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TAKE-HOME MESSAGES: 
 

Neurological manifestations are very frequent (88%) in non-selected patients 
hospitalized in a non-ICU setting for COVID-19 disease.  

The most frequent disturbances include anosmia, headache (44% each), 
myalgias (43%), dizziness or vertigo (36%). Less common are encephalopathy 
(9%), syncope (7%), and seizures and stroke (2% each). 

They represent a diagnostic challenge for the attending neurologist, particularly 
considering the difficulties in performing routine ancillary examinations in these 
patients. 

Neurologists should be alert to these neurological complications since they may 
represent the debut of an undiagnosed SARS-CoV-2 infection.  They can also 
usually represent a severe condition with evidence of systemic inflammation 
and coagulation abnormalities that require prompt and specific management 
measures. 
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ABSTRACT 

Objective:  Increasing number of neurological problems are being described 

in COVID-19 disease, but their frequency and type have not been defined. In 

this study we sought to determine the extent of neurological manifestations of 

COVID-19 in a prospective series of unselected patients admitted to the general 

medicine wards of our hospitals due to COVID-19 and who were examined by a 

team of neurologists.  

Methods:  Eight neurologists provided medical attention to patients 

hospitalized for COVID-19 to provide medical support to other hospital units 

tasked with the care of an increasingly larger influx of COVID-19 patients. A 

series of 100 consecutive, unselected patients were evaluated systematically, 

including a questionnaire that collected medical information derived from the 

initial exam and the medical history.  

Results:  Eighty-eight percent of the patients had one neurological 

manifestation associated with COVID-19 during hospitalization. Most common 

were anosmia-dysgeusia and headache (44% each), myalgias (43%), and 

dizziness (36%). Less frequent were encephalopathy (8%), syncope (7%), 

seizures (2%), and ischemic stroke during the period of hospitalization (2%). 

Anosmia and headache associated with younger patients with less severe 

disease, and both were associated with each other and with serum 

inflammatory markers. Encephalopathy was associated with fever and syncope 

and with markers of inflammation.  

Conclusions:  Neurological disturbances are common in COVID-19 

patients, particularly if patients are evaluated by neurologists. There is a wide 

variety of neurological conditions, some of them severe, in the spectrum of 

COVID-19 disease that will benefit from an evaluation by practicing 

neurologists.  
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INTRODUCTION 1 

The present pandemic of SARS-CoV-2 infection has a primary respiratory 2 

component but in severe cases, the clinical manifestations have included disorders 3 

of other organ systems. A number of neurological problems whose exact frequency 4 

and type are not well defined have been reported in the very recent literature 1-7 as 5 

well as anecdotally in our own pandemic environment. Clinical information derives 6 

mainly from series of respiratory patients in whom neurological problems may have 7 

been missed or underestimated as well as from case reports that do not allow an 8 

accurate estimate of the extent and description of these neurological disturbances.  9 

Our hospitals serve an area that has reported nearly 2,000 cases of COVID-19 from 10 

March 20 to April 17, 2020 (our study period).  This high case-load in such a short 11 

period of time nearly overwhelmed the normal functioning of our hospitals making 12 

the care of COVID-19 patients a medical priority that required resources from all 13 

medical specialties.  Thus, a number of neurologists were asked to participate in the 14 

care of hospitalized COVID-19 patients.  This rapidly evolving pandemic also 15 

provided an opportunity to observe the clinical development of the patients from a 16 

neurological perspective  17 

In this study we sought to determine the type and frequency of neurological 18 

manifestations of COVID-19 by evaluating a consecutive prospective series of 19 

unselected patients admitted to the general wards of our hospitals due to COVID-19 20 

and who were examined by a team of neurologists who assisted in the care of these 21 

patients.  22 

 23 

 24 

 25 

METHODS 26 

A team of 8 neurologists (4 attending neurologists and 4 residents in their last 2 27 

years of neurology residency) provided medical attention to patients admitted to the 28 

hospital due to respiratory or systemic COVID-19. This was part of the plan 29 

established at our 2 Institutions to provide medical support to other hospital units 30 

tasked with the initial care of an increasingly larger influx of COVID-19 patients. The 31 

study was carried out at the Hospital Universitario de Basurto and the Hospital de 32 
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Galdakao, both in Vizcaya, Spain. Both hospitals provide health care to a pooled 33 

population of 670,000 inhabitants.  34 

Increasing evidence for neurological involvement in some of these patients led us to 35 

investigate this possibility with a standardized approach. To this end, we designed a 36 

questionnaire to verify the neurological manifestations in a prospective unselected 37 

series of COVID-19 patients.  The questionnaire reflected the neurological 38 

manifestations already described in the incipient literature of the COVID-19 39 

pandemic 1-5, 8-10.  The questionnaire also collected medical information derived from 40 

the initial exam and the medical history of the patient, leading to a more accurate 41 

interpretation of any neurological disturbances and also leading to a detailed 42 

neurological exam if needed.   43 

Patient selection 44 

One hundred patients were recruited consecutively in an unselected manner by all 8 45 

neurologists from March 20 to April 17.  46 

Inclusion and exclusion criteria 47 

Patients were eligible if they had A) respiratory symptoms with the need of 48 

supplementary oxygen and a positive reverse-transcriptase–polymerase-chain-49 

reaction (RT-PCR) assay for SARS-CoV-2 in a nasopharyngeal swab; B) they had a 50 

chest X-ray or CT scan consistent with COVID-19 pneumonia, and C) did not require 51 

admission in the ICU. The CURB-65 score for pneumonia severity was employed to 52 

assess the patient’s condition and help determine the need for inpatient treatment. 53 

This is a yes/no scale that evaluates confusion, BUN >19 mg/dl, respiratory rate ≥ 54 

30, systolic blood pressure < 90 mmHg or diastolic ≤ 60 mmHg, and age ≥ 65. 55 

Scores of 0-1 indicate a low mortality risk whereas 2-5 represent a moderate to high 56 

mortality risk.  57 

Exclusion criteria included an inability to communicate due to speech impairment or 58 

significant cognitive impairment.   59 

 60 

Variable collection 61 

The following variables were collected and introduced anonymously into a registry:  62 

Age, sex, admission date, date of disease onset. 63 

ACCEPTED

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited 



Garcia-Monco et al. 

 

6 

Fever at onset; fever only during admission.  64 

History of hypertension, dyslipidemia, diabetes mellitus, tobacco use, obesity 65 

(BMI > 30), cardiac disease (type), respiratory disease (type).  66 

History of headache (type), stroke, epilepsy, dementia, others (specify). 67 

Neurological symptoms at presentation or during admission: anosmia-68 

ageusia, headache (type), myalgias, dizziness (defined as unsteady gait with 69 

no other focal neurological findings), vertigo, syncope (convulsive or 70 

nonconvulsive), encephalopathy (defined as impaired attention and arousal, 71 

presenting with confusion, lethargy, delirium, or coma), and seizures. 72 

Laboratory parameters: serum creatinine, transaminases, creatin-kinase, C-73 

reactive Protein, coagulation parameters (International Normalized Ratio, 74 

aPTT), D-dimer, ferritin, and platelet count.  75 

Data Analysis 76 

A quantitative descriptive analysis based on percentages and a detailed qualitative 77 

analysis of those infrequent conditions that appeared only in a few patients were 78 

performed. We analyzed whether there was an association of the main neurological 79 

manifestations with age, sex, laboratory parameters of systemic inflammation (serum 80 

CRP, D-dimer, fibrinogen, and ferritin), and disease severity according to the CURB-81 

65 scoring system. We also analyzed the association between different neurological 82 

manifestations.   83 

Statistical analysis: 84 

The description of the variables was carried out using frequency tables, means and 85 

standard deviations (SD), or median and interquartile range (IQR). To study the 86 

association between categorical variables the Chi-square or Fisher’s exact test was 87 

used. The non-parametric Wilcoxon test was used to examine the differences in 88 

quantitative analytic variables according to dichotomous variables.  The non-89 

parametric Kruskal-Wallis test was used to examine the differences in quantitative 90 

analytic variables according to qualitative polytomic variables. Further, logistic 91 

regression models were also performed to study the risk of developing neurological 92 

manifestations according to other characteristics. The results are presented as the 93 

odds ratio (OR) and 95% confidence interval (CI). 94 
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A result was considered statistically significant at p<0.05. All statistical analyses 95 

were performed with SAS for Windows statistical software, version 9.2 (SAS 96 

Institute, Inc., Cary, NC). 97 

Standard Protocol Approvals, Registrations, and Patient Consents 98 

Verbal informed consent was obtained and none of the patients declined. The 99 

process of obtaining verbal informed consent required that relevant risks, benefits, 100 

and alternatives be disclosed to the patient; and that there be an opportunity to have 101 

questions answered. An agreement to proceed was obtained. They were subjected 102 

to clinical history and examination as part of their routine and protocolized care. 103 

Patients with encephalopathy and seizures gave their consent once they improved 104 

enough. The study was approved by the Ethics Committee of the Basque Country.  105 

Data Availability:  Anonymized data not published within this article will be made 106 

available by request from any qualified investigator.   107 
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RESULTS 108 

Characteristics of Patients 109 

One-hundred consecutive patients admitted for respiratory COVID-19 disease were 110 

enrolled.  Seventeen patients were excluded due to the inability to obtain clinical 111 

history due to severe cognitive decline or poor general condition.  Thus, 117 patients 112 

were considered to yield a series of 100 patients for this study. 113 

The characteristics of the patients are described in Table 1. Females constituted 114 

38%, a ratio of 1.6 males to females, and median age was 61 (range, 37-93). The 115 

severity of the infection according to the CURB 65 scoring system was classified into 116 

low risk (CURB 65 of 0-1) in 65 and moderate to high risk (CURB 65 2-5) in 35. No 117 

patient scored 5 in this study sample. Sixty-seven percent had concomitant 118 

cardiovascular risk factors with hypertension being the most frequent, followed by 119 

lipid disorders, diabetes mellitus, smoking, and obesity. Pulmonary disease was 120 

present in 24 %. Twenty-three patients had prior neurological disorders that included 121 

headache (5, 4 of them migraineurs) and moderate mild impairment that did not 122 

preclude history taking. Four patients had a prior stroke. Eight patients had other 123 

prior conditions that included Parkinson’s disease (2), diabetic neuropathy, essential 124 

tremor, normal pressure hydrocephalus, meningioma, peripheral neuropathy, and 125 

spondylotic myelopathy.  126 

Neurological Manifestations: frequency and distribution 127 

At least one neurological manifestation was present in 88% of the patients. Two or 128 

more were present in 58%, and 29% of patients had 3 or more neurological 129 

disturbances. Seventy-three percent had fever upon admission and was persistent in 130 

62% for several days after admission. The more frequent neurological disorders 131 

during hospitalization included anosmia-dysgeusia and headache (44% each), 132 

myalgias (43%), and dizziness (36%, 2 of them had vertigo). The less frequent 133 

included encephalopathy (8%), syncope (7%), seizures (2%), and ischemic stroke 134 

during the period of hospitalization (2%) (Table 2). 135 

Smell and taste dysfunction was described in 44% of patients by regular history 136 

taking, which and probably gives a true estimate of their frequency in this context.  137 

Headache was present in 44% of the patients. Most patients reported a persistent, 138 

dull, diffuse, and oppressive pain of moderate-intensity, resembling a tension-type 139 
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headache. Seven patients had migraine-like headaches but only 2 patients had a 140 

history of migraine. None of the patients reported other types of headaches as 141 

verified by the evaluating neurologists. 142 

Nonspecific dizziness was present in one-third of the patients. Two patients had 143 

isolated vertigo of peripheral type with nystagmus and imbalance.  144 

Myalgias were also frequent, present in 43% of patients, and were diffuse, with no 145 

specific characteristics. Many patients described back pain, possibly of muscle 146 

origin.  147 

Encephalopathy was present in 9% of our patients and had been reported in 8%. 148 

Eight of our encephalopathy patients had a severe disease as indicated by a CURB 149 

65 score of 2-4. We did not find an association with inflammatory markers, although 150 

the number of patients is low and this aspect should be interpreted with caution. 151 

Encephalopathy occurred in most patients in the context of fever and hypoxemia. It 152 

coincided with a minor stroke and seizures (1 patient each). One patient developed 153 

renal failure with dehydration, metabolic acidosis and hyperkalemia. Five of these 154 

patients had a prior diagnosis of mild cognitive impairment.  155 

There were a number of low-frequency neurological manifestations in our series that 156 

involved syncope, seizures, and stroke.  157 

Syncope was present in 7 patients, did not associate with myoclonic jerks, and was 158 

of the neurally-mediated characteristics in all patients without evidence of cardiac 159 

origin. 160 

Seizures were present in 2 patients, one of focal onset and the other one tonic-161 

clonic. The former patient had a fever and mild encephalopathy and presented 162 

repeated seizures of focal (frontotemporal) onset that resolved with levetiracetam. 163 

The second one had fever and mild encephalopathy and presented a single tonic-164 

clonic seizure that did not recur and did not need specific medication. None of them 165 

had a history of epilepsy.  166 

Two patients had an ischemic stroke. In one of them, the stroke occurred just before 167 

admission and in the other while under our care. Both were considered minor 168 

strokes, and while one of them showed neurological focal findings suggestive of 169 

lacunar infarction (hemisensory syndrome with normal brain CT), the other one 170 
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presented as an encephalopathy without focal findings with neuroimaging (brain CT 171 

scan) of infarction. Both patients had a favorable outcome and neither had relevant 172 

coagulation abnormalities.  173 

Associations between Clinical Manifestations and Variables of the Study 174 

The analytical parameters revealed the presence of liver dysfunction in 38%, kidney 175 

failure in 17%, and increased creatin-kinase in 25% (Table 3). Coagulation 176 

parameters (activated partial thromboplastin time-aPTT and INR) were within normal 177 

limits, but D-dimer levels were notably increased in most patients. Other markers of 178 

inflammation (CRP, fibrinogen, and ferritin) were also markedly elevated.  179 

When grouped by sex (Table 4), headache and myalgia were significantly more 180 

frequent in women (OR (95% CI) = 3.60 (1.54 – 8.40)  and 2.68 (1.17 – 6.17), 181 

respectively), whereas anosmia-dysgeusia and dizziness showed no gender 182 

preference. Other neurological manifestations were not analyzed for associations 183 

with other clinical manifestations or laboratory results due to the low number of 184 

patients, unsuitable for statistical analysis.  185 

There was a significant association between having headaches and having anosmia-186 

dysgeusia [OR (95% CI) = 2.56 (1.14 – 5.78) of having anosmia-dysgeusia with the 187 

presence of headache], whereas the other main manifestations (dizziness and 188 

myalgias) did not show a significant association. Among the less frequent 189 

manifestations, patients with encephalopathy had a higher risk of suffering syncope 190 

[OR (95% CI) = 10.88 (1.97 – 60.15)]. The low numbers of patients with seizures and 191 

stroke precluded a statistical analysis to verify their potential association with the rest 192 

of the variables included in the study.  193 

When the neurological disorders were analyzed in relation to the inflammatory 194 

markers (Table 5), headache was found to be associated with a higher CRP 195 

(p=0.0063), serum D-dimer (p=0.002), and fibrinogen levels (p=0.0159), while 196 

anosmia-dysgeusia, myalgia, and dizziness were not.  197 

Regarding patients’ age, the younger the age, the higher the risk of having anosmia-198 

dysgeusia [OR (95% CI) = 1.95 (1.02 – 1.09)] and headache [OR (95% CI) = 1.07 199 

(1.03 – 1.11)], whereas there were no differences in myalgia and dizziness.  200 
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The variables were also analyzed in terms of disease severity as reflected by the 201 

CURB 65 scoring system. Interestingly, patients with a low CURB score (0-1) 202 

showed higher risk of suffering anosmia-dysgeusia [OR (95% CI) = 4.03 (1.59 – 203 

10.24)] or headache [OR (95% CI) = 4.79 (1.83 – 12.56]  than those with a more 204 

severe condition (CURB 2-5).  205 

Myalgias were present in 43% of patients, although CK was increased in only 23%, 206 

with a median value of 320.5 U/L. We found no association between myalgias and 207 

CK values. Eleven of the patients (84.6%) with elevated CK levels, compared with 208 

only four (40%) of the patients with normal CK levels had myalgia11. No case of 209 

rhabdomyolysis was observed.  210 

 211 

 212 

DISCUSSION 213 

We present the results of a prospective unselected series of neurological 214 

manifestations in 100 consecutive patients hospitalized for respiratory COVID-19. 215 

Our hospitals serve an area of an extremely high-case load, one of the largest of this 216 

current pandemic.   217 

We found that neurological manifestations are very frequent in hospitalized COVID-218 

19 patients. Eighty-eight percent of patients present at least one neurological 219 

manifestation. This in contrast with the 36% described in a series from Wuhan, the 220 

city origin of the initial outbreak 5. In their series, data were retrospective and their 221 

patients were not evaluated directly by neurologists, so this may account for this 222 

large difference.  223 

Our results provide the spectrum of neurological manifestations in unselected 224 

patients admitted with respiratory COVID-19 disease, which included anosmia-225 

dysgeusia and headache in 44% of patients, myalgia in 43%, and dizziness in 36%. 226 

Less common were encephalopathy (8%), syncope (7%), seizures (2%), and stroke 227 

(2%). We believe that examination of COVID-19 patients by neurologists resulted in 228 

the higher prevalence of neurological manifestations in this series. 229 

Headache and myalgia were significantly more frequent in women, whereas 230 

anosmia-dysgeusia and dizziness showed no gender preference. Anosmia-231 

dysgeusia and headache patients were younger, whereas no differences were 232 
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present in myalgia and dizziness. Headache was associated with increased 233 

inflammatory parameters (serum CRP, D-dimer, and fibrinogen), but anosmia-234 

dysgeusia, myalgia, and dizziness were not. Anosmia-dysgeusia and headache were 235 

significantly more frequent in patients with less severe disease, and the opposite 236 

was true with headache in a retrospective Chinese series, but in neither case the 237 

difference reached statistical significance 5. Myalgias were present in 43% while CK 238 

was increased in only 23%.  239 

The frequency and variety of the neurological problems associated with COVID-19 240 

come from the initial series of respiratory patients of this pandemic. For the purposes 241 

of comparison, we pooled data from 7 series  1-5, 8, 10. The aggregated results 242 

revealed a lower prevalence of myalgias (median of 27.5%) and headache in 8%. 243 

Anosmia was not mentioned. That these patients were attended by non-neurologists 244 

likely led to an underestimation of the neurological problems of which only the most 245 

severe were recognized. Interestingly, when data from a retrospective study of 214 246 

patients were re-analyzed by neurologists, the numbers of and types of 247 

manifestations increased 5. 248 

Anosmia or some degree of smell dysfunction has been reported in a wide range of 249 

5.6-85.6% of patients, but the method of detection is critical, ranging from self-250 

reports to the administration of a standardized specific questionnaire 5, 12-14. Forty-251 

four of our patients complained of anosmia-dysgeusia by clinical interview, which 252 

likely reflects the figures expected in clinical practice. It should be mentioned that 253 

anosmia is not specific for this infection. In a series of 143 consecutive patients with 254 

smell dysfunction, 87 of them have had a prior influenza-like illness, a clinical entity 255 

known as post-influenza-like hypogeusia and hyposmia, with an estimated incidence 256 

of 1 per 400 inhabitants in the USA 15. The olfactory sensory neurons do not express 257 

two key genes involved in CoV- 2 entry, ACE2 and TMPRSS2. In contrast, olfactory 258 

epithelial support cells and nasal respiratory epithelium express both of them, 259 

suggesting a non-neural mechanism for anosmia16.  260 

Headache was present in 44% of the patients, and this number contrasts with 261 

previous series, where headache was present in an average of 12% (pooled from 262 

references 1-4, 9. Headache was present in 13.1% in a retrospective series of 263 

hospitalized patients 5, aimed at studying the neurological manifestations, and was 264 

more frequent in severe patients (17% vs. 10.3 in non-severe patients). Headache 265 
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characteristics have not been defined so far and therefore, the questioning by a 266 

neurologist is of interest. More often, patients complained of a moderate-intensity 267 

headache, persistent, dull and oppressive, resembling a tension-type headache. 268 

Most of the patients in our series did not have a history of headache, thus, the 269 

headaches may have an origin in the infectious process and did not reflect the 270 

worsening of a pre-existing primary headache disorder.  We found an interesting 271 

association of headache with most inflammatory markers, which could suggest a role 272 

of inflammation and or cytokine release in its pathogenesis. Patients who 273 

complained of headache had mild-moderate disease severity; this could reflect the 274 

fact that in most severe patients the respiratory problems overshadowed any other 275 

symptoms, and would be consistent with a lower rate of headaches reported in the 276 

initial series of respiratory patients, which tended to have severe disease.     277 

Nonspecific dizziness was present in one-third of the patients, defined as unsteady 278 

gait without other focal neurological findings; only 2 of them had characteristics of 279 

vertigo, thus suggesting that dizziness in this population represents a nonspecific 280 

symptom in the context of a systemic infection rather than a proper vestibular 281 

dysfunction. Our frequency is higher than reported from Wuhan (9%) 9.  282 

Myalgia was present in 43% of patients, was more frequent in women (p=0.0185), 283 

and was not associated with inflammatory markers. An average of 27% with myalgia 284 

was reported in pooled data from prior series of patients 1-3, 10, 17, 18, and in 10.7% of 285 

patients in a retrospective Chinese series 5. The lack of association between 286 

myalgias and CK values suggests that muscle pain was not due to muscle necrosis 287 

but responded to a different origin, perhaps to the effects of systemic inflammation 288 

and cytokine release on neuromuscular structures. This aspect will require further 289 

clarification. 290 

Less common in this series were encephalopathy, seizures, syncope, and stroke. 291 

While these manifestations were of low frequency, they present a challenge for their 292 

severity and life-threatening potential. These problems may be more common in 293 

particularly severe patients, often in the ICU setting19, which were not included in this 294 

study.   295 

Encephalopathy was encountered in 9 patients, 8 of them with severe disease, and 296 

was associated with the presence of fever. Two mechanisms are plausible in this 297 
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scenario, the indirect effect of the inflammatory-cytokine storm of these patients, and 298 

the direct effect of the SARS-CoV-2 virus. Although direct viral CNS damage could 299 

also contribute to encephalopathy and other neurological disturbances, RT-PCR in 300 

the CSF has been negative in most reported cases so far. Furthermore, ACE2, the 301 

receptor for the virus has only been demonstrated in the endothelium of the nervous 302 

system, but not in parenchymal cells20. The only evidence of direct CNS involvement 303 

comes from SARS 2002-2003 where viral presence in the brain was detected with 304 

real-time RT-PCR, in situ hybridization, and electron microscopy 21, 22. It is possible 305 

that there was greater severity in the neurological complications of some patients not 306 

included in our series, including encephalopathy, as we excluded 17 patients with 307 

severe cognitive issues, and we did not approach COVID-19 patients in the ICU 308 

setting. 309 

Seizures were present in 2 patients in our series and have been reported in a few 310 

patients to date 5, 8, 23-25; we suspect that may be underreported. These numbers 311 

may be higher in a series of critically-ill patients. No evidence of structural lesions or 312 

encephalitis has been found in these patients except for one patient, a situation that 313 

also occurs in influenza infections 26. 314 

Loss of consciousness with characteristics of syncope was present in 7% of the 315 

patients, but this condition has not been observed in published series so far. That the 316 

information in this study was directly obtained by neurologists in contrast to other 317 

specialties less familiar with this condition may reflect this disparity. Impaired 318 

consciousness was reported in 7.5% in a retrospective Chinese series, but it 319 

included somnolence, stupor, coma, and confusion 5. Syncope did not associate with 320 

myoclonic jerks and was of the neurally-mediated characteristics in all patients 321 

without clear evidence of cardiac origin. However, this needs further clarification, 322 

since myocardial inflammation and arrhythmias may appear in these patients, could 323 

be potentially lethal, and could present as syncope. 324 

Stroke (minor) was present in 2 patients of our series. The true relationship between 325 

COVID-19 and stroke incidence remains to be determined 27. Despite the fall in 326 

stroke admissions, it has been suggested that COVID-19 infection itself may cause 327 

stroke. Stroke was reported in 6 cases (2.8%) in a Wuhan series5, a frequency 328 

similar to ours; all but one case occurred in the severe infection group; 5 were 329 
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ischemic and one hemorrhagic. In a New York study, 0.9% of patients hospitalized 330 

for COVID-19 infection suffered a stroke28.  331 

The frequent coagulation abnormalities of COVID-19 patients together with an 332 

exaggerated systemic inflammation and virus-related cardiac injury may all 333 

contribute to stroke27, 29. Accordingly, stroke severity seems increased in COVID-19 334 

patients and with poorer outcomes30, 31, which contrasts with our 2 patients. 335 

However, this needs further studies.   336 

Our study had some limitations:  the collection of data had to be balanced with the 337 

exigencies of patient care.  Moreover, as these patients were in isolation, we were 338 

limited as to our ability to perform nonessential examinations or blood collections. As 339 

there was no follow-up, our data reflect the observations of a single point in the 340 

evolution of the hospitalized patient.  We did not include patients in the ICU so it is 341 

possible that the more severe neurological manifestations of COVID-19 disease are 342 

underrepresented. 343 

In summary, our series disclosed a significant rate of neurological involvement in 344 

COVID-19 patients, and when added to the increasing reports of serious cases of 345 

Guillain-Barré syndrome 32, 33, Miller-Fisher syndrome 34, acute necrotizing 346 

encephalopathy 35, myelitis 36, and encephalitis (1 patient with positive RT-PCR in 347 

the CSF) 25, make a strong case for the neurological consult in the management of 348 

COVID-19 patients. 349 

   350 

 351 
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 464 

Table 1. Baseline characteristics of patients hospitalized with COVID-19 465 

 466 

Variable All patients N= 100 

 N and %* 

Sex (females) 38 

Age, mean (SD), median (range) 63.5 (13.9), 61 (37-93) 

Fever at admission 73 

Fever during admission 62 

CURB 65 score  

0 37 

1 28 

2 30 

3 3 

4 2 

Cardiovascular risk factors 67 

Hypertension 45 

Dyslipidemia 33 

Diabetes Mellitus 20 

Smoking 16 

Obesity (BMI ≥30)  10 

History of cardiovascular disease** 21 

History of pulmonary disease*** 24 

Prior Neurological disease 23 

No 77 

Moderate cognitive impairment 6 

Headache 5 

Tension-type 1 

Migraine 4 

Other 0 

Stroke/TIA 4 

Others**** 8 

 467 

*Since there were 100 patients, the number and percentage coincide.  468 

**History of ischemic cardiopathy or arrythmias.  469 
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*** Chronic obstructive pulmonary disease (COPD) or asthma. BMI: Body mass index. TIA: 470 

Transient ischemic attack. 471 

**** Included Parkinson’s disease, essential tremor, normal pressure hydrocephalus, 472 

meningioma, peripheral neuropathy, and spondylitis myelopathy.  473 

 474 

 475 

 476 

Table 2. Neurological manifestations associated with COVID-19 disease.  477 

Symptom/signs N and % (All patients=100)* 

At least one neurological manifestation  88 

≥ 2 manifestations 58 

≥ 3 manifestations 29 

Anosmia/Dysgeusia 44 

Headache 44 

Tension-type 37 

Migrainous 7 

Myalgias 43 

Dizziness (unsteady gait) 36 

Vertigo, peripheral type 2 

Encephalopathy 9 

Syncope 7 

Seizures 2 

Focal onset 1 

Generalized 1 

Ischemic stroke during or before 

admission (1 each) 

2 

 478 

*Since there were 100 patients, the number and percentage coincide. 479 

 480 

 481 

 482 

 483 

 484 

 485 

 486 

 487 

 488 

 489 

 490 

 491 
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 492 

Table 3.  Laboratory analyses 493 

 494 

Parameters (All patients =100) 

Blood chemistry values  

Increased liver enzymes  

(GOT >31 U/L, GPT >31 U/L, GGT >42 U/L), N and % 

38 

Acute Renal Failure (Cr >1.1 mg/dL), N and % 17 

Increased creatin-kinase (CK, > 189U/L), N and % 

Median (IQR)  

25 

320.5 U/L (178-1387) 

Coagulation and inflammatory markers (reference values) Median (Q 25 – Q 75) 

International Normalized Ratio (0.9-1.2) 1 (1 – 1.1) 

aPTT (25-40 seconds) 36 (32 - 39) 

Fibrinogen (200-450 mg/dL) 682 (583 - 783) 

D-Dimer (0-500 ng/mL) 1028.5 (495 – 3080) 

Platelets per ul (135,000-450,000) 244,000 (194,000 – 332,500) 

CRP (0-5 mg/L) 90 (37.9 – 215) 

Ferritin (30-400 ug/L) 895 (379-1713) 

IQR=interquartile range ; aPTT: activated partial thromboplastin time; CRP: C-reactive 495 

protein 496 

 497 
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 498 

Table 4.   Analysis of the main neurological symptoms according to sex*. 499 

 500 

Symptom (n) Females, n (%) Males, n (%) OR (95% CI)** 

Anosmia-

dysgeusia (44) 

20 (52.63) 24 (38.71) 1.76 (0.78 – 3.98) 

Headache (44) 24 (63.16) 20 (32.26) 3.60 (1.54 – 8.40) 

Myalgia (43) 22 (57.89) 21 (33.87) 2.68 (1.17 – 6.17) 

Dizziness (36) 18 (47.37) 18 (29.03) 2.20 (0.95 – 5.10) 

OR = Odds ratio; CI = confidence interval. 501 

* Encephalopathy (n=8), syncope (n=7), seizures (n=3) and vertigo (n=2) were not included 502 

due to their low frequency 503 

** The OR and 95% CI of the presence of each symptom of females vs. males. 504 

 505 

 506 

 507 

 508 

 509 

 510 

 511 

 512 

 513 

 514 

 515 

 516 

 517 

 518 

 519 

 520 

 521 

 522 

 523 

 524 

 525 

 526 

 527 

 528 

 529 

 530 

 531 

 532 

 533 

 534 

 535 
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 536 

Table 5. Association of inflammatory parameters with the main neurological symptoms*.  537 

 538 

Symptom (n) CRP Serum D-dimer levels Serum ferritin levels 
Serum fibrinogen 

levels 

 Median (IQR) Median (IQR) Median (IQR) Median (IQR) 

Anosmia-dysgeusia     

     No 91.8 (47.6 – 215) 1235 (598 – 3148) 728.5 (376.5 – 1606.5) 690 (604.5 – 778) 

     Yes 87.5 (28.58 – 197.5) 950 (480 – 1975) 969 (382 – 1974) 673 (548 – 783) 

     p-value 0.5538 0.4204 0.3465 0.7371 

Headache     

     No 143.9 (57.6 – 237.5) 1515 (734.5 – 3740) 962 (412 – 1713) 709.5 (629 – 799.5) 

     Yes 61.6 (21 – 107.4) 700 (410 – 1650) 677 (291 – 1567) 629 (533 – 724) 

     p-value 0.0063 0.0020 0.3410 0.0159 

Myalgia     

     No 91.4 (37.9 – 215) 1330 (520 – 3940) 959.5 (389 – 1678.5) 705 (604.5 – 832) 

     Yes 80 (32.1 – 213.5) 820 (490 – 1840) 628 (360 – 1971) 650 (526 – 758) 

     p-value 0.5267 0.1440 0.4896 0.0510 

Dizziness     

     No 84 (37 – 180) 1080 (495 – 3080) 780 (358 – 1772) 677.5 (609 – 794) 

     Yes 91 (37.9 – 232) 985 (500 – 2815) 988.5 (447.5 (1618) 688 (505 – 775) 

     p-value 0.8456 0.8635 0.5455 0.5120 

IQR: interquartile range. CRP: C-reactive protein; * Encephalopathy (n=8), syncope (n=7), seizures (n=3) and vertigo (n=2) were  539 

not included due to their low frequency.  540 

For the comparison of the inflammatory parameters according to neurological symptoms, the non-parametric Wilcoxon test was used. 541 
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