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Background: Coronavirus disease 2019 (Covid-19) might present neurological symp-
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merase chain reaction test and/or serology. We compared, in patients with and with-
out neurological symptoms on admission, demographic, clinical presentation, and
frequency and type of abnormal laboratory values. We analyzed the variables that
were associated with in-hospital all-cause mortality by Cox-regression log-rank test.
Results: We included 576 hospitalized patients, 250 (43.3%) female, aged 67.2 years.
At the moment of ED visit, 320 (55.6%) described neurological symptoms, includ-
ing anosmia (146, 25.3%), myalgia (139, 24.1%), headache (137, 23.8%), and altered
mental status (98, 17.0%). Neurological symptoms started the first symptomatic day
in 198 (54.2%) cases. Patients with neurological symptoms presented later to the ED
(7.9 versus. 6.6 days, p = .019). Only four (0.6%) cases had no typical Covid-19 gen-
eral symptoms, and only six (1.9%) had a normal laboratory results, for a sensitivity
of 98.7% (95% confidence interval (Cl): 96.6%-99.6%) and 98.1% (95% Cl: 95.7%-
99.2%), respectively. In the multivariate Cox-regression of mortality predictors, anos-
mia (HR: 0.358, 95%Cl: 0.140-0.916) and altered mental status (HR: 1.867, 95%Cl:
1.162-3.001) were significant.

Conclusion: Neurological symptoms were the most frequent extrapulmonary symp-
toms. They were present in half of the Covid-19 patients at the time of the ED visit.
Anosmia on admission was an independent predictor of lower in-hospital mortality

and altered mental status on admission predicted in-hospital mortality.
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1 | INTRODUCTION

The Severe Acute Respiratory Syndrome coronavirus 2 (SARS-
CoV-2) is an RNA virus from the order Nidoviridae (Cui et al., 2019;
Zhou, Yang, et al., 2020). The clinical presentation ranges from a mild
upper respiratory tract infection to a severe pneumonia with acute
distress respiratory syndrome (ADRS) (Zhou, Yang, et al., 2020),
causing death to 8.0% of patients in Spain (National Epidemiologic
Surveillance Network, 2020). Besides the respiratory symptoms,
the disease might compromise other organs, causing acute kidney
injury, acute cardiac injury, arrhythmia, disseminated intravascular
coagulopathy, or shock (Chang et al., 2020; Chen et al., 2020; Guan
et al., 2020; Huang et al., 2020; Wang et al., 2020; Xu et al., 2020).

The frequency, type, and onset of neurological symptoms is
largely unexplored. Since the initial series of cases, neurological
symptoms are the most frequent extrapulmonary manifestations
(Chang et al., 2020; Chen et al., 2020; Guan et al., 2020; Huang
et al., 2020; Wang et al., 2020; Xu et al., 2020). Frequency of my-
algia is 20.4% in mean (range: 11%-44%) (Chang et al., 2020; Chen
et al., 2020; Guan et al., 2020; Huang et al., 2020; Wang et al., 2020;
Wau et al., 2019; Xu et al., 2020), headache is described in 13.6% of
patients (range: 4%-24%) (Chang et al., 2020; Chen et al., 2020; Guan
et al., 2020; Huang et al., 2020; Shi et al., 2020; Wang et al., 2020;
Xu et al., 2020), and anosmia is described in 5%-88% of patients
(Angelo Vaira et al., 2020; Beltran-Corbellini et al., 2020; Helms
et al., 2020; Lechien et al., 2020). The few studies that specifically
analyzed the frequency of neurological symptoms reported a fre-
quency of 84% in critically ill patients (Mao et al., 2019) and 36.4% in
hospitalized patients (Helms et al., 2020). Some studies describe that
neurological symptoms are more frequent in severe patients (Helms
et al., 2020; Mao et al., 2019), but the real impact on prognosis is
unclear (Herman et al., 2020).

The aims of the present study were (1) to evaluate the frequency
and type of neurological symptoms at the moment of ED presen-
tation; (2) to analyze the moment when the neurological symp-
toms started during the course of Covid-19 disease; (3) to study if
the presence of Covid-19 in patients that present to the ED with
neurological symptoms can be suspected based on the presence of
general Covid-19 symptoms and/or laboratory abnormalities; and (4)
to evaluate the association between the presence of neurological
symptoms and the prognosis of Covid-19, evaluated as in-hospital,

all-cause mortality.

2 | METHODS

This is an observational study with retrospective cohort design. The
study was done according to the strengthening to the reporting in

observational studies in epidemiology (STROBE) guidelines (Elm

et al., 2007). The study population included patient with confirmed
Covid-19 disease that required hospitalization. The study was done
in the Hospital Clinico Universitario de Valladolid, Valladolid, Spain,
a tertiary public hospital with a reference population of 280.000 in-
habitants. The study was approved by the local ethics review board
(P1-20-1751), which waived the need of written informed consent.
The study was done in accordance with the Declaration of Helsinki
principles. The study period included patients admitted from March
8th to April 11th, with a follow-up up to May 1st, 2020, including a
minimum of 20 days of follow-up after admission in all patients.

2.1 | Eligibility criteria

Patients were included if they 1) had confirmed Covid-19 disease; 2)
were hospitalized; and 3) were aged 18 or older. They were excluded
if the hospitalization was not done from the emergency department
or if there was not any available information about the hospitaliza-
tion period. The sampling was nonprobabilistic, and all the consecu-
tive confirmed cases were recruited. By the time when the study was
done, due to the collapse of the healthcare system, patients with a
poor medical condition or those residents of nursing homes were
instructed to receive the treatment at home, whenever indicated.

2.2 | Diagnosis of Covid-19 disease

Covid-19 diagnosis was based on real-time reverse-transcriptase-
polymerase-chain-reaction (RT-PCR) assay (LightMIx Modular SARS-
CoV (COVID19) E-gene and LightMIx Modular SARS-CoV (COVID19)
RdRP, Roche Diagnostics S.L.) from oropharyngeal-nasopharyngeal
swab, sputum, or lower respiratory tract sample; or by the pres-
ence of anti-SARS-CoV-2 IgM + IgA antibodies (COVID-19 ELISA
I1gM + IgA; Vircell, S.L. Granada, Spain) in serological test in patients
with clinical symptoms, according to the World Health Organization
(WHO) protocols (World Health Organization,).

2.3 | Data sources

We collected data from electronic medical records from primary
care, emergency department, and hospitalization. According to
the local protocol, patients were instructed to contact a specific
Covid-19 line that followed-up them daily or every other day be-
fore and after the hospitalization until decease or curation. In the
emergency department, every patient fulfilled a symptom checklist
that included anosmia, headache, myalgia, or syncope among other
symptoms. During the hospitalization, patients were treated accord-

ing to the national Covid-19 management protocol standard of care
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(SOC) (Ministry of Health, 2020; World Health Organization, 2020).
We reviewed the daily reports from the indicated sources preced-
ing the admission, and during and after the hospitalization period.
All the data were gathered by neurologists that belonged to the

Covid-19 multidisciplinary teams.

2.4 | Variables

The demographic variables included age, sex, the date of general
symptoms onset, the date of neurological symptoms onset, and the
suspected source of contagion. The prior medical history data in-
cluded vascular risk factors, including hypertension (systemic blood
pressure higher than 140/90 mmHg in two prior determinations),
diabetes (fasting blood glucose > 126 mg/dl on two separate tests,
HbA1c > 6.5%, blood glucose level > 200 mg after oral glucose over-
load or blood glucose level > 200 mg/dl with diabetes symptoms), and
smoking habit (current or in the preceding 6 months). We assessed
the presence of chronic comorbid conditions, including cardiovascu-
lar diseases (coronary artery disease, congenital heart diseases, car-
diomyopathies, arrythmias, valvular heart disease, aortic aneurysms,
and peripheral artery disease), chronic pulmonary diseases (chronic
obstructive pulmonary disease (COPD), asthma, occupational lung
diseases, interstitial lung diseases, and pulmonary hypertension),
cancer (excluding epidermoid and basal cell carcinoma), immuno-
compromised state (congenital or acquired), and chronic neurologi-
cal disorders (neurological disorders causing persistent disability,
impairing the individual's functioning and with interference with the
person's ability to engage in activities). The baseline performance of
patients was determined by the modified Rankin scale, and we used
three points as threshold of disability (Quinn et al., 2009).

We systematically analyzed the presence of neurological symp-
toms, including anosmia/hyposmia, altered mental status (Smith
& Han, 2019), headache, myalgia, syncope, seizures, acute sudden
focal symptoms (paresis, hypoesthesia, ataxia, and speech disor-
ders), vertigo, and others. We focused on symptoms because at the
moment of ED presentation, the cause of the symptoms may not
be clear yet. We considered all possible neurological symptoms as
described in other series, regardless that some of them (e.g., myalgia)
can be considered as general symptoms as well. Frequency of type
of general symptoms was also systematically screened, including
arthralgia, asthenia, weakness, diarrhea, dyspnea, chest pain, ex-
pectoration, fever, light-headedness, odynophagia, cutaneous rash,
rhinorrhea, cough, and vomiting.

We assessed the frequency of abnormal laboratory examina-
tions on admission, including leukocytes (reference value (RV): 4-10
cell count x 109 / L), the presence of lymphopenia (<0.9 cell count
x 109 / L), the presence of anemia (< 12 g / dL), platelets (RV: 150-
400 count x 107 / L), increased lactate dehydrogenase (LDH) level
(>250 U / L), decreased glomerular filtration rate (GFR) (<90 ml/
min/1.73m?), abnormal liver enzymes, including aspartate amino-
transferase (AST) (RV < 32 U / L), alanine aminotransferase (ALT)
(RV < 33 U / L), and gamma-glutamyl transferase (GGT) (RV < 40

B B dB h . o 3of11
rain an enavior Wl LEYJ—

Open Access,

U / L); increased creatine-kinase (CPK) (>170 U / L), increased in-
ternational normalized ratio (INR) (>1.3), D-dimer (RV < 500 ng /
dL), increased C-reactive protein (CRP) (> 5 mg / L), and increased
procalcitonin (PCT) (> 5 ng / mL).

The severity of the disease was categorized according to the
American Thoracic Society guidelines for community-acquired
pneumonia (Metlay et al., 2019) into mild disease, pneumonia, se-
vere pneumonia, and acute distress respiratory syndrome (ADRS).
The specific definitions are available in the supplementary materials
(Supplementary Table 1).

2.5 | Cohort description

The study cohort included all the consecutive patients that were
hospitalized and had a confirmed Covid-19 diagnosis, according
to the eligibility criteria. To answer the research questions, we re-
viewed, in the abovementioned sources, the frequency, onset and
type of neurological symptoms. Due to the exceptional sociosani-
tary circumstances caused by Covid-19, the urgent need of data,
and the noninterventional nature of the project, patients were not
involved neither in the design of the study nor in the recruitment of
the study. The information about patients was codified by investiga-

tors before including it into the database.

2.6 | Patient and public involvement statement

Due to the socio-sanitary situation, patients were not involved in
the design of the study. The present work was performed without
any direct or indirect support from public entities. The study was
designed by the authors, who collected and analyzed the data, and

wrote the manuscript.

2.7 | Statistical analysis

We present qualitative variables as frequency and percentage.
Quantitative variables are presented as mean and standard devia-
tion (SD) or median and interquartile range (IQR). We analyzed the
association between qualitative variables with the Chi-square test,
using the Bonferroni method in the multiple comparisons correction,
presenting directly the adjusted p-value. In the contrast of qualita-
tive and quantitative variables, we used the Student t test or the
Mann-Whitney U test if the distribution was not normal according
to the Kolmogorov-Smirnov test. The statistical signification thresh-
old was 0.05, after adjusting for multiple comparisons. We did a
post-hoc subanalysis in which we compared the frequency of symp-
toms in patients with nonspecific neurological symptoms (exclud-
ing patients with headache, myalgia, and anosmia) on presentation,
compared with the rest of the sample, as well.

For the third study aim, assessing whether the presence of

Covid-19 could be suspected in patients presenting to the ED with
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neurological symptoms, we calculated the sensitivity of each general
symptom and each laboratory parameter. Sensitivity was defined
as the number of patients with an altered laboratory parameter
or a general symptom present over the total of patients with the
disease. We present it together with the 95% confidence interval
(Cl). Finally, we analyzed the association with a higher mortality
with Cox-regression log-rank test and logistic regression. We did a
univariate regression, and all the variables that had an alpha error
equal or lower than 20% were included in the multivariate regres-
sion analysis. We describe the hazard ratio (HR), odds ratio (OR), and
95% Cl. To minimize the overfitting of the model, we did a sensitivity
analysis, and the model was repeated including those variables with
an alpha error equal or lower than 10%. Sample size was not calcu-
lated in advance, but we estimated the power of our study to be of
95%. The calculation is available in supplementary materials (sup-
plementary files). We analyzed if missing data were completely at
random and when it was the case and the percentage of missing data
was < 5%, we used complete case analysis. If it was not completely at
random, we used worst-case scenario carried forward imputation or
we assumed that the variable was not abnormal. Statistical analysis
was done with SPSS v.26 (IBM Corp. Armonk, NY).

3 | RESULTS
During the study period, 580 patients were screened and 576 were
included in the study. Three patients were excluded because they

were not admitted from the emergency department and one patient

because there was no available information. The mean age of the
sample was 67.2 (SD: 14.7) years, and 250 (43.4%) patients were fe-
male. In 320 (55.6%) patients, one or more neurological symptoms
were described on admission. Patients with neurological symptoms
were younger, with better baseline performance, and with fewer
prior cardiac disorders. Table 1 shows the demographic variables,
the frequency of vascular risk factors, and comorbidities.

The presumptive source of the contagion was attributed to a
close relative in 96 (16.6%) cases, occurred in a retirement home
with other positive cases in 64 (11.1%), was related with a journey
to a geographical area with infected people in 39 cases (6.7%), was
related with healthcare work in 23 cases (3.9%), was related with
nonhealthcare work in 21 (3.6%), was nosocomial in 5 (0.8%), and
the source was unknown in 328 (56.9%). In patients with neurolog-
ical symptoms at onset, frequency of unknown source of contagion
was 161 (50.3%) compared with 133 (52.0%) in those without neu-
rological symptoms (p = .758). Diagnosis was confirmed by PCR in
546 (94.8%) of cases and serology in 175 (30.4%). Chest imaging was
abnormal in 549 (95.3%) patients.

3.1 | Frequency and type of neurological symptoms

Of 576 patients, 374 (64.9%) had neurological symptoms at any point
at presentation and admission. Of the 374 patients, 320 (85.6%)
cases presented with neurological symptoms in the ED. The most
frequent neurological symptoms at the moment of ED presenta-
tion were anosmia, in 146 (25.3%) patients, myalgia in 139 (24.1%),

TABLE 1 Demographic variables, frequency of vascular risk factors, and frequency of comorbidities in the whole sample and within the
groups of patients with and without neurological symptoms on admission

All patients Neurological symptoms on No neurological symptoms on Adjusted
Variable (n = 576) admission (n = 320) admission (n = 256) p-value
Female sex (frequency and %) 250 (43.4%) 150 (46.9%) 100 (39.1%) 0.073
Age (years) 67.19 (14.75) 64.91 (14.11) 70.03 (15.07) <0.001
Modified Rankin scale (mean 0.61(1.12) 0.48 (1.02) 0.77 (1.21) 0.002
score)
Hypertension 300 (52.1%) 159 (49.7%) 141 (55.1%) 0.229
(frequency and %)
Diabetes 113 (19.6%) 65 (20.3%) 48 (18.8%) 0.716
(frequency and %)
Smoking 118 (20.5%) 56 (17.5%) 62 (24.2%) 0.060
(frequency and %)
Cardiac disorders 154 (26.7%) 73(22.8%) 81 (31.6%) 0.022
(frequency and %)
Pulmonary disorders 145 (25.2%) 75 (23.4%) 70 (27.3%) 0.329
(frequency and %)
Cancer 94 (16.3%) 47 (14.7%) 47 (18.4%) 0.284
(frequency and %)
Immunosuppression 32 (5.6%) 13 (4.1%) 19 (7.4%) 0.117
(frequency and %)
Chronic neurological disorders 105 (18.2%) 51 (15.9%) 54 (21.1%) 0.138

(frequency and %)
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headache in 137 (23.8%), and altered mental status in 98 (17.0%).
All the neurological symptoms were described more frequently on
admission than during hospitalization except for stroke, seizures,
and ataxia. Table 2 describes the relative frequency of neurological

symptoms on admission and during hospitalization.

3.2 | Onset of neurological symptoms

Neurological symptoms started the same day as the rest of the
Covid-19 symptoms in 198 (54.2% of all patients with neurological
symptoms on presentation) patients. By the fourth day of symptoms,
neurological symptoms were present in 294 (80.5%) of patients.
Figure 1 shows the interval between the onset of Covid-19 general
symptoms and neurological symptoms. Patients with neurological
symptoms came to the ED after 7.9 (SD: 5.5) days, compared with
6.6 (SD: 6.9) in those without (p = .019). Figure 2 shows the cumula-
tive percentage of patients that had visited the ED each day since
the symptoms’ onset.

3.3 | Frequency of general symptoms

Patients with neurological symptoms on admission had more fre-
quently arthralgia, asthenia, fever, light-headedness, rash, and
cough than those without it. Table 3 shows the relative frequency
of Covid-19 symptoms, and supplementary Table 2, the same results
in patients with nonspecific neurological symptoms. After adjusting
for sex, age, baseline performance, and days since the onset symp-
toms, patients with neurological symptoms on admission had higher
odds of having arthralgia (OR: 12.29, 95% Cl: 2.9-52.11, p = .001),
and light-headedness (OR: 3.25, 95% ClI: 1.68-6.26, p=<0.001), but
not asthenia (OR: 1.31, 95% Cl: 0.92-1.86, p = .129), fever (OR: 1.37,
95% Cl: 0.89-2.12, p = .151), rash (OR: 6.89, 95% Cl: 0.86-54.93,
p =.069), or cough (OR: 1.36, 95% Cl: 0.93-2.00, p = .109).
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The presence of general Covid-19 symptoms in patients pre-
senting with neurological symptoms had a 98.7% (96.6%-99.6%)
sensitivity. There were four (0.6%) patients that presented with neu-
rological symptoms and did not have any Covid-19 symptom on ad-
mission (Supplementary Table 3). Three patients consulted because
of loss of consciousness, and the other case consulted because of
delirium. The symptoms with higher sensitivity were fever (83.7%),
cough (75%), and dyspnea (50.3%). Supplementary Table 4 shows
the sensitivity of general symptoms in Covid-19 patients with neuro-

logical symptoms on admission.

3.4 | Laboratory parameters

The frequency of laboratory abnormalities was similar in patients
with and without neurological symptoms on admission except for
lactate dehydrogenase (187 (58.4%) versus. 175 (68.4%), p = .018)
and glomerular filtration rate (201 (62.8%) versus. 185 (72.3%),
p = .021), which were both more frequently abnormal in patients
without neurological symptoms on admission. Supplementary
Table 5 shows the frequency of laboratory abnormalities in the sam-
ple and within groups.

The presence of laboratory abnormalities in patients presenting
with neurological symptoms had a 98.1% (95.7%-99.2%). There were
six (1.9%) patients with fully normal laboratory parameters on admis-
sion. The combination of lymphopenia, and increased LDH, INR, D-
dimer, CRP, and procalcitonin had a 96.9% (94.1%-98.4%) sensitivity.
All the patients with normal laboratory parameters had Covid-19
symptoms, being the sensitivity of combination of clinical symptoms
and laboratory parameters of 100% (99.1%-100%). In patients with
neurological symptoms, the laboratory parameters with the higher
sensitivity were C-reactive protein (88.7%), D-dimer (65.3%), and
GFR (62.8%). Supplementary Table 6 shows the sensitivity of labo-
ratory parameters in Covid-19 patients with neurological symptoms

on admission. Supplementary Figure 1 shows the sensitivity of the

TABLE 2 Frequency and type of neurological symptoms on admission and during hospitalization

Frequency in the whole sample Neurological symptoms on No neurological symptoms on Adjusted

Variable (n = 576) admission (n = 320) admission (n = 256) p-value
Headache 137 (23.8%) 124 (90.5%) 13 (9.5%) <0.001
Anosmia 146 (25.3%) 133 (91.1%) 13 (8.9%) <0.001
Myalgia 139 (24.1%) 129 (92.8%) 10 (7.2%) <0.001
Altered mental 98 (17.0%) 70 (71.4%) 28 (28.6%) 0.001

status
Sudden focal 12 (2.1%) 7 (58.4%) 5(41.7%) 1.000

symptoms
Seizures 3(0.5%) 2(66.7%) 1(33.3%) 1.000
Ataxia 6(1.0%) 5(83.3%) 1(16.7%) 0.335
Weakness 14 (2.4%) 6(42.9%) 8 (57.1%) 0.482
Syncope 43 (7.5%) 37 (86.0%) 6 (14.0%) <0.001
Vertigo 11 (1.9%) 10 (90.9%) 1(9.1%) 0.038
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FIGURE 2 Cumulative percentage of patients that had visited the emergency department each day since the symptoms’ onset. The blue
line represents patients with neurological symptoms and the orange line patients without neurological symptoms

general symptoms and laboratory abnormalities in Covid-19 patients

presenting with neurological symptoms.

3.5 | Predictors of mortality

The course of the disease corresponded to mild disease in 32 (5.6%)
patients, pneumonia in 142 (24.7%), severe pneumonia in 269
(46.8%),and ADRS in 124 (21.6%). All-cause in-hospital mortality rate
was 127/576 (22.0%), being lower in patients without neurological

symptoms on admission (58/320, 18.1% versus. 69/256, 27.0%,
p =.015). Age, mRS, time since symptoms” onset, hypertension, dia-
betes, smoking habit, prior history of cardiac disorders, chronic neu-
rological disorders, and immunosuppression were associated with
higher odds of mortality. The presence of headache, anosmia, myal-
gia, asthenia, diarrhea, chest pain, fever, odynophagia, and cough on
admission were associated with a lower odds of death, and the pres-
ence of altered mental status or dyspnea on admission were associ-
ated with higher mortality in the univariate analysis. Supplementary

Table 7 shows the results of the univariate Cox-regression analysis,
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TABLE 3 Type, frequency, and percentage of Covid-19 symptoms

Neurological symptoms on No neurological symptoms on Adjusted
Variable All patients (n = 576) admission (n = 320) admission (n = 256) p-value
Arthralgia 35 (6.1%) 33(10.3%) 2(0.8%) <0.001
Asthenia 242 (42.1%) 148 (46.3%) 94 (36.7%) 0.027
Weakness 90 (15.7%) 58 (18.1%) 32(12.5%) 0.083
Diarrhea 192 (33.4%) 113 (35.3%) 79 (30.9%) 0.299
Dyspnea 292 (50.8%) 161 (50.3%) 131 (51.2%) 0.904
Chest pain 99 (17.2%) 58 (18.1%) 41 (16.1%) 0.593
Expectoration 90 (15.7%) 56 (17.5%) 34 (37.8%) 0.204
Fever 462 (80.3%) 268 (83.8%) 194 (75.8%) 0.023
Light-headedness 60 (10.4%) 47 (14.7%) 13 (5.1%) <0.001
Odynophagia 60 (10.4%) 36 (11.3%) 24 (9.4%) 0.552
Cutaneous rash 11 (1.9%) 10 (3.1%) 1(0.4%) 0.038
Rhinorrhea 12 (2.1%) 6(1.9%) 6(2.3%) 0.922
Cough 403 (70.2%) 240 (75.0%) 163 (63.9%) 0.005
Vomiting 47 (8.2%) 25 (7.8%) 22 (8.6%) 0.852

Adjusted mortality (Cl 95%)
Covid-19 symptoms on presentation
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and supplementary Table 8 presents the results of logistic regression
analysis.

In the multivariate Cox-regression analysis, the variables that
were associated with a higher odd of death were age (HR: 1.047,
95% Cl: 1.022-1.072), mRS (HR: 2.029, 95%Cl: 1.172-3.512),
chronic neurological disorders (HR: 2.250, 95%Cl: 1.446-3.502),
altered mental status (HR: 1.867, 95%Cl: 1.162-3.001), and dys-
pnea (HR: 2.636, 95%Cl: 1.642-4.231); while time since symptoms
onset (HR: 0.946, 95%Cl: 0.913-0.981), the presence of anosmia
(HR: 0.358, 95%Cl: 0.140-0.916), and asthenia (HR: 0.420, 95%Cl:
0.262-0.671) were statistically significant. The restrictive analy-
sis did not alter the results. Supplementary Tables 9-12 present
the detailed results of the multivariate Cox-regression and logis-
tic regression. Figure 3 shows the results of the multivariate Cox-

regression analysis.

4 | DISCUSSION

In the present study, neurological symptoms were among the most
frequent clinical manifestations of Covid-19, occurring in half of the
patients. Only fever (80%), cough (70%), dyspnea (50%), and asthe-
nia (40%) were more frequent than neurological symptoms such as
anosmia (25%), myalgia (24%), and headache (23%). It is not widely
recognized that Covid-19 might present with neurological symp-
toms, as some official guidelines (Ministry of Health, 2020) do not
include them within the typical manifestations. This could explain
the delay in ED presentation of patients that had neurological symp-
toms at onset. Since specific Covid-19 tests may not be available
everywhere, or may consume if the supply is not granted, we aimed
to evaluate if the presence of Covid-19 in patients presenting to the
ED could be suspected based on the presence of the clinical presen-
tation and the laboratory results.

Besides frequent, most of the neurological symptoms had an
early presentation. More than half of the patients with neurological
symptoms had them since the first symptomatic day and 80% of the
patients by the fourth day. This should raise the awareness of general
practitioners, emergency department physicians, and neurologists
that Covid-19 might present with unspecific neurological symptoms
(Asadi-Pooya & Simani, 2020; Herman et al., 2020). Headache and
myalgia are common in other viral illnesses. Anosmia is associated
with some viral infections, such as rhinovirus, picornavirus, parain-
fluenza, Epstein-Barr virus, or other human coronaviruses (Suzuki
et al., 2007). Altered mental status could be related with the pres-
ence of hypercapnia, acute kidney injury, acute liver failure, fever,
drugs, or even the viremia (Smith & Han, 2019; Ward et al., 2020).
In our sample, it seemed to predict a more severe presentation, as it
was an independent predictor of mortality (Ward et al., 2020).

Most of the patients present general symptoms as well (Chang
et al., 2020; Chen et al., 2020; Guan et al., 2020; Huang et al., 2020;
Wang et al., 2020; Xu et al., 2020). In our sample, less than one per-

cent of the patients not had any systemic symptom at the time of the

ED presentation, and all those patients had typical laboratory abnor-
malities. There is not a perfect biomarker yet, as neither the clinical
symptoms nor the laboratory parameters have a perfect sensitivity
(World Health Organization,). During the pandemic, presence of
Covid-19 should be considered in every patient, and the work-up
should include laboratory determinations and clinical symptomes, in-
cluding neurological symptoms, which are mainly unspecific, being
the most frequent anosmia, myalgia, and headache (Asadi-Pooya &
Simani, 2020).

Apart from the relevance in the diagnosis, one of the most
striking findings of this study was the impact of the neurological
symptoms in the prognosis of patients. We analyzed the association
between the presence of neurological symptoms on presentation,
and after adjusting for age, sex, baseline performance, time since the
symptoms onset, vascular risk factors, comorbidities, and general
symptoms, anosmia and altered mental status were still associated
with a lower and higher odd of mortality, respectively. Prior studies
described the association of age, vascular risk factors, comorbidities,
and analytic parameters (Chang et al., 2020; Chen et al., 2020; Guan
et al., 2020; Huang et al., 2020; Ruan et al., 2020; Wang et al., 2020;
Wau et al.,, 2019; Xu et al., 2020; Zhou, Yu, et al., 2020), but not the
presence of neurological symptoms on presentation. In the present
study, some relevant comorbidities, as diabetes or cardiac disorders
were associated with a worse prognosis in the univariate models but
not in the multivariate models. The high number of analyzed parame-
ters could decrease the power of the study and some variables could
be falsely negative. Patients with poor medical condition and severe
comorbidities compromising the life expectancy may not be candi-
dates for aggressive life-sustaining therapies. However, at the peak
of the first wave of the pandemic, most of those patients were not
candidates to be hospitalized due to the collapse of the healthcare
system and were managed in an outpatient basis.

The precise signification of each symptom should probably be
analyzed separately. We did not differentiate the specific phenotype
of the headache, while some reports suggest that different head-
aches might coexist (Belvis, 2020). The duration over time and asso-
ciation with other prognostic variables, other than mortality, should
be explored. We focused on the clinical description and not in the
pathophysiology or etiology of the manifestations. The neuroinva-
sive potential of the virus is yet uncertain (Mannan Baig et al., 2020),
and despite the vast number of worldwide cases, the number of
cases with confirmed cerebrospinal fluid isolation of SARS-CoV-2
is testimonial (Asadi-Pooya & Simani, 2020; Herman et al., 2020).
Many symptoms are relatively unspecific and may be present in pa-
tients with other viral infections. Studies assessing large samples of
patients should clarify the role of the few neurospecific symptoms.
In the case of anosmia (Talavera et al., 2020) or headache (Trigo
et al., 2020), patients with those presented a different profile of
general symptoms and a laboratory results, suggesting a different
immune response, which could be partially responsible of the clinical
presentation. In the case of altered mental status, as in other severe

infections, in most cases, it seems to be associated with systemic
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complications, which are indeed associated with a higher risk of
mortality.

Our study has some important flaws. It is a single-center study,
and the epidemiology and prognosis might not be representative
of other settings. Multicentric, multinational studies are desirable
in order to clarify the possible influence of genotype and ambient.
Despite the data were collected in a systematic way, the retrospec-
tive design might underestimate the frequency of some clinical vari-
ables. Another relevant limitation is that follow-up of the patients
was limited to the first 20 days after admission, so we just analyzed
in-hospital mortality as some patients could have died afterward.
We did not evaluate the specificity of general Covid-19 symptoms
or laboratory abnormalities, but future studies should consider to
analyze that, which could clarity which of those has a better area
under the curve. Further studies should consider mid and long-term

outcomes to see the impact of neurological symptoms over time.

5 | CONCLUSION

Half of the Covid-19 patients described neurological symptoms at
the moment of ED presentation. The most frequent symptoms were
anosmia, myalgia, and headache. Patients with neurological symp-
toms described them since the first day of Covid-19 symptoms in
54% of cases and occurred by the fourth day of symptoms in 80% of
cases. Patients with neurological symptoms waited 1.4 days more, in
mean, before visiting the ED. Almost all the patients with neurologi-
cal symptoms associated general typical Covid-19 symptoms and, or
laboratory abnormalities.

The presence of neurological symptoms at the moment of ED
presentation was an independent predictor of mortality. Patients
with altered mental status died more and earlier, and patients with

anosmia had a lower risk of mortality.

ACKNOWLEDGMENTS
We want to thank all the people who faced Covid-19.

CONFLICT OF INTEREST

Authors declare no conflict of interest. The present study was
performed without any direct or indirect financial support. East
Valladolid Ethics Review Board approved the study (P1-20-1751). All
the datasheets are available for other authors upon reasonable re-
quest, by emailing the corresponding author (davilink@hotmail.com).

AUTHORS’ CONTRIBUTIONS

Name Contribution

David Garcia-Azorin Designed and conceptualized the
study; major role in the acquisition of
data; analyzed the data; drafted the

manuscript for intellectual content.

Javier Trigo Major role in the acquisition of data,
revised the manuscript of intellectual

content.

B B dB h . o 9of 11
rain an enavior Wl LEYJ—

Open Access,

Name Contribution

Enrique Martinez-Pias Major role in the acquisition of data,
revised the manuscript of intellectual

content.

Isabel Hernandez-Pérez Major role in the acquisition of data,
revised the manuscript of intellectual

content.

Gonzalo Valle-Pefiacoba Major role in the acquisition of data,
revised the manuscript of intellectual

content.

Blanca Talavera Major role in the acquisition of data,
revised the manuscript of intellectual

content.

Paula Simén-Campo Major role in the acquisition of data,
revised the manuscript of intellectual

content.

Mercedes de Lera Major role in the acquisition of data,
revised the manuscript of intellectual

content.

Alba Chavarria-Miranda Major role in the acquisition of data,
revised the manuscript of intellectual

content.

Cristina Lopez-Sanz Major role in the acquisition of data,
revised the manuscript of intellectual

content.

Maria Gutiérrez-Sanchez Major role in the acquisition of data,
revised the manuscript of intellectual

content.

Elena Martinez-Velasco Major role in the acquisition of data,
revised the manuscript of intellectual

content.

Maria Pedraza Major role in the acquisition of data,

revised the manuscript of intellectual
content.

Alvaro Sierra Major role in the acquisition of data,

revised the manuscript of intellectual
content.

Beatriz Gomez-Vicente Major role in the acquisition of data,

revised the manuscript of intellectual
content.

Angel Guerrero Designed and conceptualized the

study; analyzed the data; revised the
manuscript for intellectual content.

Juan Francisco Arenillas Designed and conceptualized the

study; analyzed the data; revised the
manuscript for intellectual content.

David Garcia-Azorin designed and conceptualized the study,
played major role in the acquisition of data, analyzed the data, and
drafted the manuscript for intellectual content. Javier Trigo, Enrique
Martinez-Pias, Isabel Hernandez-Pérez, Gonzalo Valle-Pefacoba,
Blanca Talavera, Paula Simén-Campo, Mercedes de Lera, Alba
Chavarria-Miranda, Cristina Lopez-Sanz, Maria Gutiérrez-Sanchez,
Elena Martinez-Velasco, Maria Pedraza, Alvaro Sierra, and Beatriz
Gomez-Vicente played major role in the acquisition of data and re-
vised the manuscript of intellectual content. Angel Guerrero and
Juan Francisco Arenillas designed and conceptualized the study, an-

alyzed the data, and revised the manuscript for intellectual content.


mailto:davilink@hotmail.com

GARCIA-AZORIN ET AL.

10 0f 11 WI LEy_Brain and Behavior

Open Access,

PEER REVIEW
The peer review history for this article is available at https://publo
ns.com/publon/10.1002/brb3.2058.

DATA AVAILABILITY STATEMENT
All the datasheets are available for other authors upon reasonable
request, by emailing the corresponding author.

ORCID

David Garcia-Azorin https://orcid.org/0000-0002-3132-1064

REFERENCES

Angelo Vaira, L., Deiana, G., Fois, A. G. et al (2020). Objective evaluation
of anosmia and ageusia in COVID-19 patients: Single-center experi-
ence on 72 cases. Head and Neck, 42, 1252-1258.

Asadi-Pooya, A. A. & Simani, L. (2020). Central nervous system manifes-
tations of COVID-19: A systematic review. Journal of the Neurological
Sciences, 43, 116832. https://doi.org/10.1016/].jns.2020.116832

Beltran-Corbellini, A., Chico-Garcia, J. L., Martinez-Poles, J., Rodriguez-
Jorge, F., Natera-Villalba, E., Gémez-Corral, J., ...Alonso-Canovas, A.
Acute-onset smell and taste disorders in the context of COVID-19:
A pilot multicentre polymerase chain reaction based-control study.
European Journal of Neurology. 2020, Apr 22. https://doi.org/10.1111/
ene.14273

Belvis, R. (2020). Headaches during COVID-19: My clinical case and
review of the literature. Headache, https://doi.org/10.1111/
head.13841

Chang, D. E., Lin, M., WEei, L., Xie, L., Zhu, G., Dela Cruz, C. S., & Sharma,
L. (2020). Epidemiologic and clinical characteristics of novel corona-
virus infections involving 13 patients outside Wuhan, China. JAMA,
323, 1092-1093. https://doi.org/10.1001/jama.2020.1623

Chen, N.,Zhou, M., Dong, X.,Qu, J., Gong, F.,Han, Y., ... Zhang, L. . (2020).
Epidemiological and clinical characteristics of 99 cases of 2019 novel
coronavirus pneumonia in Wuhan, China: A descriptive study. Lancet,
395, 507-513. https://doi.org/10.1016/50140-6736(20)30211-7

Cui, J., Li, F. & Shi, Z. L. (2019). Origin and evolution of pathogenic coro-
naviruses. Nature Reviews Microbiology, 17, 181-192. https://doi.
org/10.1038/s41579-018-0118-9

Guan, W.-J,,Ni, Z.-Y., Hu, Y. U, Liang, W.-H., Ou, C.-Q., He, J.-X., & Zhong,
N.-S. (2020). Clinical characteristics of coronavirus disease 2019 in
China. New England Journal of Medicine, 382, 1708-1720. https://doi.
org/10.1056/NEJM0a2002032

Helms, J., Kremer, S., Merdji, H., Clere-Jehl, R., Schenck, M., Kummerlen,
C., ... Meziani, F. (2020). Neurologic features in severe SARS-CoV-2
infection. New England Journal of Medicine, NEJMc2008597. https://
doi.org/10.1056/NEJMc2008597

Herman, C., Mayer, K., & Sarwal, A. (2020). Scoping review of neuro-
logic comorbidities in patients hospitalized for COVID-19. Neurology.
https://doi.org/10.1212/WNL.0000000000009673

Huang, C., Wang, Y., Li, X., Ren, L., Zhao, J., Hu, Y. |, & Cao, B. (2020).
Clinical features of patients infected with 2019 novel Coronavirus
in Wuhan, China. Lancet, 395, 497-506. https://doi.org/10.1016/
S50140-6736(20)30183-5

Lechien, J. R., Chiesa-Estomba, C. M., de Siati, D. R. et al (2020).
Olfactory and gustatory dysfunctions as a clinical presentation of
mild-to-moderate forms of the coronavirus disease (COVID-19):
A Multicenter European Study. European Archives of Oto-Rhino-
Laryngology, 1-11.

Mannan Baig, A., Khaleeq, A., Ali, U., & Syeda, H. (2020). Evidence of
the COVID-19 virus targeting the CNS: Tissue distribution, host-virus
interaction, and proposed neurotropic mechanisms. ACS Chemical

Neuroscience, 11, 995-998. https://doi.org/10.1021/acschemneu
ro.0c00122

Mao, L., Jin, H., Wang, M., Hu, Y. U,, Chen, S., He, Q., ... Hu, B. O. (2019).
Neurologic manifestations of hospitalized patients with coronavi-
rus disease 2019 in Wuhan, China. JAMA Neurology, 2020, e201127.
https://doi.org/10.1001/jamaneurol.2020.1127

Metlay, J. P., Waterer, G. W., Long, A. C., Anzueto, A., Brozek, J., Crothers,
K., ..Whitney, C. G. (2019). Diagnosis and treatment of adults with
community-acquired pneumonia: An official clinical practice guide-
line of the American Thoracic Society and Infectious Disease Society
of America. American Journal of Respiratory and Critical Care Medicine,
200, e45-e67.

Ministry of Health. Technical documents. Hospital management of
COVID-19. Version March 19, 2020. https://www.mscbs.gob.es/
profesionales/saludPublica/ccayes/alertasActual/nCov-China/
documentos/Protocolo_manejo_clinico_ah_COVID-19.pdf. Accessed
on June 2nd, 2020

National Epidemiologic Surveillance Network. Daily report on the
COVID-19 situation. Report number 31, March 14th, 2020. Available
on: https://www.isciii.es/QueHacemos/Servicios/VigilanciaSalud
PublicaRENAVE/EnfermedadesTransmisibles/Documents/INFOR
MES/Informes%20COVID-19/Informe%20n°%2031.%20Sit
uacion%20de%20COVID-19%20en%20Espana%20a%2014%20
de%20mayo%20de%202020.pdf Accessed on June 2nd, 2020

Quinn, T. J., Dawson, J., Walters, M. R., & Lees, K. R. (2009). Reliability
of the modified Rankin Scale: A systematic review. Stroke, 40, 3393-
3395. https://doi.org/10.1161/STROKEAHA.109.557256

Ruan, Q. Yang, K., Wang, W., Jiang, L., & Song, J. (2020). Clinical predic-
tors of mortality due to COVID-19 based on an analysis of data of
150 patients from Wuhan, China. Intensive Care Medicine, 46, 846-
848. https://doi.org/10.1007/s00134-020-05991-x

Shi, H., Han, X., Jiang, N., Cao, Y., Alwalid, O., Gu, J,, Fan, Y., & Zheng,
C. (2020). Radiological findings from 81 patients with COVID-19
pneumonia in Wuhan, China: A descriptive study. The Lancet
Infectious Diseases, 20, 425-434. https://doi.org/10.1016/51473
-3099(20)30086-4

Smith, A. T. & Han, J. H. (2019). Altered mental status in the emer-
gency department. Seminars in Neurology, 39, 5-19. https://doi.
org/10.1055/s-0038-1677035

Suzuki, M., Saito, K., Min, W. P., Vladau, C., Toida, K., Itoh, H., & Murakami,
S. (2007). Idenotification of viruses in patients with postviral olfac-
tory dysfunction. Laryngoscope, 117, 272-277.

Talavera, B., Garcia-Azorin, D., Martinez-Pias, E., Trigo, J., Hernandez-
Pérez, |., Valle-Pefacoba, G., ... Arenillas, J. F. (2020). Anosmia is
associated with lower in-hospital mortality in COVID-19. Journal of
the Neurological Sciences, 419, 117163. https://doi.org/10.1016/j.
jns.2020.117163

Trigo, J., Garcia-Azorin, D., Planchuelo-Gémez, A., Martinez-Pias, E.,
Talavera, B., Hernandez-Pérez, |., ... Guerrero, A. L. (2020). Factors
associated with the presence of headache in hospitalized COVID-19
patients and impact on prognosis: A retrospective cohort study. The
Journal of Headache and Pain, 21(1), 94. https://doi.org/10.1186/
s10194-020-01165-8

Von Elm, E., Altman, D. G., Egger, M., Pocock, S. J., Ggtzsche, P. C., &
Vandenbroucke, J. P. (2007). The Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) statement:
Guidelines for reporting observational studies. PLoS Medicine, 4,
e296. https://doi.org/10.1371/journal.pmed.0040296

Wang, D., Hu, B. O., Hu, C., Zhu, F,, Liu, X., Zhang, J., ... Peng, Z. (2020).
Clinical characteristics of 138 hospitalized patients with 2019 novel
coronavirus-infected pneumonia in Wuhan, China. JAMA, 323, 1061-
1069. https://doi.org/10.1001/jama.2020.1585

Ward, C. F, Figiel, G. S., & McDonald, W. M. (2020). Altered mental
status as novel initial clinical presentation for COVID-19 infection


https://publons.com/publon/10.1002/brb3.2058
https://publons.com/publon/10.1002/brb3.2058
https://orcid.org/0000-0002-3132-1064
https://orcid.org/0000-0002-3132-1064
https://doi.org/10.1016/j.jns.2020.116832
https://doi.org/10.1111/ene.14273
https://doi.org/10.1111/ene.14273
https://doi.org/10.1111/head.13841
https://doi.org/10.1111/head.13841
https://doi.org/10.1001/jama.2020.1623
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1038/s41579-018-0118-9
https://doi.org/10.1038/s41579-018-0118-9
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMc2008597
https://doi.org/10.1056/NEJMc2008597
https://doi.org/10.1212/WNL.0000000000009673
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1021/acschemneuro.0c00122
https://doi.org/10.1021/acschemneuro.0c00122
https://doi.org/10.1001/jamaneurol.2020.1127
https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov-China/documentos/Protocolo_manejo_clinico_ah_COVID-19.pdf
https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov-China/documentos/Protocolo_manejo_clinico_ah_COVID-19.pdf
https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov-China/documentos/Protocolo_manejo_clinico_ah_COVID-19.pdf
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/INFORMES/Informes COVID-19/Informe n%BA 31. Situaci%F3n de COVID-19 en Espa%F1a a 14 de mayo de 2020.pdf
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/INFORMES/Informes COVID-19/Informe n%BA 31. Situaci%F3n de COVID-19 en Espa%F1a a 14 de mayo de 2020.pdf
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/INFORMES/Informes COVID-19/Informe n%BA 31. Situaci%F3n de COVID-19 en Espa%F1a a 14 de mayo de 2020.pdf
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/INFORMES/Informes COVID-19/Informe n%BA 31. Situaci%F3n de COVID-19 en Espa%F1a a 14 de mayo de 2020.pdf
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/INFORMES/Informes COVID-19/Informe n%BA 31. Situaci%F3n de COVID-19 en Espa%F1a a 14 de mayo de 2020.pdf
https://doi.org/10.1161/STROKEAHA.109.557256
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.1016/S1473-3099(20)30086-4
https://doi.org/10.1016/S1473-3099(20)30086-4
https://doi.org/10.1055/s-0038-1677035
https://doi.org/10.1055/s-0038-1677035
https://doi.org/10.1016/j.jns.2020.117163
https://doi.org/10.1016/j.jns.2020.117163
https://doi.org/10.1186/s10194-020-01165-8
https://doi.org/10.1186/s10194-020-01165-8
https://doi.org/10.1371/journal.pmed.0040296
https://doi.org/10.1001/jama.2020.1585

GARCIA-AZORIN ET AL.

in the elderly. American Journal of Geriatric Psychiatry. https://doi.
org/10.1016/j.jagp.2020.05.013

World Health Organization. Coronavirus disease (COVID-19) techni-
cal guidance: laboratory testing for 2019-nCoV in humans. https://
www.who.int/emergencies/diseases/novel-coronavirus-2019/
technical-guidance/laboratory-guidance. Accessed on June 2nd,
2020

World Health Organization. Clinical management of severe acute respi-
ratory infection when novel coronavirus (2019- nCoV) infection is
suspected: Interim guidance. January 28, 2020. https://www.who.
int/docs/default-source/coronaviruse/clinical-management-of-novel
-cov.pdf. Accessed on June 2nd, 2020

Wu, C., Chen, X, Cai, Y., Xia, J., Zhou, X., Xu, S., & Song, Y. (2019). Risk
factors associated with acute respiratory distress syndrome and
death in patients with coronavirus disease 2019 pneumonia in
Wuhan, China. JAMA Internal Medicine, 2020, e200994. https://doi.
org/10.1001/jamainternmed.2020.0994

Xu, X.-W., Wu, X.-X., Jiang, X.-G., Xu, K.-J,, Ying, L.-J., Ma, C.-L., ... Li,
L.-J. (2020). Clinical findings in a group of patients infected with
the 2019 novel coronavirus (SARS-Cov-2) outside of Wuhan, China:
Retrospective case series. BMJ, 368, m606. https://doi.org/10.1136/
bmj.m606

B H dB h . 0 110f 11
rain an enavior Wl LEYJ—

Open Access,

Zhou, F, Yu, T, Du, R,, Fan, G,, Liu, Y., Liu, Z., ...Cao, B. (2020). Clinical
course and risk factors for mortality of adult inpatients with
Covid-19 in Wuhan, China, retrospective cohort study. Lancet, 395,
1054-1062.

Zhou, P, Yang, X.-L., Wang, X.-G., Hu, B., Zhang, L., Zhang, W., & Shi, Z.-L.
(2020). A pneumonia outbreak associated with a new coronavirus of
probable bat origin. Nature, 579, 270-273. https://doi.org/10.1038/
s41586-020-2012-7

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Garcia-Azorin D, Trigo J,
Martinez-Pias E, et al. Neurological symptoms in Covid-19
patients in the emergency department. Brain Behav.
2021;11:e02058. https://doi.org/10.1002/brb3.2058



https://doi.org/10.1016/j.jagp.2020.05.013
https://doi.org/10.1016/j.jagp.2020.05.013
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/laboratory-guidance
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/laboratory-guidance
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/laboratory-guidance
https://www.who.int/docs/default-source/coronaviruse/clinical-management-of-novel-cov.pdf
https://www.who.int/docs/default-source/coronaviruse/clinical-management-of-novel-cov.pdf
https://www.who.int/docs/default-source/coronaviruse/clinical-management-of-novel-cov.pdf
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1136/bmj.m606
https://doi.org/10.1136/bmj.m606
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1002/brb3.2058

