (6.3%) 26 (5.1%) 27 (8.3%) 1.68 1-2.9 0.07
Epilepsy 21 (2.5%) 13 (2.5%) 8 (2.4%) 096 04-23 0.92
Cognitive impairment 71 (8.4%) 30 (5.9%) 41 (12.5%) 229 1.4-37 0.001

Legend: ACEI: angiotensin-converting-enzyme inhibitors. ARB: angiotensin Il receptor blockers.
SD: standard deviation. OR: odds ratio. CI: confidence interval

*% from total of patients with information about this comorbidity in the medical record
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Table 2. Clinical characteristics of SARS-CoV-2 infection at admission

Symptoms, n (%)
Fever
Cough

Dyspnea

Gastrointestinal symptoms

Before antiviral treatment
After antiviral treatment
Asthenia
Number of days from
symptoms onset to hospital
admission (mean * SD)
Blood test parameters
(mean % SD)
CK, UL
Eerritin, ng/ml
CRP, mg/L

Lymphocyte count/mcl

D-Dimer, mcg/L
Chest X-ray findings
(pneumonia, n (%))
Unilateral
Bilateral
ICU admission, n (%)

Mortality, n (%)

confidence interval

Total

n 841

736 (87.9%)
644 (76.7%)
637 (75.7%)
455 (54.1%)
292 (34.8%)
162 (19.3%)
425 (51%)

7.13 £4.06

207.14 + 462.37
1182.32 + 1246.91
135.19 + 189.27
990.36 + 749.59

2357.48 £ 9705.12

96 (11.4%)
721 (85.7%)
77 (9.16%)

197 (23.42%)

Non-severe

n 512 (60.9%)

445 (86.9%)
389 (76%)
349 (68.2%)
312 (60.9%)
193 (37.7%)
119 (23.2%)
265 (51.8%)

7374

163.45 £ 307.46
1091.7 + 1115.33
106.66 + 119.26
1039.03 + 837.99

1706.16 + 7501.84

64 (12.5%)
429 (83.8)
6 (1.2%)

14 (2.7%)

Severe

n 329 (39.1%)

291 (89.5%)
255 (77.7%)
288 (87.5%)
143 (43.5%)
99 (30.2%)
43 (13.1%)
160 (49.7%)

6.75 £ 4.1

272.32 +620.86
1363.54 + 1462.18
189 £ 269.05
915.14 + 580.57

3364.48 £ 12310.05

32 (9.7%)
292 (88.8%)
71 (12.6%)

183 (57.5%)

OR

1.29

3.28

0.49

0.92

NA

23.21

48

95% ClI

0.8-2

0.8-1.5

23438

0.4-0.7

0.7-1.2

9.9-54.1

27-85.4

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this
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0.26

0.55

<0.001

<0.001

0.56

0.03

0.001

0.02

<0.001

0.02

0.02

0.07

<0.001

<0.001

Legend: CK: creatine kinase. CRP: C-reactive protein. ICU: intensive care unit. SD: standard deviation. OR: odds ratio. Cl:



Table 3. Neurological Manifestations of COVID-19

Any

Nonspecific symptoms, n (%)
Myalgias
Headache
Dizziness
Syncope

Symptoms related to cranial

nerves, n (%)

Anosmia
Dysgeusia
Disorders of consciousness, n (%)
Any

Depressed level of consciousness

Total
Somnolence
Stupor
Coma

Bradypsychia, disorientation

Acute confusional syndrome

Epilepsy, n (%)

Seizures
Status epilepticus
Peripheral Nervous System
manifestations, n (%)

Dysautonomia
AIDP

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this

article is prohibited

Total

n 841

483 (57.4%)

145 (17.2%)
119 (14.1%)
51 (6.1%)

5 (0.6%)

41 (4.9%)

52 (6.2%)

165 (19.6%)

117 (13.9%)
73 (62.4%)
34 (29.1%)
10 (8.5%)
85 (10.1%)

69 (8.2%)

Total

6 (0.7%)

21 (2.5%)

Non-severe

n 512 (60.9%)

270 (52.7%)

101 (19.7%)
81 (15.8%)
34 (6.6%)

5 (1%)

32 (6.3%)

39 (7.6%)

37 (7.2%)

21 (4.1%)
17 (81%)
3 (14.3%)
1(4.8%)
17 (3.3%)

20 (3.9%)

Non-severe
2 (0.4%)

0

15 (2.9%)

1

Severe

n 329 (39.1%)

213 (64.7%)

44 (13.4%)
38 (11.6%)
17 (5.2%)

0

9 (2.7%)

13 (4%)

128 (38.9%)

96 (29.1%)
56 (58%)
31(32.3%)
9 (9.4%)
68 (20.7%)

49 (14.9%)

Severe

4 (1.2%)

6 (1.8%)

0

OR

1.65

0.63

0.70

0.77

NA

0.42

0.49

8.18

9.63

NA

7.59

4.31

OR

3.14

NA

0.61

NA

95% ClI

1.2-2.2

0.4-0.9

0.5-1.1

0.4-1.4

0.2-0.9

0.3-0.9

5.5-12.2

5.9-15.8

4.4-13.2

25-74

0.6-17.2

0.2-1.6

0.001

0.02

0.08

0.38

0.07

0.02

0.04

<0.001

<0.001

0.15

<0.001

<0.001

0.16

NA

0.31

NA



Muscle damage

HyperCKemia 73 (9.2%) 28 (5.9%) 45 (14.2%) 264 16-43  <0.001
Rhabdomyolysis 9 (1.1%) 2 (0.4%) 7 (2.2%) 534 1.1-25.9 0.02
Myopathy 26 (3.1%) 4 (0.8%) 22 (6.7%) 913 3.1-26.7  <0.001

Cerebrovascular manifestations, n
(%)
Ischemic stroke 11 (1.3%) 7 (1.4%) 4 (1.2%) 0.88 0.3-3.1 0.85

Intracranial hemorrhage 3 (0.4%) 0 3 (0.9%) NA 0.03

Movement disorders, n (%)

Any 6 (0.7%) 1(0.2%) 5 (1.5%) 789 0.9-67.8 0.03
Hyperkinetic 6 (0.7%) 1(0.2%) 5 (1.5%) NA NA
Hypokinetic 0 0 0 NA NA

Inflammatory manifestations, n (%)

Encephalitis 1(0.1%) 1(0.2%) 0 NA NA
Optic neuritis 1(0.1%) 1(0.2%) 0 NA NA

Neuropsychiatric symptoms n, (%)

Any 167 (19.9%) 93 (18.2%) 74 (22.5%) 1.31 0.9-1.8 0.13
Anxiety 68 (8.1%) 38 (7.4%) 30 (9.1%) 1.25 0.8-2.1 0.38
Depression 44 (5.2%) 25 (4.9%) 19 (5.8%) 1.19 0.6-2.2 0.6
Insomnia 109 (13%) 60 (11.7%) 49 (14.9%) 1.31 0.9-2 0.21
Psychosis 11 (1.3%) 4 (0.7%) 7 (2.1%) 2.76 0.8-9.5 0.09

Legend: AIDP: acute idiopathic demyelinating polyneuropathy. CK: creatine kinase. COVID-19: coronavirus disease 2019. SD:

standard deviation. OR: odds ratio. Cl: confidence interval.
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Table 4. Neurologic symptoms as a reason for seeking first assistance in the context of COVID-19

Total 21 (2.5%)
Mild disorder of consciousness (disorientation, 8 (38.1%)
confusion, somnolence)

Focal neurologic deficits 8 (38.1%)

Stroke code 4

Stroke mimic (encephalitis) 1

Ischemic stroke 6

Received acute reperfusion treatment 1

Hemorrhagic stroke 1
Syncope 2 (9.5%)
Acral paresthesias and ataxia (AIDP) 1 (4.8%)
Seizures 1(4.8%)
Loss of vision (optic neuritis) 1(4.8%)

Legend: AIDP: acute idiopathic demyelinating polyneuropathy. COVID-19: coronavirus disease 2019.
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FIGURES (Legends)

Figure 1: Hemorrhages and PRES-like features.

64 year old male admitted to ICU due to severe bilateral pneumonia (rt-PCR positive for SARS-
CoV-2) requiring mechanical ventilation. When endotracheal intubation was removed the patient
did not recover consciousness. Neuroimaging (MRI) showed bilateral subcortical hyperintense
lesions with vasogenic edema in occipito-parietal lobes (image A, axial FLAIR sequence, red
arrows) resembling posterior reversible encephalopathy syndrome (PRES). Gradient-echo
sequences also revealed bilateral hypointense lesions compatible with several hemorrhages
(image B, axial T2 gradient echo sequence, blue arrows). MRI excluded other possibilities such

as cerebral venous sinus thrombosis.
Figure 2: Bitemporal lobe involvement compatible with encephalitis.

57 year old female referred to the hospital in the setting of stroke code due to acute aphasia.
Rapid test (IgG/IgM against SARS-CoV-2) was positive but no COVID-19 related symptoms
were found. MRI axial FLAIR sequence showed bilateral hyperintensity within both temporo-
mesial lobes (red arrows), compatible with encephalitis. CSF was normal, including rt-PCR for

RNA of SARS-CoV-2.
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