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Background The neurological manifestations in COVID-19 adversely impact acute
illness and post-disease quality of life. Limited data exist regarding the association of
neurological symptoms and comorbid individuals.

Objective To assess neurological symptoms in hospitalized patients with acute
COVID-19 and multicomorbidities.

Methods Between |une 2020 and July 2020, inpatients aged 18 or older, with
laboratory-confirmed COVID-19, admitted to the Hospital Sao Paulo (Federal University
of Sdo Paulo), a tertiary referral center for high complexity cases, were questioned
about neurological symptoms. The Composite Autonomic Symptom Score 31 (COM-
PASS-31) questionnaire was used. The data were analyzed as a whole and whether
subjective olfactory dysfunction was present or not.

Results The mean age of the sample was 55 + 15.12 years, and 58 patients were male.
The neurological symptoms were mostly xerostomia (71%), ageusia/hypogeusia (50%),
orthostatic intolerance (49%), anosmia/hyposmia (44%), myalgia (31%), dizziness (24%),
xerophthalmia (20%), impaired consciousness (18%), and headache (16%). Furthermore,
91% of the patients had a premorbidity. The 44 patients with subjective olfactory
dysfunction were more likely to have hypertension, diabetes, weakness, shortness of
breath, ageusia/hypogeusia, dizziness, orthostatic intolerance, and xerophthalmia. The
COMPASS-31 score was higher than that of previously published controls (14.85 + 12.06 vs.
8.9 + 8.7). The frequency of orthostatic intolerance was 49% in sample and 63.6% in those
with subjective olfactory dysfunction (2.9-fold higher risk compared to those without).
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Conclusion A total of 80% of inpatients with multimorbidity and acute COVID-19 had
neurological symptoms. Chemical sense and autonomic symptoms stood out. Ortho-
static intolerance occurred in around two-thirds of the patients with anosmia/
hyposmia. Hypertension and diabetes were common, mainly in those with anosmia/
hyposmia.

Antecedentes As manifestacdes neurolégicas na COVID-19 impactam adversamente
na enfermidade aguda e na qualidade de vida ap6s a doenca. Dados limitados existem
em relacdo a associacdo de sintomas neuroldgicos e individuos com comorbidades.
Objetivo Avaliar os sintomas neurolégicos em pacientes de hospitalizados com
COVID-19 aguda e mdltiplas comorbidades.

Métodos Entre junho e julho de 2020, pacientes de hospitais com idade 18 anos ou
acima e COVID-19 laboratorialmente confirmada, admitidos no Hospital S3o Paulo
(Universidade Federal de Sdo Paulo), um centro de referéncia terciario para casos de
alta complexidade, foram perguntados sobre sintomas neurolégicos. O questionario
Pontuacdao composta de sintoma autonémico (COMPASS-31) foi usado. Os dados
foram analisados no geral e se a disfuncdo olfatéria subjetiva estava presente ou ndo.
Resultados A média de idade da amostra foi 55+ 15.12 anos. 58 pacientes eram
homens. Os sintomas neurolégicos foram principalmente xerostomia (71%),
ageusia/hipogeusia (50%), intolerancia ortostatica (49%), anosmia/hiposmia (44%),
mialgia (31%), tontura (24%), xeroftalmia (20%), comprometimento na consciéncia
(18%) e cefaleia (16%). Além disso, 91% dos pacientes tinham uma pré-morbidade. Os
44 pacientes com disfuncdo olfatéria tinham maior chance de ter hipertensao,
diabetes, fraqueza, falta de ar, ageusia/hipogeusia, tontura, intolerancia ortostatica
e xeroftalmia. A pontuacao do COMPASS-31 foi maior do que a de controles
previamente publicados (14,854 12,06 vs. 8,9+ 8,7). A frequéncia de intolerancia
ortostatica foi 49% na amostra e 63,6% naqueles com disfuncao olfatéria subjetiva
(risco 2.9 vezes maior comparado com os sem).

Conclusao Um total de 80% dos pacientes hospitalizados com mdltiplas morbidades
e COVID-19 aguda tinham sintomas neuroldgicos. Os sintomas do sentido quimico e
autonomicos se destacaram. A intolerdncia ortostatica ocorreu em cerca de dois tercos
dos pacientes com anosmia/hiposmia. A hipertensdo e o diabetes foram comuns,
principalmente naqueles com anosmia/hiposmia.

mild-to-severe complications, including life-threatening ce-
rebrovascular events.®’

The novel severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) binds mainly to the angiotensin-converting
enzyme type 2 (ACE2) receptor in the olfactory and respira-
tory epithelium. The virus’s interaction can cause anosmia/
hyposmia. Because ACE2-expressing cells are widely distrib-
uted, the SARS-CoV-2 reaches extrapulmonary sites as well.!

The neurological manifestations were early linked to the
coronavirus disease 2019 (COVID-19).% The pathophysiology
is related to immune activation, neuroinflammation, and
damage to brains blood vessels.> Anosmia was associated
with low in-hospital mortality.* Although chemosensory
symptoms are primary presentations of neurological fea-
tures in COVID-19, a broad spectrum of other neurological
symptoms accompany them. A sizeable proportion of the
patients with anosmia have headache, and others develop
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A few symptoms of the illness overlap with the symptoms
of autonomic dysfunction. Particularly in the early stages of
COVID-19, syncope and silent hypoxemia are the clinical
presentations of autonomic impairment, which could be
associated with the intrinsic mechanism of the viral infection
or other non-COVID causes.? Some patients in recovery have
experienced long-term autonomic symptoms, which are
reported in long-COVID.%'? Cardiovascular autonomic dys-
function was confirmed.!’ Dysautonomia was overlooked in
critically ill COVID-19 patients.'?

The studies evaluating COVID-related neurological mani-
festations are heterogeneous, because they include symptoms
and complications. The association between high-risk preex-
isting comorbidities for COVID-19 hospitalization and related
deaths has been established in the literature.'> About 43.9% of
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the patients with COVID-19 and neurological symptoms have
comorbid conditions.”® The impact of morbidities in the
neurological symptoms of COVID-19, especially those with a
strong ACE2 receptor expression that enhances the viral entry
into the host cells, has not been well emphasized.

Even though anosmia/hyposmia is one of the most frequent
neurological symptoms observed, not much is known regard-
ing the differences of the other neurological symptoms and the
preexisting diseases in patients, regardless of whether subjec-
tive olfactory impairment is present or not. This study inves-
tigates inpatients with multiple comorbidities from a public
reference hospital of Sao Paulo, in the course of the initial
outbreak of the pandemic. The objectives were to assess the
frequency of neurological symptoms in patients hospitalized
for the treatment of COVID-19. We also evaluated the associa-
tion between subjective anosmia/hyposmia and other neuro-
logical symptoms or comorbidities.

METHODS

Standard protocol approval and patient consent

The University’s Institutional Ethics Committee (Comité de
Etica em Pesquisa da Universidade Federal de S3o Paulo)
approved the study, with the ethics board approval number
0547/2020. All participants in the study provided written
informed consent for the research.

Study design and sample

This cross-sectional study describes neurological symptoms
in patients admitted to a public tertiary referral center for
high complexity cases, which turned into a COVID-19 care
center. The study was conducted at the Sdo Paulo Hospital,
from the Federal University of Sao Paulo (Brazil).

The inclusion criteria were symptomatic patients aged 18 or
older, with diagnostic confirmation of SARS-CoV-2 infection
by nasopharyngeal swab reverse-transcriptase polymerase
chainreaction (RT-PCR). The exclusion criteria were pregnancy
or puerperium, dementia as a premorbidity, assessment dur-
ing mechanical ventilation, or hemodynamic instability. The
sampling method was noncasual and convenient, intended to
represent a sample of real-life inpatients.

Data acquisition

The hospital capacity was organized to treat COVID-19 patients
separately. The occupancy rates were high, but an exact overall
value was inaccurate. All patients sited at the infectious diseases
and pneumology units (48 beds available) were invited to
participate, between June 2020 and July 2020. Data collection
was performed once a week, during five consecutive weeks.
Before recruitment, the assistant physician confirmed the
stable clinical condition of each patient, enabling them to
join in the research. Two expert neurologists (FMSC, RMCC)
interviewed the patients to fill out electronic forms with
answers on the experienced symptoms. The completion of all
items was checked before sending them for data processing.
Clinical data were retrieved manually from electronic medical
charts. The reported medications comprised those in use before
admission.
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According to the manufacturer’s protocols, all quantita-
tive RT-PCR analyses were made in a single laboratory
located at the hospital. Additionally, RNA was isolated
from the subject’s nasopharyngeal swabs using the Quick-
RNA Viral Kit (Zymo Research, Irvine, CA, USA). After
extraction, the samples were tested for SARS-CoV-2 using
a multiplex RT-PCR commercial kit (Gene Finder, South
Korea). Early in the first wave of COVID-19, the identifica-
tion of the variants was not yet implemented. Different
commercially available kits were used in the samples of
subjects who had been initially diagnosed at other hospi-
tals. At admission, the degree of radiological involvement
was confirmed using chest computed tomography to iden-
tify the typical ground-glass opacities extension.

Main outcome measure

Neurological symptoms

As there was no standardized measure of neurological
symptoms in COVID-19, a survey was created, based on
those of the initial report in China.? The Composite Auto-
nomic Symptom Score 31 (COMPASS-31) was added to
investigate symptoms of orthostatic intolerance and secre-
tomotor function, which are frequently underrecognized.
Later, in the context of long-COVID, this questionary was
suggested as a screening tool to track symptoms changes of
autonomic dysfunction.'”

Olfactory dysfunction (OD), partial hyposmia or total
anosmia, is the reduced ability to smell during sniffing
(orthonasal olfaction) or eating and drinking (retronasal
olfaction). The retronasal olfaction contributes to the taste,
whose dysfunction can be partial hypogeusia or total ageu-
sia. The interviewers asked whether smell and taste were
reduced or absent during sniffing, chewing, drinking, or
digesting food. Orthostatic intolerance, xerophthalmia, and
xerostomia were identified according to questions number
one, nine, and ten of COMPASS-31. Questions number two
and three characterized the frequency and intensity of
orthostatic intolerance.

The COMPASS-31 is a 31-item survey, organized in
6-scale domains, which assesses the presence, severity,
distribution, frequency, and progression of autonomic
symptoms. Regarding the clinical relevance of the domain,
the scores provide the total weighted score, which ranges
from 0 to 100. The higher scores indicate a more significant
symptom load.'® As some COVID-19 symptoms are similar
to autonomic symptoms, a score with gastrointestinal
domain scored as zero was named COMPASS-31(-GI). The
Mayo Clinic Autonomic Laboratory validated the Brazilian
Portuguese language version of COMPASS-31. The overall
score of patients with COVID-19 was compared to those of
healthy controls in previously published literature (mean
8.9+8.7)."7

Comorbidity profile

As a complete database was available, the co-existing
conditions were obtained manually in medical records. The
Charlson Comorbidity Index was calculated by the
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investigators. The method uses 17 comorbidities associated
with mortality to classify prognostic comorbidity.'® The
severity of comorbid diseases is mild (scores 1-2), moderate
(scores 3-4), and severe (scores > 5).

Statistical analysis

Data were examined using the Statistical Package Social
Sciences (SPSS, IBM Corp. Armonk, NY, USA) software for
windows 8, version 21.0. Data were analyzed as a whole,
and whether the patient has subjective OD or not (SOD).
Normality and homogeneity tests and parametric analyses
were used in the descriptive statistics. The Student T-test
was used to compare COMPASS-31 overall total weighted
score (TWS) and controls. The Pearson chi-squared and
Fisher exact tests were used to analyze categorical
variables. Generalized Linear Models, according to the
distribution of the dependent variable (gamma and Poisson
log-linear), were used to obtain COMPASS-31 scores, with
0D as the independent variable. Logistic binary regression,
with OD as the predictor, was used to compare the magni-
tude of the risk factors (odds ratio, OR) in a few neurological
symptoms. The results are presented as means + standard
deviation and percentages (%). The significant level consid-
ered was p < 0.05.

RESULTS

Demographics

A total of 124 surveys were obtained among the 118 patients
enrolled. After reviewing the medical records, our study
consisted of 100 patients. The clinical, laboratory, and imag-
ing features of the patients are summarized in =Table 1.
Among the sample, 44 patients had OD. The mean age of the
sample was 55.02 + 15.12 years, with 39 patients being over
60 years of age. There were 58 male patients. The sample’s
mean body mass index (BMI) was above normal limits.
Furthermore, OD patients had a higher percentage of weak-
ness, shortness of breath, and constipation, compared to
SOD. The mean lymphocyte count was also higher for OD
patients than for SOD. There was a higher percentage of
thrombocytopenia in SOD, compared with OD. Regarding
chest imaging, 60.7% of the patients in the SOD group had
< 25% disease severity, and 43.2% of those in the OD group
had 25 to 49% extension.

Both groups had a high percentage of patients on
antihypertensive agents, and a low percentage on antide-
pressants and neuroleptics. Almost all the patients were
using ACE inhibitors. The viral load quantitation was
missing for 13 patients who had the samples collected at
a different hospital. There were no significant differences
between the groups in the use of medications, other
general symptoms, delay to confirm SARS-Cov2 infection,
and other laboratory testing on admission. The
~Supplementary Material Table S1 shows in-hospital stan-
dard of care of the patients. Finally, the OD group received
more antiviral treatment than SOD (11.4 vs. 1.8%), but other
differences were not seen, including clinical outcomes and
mortality.
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Neurological symptoms

~Table 2 shows that the mean number of days from the onset
of illness to the neurological symptoms was 1.48 +3.41. The
neurological symptoms occurred in 80% of the sample. The
patients in the SOD group reported 64.3% of other neurologi-
cal symptoms rather than anosmia/hyposmia. The most
frequent symptoms were xerostomia (71%), ageusia/hypo-
geusia (50%), orthostatic intolerance (49%), anosmia/hypo-
smia (44%), myalgia (31%), dizziness (24%), xerophthalmia
(20%), impaired consciousness due to syncope, seizures,
daytime sleepiness or insomnia (18%), and headache (16%).
The OD group had a higher percentage of ageusia/hypogeusia
(97.7 vs. 12.5%, OR =301, 95% confidence interval [CI] 35.59
to 2,545.42), dizziness (34.1 vs. 16.1%, OR =2.70, 95% CI 1.04
to 6.96) orthostatic intolerance (63.6 vs. 37.5%, OR=2.91,
95% CI 1.28 to 6.61), and xerophthalmia (29.5 vs. 12.5%,
OR=2.93,95% CI 1.05 to 8.16) than SOD. Orthostatic intoler-
ance occurred more frequently and with moderate and
severe intensity in OD. Other neurological symptoms did
not differ. The sample had a higher COMPASS-31 mean score
than that of healthy controls previously published
(14.85+12.06 vs. 8.9, t=4.939, 95% CI 3.56 to 8.35,
p<0.001). The COMPASS-31 and COMPASS-31(-GI) mean
scores for the OD group were higher than for the SOD one.

Comorbidity profile

The associated diseases are presented in =Table 3. The
majority of the patients (91%) had a comorbid condition.
The most frequent premorbidities were hypertension (60%),
diabetes (40%), obesity (33%), smoking history (25%), and
cardiac (23%) or end-stage renal (31%) diseases. The OD
group had a higher percentage of hypertension (72.7 vs.
50%) and diabetes (59.1 vs. 25%), compared to SOD. There
were no significant differences between these groups con-
cerning other coexisting disorders or the Charlson Comor-
bidity Index, according to which 65% of the patients had a
moderate to severe scores.

DISCUSSION

Among hospitalized multimorbidity patients with laborato-
ry-confirmed COVID-19, the neurological symptoms were
very frequent, developing shortly after the onset of typical
flu symptoms. Our strong results are the presence of chemi-
cal sense impairment and underestimated autonomic symp-
toms. Most of the patients without anosmia/hyposmia also
reported another neurological symptom.

The neurological features in COVID-19 vary according to
the sample and data collection. Our frequency of olfactory
and gustatory dysfunction is comparable to the 46.8 and
52.3% already described. Headache and dizziness were
reported in 7.5% and 6.1% of patients, respectively. Diabetes
(31.1%) and hypertension (13.5%) were the most common
associated comorbidities .'® The pooled prevalence of central
nervous system or mental associated disorders in COVID-19
is around 50.68%. The most frequent symptom was OD
(36.20% in 10 studies of the meta—an.zllysis).20 The main
neurological symptoms detected among COVID-19 patients
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Table 1 Clinical, laboratory, and imaging features of hospitalized patients with COVID-19

Overall oD p-value
without with
(N=100) (N=56) (N=44)

Age, years 55.02+15.12 55.16 +15.26 54.84+15.11 0.91
Age category, % 18-60 years 61 57.1 65.9 0.37

>60 years 39 42.9 34.1
Male gender, % 58 66.1 47.7 0.06
BMI, kg/m? 27.66 £5.96 27.49+5.38 27.79+6.42 0.80
Regular Antihypertensives' 66 67.9 63.6 0.65
medications use Antidepressants and neuroleptics 6 3.6 9.1 0.40

Immunosuppressants 31 30.4 31.8 0.87

Oral corticosteroids 27 26.8 27.3 0.95

Oral anticoagulants 4 3.6 4.5 1
General Anorexia 50 42.9 59.1 0.10
symptoms, % Fever/chil 66 66.1 65.9 0.98

Weakness 60 50.0 72.7 0.02

Cough 68 62.5 75.0 0.18

Sore throat 25 19.6 31.8 0.16

Rhinorrhea 21 23.2 18.2 0.54

Shortness of breath 66 57.1 77.3 0.03

Diarrhea 50 50 50 1

Nausea/vomiting 35 35.7 34.1 0.86

Constipation 15 7.1 25 0.01
Viral load High 44 40.0 59.5 0.07
quantitation, % Low 45 60.0 405

Missing? 13 6 7
Delay to confirmation, days® 6.08 £4.24 6.25+4.49 5.86+3.93 0.65
White blood cells* | Leucocyte count 9,164 +6,581 8,636 £6,831 9,835+6,262 0.36

Neutrophils count 6,859 +£4,815 6,638 £5,286 7,140 £4,182 0.60

Lymphocytes count 1,202+ 876 1,011 +£724 1,445+ 995 0.01
Platelet Count?® *1000 214.85+95.71 198.84+92.86 | 235.23+96.45 | 0.05

Thrombocytopenia, % (<100,000%) | 27 35.7 15.9 0.02
Serum creatinine’ 2.82+7.07 2.28+3.04 3.51+£10.12 0.39
Blood urea nitrogen® 63.47 £53.59 66.29 +61.09 59.951+42.85 0.56
Creactive protein® 104.23 £79.82 104.96 £78.76 | 103.3 +£82.07 0.91
Lactose dehydrogenase’ 384.12+£164.71 | 351.3£140.63 | 420.23+182.7 | 0.05
Chest CT 0 (none) 7 5.4 9.1 0.001
category, %° 1(<25%) 43 60.7 20.5°

2 (25-49%) 31 21.4 43.27

3 (50-75%) 18 12.5 25.7

4 (>75%) 1 0.0 23

Abbreviations: BMI, body mass index; RT-PCR, reverse-transcriptase polymerase chain reaction; CT, computed tomography; OD, olfactory dysfunction.
Notes: Values are expressed as the mean =+ standard deviation or percentage (%). Bold numbers indicate statistical significance.

*p-value < 0.05 from analysis of variance and the Pearson chi-squared or Fisher exact tests within the groups without and with OD. Olfactory

dysfunction = subjective anosmia/hyposmia. 'Angiotensin-converting-enzyme inhibitors, diuretics, and vasodilators. 2Samples collected at another
hospital. >From symptom onset to RT-PCR. *per mm3. >mg/dL. ®mg]liter. “U]liter. 8Multifocal ground-glass opacities and consolidation as disease severity.
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Table 2 Neurological symptoms of hospitalized patients with COVID-19

oD

Overall without with p-value

(N=100) (N=56) (N=44)
Delay, days' 1.48 +3.41 1.39+3.48 1.55+3.39 0.84
Neurological symptom, % 80 64.3 100 <0.001
Ageusia/hypogeusia? 50 12.5 97.7 <0.001
Vision impairment 11 8.9 13.6 0.45
Dizziness® 24 16.1 34.1 0.03
Irritability 12 7.1 18.2 0.09
Impaired consciousness® 18 23.2 11.4 0.12
Confusion 9 8.9 9.1 0.97
Muscle weakness® 2 1.8 2.3 1
Myalgia 31 23.2 40.9 0.05
Headache 16 12.5 20.5 0.28
Orthostatic intolerance® 49 37.5 63.6 0.01
Frequency

Never 51 62.5 36.4" 0.02

Rarely 14 12.5 15.9

Occasionally 19 17.9 20.5

Frequently 15 7.1 25"

Almost always 1 0 2.3
Intensity 0.01

None 51 62.5" 36.4"

Mild 23 23.2 22.7

Moderate 20 12.5 29.5*

Severe 6 1.8" 1.4 0.03
Xerophthalmia’ 20 12.5 29.5 0.03
Xerostomia 71 64.3 79.5 0.09
COMPASS-31 TWS (0-100) 16.69+11.52 12.92 +13.72 20.90+23.47 0.002
TWS minus Gl (0-75) 13.82+9.71 10.58 £12.16 17.21+£20.26 0.003

Abbreviations: COMPASS-31, Composite Autonomic Symptom Score 31;
gastrointestinal; Cl, confidence interval; OD, olfactory disfunction.

TWS, total weighted score; () or parenthesis, maximum possible score; Gl,

Notes: Values expressed as the mean =+ standard deviation or percentage (%). Bold numbers indicate statistical significance. *p-value < 0.05.
Categorical variables analysis performed by the Pearson chi-squared or Fisher exact tests. Continuous variables and odds ratio analysis performed by
generalized linear model within the groups without and with OD. Olfactory dysfunction = subjective anosmia/hyposmia. 'Onset of illness to

manifestation. 20R =301, 95%Cl 35.59 to 2,545.42. >0OR = 2.70, 95%Cl 1.

04 to 6.96. “Syncope, seizure, daytime sleepiness, insomnia. >Due to acute

cerebrovascular disease. ®°OR=2.91, 95%C| 1.28 to 6.61. 7OR=2.93, 95%Cl 1.05 to 8.16.

were fatigue (42.9%), gustatory (35.4%) and olfactory (25.3%)
dysfunctions, 10% headache (10%), and dizziness (6.7%) in
another meta—an.‘alysis.14 An European multinational study
with 6,537 SARS-infected patients reported the frequency of
headache (18.5%), impaired sense of smell (9.0%) and
taste (12.8%), and delirium (6.7%). The patients were
mostly hospitalized in complicated/critical (53%) and
uncomplicated phases.”’

As expected, the three most frequent diseases found in
our patients are risk factors for COVID-19, which seem to
negatively affect the clinical course and morbimortality
outcomes, but this is not definitely clear.?? Our groups

Arquivos de Neuro-Psiquiatria

without and with OD were demographically similar, but
the one with OD constituted a majority of those with
hypertension, diabetes, and a higher extension on chest
imaging.

The SARs-CoV-2 upregulates ACE2 expression in patients
with hypertension, which can increase blood pressure and
determine pneumonia. As diabetes has impaired T-cell func-
tion and increased interleukin-6, pneumonia-like symptoms
can exist in these patients with COVID-19.23 The association
between COVID-19 and hypertension has generated consid-
erable discussion. Hypertension is normally accompanied
by many comorbidities that are major factors for disease
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Table 3 Comorbidity profile of hospitalized patients with COVID-19

oD
Overall without with p-value
(N=100) (N=56) (N=44)

Associated medical disease, %
Hypertension 60 50 72.7 0.02
Diabetes mellitus 40 25 59.1 0.001
Obesity (BMI > 30 kg/m?) 33 32.1 34.1 0.83
Smoking history' 25 26.8 22.7 0.64
Cardiac diseases? 23 25 20.5 0.59
Chronic pulmonary disease® 10 12.5 6.8 0.34
End-stage renal disease 31 30.4 31.8 0.87

Kidney transplantation 24 23.2 25 0.83

Hemodialysis 7 7.1 6.8 1
Malignancy 9 8.9 9.1 0.97
Asthma 7 3.6 11.4 0.23
Vasculiti? 7 8.9 4.5 0.46
Cerebrovascular 7 3.6 11.4 0.23
Peripheral artery and aneurysm 2 0 4.5 0.37
Falciform anemia 2 1.8 2.3 1
Pulmonary tuberculosis 1 1.8 0 1
Other? 24 30.4 15.9 0.09
Charlson Comorbidity Index grade, % 0.64
None (CCI=0) 9 10.7 6.8 0.49
Mild (CCl=1-2) 26 26.8 25 0.84
Moderate (CCl =3-4) 39 41.1 36.4 0.63
Severe (CCl > 5) 26 21.4 31.8 0.24

Abbreviations: BMI, body mass index; CCl, Charlson Comorbidity Index; OD, olfactory disfunction.

Notes: Values expressed as the mean =+ standard deviation or percentage (%). Bold numbers indicate statistical significance. * p-value < 0.05 from
analysis of variance and the Pearson chi-squared or Fisher exact tests within the groups without and with OD. Olfactory dysfunction = subjective
anosmia/hyposmia. 'Former and current. 2Coronary heart disease, chronic chagasic cardiopathy, arrhythmia, congestive heart failure. *Obstructive
and restrictive. *Sarcoidosis, systemic sclerosis, systemic sclerosis, and lupus. Infectious diseases (HIV, hepatitis, syphilis, schistosomiasis); cerebral
palsy; Parkinson disease; cocaine addiction; alcohol abuse; chronic pancreatitis; and other comorbidities.

severity, and there is little evidence of ACE inhibitors influ-
encing tissue expression or activity of ACE2 in humans.?

The increased risk of hyposmia after recovery of patients
with type 2 diabetes and mild pneumonia associated with
COVID-19, as well as animal experiments, indicate that
diabetes could dampen the first-line defense of nasal immu-
nity. There is an impaired nasal-associated lymphoid tissue
immunity in diabetes type 2.2> The extended autonomic
system includes the neuroendocrine and neuroimmune
systems.18 The link between diabetes and OD is controver-
sial. Adults with diabetes on more aggressive treatments
showed a trend toward severe hyposmia/anosmia in the
pocket smell test, without an association between disease
duration and self-reported symptoms.’® There were no
differences in an objective odor test between patients with
and without chronic complications of diabetes.?’

The slightly increased autonomic load in our sample might
be explained, at least partially, by diabetes. The COMPASS-31
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scores in all the groups of this study were lower than those of
diabetics with cardiovascular autonomic neuropathy and
polyneuropathy.?® A cut-off of 28.67 indicates autonomic
dysfunction in diabetes.? Even though the symptoms were
interrogated during COVID-19, and despite the confounders,
such as medication side effects and dehydration, diabetes was
a possible factor for orthostatic intolerance in our study.

The elevated frequency of ageusia/hypogeusia in those with
OD in our study was likely due to gustatory function being
mediated through the sense of smell, pain perception, and
somatosensory pathway. Elevated olfactory and gustatory
dysfunction occur in mild-to-moderate COVID-19 through
sense questionnaires. Of the 18.2% of patients without nasal
obstruction or rhinorrhea, 79.7% had OD.’ Chemosensory loss
of smell and taste occurred in outpatients with influenza-like
symptoms and COVID-19.3°

Our frequency of headache was a quarter of the one
detected in adult symptomatic patients with laboratory-
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confirmed COVID-19 from the northeast of Brazil, whose
characteristics were usually bilateral and severe, but rarely
continuous. We found a comparable frequency of anosmia/
hyposmia and ageusia/hypogeusia, but not the elevated risk of
headache in those with impairment of smell and taste.®

The autonomic symptoms can arise as para- and post-
infectious manifestations, especially in viral infections such
as herpes simplex and mononucleosis. A case-control study
from Colombia showed that in Zika virus outbreaks, the
COMPASS-31 was elevated, mainly in the orthostatic, secre-
tomotor, and bladder domains, about 63 weeks after disease
onset.’

Two-thirds of the patients with anosmia/hyposmia had
orthostatic intolerance answering to: vocé se sentiu tonto,
desorientado, aéreo ou teve dificuldade de pensar quando
levantou apos ter ficado sentado ou deitado? (did you feel
dizzy, disoriented, lightheaded or had difficulty thinking
when you got up from sitting or lying down?). They had a
2.9-fold higher risk, compared to those without anosmia/
hyposmia. Orthostatic intolerance was more frequent and
more intense in those with anosmia/hyposmia. This mul-
tifactorial symptom is associated with hyperadrenergic
state and hypovolemia, among other factors that may
have been present in COVID-19. Similarly, the elevated
frequency of xerostomia could be associated with different
causes.

Our COMPASS-31 score is almost 2-fold higher in healthy
individuals than noted in previous studies, and another
analysis reduced the overstatement of gastrointestinal
symptoms as a bias. As the patients were asked about the
presence and progression of such symptoms during COVID-
19, our findings confirm these symptoms in the acute
disease, especially in patients with subjective OD. Our scores
are comparable to those of outpatients with post-COVID,
using the same instrument. Orthostatic hypotension and
hyposmia/hypogeusia occurred in 13.8 and 37.1% of
them;’ autonomic symptoms may start within the first
weeks of illness, or after hospital discharge.'?-3%:33

The most frequent autonomic symptoms in patients
referred to autonomic testing after COVID-19 were ortho-
static such as lightheadedness (93%) and headache (22%).
Orthostatic intolerance without tachycardia or hypotension
was more frequent than postural orthostatic tachycardia
syndrome.3* Cardiovascular reflex alterations in early
COVID-19 without associated diseases were remarkable in
those with mild disease or with confirmed interstitial
pneumonia. Orthostatic hypotension frequency was 33%.1

Impaired consciousness occurred in 18% of our sample.
Syncope and presyncope occurred around 4.2% in COVID-19,
mainly due to unexplained causes.>® As a deficient compen-
satory heart rate increase was observed in a few patients
with syncope during the acute hypocapnic hypoxemia,
researchers hypothesize that SARS-CoV-2 could have caused
ACE2 internalization in midbrain nuclei changing the baror-
eflex and chemoreceptor responses.3®

The neuropathogenesis in COVID-19 includes a direct
attack on the nervous system, and indirect effects of systemic
factors, with postinfectious immune-mediated complica-
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tions.>” The neurotropism of SARS-CoV-2 may partially
contribute to respiratory failure.3® Older adults and those
with multiple diseases have reduced homeostatic capabili-
ties. The happy or silent hypoxemia, a term applied to the
deficient blood oxygenation without dyspnea, is a blood-gas
disorder that may occur due to an autonomic impairment.
The allostasis, coordinated alterations to maintain homeo-
stasis, is present in COVID-19 stress response.?’9

In conclusion, this study has limitations. Data collection
was during the increasing rate of cases. To reduce the risk of
in-hospital contamination, owing to the access of units with
and without COVID-19 cases, it was not possible to recruit
controls. We could not use objective methods to measure
sense functions. We were unable to collect the duration of
flow oxygen therapy, which excites nerve endings (common
chemical sense) to cause burning sensations. They can
confound taste symptoms and xerostomia. Given the small
number of patients without diabetes, but with anosmia, a
subcategory analysis was not possible.

The COVID-19 neurological complications are associated
with a poor in-hospital outcome and a high risk of mortality.*®
However, the growing evidence of OD as a prognostic marker
of better in-hospital outcome for patients with COVID-19 was
not observed in this study, probably due to the sample size
(~Supplementary Material).*

The causes underlying the neurological symptoms of
inpatients with COVID-19, especially those with associated
diseases, can be multiple and unclear. Our results reinforce
that they can be related to the COVID-19 itself, comorbidities,
pharmacotherapies, and other factors. Given that the symp-
toms may persist, their recognition is critical to recovery,
mainly those not frequently explored. The management of
orthostatic symptoms could reduce the severity of chronic
illness in long-COVID.
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