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Background. - Medical publications about anosmia with COVID-19 are scarce. We aimed to describe the
prevalence and features of anosmia in COVID-19 patients.

Methods. - We retrospectively included COVID-19 patients with anosmia between March 1st and March
17th, 2020. We used SARS-CoV-2 real time PCR in respiratory samples to confirm the cases.

Results. - Fifty-four of 114 patients (47%) with confirmed COVID-19 reported anosmia. Mean age of the
54 patients was 47 (= 16) years; 67% were females and 37% were hospitalised. The median Charlson
comorbidity index was 0.70(+ 1.6 [0-7]). Forty-six patients (85%) had dysgeusia and 28% presented with
pneumonia. Anosmia began 4.4 (£ 1.9 [1-8]) days after infection onset. The mean duration of anosmia
was 89 (+6.3 [1-21]) days and 98% of patients recovered within 28 days.

Conclusions. - Anosmia was present in half of our European COVID-19 patients and was often associated

with dysgeusia.

© 2020 Elsevier Masson SAS. All rights reserved.

1. Introduction

Clinical description from coronavirus disease 2019 (COVID-19)
outbreak in China reveals that most patients (81%) present with
influenza-like illness (ILI) or mild pneumonia, and 19% of cases
experience severe or critical pneumonia | 1. Fever, cough, fatigue,
and myalgia are usually the main symptoms. The expression of
COVID-19 ILI seems non-specific; no specific symptom can lead to
suspecting a case without any notion of exposure [2-7]. A major
French cluster of COVID-19 began on March 1st, 2020 in the city
of Mulhouse, France (less than 30 miles from our hospital). After
clinical examination of the first patients, we noticed that many
cases reported anosmia. The description of anosmia and other ENT
symptoms is scarce with COVID-19. For instance, a recent review
on COVID-19 by ENT specialists on March 26 emphasised that ENT
symptoms were uncommon with COVID-19 as nasal congestion
and rhinorrhea were observed in less than 5% of cases. However,
they noticed that there were few reports of anosmia and dysgeu-
sia with no real description of symptoms |8]. Recently, in April,
descriptions of cases of anosmia in a multicentric cohort have been

* Corresponding author at: Department of Infectious Diseases, Nord Franche-
Comté Hospital, 90400 Trévenans, France
E-mail addresses: timothee klopfenstem@hnic fr (T. Klopfenstein),
souhail zayet@gmail com (S. Zayet).

https://doiorg/10.1016/j.medmal 2020.04.006
0399-077X/D 2020 Elsevier Masson SAS. All rights reserved.

associated with COVID-19 [9-11]. We aimed to describe the preva-
lence and features of anosmia in COVID-19 patients.

2. Method

We conducted a retrospective observational study in the NFC
(Nord Franche-Comté) hospital. Between March 1st and March 17th,
2020, we enrolled all adult patients (> 18 years) with confirmed
COVID-19 who were examined at the infectious disease consul-
tation or hospitalised in the hospital and who reported anosmia.
Pregnant women, children (< 18 years), and patients with demen-
tia (who cannot report functional symptoms) were excluded. We
stopped the study follow-up on March 24th, 2020.

Diagnosis was confirmed by real-time PCR (RT-PCR) on respi-
ratory samples, mainly nasopharyngeal swabs, sputum, bronchial
aspirates, or bronchoalveolar lavage fluids. Viral RNA was extracted
using the NucleoSpin® RNA Virus kit (Macherey-Nagel) according
to the manufacturer’s instructions, and amplified by RT-PCR pro-
tocols developed by Charité (E gene) | 12| and the Institut Pasteur
(RdRp gene) | 13] on LightCycler 480 (Roche). Quantified positive
controls were kindly provided by the French National Reference
Centre for Respiratory Viruses, Institut Pasteur, Paris.

Our national guidelines recommended home follow-up for
non-hospitalised patients |14]. Non-hospitalised and discharged
patients were called seven days (+ 7 days) after the first symp-
toms and every week until recovery to monitor clinical outcome.
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Data required for the study was collected from the medical files
of patients: age, sex, comorbidities, features of anosmia (date of
apparition since symptom onset, duration of anosmia), other symp-
toms, physical signs, and outcome. Usual descriptive statistics were
used. Categornical variables were expressed as numbers, percent-
ages, or mean. Continuous variables were expressed as mean with
standard dewviation (SD).

We aimed todescribe the prevalence and characteristics of anos-
mia in patients with confirmed COVID-19.

3. Results

Fifty-four of 114 patients (47%) with confirmed COVID-19
reported anosmia and were included in this study. Among these
54 patients, the mean age was 47 (< 16) years and 36 (67%) were
females. The median Charlson comorbidity index was 0.70 (£ 1.6
[0-7]). The most frequent comorbidities were asthma (13%, n=7),
artenal hypertension (13%, n=7), and cardiovascular disease (11%,
n=6). Other comorbidities were less frequent (Table 1) and no
patient had chronic obstructive pulmonary disease (COPD).

Among the 54 patients, the mean duration of anosmia was 8.9
(+6.3[1-21])days. Duration was > 7 days for 55%(24/44)and > 14
days for 20% (9/44) (Fig. 1): one patient (1/44) had not recovered
at the end of the follow-up (after 28 days). Anosmia was never the
first or second symptom to develop, but it was the third symptom
in 38% (22/52) of cases. Anosmia developed 4.4 (£ 1.9 [1-8]) days
after infection onset.

As for the other ENT symptoms, anosmia was associated with
dysgeusia in 85% of cases (n=46). Thirty-one patients had rhin-
orrhea (57%) and only 16 patients (30%) had nasal obstruction.
Epistaxis, unnitus, and hearing loss were uncommon (< 15%).

As for other symptoms, seven symptoms were present in more
than half of patients: fatigue (93%, n=50), cough (87%, n=47),
headache (82%, n=44), fever (74%, n=40), myalgia (74%, n=40),
arthralgia (72%, n=39), and diarrhea (52%, n = 28). Other symptoms
were less present (Table 1).

Fifteen (28%) patients received a clinical diagnosis of pneumo-
nia with COVID-19. Their oxygen saturation was at 94.6% [+ 4.6)
at admission. More than a third of our patients (37X, n=20) were
hospitalised, including five patients (9%) in the intensive care unit
(ICU). Four patients (7%) had oxygen saturation < 90% at admission,
11 patients (20%) needed oxygen therapy during hospitalisation,
and two patients (4%) died.

4. Discussion

A multicentric European study published on April 6 conducted
by Lechien et al. reported 357 patients with olfactory dysfunction
related to COVID-19 | 11]. We mostly used this publication to dis-
cuss our results, as it is the only publication with a large cohort of
patients with COVID-19-related olfactory dysfunction.

The mean age of our population was 47 (+ 16) years, and 67%
were females. The prevalence of asthma in our study was > 10%
and we did not have any COPD patient, which is uncommon
in patients with COVID-19. Patients with anosmia seemed to be
younger with a predominance of females, they had fewer comor-
bidities with a lower Charlson comorbidity index (< 1), and more
often presented with asthma in comparison with the population
usually described with COVID-19; the same population character-
istics were described by Lechien et al.

Until recently, ENT symptoms had not been reported with
COVID-19, except for nasal congestion and rhinorrhea [2-8].
However, 54 (47%) of our 114 COVID-19 patients reported anos-
mia. Lechien et al. reported anosmia in 86% (n=357/417) of
their patients, This higher frequency may be explained by their

Table 1
C bidities, symp and of the 54 p with
Comorbidités, symptémes et devenir des 54 patients anosmiques
Charactenstics Number (%)
Medical history
Age (Y). mean (SD) 47 (216)
Sex
Female 36 (67%)
Male 18 (33%)
Current smoking 6(11%)
Comorbadities
Artenal hypertension 7(13%)
Cardiovascular disease” 6(11%)
Diabetes 2(4x)
Asthma 7(13%)
corp” 0(6%)
Malignancy 2(4%)
Immunosupression’ 1(4%)
Charlson comorbidity index: mean (SD) 070(+16,[0-7])
ENT symptoms
Rhinorrhea 31(57%)
Nasal obstruction 16 (30%)
Epistaxis 6(11%)
Dysgeusia 46 (85%)
Tinnitus 6(11%)
Hearing loss 4(7%)
Other symptoms
Fever measured > 38 € 40 (74%)
Feeling of fever 12 (22%)
Highest temperature (T C): mean (SD) 386(208)
Fatigue 50 (93%)
Myalgia 40 (74%)
Arthralgia 39(72%)
Sore throat 23 (43%)
Headaches 44 (82%)
Conjunctival hyperemia 2(4%)
Tearing 4(7%)
Dry eyes 2(4%)
Blurred vision 4(7%)
Sneezing 18(33%)
Cough 47 (87%)
Sputum production 12 (22%)
Hemoptysis 3(6%)
Dyspnea 21 (397)
Respiratory rate > 22/min 10(19%)
Sat 0z at admission (1) 946(+£46)
Auscultation with crackling sounds 15 (28%)
Nausea 19 (35%)
Vomiting 3(6%)
Diarrhea 28 (52%)
Abdominal pain 15 (28%)
Outcome
Hospitalisation 20(37%)
Haspitalisation in the intensive care unit 5(9%)
Oxygen therapy 11(20%)
Death 2(4%)
* Defined by: cardiac faslure, cardiac arrhythmia, coronary heart disease, stroke,
peripheral arterial ob tive di L and th boembolic disease.

¥ Chronic obstructive pulmonary disease
¢ Defined by transplantation, curthosis, long-term sterosd therapy, and

population profiles, which were ambulatory cases that consulted
at ENT consultations (patients with a mean age of 37 [£114]
years without cardiovascular comorbidities) and for whom it is
probably easier to relate functional symptoms than patients with
oxygen therapy or critical patients. Anosmia was therefore a fre-
quent symptom in COVID-19 patients in our French study and
in this European study. However, few descriptions of ENT symp-
toms are available, especially in Asian studies. These differences
between Asia and Europe should be discussed. We made several
assumptions. First, the theoretical possibility of a mutation of SARS-
CoV-2 viral genome associated with a clinical impact, but not yet
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Fig. 1. Recovery time for patients with anosmia (n =43 patients, 10 patients did not remember duration until recovery and one patient did not recover after 28 days).
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described. On the other hand, it is difficult to precisely report ENT
symptoms of critical patients. These symptoms may seem of less
importance when considering the potential severity of the disease
[15]. Finally, Lechien et al. discussed the affinity of SARS-CoV-2 for
tissues and individual possible genetic features. Their main argu-
ment was that the angiotensin-converting enzyme 2 (as receptor
of SARS-CoV-2) can be specific to an ethnic group.

Anosmia was associated with dysgeusia in 85% of cases and
in more than half of cases with rhinorrhea (57%). However, 70%
of our patients with anosmia did not present with nasal obstruc-
tion. This leads to suspecting another pathogenesis for anosmia
than mechanical nasal obstruction. In addition, anosmia during
viral rhinitis with nasal obstruction usually resolves within three
days | 16], while we observed a mean duration of anosmia of nine
days. The concept of anosmia after viral infection is known as post-
infectious/post-viral olfactory loss (POL). Different kind of viruses
can induce POL, including coronaviruses such as HCoV-229E [17].
However, medical literature data indicates that the duration of POL
can be long: a study of 63 patients with POL reported that after one
year 80% of patients had subjective recovery [ 18]. In our study. only
one patient did not recover at the end of the study follow-up (after
a follow-up of 28 days): 80% of our patients recovered within 14
days. Compared with POL the outcome of COVID-19-related acute
anosmia most frequently seems favourable in the short term.

Our patients had the same other symptoms (other than ENT
symptoms) as those reported in other studies | 2-7|. However, just
like Lechien et al., we observed that diarrhea was reported in more
than 50% of patients. Except for one study (occurrence of 33%), the
occurrence of diarrhea is <20% in the medical literature [19]. The
frequency of diarrhea seems to be high in patients with anosmia.

One of our study limitations was the limited number of patients.
However, our study is, to our knowledge, the main monocentric
cohort of confirmed COVID-19 patients with anosmia in France and
in the medical literature. Our results are similar to those published
by the recent multicentric European study performed by Lechien
etal.

5. Conclusion

COVID-19-related anosmia is a new description in the medical
literature. Half of the patients with COVID-19 present with anos-
mia. Anosmia is associated with dysgeusia in more than 80% of
cases. The outcome seems favourable in less than 28 days. This
notion needs to be communicated to the medical community,

pas de la durée et 1 patient éait towjours anosmigue & J28).
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Smell dysfunction: a biomarker for COVID-19
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Severe acute respiratory syndrome-
coronavirus-2 (SARS-CoV-2), the virus that causes coro-
navirus disease 2019 (COVID-19), is responsible for the
largest pandemic since the 1918 influenza A virus subtype
HiIN1 influenza outbreak. The symptoms presently recog-
nized by the World Health Organization are cough, fever,
tiredness, and difficulty breathing. Patient-reported smell
and taste loss has been associated with COVID-19 infection,
yet no empirical olfactory testing on a cohort of COVID-19
patients has been performed.

Methods: The University of Pennsylvania Smell Identifica-
tion Test (UPSIT), a well-validated 40-odorant test, was ad-
ministered to 60 confirmed COVID-19 inpatients and 60
age- and sex-matched controls to assess the magnitude and
frequency of their olfactory dysfunction. A mixed effects
analysis of variance determined whether meaningful differ-
ences in test scores existed between the 2 groups and if the
test scores were differentially influenced by sex.

Results: Fifty-nine (98%) of the 60 patients exhibited some
smell dysfunction (mean [95% CI] UPSIT score: 2098 [19.47,
22.48); controls: 34.10 [33.3), 34.88); p < 0.0001). Thirty-

five of the 60 patients (58%) were either anosmic (15/60;
25%) or severely microsmic (20/60; 33%); 16 exhibited mod-
erate microsmia (16/60; 27%), 8 mild microsmia (8/60; 13%),
and 1 normosmia (1/60; 2%). Deficits were evident for all 40
UPSIT odorants. No meaningful relationships between the
test scores and sex, disease severity, or comorbidities were
found.

Conclusion: Quantitative smell testing demonstrates that
decreased smell function, but not always anosmia, is a
major marker for SARS-CoV-2 infection and suggests the
possibility that smell testing may help, in some cases, to
identify COVID-19 patients in need of early treatment or
quarantine. © 2020 ARS-AAOA, LLC.
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ecently there have been numerous reports in the media
that anosmia occurs in persons who have contracted

coronavirus disease 2019 (COVID-19) by exposure to the
severe acute respiratory syndrome-coronavirus-2 (SARS-
CoV-2) virus. These include 1 published single case report,’
and self-report surveys from Germany,” Great Britain,’
Iran,* Italy,’ and the United States,® with smell loss re-
ports ranging from 34% to 68% of COVID-19-positive pa-
tients. Otorhinolaryngology authorities have warned that
loss of smell and taste, in combination with other symp-
toms, appears to be a strong predictor of COVID-19
infection.”*

To date, validated quantitative olfactory testing has not
been performed in a cohort of COVID-19 patients to

including the test usad in this study. A K-T. s a medical advisor to Cobel
Darou in Iran. The ather authors have nothing to disclose
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verify or determine the true magnitude of their deficits
and whether less-than-total loss occurs in some patients.
Moreover, the proportion of COVID-19 patients exhibit-
ing true olfactory disturbances is unknown. Most studies
suggest that, in general, a significant number of persons
with smell loss are unaware of their deficit unul formal
testing” and thar self-reports of both smell and taste abil-
ities correlate poorly with the results of quantitative smell
and taste tests,'!!

In this case-control study, we administered the Persian
version of the 40-item University of Pennsylvania Smell
Identification Test (UPSIT)** to 60 confirmed COVID-19
patients and 60 age- and sex-matched controls to assess
the presence, magnitude, and frequency of their olfactory
dysfunction. We determined whether the smell loss was
related to the sex of the subjects and inquired, for those
patients who were aware of their dysfunction before testing,
when they first noticed their chemosensory disorder.

Patients and methods
Subjects

The age, sex, comorbidities, smoking status, and com-
plaints of chemosensory dysfunction of the 120 study par-
ticipants are presented in Table 1. The 60 SARS-COV-
2-positive subjects had been admitted with the symptoms
of COVID-19 to the Masih Daneshvari Hospital, Tehran,
Iran, between March 21, 2020, and March 23, 2020, or
March 31, 2020, and Apnl 5, 2020. At the ume of the ol-
factory testing, all were inpatients in the recovery period of
the disease and were ready to be discharged within 4 days.
The study was explained in detail to 68 such patents, of
which 8 declined to participate (ie, the participation rate
was 88%).

The control subjects were from a database of 141 subjects
collected in Iran for an earlier study. They were tested in the
olfactory laboratory of the Institute for Research in Fun-
damental Sciences, Tehran, Iran, and comprised a conve-
nience sample obtained from e-mail lists, flyers, and word of
mouth. None had influenza or common cold symptoms at
the nme of testing. The recruitment period for this database
(August 8, 2019, to February 13, 2020) preceded the first
reported confirmed cases of COVID-19 in Iran (February
19, 2020). A control subject was individually matched as
closely as possible to each COVID-19 patient. Exact age
matches were possible for 34 subjects, 1-year differences
for 22 subjects, and 2-year differences for 4 subjects. In
cases where >1 match was possible, the first match n the
database sequence was used.

Informed written consent was obtained from each patient
and control, and the study protocol was approved by the
local ethics committee and the Iranian Ministry of Health
(icense number IR.SBMU.NRITLD.REC.1399.013).
All testing was performed with the highest regard for
examiner safety with appropriate personal protective
equipment.

TABLE 1. Patient and control subject demographics

P mist
COVID-19 probability

Parameter patients Controls test)

Sample size, n 60 80

Age (years), mean = SD  |46.55 + 12.17|46.55 + 12.07

Gender (male/female), n 4020 40120

Smoker (current/never), n 258 11/49 0.016

Taste/smell complaints, n 27 0 0.001

Comorbidities, n
Asthma 3 0 0.244
Atherosclerosis 0 2 0.496
Autoimmune disease Iy 0 0.119
Carcinoma 5 0 0.4%
Cangenital melanocyfic nevi 1 0 1.000
Diabetes 8 0 0.007
Hemophilia 0 1 1.000
Hepatic failure 0 1 1.000
Hyperlipidemia 1 1 1.000
Hypertension 6 5 1.000
Hypothyroidism 4 2 0679
Migraine 0 1 1.000
Osteoporosis 0 1 1.000
Sinusitis 2 0 0.496

*Significant p differences indicated in bold.
<A e di cluded Behcet's dsease in combination with Crohn's

disease (n = 1), multiple scl {n = 2), and rhev d arthrits (n = 1).
“Prostate and cervical cancers.

y in rare cases, changes in dosage and medications may have occurred
during the course of inpat , MOst pa d on ther pread-
mission medications.

COVID-19 = coronswrus disease 2019, SD = standard deviation.

Diagnosis and clinical severity classification
of COVID-19 patients

COVID-19 diagnosis was based on the COVID-19 detec-
tion protocol of Masih Daneshvan Hospital. All of the
patients underwent 16-slice chest computed tomography
(CT) imaging (Scope Power Siemens CT Scan, Munich, Ger-
many) and had positive chest CT findings.'* Subsequently,
the diagnosis of COVID-19 disease was confirmed by quan-
titative detection of SARS-CoV-2 RNA using the real-time
reverse-transcription polymerase chain reaction (rRT-PCR)
in respiratory specimens.'* The RT-PCR assays were per-
formed using Sansure Biotech’s 2019-nCoV 30-Minute Nu-
cleic Acid Reagent Kits (Sansure Biotech, Inc., Development
Zone, Changsha, China). The respiratory specimens were
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collected from the patients’ nasopharyngeal wash/aspirate
or nasal aspirate.

COVID-19 clinical severity was classified as mild, mod-
erate, or severe according to the Massachusetts General
Hospital COVID-19 treatment guidance algorithm.'* Mild
clinical COVID-19 presentation was defined as having oxy-
gen saturation (Sp0O,) >90% along with or without risk
factors. Moderate clinical COVID-19 presentation was
considered for patients who had at least 1 epidemiolog-
ical risk factor along with a risk factor in vital signs or
laboratory findings at the admission point of time. Pa-
tients in the intensive care unit (ICU) or with progres-
sive disease were classified as having severe clinical pre-
sentation of COVID-19. Epidemiological risk factors in-
cluded age =355 years or preexisting pulmonary disease,
chronic kidney disease, diabetes with glycated hemoglobin
{Alc) >7.6%, history of hypertension or cardiovascular
discase or transplant, or immunosuppression or human
immunodeficiency virus (HIV). Risk factors of vital signs
comprised respiratory rate >24 breaths/minute, heart rate
=125 beats/minute, and SpO; <90% on ambient air. In
laboratory findings, fibrin degradation product D-dimer
=>1000 ng/mL, creatine phosphokinase (CPK) more than
twice the upper limit of normal, C-reactive protein (CRP)
=100 mg/L, lactate dehydrogenase (LDH) =245 U/L, el-
evated troponin, admission absolute lymphocyte count
<0.8, and ferritin =300 pug/l.. For COVID-19 patients
with mild disease with SpO, =90%, supportive care
was provided and hydroxychloroquine administration was
started (200 mg twice per day [BID| x 2 doses, then
100 mg BID for 5 days). For the patients with moder-
ate to severe COVID-19 presentations, lopinavir/ritonavir
200/50 mg BID for up to 10 days) was prescribed.
In patients with progressive COVID-19 disease admit-
ted to the ICU, intravenous immunoglobulin (IVIG) at
standard dose of 0.5 g/kg/day daily for § days was
administered.'®

Olfactory testing

A modified and validated Persian version of the UPSIT was
administered in this study (Sensonics International, Had-
don Heights, NJ). The UPSIT is a well-validated and reliable
(test-retest r = 0.94) test that employs microencapsulated
“scratch and sniff” odorants.!’'%!71% It provides an in-
dex of absolute dysfunction (ie, anosmia, severe microsmia,
moderate microsmia, mild microsmia, normosmia, malin-
gering), as well as relative dysfunction based upon age-
and gender-adjusted normative percentile ranks. The to-
tal number of odorant stimuli out of 40 that is correctly
identified serves as the test measure. Scores on this test
correlate well with other types of olfactory tests, includ-
ing threshold tests.'” Although the UPSIT is designed to be
self-administered, to be certain that the COVID-19 patients
correctly performed the test during the limited clinical time
window, the testing was assisted by a trained examiner.

40 -
30 -
o
o mean:
2 34.10
= 201
w
a
o
10 1
mean:
20.98
0 - -
Healthy Control COVID-19

FIGURE 1. UPSIT scores of the COVID-19 patients compared to those of
healthy controls. The distribution of the participants’ scores in each group
is depicted in violin plot. The white circles indicate the median of the score
for each group. COVID-19 = coronavirus disease 2019; UPSIT = University
of Pennsylvania Smell Identification Test.

Statistical analyses

Statistical analyses were performed using either SYSTAT 13
(Systat Software, Inc., San Jose, CA)*” or MATLAB 2019b
(The MathWorks, Inc., Natick, MA). A subject group by
gender mixed factor analysis of variance (ANOVA) was
used to determine whether the UPSIT scores differed signif-
icantly between the patient and control groups and whether
gender influenced the test scores. Standard ANOVAs were
used to compare other means. Differences in frequencies
were assessed using the Fisher’s exact probability test.

Results

The COVID-19 patients’ non-mutually exclusive present-
ing symptoms were fever (n = 46, 77%), cough (n = 35,
58%), shortness of breath (n = 31, 52%), headache (n =
22, 37%), myalgia (n = 5, 8%), sweating (n = 2, 3%),
shivering (n = 2, 3%), anorexia (n = 2, 3%), stomachache
(n =1, 2%), and tinnitus (n = 1, 2%). The mean (95%
CI) time between the onset of symptoms and the olfactory
testsing was 12.76 (11.47, 14.06) days.

The UPSIT testing revealed that, relative to controls and
published normative data, the COVID-19 patients exhib-
ited marked olfactory dysfunction. Thus, as illustrated in
Figure 1, the mean (95% confidence interval [CI]) UP-
SIT score for the COVID-19 patients was 20.98 (19.47,
22.48), reflecting severe microsmia,>! whereas the mean
UPSIT score (95% CI) for the age- and sex-matched con-
trols fell within the normal range (34.10 [33.31, 34.88];
ANOVA group main effect F [1,58] = 232.99, p < 0.0001,
n* = 0.80). The COVID-19 deficit was not specific to any
1 UPSIT odorant, being evident for all 40 stimuli (Fig. 2).

Importantly, all but 1 of the 60 patients with COVID-19
had some degree of measured olfactory dysfunction (98%).
Thirty-five of the 60 patients (58%) were either anosmic
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PRSP

ODORANT

FIGURE 2. Performance on individual UPSIT odorants for the COVID-19
patients and matched healthy controls. Note that dysfunction was evident
for all 40 UPSIT odorants. Performance for each group is calculated as the
percent of individuals having correctly identified the odorant. COVID-19 =
coronavirus disease 2019; UPSIT = University of Pennsylvania Smell Identi-
fication Test.

TABLE 2. Classification of olfactory function of the UPSIT
scores of COVID-19 patients and matched controls

COVID-19 V Controls n | UPSIT score

UPSIT fi gory P n (%) (%) range
Normosmia 12 49 (82) 31-40
Mild microsmia 8(13) 11(18) 28-30
Moderate microsmia 16 (27) 0 24-27
Severe microsmia 20 (33) 0 17-23
Anosmia 15 (25) 0 6-16
Probable malingering 0 0 0-5

COVID-19 = coronavirus disease 2019, UPSIT = University of Pennsylvania Smell
Identification Test.

(15/60; 25%) or severely microsmic (20/60; 33%); 16/60
(27%) exhibited moderate microsmia, 8/60 (13%) mild mi-
crosmia, and 1/60 (2%) normosmia according to Persian-
adjusted UPSIT norms (Table 2).%" This contrasts markedly
from the controls, of which 49 of 60 (82%) were normal
with the remaining 11 of 60 (18%) having only mild bor-
derline dysfunction. Relative to the normal controls, the
11 controls with mild borderline dysfunction tended to be
disproportionately men (10/11 [91%] vs 30/49 [61%]:p =
0.08) of older age (respective mean ages [95% Cls) = 51.18
[42.63, 59.73] and 45.51 [42.11, 48.90]; p = 0.18). Even
though there was a tendency for women, overall, to outper-
form men on the UPSIT (respective mean |95 % CI) UPSIT
scores: 22.55 [20.13, 24.97] and 20.20 [18.27, 22.13; F
[1,58] = 3.82, p = 0.055, »* = 0.06), this was unrelated
to COVID-19 (sex by group interaction F [1,58] = 0.396,

Thirty-five percent (21/60) of the COVID-19 patients re-
ported a loss in either smell or taste function, with 12%
(7/60) reporting smell loss only, 7% (4/60) taste loss only,

TABLE 3. Relationship between COVID-19 clinical disease
severity and mean (95% Cl) scores on the UPSIT

UPSIT score
COVID-19 disease severity n (%) mean (95%CI)
Mild 25 (42) 22.04 (20.11-24.72)
Moderate 29 (48) 19.69 (17.24-21.99)
Severe 6(10) 22.83(17.65-25.77)

Cl = confidence interval; COVID-19 = coronavirus disease 2019; UPSIT = Univer-
sity of Pennsylvania Smell Identification Test.

and 17% (10/60) both taste and smell loss. There was no
significant difference between UPSIT scores of patients who
were aware or unaware of their chemosensory loss (p =
0.28). All 21 reported that the onset of the olfactory dys-
function occurred at the same time or immediately after the
onset of their other COVID-19 symptoms. None reported
recognizing any smell or taste deficits prior to their other
COVID-19 symptoms, namely fever, cough, or shortness
of breath. In the healthy control group, none of the partic-
ipants reported any smell or taste problems.

As shown in Table 1, significantly fewer smokers were
present in the COVID-19 group than in the control group
(2/60 vs 11/60; p = 0.016). Eight patients with diabetes
were present in the COVID-19 group, unlike the control
group (8/60 vs 0/60; p = 0.007). However, the respective
mean (95% CI) UPSIT scores for COVID-19 patients with
and without diabetes did not differ (21.38 [18.18, 24.56|
vs 20.92 [19.32, 22.62], respectively; F [2,57] = 1.43,
p = 0.24, n* = 0.05). No association of UPSIT scores with
discase severity, as per the Massachusetts General Hospi-
tal COVID-19 treatment guidance algorithm, was apparent
(Table 3; F [2,57] = 1.45, p = 0.24, n* = 0.05).

Discussion

This study quantitatively evaluated olfaction in a sizable
cohort of patients diagnosed with the SARS-CoV-2 virus
infection. By employing a well-validated 40-item smell test,
COVID-19 patients were able to be classified into dis-
tinct categories of olfactory dysfunction, with 35 of 60
(58%) exhibiting either anosmia or severe microsmia. In
the present study, only 35% of the patients were aware
of their olfactory deficit before testing, a percentage near
to that of 34% reported in an interview with COVID-19
inpatients in Italy,’ but lower than those reported in 2 on-
line surveys (59%* and 68%%). This difference between
self-report rate and quantified smell assessment conceiv-
ably reflects a disproportionate sampling of hospital ad-
mitted cases and/or the well-documented underestimation
of self-reported smell and taste dysfunction present for the
general population™'? and for such discases as Alzheimer’s
disease (AD)'! and Parkinson’s disease (PD).***? In gen-
eral, smell loss is most noticeable when marked loss, such
3 esils 11,22 .
as anosmia, is present.' = It should be pointed out that
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the present study’s sample resembles the demographic and
clinical characteristics of COVID-19 patients reported in
a compilation of 43 studies involving 3600 patients,>*
implying it is likely representative of COVID-19 patients
in general.

The basis for the smell loss due to SARS-CoV-2 is not
entirely clear, although it is well established that viruses
and other xenobiotics can damage the olfactory neuroep-
ithelium. Indeed, acute viral upper respiratory viral infec-
tions that damage this epithelium are the major cause of
chronic olfactory dysfunction and numerous viruses are
known to enter the brain through cellular and pericellular
transport via this epithelium.?’ In North America, the peak
period of non-influenza—related smell loss, including that
possibly due to coronaviruses, occurs during the months of
April, May, and June, whereas influenza-related smell loss
peaks in December, January, and February.® Currently,
the prevalence of COVID-19 in North America seems to
follow a similar function to that observed for olfactory
deficits due to other viruses, including other coronaviruses.
What seems unique, however, is that nearly everyone who
contacts COVID-19 appears to exhibit measurable loss of
smell seemingly independent of severe nasal congestion or
inflammation.

Although SARS-CoV-2 has the ability to enter epithe-
lial cells by directly binding to the angiotensin converting
enzyme 2 (ACE2) protein on the cell surface,”” olfactory
receptor cells do not express ACE2, as well as another
gene involved in SARS-CoV-2 entry (TMPRSS2), unlike
epithelial sustentacular and stem cells.?® Thus, damage to
the olfactory receptors may be mediated indirectly through
SARS-CoV-2 uptake into other cells critical for sustain-
ing the olfactory receptor cell population. For example,
olfactory ensheathing glial cells that surround the olfac-
tory receptor cell axons and form the olfactory fila are 1
candidate by which ACE2-independent virus transfer can
occur into olfactory receptor neurons by way of exosomes.
A possible scenario suggests that at this point olfactory re-
ceptor neurons may initiate a rapid immune response in
the host with the manifestation of olfactory dysfunction.®”
That being said, the olfactory neuroepithelium has con-
siderable propensity for regeneration if the stem cell layer
is not markedly damaged®”=? — regeneration that is likely
related to spontaneous improvement in olfactory function
over time.*?

It is of interest that significantly fewer smokers were
found in our COVID-19 cohort than in the control co-
hort. Our findings correspond with studies that report cur-
rent smokers as rare as 1.4% and 1.3% in Chinese®* and
U.S.*° COVID-19 patient populations, respectively. A re-
cent study reported that smoking upregulated the expres-
sion of ACE-2 in the airways, potentially predisposing
individuals to increased risk of coronavirus infection
but, paradoxically, protecting the host against acute lung
injury.’® Interestingly, nonsmokers appear to be much more
susceptible than smokers to olfactory dysfunction from
industrial exposures to acrylate and methacrylate’” and

smoking appears to protect, to some degree, against the
olfactory loss of PD.** Future research is needed to deter-
mine to what degree the reported low frequency of smok-
ers in COVID-19 populations is impacted by selection bias
(eg, more smokers may have died before reaching the hos-
pital) and reverse causation (ie, cessation of smoking in
patients with severe symptoms prior to entering the hos-
pital, thereby being counted as nonsmokers). The latter is
unlikely in our study, however, because each patient was
specifically asked whether they currently smoked or had
smoked in the past.

The complaint of taste loss by a small number of our
COVID-19 patients most likely reflects, to a significant de-
gree, damage to the olfactory system, rather than damage
to the taste buds or taste afferents, per se. Thus, the vast
majority of individuals who clinically present with com-
plaints of taste loss actually exhibit smell dysfunction, in-
cluding those with a viral etiology.? Taste bud—-mediated
sensations are largely limited to the basic taste qualities of
sweet, sour, bitter, salty, and umami. With the exception
of such sensations, all “tastes™ are flavor sensations from
olfactory receptor stimulation by volatiles entering from
the nasopharynx during deglutition.*” This tendency for
many persons with smell loss to misconstrue their prob-
lem as taste loss®® must be considered in studies relying
only on self-report. Future research employing quantitative
taste tests is clearly needed to definitively establish whether
SARS-CoV-2 also can damage taste afferents or, in rare
cases, more central taste-related brain regions.

More men than women were present in our sample, in
accord with the reported demographic and clinical charac-
teristics of COVID-19 patients.>* However, the magnitude
of olfactory dysfunction, as measured by the UPSIT, was
essentially the same in both sexes. This implies that there is
little or no protection from being a female in terms of the
degree to which SARS-CoV-2 damages the olfactory sys-
tem, in accord with some other studies of postviral olfac-
tory deficits.*! If this observation is confirmed with larger
samples, it would appear that the olfactory dysfunction of
COVID-19 differs from that of AD and PD, where women
significantly outperform men.'!2%3%

It is important to note that the COVID-19—positive pa-
tients evaluated in this study had severe enough symptoms
to be admitted to the hospital. It is unknown whether less
severe cases also exhibit the same degree of smell dysfunc-
tion as documented in this study, although within our hos-
pitalized cohort no relationship was evident between the
olfactory test scores and disease severity. This is similar to
what is seen in the smell loss of PD, where no clear associa-
tion is present between the magnitude of the classic motor
signs and the amount of olfactory dysfunction.??

Even though the COVID-19 patients in this study were
undergoing drug treatments for their disease, it is unlikely
that the involved drugs were a meaningful cause of their ol-
factory dysfunction. Despite the fact that a significant num-
ber of medications are reported to have taste side effects,**
alterations in smell function are relatively rare and have
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not been associated with hydroxychloroquine, lopinavir-
ritonavir, or IVIG. Because the same degree of smell func-
tion was evident among patients with COVID-19 taking
each of these medications, it is improbable that any one
medication would have produced the smell deficits observed
in this study.

Although RT-PCR was by far the frontline response to
the SARS-CoV-2 outbreak, the accuracy and conditions
under which the results of RT-PCR were achieved must
be kept in context, because a false-negative rate of at least
15% has been reported.***5 The present findings, along
with the wealth of anecdotal data, suggest that quantita-
tive testing of the sense of smell might serve as a rapid
and inexpensive alternative diagnostic means to screen for
COVID-19 in large numbers of individuals. Indeed, the
sensitivity and specificity of olfactory tests for COVID-19-
positive patients under the age of 65 years would seem to be
quite strong, because age-related changes in smell function
occur mainly after the age of 65 years.!”

The present study has both strengths and weaknesses.
Among its strengths are (1) the use of a sensitive test of
olfactory function that allows for determining different de-
grees of olfactory function, (2) testing of well-validated
COVID-19 patients whose clinical severity was well doc-
umented, and (3) the use of controls matched closely to
those of the patients on the basis of age and sex who were
sampled outside of the period in which COVID-19 was
first identified in Iran. Its major limitation is the sampling
of the study population at only 1 point in time relative
to the onset of COVID-19 symptoms. Future studies are
needed to establish (1) the exact time of onset of smell
symptoms, (2) whether the olfactory dysfunction is tran-
sient, long-lasting, or permanent, (3) whether such symp-
toms are evident in those who fail to develop other COVID-
19 symptoms, and (4) whether the deficits follow seasonal
patterns such as those noted for other virus-related cases

of smell dysfunction.*® Information as to permanency is of
considerable significance, because loss of the ability to smell
significantly impacts quality of life, the flavor of foods, and
beverages, and safety from spoiled food, fire, and leaking
natural gas. Importantly, smell loss can be a harbinger of
a number of neurological diseases, most notably AD and
PD—diseases which, in some cases, have been associated
with a number of viruses.***” Although the reasons are
poorly understood, older persons with smell loss are 3 times
more likely to die over the course of an ensuring half-decade
than older persons with a normal sense of smell.#*47

Conclusion

The present study provides a quantitative assessment of the
olfactory function of a cohort of patients with COVID-
19. Its findings strongly suggest that some degree of loss
of smell function is present in nearly all COVID-19 pa-
tients near the end of their acute recovery period. However,
anosmia, per se, was present in only about one-quarter of
COVID-19 positive patients in our sample, with about one-
third evidencing severe microsmia. In light of the current
findings and p ic envir , and the widespread
anecdotal evidence of smell dysfunction in COVID-19,
it does not seem unreasonable that testing the olfaction
of persons who may be at risk or have subtle COVID-
19 signs, such as low-grade fevers, may aid in identifying
COVID-19 patients who are in need of early treatment or
quarantine. @
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Association of chemosensory dysfunction and COVID-19 in patients
presenting with influenza-like symptoms

Carol H. Yan, MD' @ Farhoud Faraji,
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Background: Rapid spread of the severe acute respira-
tory syndrome-coronavirus-2 (SARS-CoV-2) and concern
for viral transmission by ambulatory patients with minimal
to no symptoms underline the importance of identifying
early or subclinical symptoms of coronavirus disease 2019
(COVID-19) infection. Two such candidate symptoms in-
clude anecdotally reported loss of smell and taste. Under-
standing the timing and association of smell/taste loss in
COVID-19 may help facilitate screening and early isolation
of cases.

Methods: A single-institution, cross-sectional study evalu-
ating patient-reported symptoms with a focus on smell and
taste was conducted using an internet-based platform on
adult subjects who underwent testing for COVID-19. Logis-
tic regression was employed to identify symptoms associ-
ated with COVID-19 positivity.

Results: A total of 1480 patients with influenza-like symp-
toms underwent COVID-19 testing between March 3, 2020,
and March 29, 2020. Our study captured 59 of 102 (58%)
COVID-19-positive patients and 203 of 1378 (15%) COVID-
19-negative patients. Smell and taste loss were reported
in 68% (40/59) and 71% (42/59) of COVID-19-positive sub-
jects, respectively, compared to 16% (33/203) and 17%

(35/203) of COVID-19-negative patients (p < 0.001). Smell
and taste impairment were independently and strongly as-
sociated with COVID-19 positivity (anosmia: adjusted odds
ratio [aOR] 109; 95% Cl, 5.08-23.5; ageusia: aOR 10.2;
95% Cl, 4.74-22), whereas sore throat was associated with
COVID-19 negativity (aOR 0.23; 95% Cl, 011-0.50). Of pa-
tients who reported COVID-19-associated loss of smell,
74% (28/38) reported resolution of anosmia with clinical
resolution of illness.

Conchskn. In ambulatory individuals with influenza-like
y dysfunction was strongly asso-
mhd with COVID-19 mfocbon and should be considered
when screening symptoms. Most will recover chemosen-
sory function within weeks, paralleling resolution of other
disease-related symptoms. € 2020 ARS-AAOA, LLC.
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he coronavirus disease 2019 (COVID-19) pan-

demic caused by severe acute respiratory syndrome-
coronavirus-2 (SARS-CoV-2) continues to spread at an
exponential rate with recent concerns of significant vi-
ral transmission through asymptomatic or mildly symp-
tomatic patients.’ Anecdotal reports suggest smell and taste
loss are potential early symptom or subclinical markers of
COVID-19 infection. A preliminary study from Iran
showed a significant increase in new-onset anosmia since
the COVID-19 outbreak.” An Italian report of 59 hos-
pitalized COVID-19 patients found that 33% reported a
chemosensory disorder.® However, it remains unclear if
these findings are unique to COVID-19 infections requiring
hospitalization, causally related to COVID-19 infection,
or simply due to more widespread recognition of postvi-
ral anosmia. Insight into the nming and association of
smell/taste loss and COVID-19 is critical because patients
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with acute anosmia may be otherwise asymptomatic carri-
ers of infection who may unwittingly facilitate the spread
of disease.

Patients and methods

Study design and population

A single institution, cross-sectional study evaluating
patient-reported symptoms with a focus on smell and taste
was conducted using an Internet-based platform (Qualtrics,
Provo, UT) on adult subjects who underwent polymerase
chain reaction (PCR)-confirmed testing for COVID-19 be-
tween March 3, 2020, and March 29, 2020. An initial
email invitation to a 27-question survey was sent to 102
subjects who tested COVID-19-positive and 1378 subjects
who tested COVID-19-negative, with a follow-up phone
call. Sense of smell at baseline, at the time of COVID-19
testing, and at the time of survey were assessed using a
subjective olfaction score. Questions were based off a con-
tinuous 10-point slide bar (0: no sense of smell, 10: normal
sense of smell), with scores from 1 to 9 indicating pro-
gressively increasing severity of hyposmia. This study was
approved by the Institutional Review Board of University
of California San Diego (IRB# 200485).

Statistical analysis

Categorical variables were evaluated by chi-square (x?)
test. Unadjusted odds ratios (ORs) with 95% confidence
intervals (CIs) were calculated by univariable logistic
regression, with COVID-19 test result considered as
the independent variable. Adjusted ORs (aORs) were
calculated using multivariable logistic regression analysis,
a priori criteria for variable inclusion in the multivariable
model included: (1) maximum of 6 variables to minimize
potential model overfitting; (2) magnitude of association
with COVID-19 positivity of at least 2-fold (ie, OR =
2.0 or OR = 0.5); (3) statistically significant associations
(p < 0.05); and (4) we prioritized “any symptoms” (eg,
any symptoms reported during the entire disease period)
over “presenting symptoms” (eg, initial symptoms of
presentation) because we had no a priori hypothesis for
the natural history of anosmia and thus believed that
inputting “any symptoms” for our multivariate correlation
analyses would be more sensitivity for establishing asso-
ciations between anosmia/ageusia and COVID-19 status.
Given the known colinear relationship between anosmia
and ageusia, each variable was adjusted separately as a
dependent variable. Goodness-of-fit was performed for
both final multivariable models (anosmia and ageusia).
All permutations of models tested showed p values >0.05,
demonstrating that goodness-of-fit of both final models as
evaluated by both Pearson’s method (anosmia p = 0.64,
ageusia p = 0.44), as well as Hosmel-Lemeshow’s method
(anosmia p = 0.36, ageusia p = 0.11), demonstrated that
our models fit the data well. Analysis was performed using
Stata 15.1 software (StataCorp, College Station, TX).

Results

A total of 59 COVID-19-positive (58% response rate)
and 203 COVID-19-negative subjects completed the survey
(15% response rate) between March 31, 2020, and April
3, 2020. Demographics and clinical characteristics of the 2
cohorts are summarized in Table 1. There were no differ-
ences in regard to age (grouped by decade) or rate of illness
improvement between the 2 groups. Hospital admission
rates were low and comparable in both groups (4/58 [7%)]
of COVID-19-positive patients and 14/200 [7%] COVID-
19-negative patients, x> test p = 0.98), with predominantly
ambulatory cases responding to the survey. The patients
who were later found to be COVID-19-negative were ad-
mitted for evaluation of fever and/or dyspnea. Sex distri-
bution in COVID-19-positive patients was balanced, but
was skewed toward females (65%) in COVID-19-negative
patients.

Olfactory and gustatory impairment was reported in
(40/59) 68% and (42/59) 71% of COVID-19—-positive
patients, respectively, compared to 16% and 17% of
COVID-19-negative patients ( x? test p < 0.001). Two
patients reported acute ageusia without acute anosmia due
to a preexisting history of baseline chronic rhinosinusitis—
associated anosmia. Self-reported symptoms associated
with COVID-19 positivity in order of descending fre-
quency included fatigue (81%), ageusia (71%), fever
(70%), anosmia (68%), myalgia or arthralgia (63%), diar-
rhea (48%), and nausea (27%). Sore throat was associated
with COVID-19 negativity (60% vs 32% in COVID-19-
positive patients). Fever was the most common presenting
symptom (54%), whereas 22% reported anosmia at initial
presentation of COVID-19-positive illness.

Compared to other symptoms of COVID-19 infection,
loss of smell and taste showed the largest magnitudes of
association with COVID-19 positivity (anosmia: OR 10.9;
95% CI, 5.6-21.0; ageusia: OR 11.9; 95% CI, 6.1-23.2,
Table 2, left column). Multivariable logistic regression
adjusting for myalgia/arthralgia, fatigue, fever, nausea, and
sore throat demonstrated that both smell and taste impair-
ment independently associated with COVID-19 positivity
(anosmia: aOR 10.9; 95% CI, 5.08-23.5; taste: aOR 10.2;
95% CI, 4.74-22.1, Table 2, middle and right columns).
Conversely, sore throat was independently associated with
COVID-19 negativity, with COVID-19-negative patients
being 4-fold to 5-fold more likely to report sore throat
as a symptom (aOR 0.23; 95% CI, 0.11-0.50). Beyond
smell loss, taste loss, and sore throat, only nausea was
found to be consistently and independently associated with
COVID-19 positivity. None of the evaluated comorbidities
listed in Table 1 associated with COVID-19 status.

Patterns of COVID-19-related olfactory/gustatory im-
pairment demonstrate a profound to complete anos-
mia/ageusia, with a significant majority achieving sponta-
neous improvement (Figs. 1 and 2). Notably, the degree of
COVID-19-related anosmia and ageusia correlate closely
in affected individuals. No patients in this study received
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TABLE 1. Baseline characteristics’
COVID-19-positive COVID-19-negative
(n = 59) (n = 203)
n (%) n (%) P

Age group’ 019
18-29 years 10(17.0) 26(12.9)
30-39 years 11(18.6) 67(33.2)
40-49 years 17(28.8) 39(19.3
50-59 years 9(15.3) 36(17.8
60-69 years 7019 19(9.4)
70-79 years 5(8.5) 10 (5.0)
=80 years 0 5(2.5)

Gender’ 0,033
Male 29(49.2) 69 (34.0)
Female 29(49.2 132 (65.0)
Gender diverse 1(1.7) 0

Improvement of iliness’ 0.66
No 8(13.6) 38(18.7)
Yes 50 (84.8) 162 (79.8)

Hospital admission’ 0.98
No 54 (93.1) 186 (93.0)
Yes 4(6.9) 14(7.0)

Any symptoms
Fatigue 48(81.4) 116(57.1) 0.001
Ageusia 42M. 35(17.2 <0.001
Fever 41(69.5) 87 (42.9) <0.001
Anosmia 40 (67.8) 33(16.3) <0.001
Cough 39 (66.1) 156 (76.9) 0.096
Headache 39 (66.1) 99 (48.8) 0.019
Myalgia/arthraigia 37(62.7) 65 (32.0) «<0.001
Dyspnea 32(54.2 88(43.49) 0.14
Diarrhea 28 (47.5) 50 (24.6) 0.001
Nasal obstruction 28 (47.5) 91(44.8) 0.72
Sore throat 19(32.2) 122 (60.1) «<0.001
Rhinorrhea 18 (30.5) 83(40.9) 0.15
Nausea 16(27.1) 23(1.3 0.004

Presenting symptoms
Fatigue 25(42.4) 62 (30.5) 0.089
Ageusia 12(20.3) 10(4.9) «<0.001
Fever 32(54.2 53(26.1) «<0.001

(Continued)
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TABLE 1. Continued

COVID-19-positive COVID-19-negative
(n=59) (n = 203)
n (%) n (%) P
Anosmia 13(220) 944 <0.001
Cough 21(35.6) 104 (51.2) 0.034
Headache 25(42.4) 40 (19.7) <0.001
Myalgia‘arthralgia 20(33.9) 39(192) 0.017
Dyspnea 7(11.9 47 (232) 0.059
Diarrhea 5(8.5) 16(7.9) 0.88
Nasal obstruction 11(18.6) 43212 067
Sore throat 10(17.0) 92 (45.3) <0.001
Rhinorrhea 6(10.2) 40 (19.7) 0.09
Nausea 3(5.1) 839 0.7
Comorbidities
Allergic rhinitis 20(339 77@319) 057
Other immunosuppressed state 9(15.3) 32(158) 0.92
Hypertension 8(136) 30(148) 0.82
Diabetes 5(8.5) 15(7.4) 0.78
Cardiac disease 3(5.1) 13(6.4) on
Chronic lung disease 3(5.1) 31(15.3) 0.04
Cancer 2(34) 10 4.9) 062
Sinus disease 2(34) 20 (9.9 0.12
History of head trauma 1.7 1364 0.16
Neurologic disease 0 63.0 0.18
"Differences in self-reported clinical feature distributions across COVID-19-positive and COVID-19-negative p were eval d by chi-square test with p values

reported in the right column,

“One patient did not answer question on age group. All other reported results based on 100% response rates.
*Two patients did not answer question on gender. All other reported results based on 100% response rates.
“Four patients did not answer question on improvement of iliness. All other reported results based on 100% response rates.

9Four patients did not answer ion on h | admi

treatment for olfactory or gustatory loss. Among COVID-
19-positive subjects who experienced smell loss, 29 of 40
(72.5%) reported improvement at time of survey (18% by
<1 week, 37.5% by 1 to 2 weeks, 18% by 2 to 4 weeks).

The majority of COVID-19-positive patients had im-
provement of olfaction and taste that temporally correlated
with clinical resolution of illness (Fig. 3A). Seventy-four
percent (28/38, 2 failed to respond) of affected patients
reported both improvement of olfactory dysfunction and
overall illness symptoms. Those who did not experience
improvement in smell also had not felt improvement in
other clinical symptoms. Four patients reported clinical im-
provement without olfactory improvement; however, these
patients were less than 2 weeks from onset of symptoms,
Similarly, of those who reported no improvement of smell
loss, 82% were diagnosed <2 weeks prior (Fig. 3B).

All other reported results based on 100% response rates.

Discussion

This study shows the prevalence and unique presentation
of chemosensory impairment in COVID-19-positive com-
pared to COVID-19-negative individuals, both presenting
with similar influenza-like symptoms. We found a signif-
icant association between smell/taste loss and COVID-19
infection because these chemosensory impairments were at
least 10-fold more common in COVID-19-positive cases,
Of those who reported olfactory dysfunction, the loss was
typically profound rather than mild. Despite the slightly
higher reported incidence of ageusia compared to anosmia,
we know that loss of taste is linked with one’s loss of smell
and the differences in reporting can be attributed to the few
patients with baseline rhinosinusitis-induced anosmia.

We have also shown that most patients reported im-
provement of smell and taste at the time of the survey,
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TABLE 2. Self-reported clinical feature associations with COVID-19-positivity”
Parameter OR (95% C) P sOR@s%CI’ P 20R (95% C1° P
Age group (years) 0.72 (0.33-1.60) 043
Gender 0.53 (0.30-0.96) 0.036
Improvement of iliness 1.47 (0.64-3.35) 0.36
Hospital admission 0.98(0.31-3.11) 098
Any symptoms
Ageusia” 11.86 (6.06-23.19) <0001 - — 10.23 (4.74-22.09) <0.001
Anosmia’ 10.85 (5.60-21.01) <0.001 10.92 (5.08-23.53) <0.001 —_ —
Myalgia/arthralgia’ 3.57 (1.95-6.54) <0.001 1.74 (0.79-3.84) 017 1.53(0.71-3.33) 0.28
Fatigue’ 3.27 (1.61-6.67) 0.001 1.53(0.61-3.84) 037 1.23 (0.50-3.04) 0.66
Fever 3.03 (1.63-5.65) <0.001 1.55 (0.71-3.40) 0.27 1.67 (0.77-3.60) 0.19
Nausea™ 2.91(1.42-5.98) 0.004 2.86 (1.16-7.01) <0.001 2.71(1.07-6.83) 0.035
Diarrhea 2.76 (1.51-5.05) 0.001 — — —_ —_
Headache 2.05(1.12-3.75) 0.02 = — —_ —
Dyspnea 1.55 (0.86-2.77) 0.064 == = = =
Nasal obstruction 1.11 (0.62-1.99) 0.72 — — — —
Rhinorrhea 0.63(0.34-1.18) 0.09% —_ - —_ —_
Cough 0.59 (0.31-1.10) 0.098 —_ —_ —_ —_
Sore throat’ 0.32 (0.17-0.58) <0.001 0.20 (0.09-0.44) <0.001 0.23(0.11-0.50) 0,001
Presenting symptoms
Fatique 1.67(0.92-3.04) 0.091
Ageusia 4.93(2.01-12.10) <0001
Fever 3.35(1.84-6.11) <0.001
Anosmia 6.09 (2.46-15.11) <0.001
Cough 0.53 {0.29-0.96) 0.036
Headache 3.00 (1.61-5.58) 0.001
Myalgia/arthralgia 2.16(1.13-4.10) 0.019
Dyspnea 0.45 (0.19-1.05) 0.084
Diarrhea 1.08 (0.38-3.09) 0.88
Nasal obstruction 0.85 (0.41-1.78) 067
Sore throat 0.25 (0.12-0.51) <0.001
Rhinorrhea 0.46 (0.19-1.15) 0.096
Nausea 1.31(0.34-5.09) 0.70

d ORs) and multivariabl

d for a

*Associations of self-reported dlinical feature associations to COVID-19-status were tested using univariable (left column, reporting unadi.
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FIGURE 1. Temporal association of olfactory score and COVID-19 testing. Spaghetti plot of all COVID-19-positive individuals (n = 59) reporting olfactory
scores (0: no sense of smell, 10: normal sense of smell) at baseline, at time of COVID-19 diagnosis, and at ime of survey completion (post-COVID-19 diagnosis
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improvement. COVID-19 = coronavirus 2019; SEM = standard error of the mean.

typically less than 2 weeks postdiagnosis. Similarly, the
overall symptoms of disease improved or resolved during
that time frame. In select cases (10%), patients reported
early resolution of clinical symptoms without return of ol-
faction. It is possible that some of these individuals may
regain sense of smell with more time because 82% of them
had been tested for COVID-19 less than 2 weeks prior.
Overall, these findings may offer reassurance that patients
with ambulatory COVID-19 infection and associated anos-
mia/hyposmia may recover olfactory function within weeks
paralleling resolution of other disease-related symptoms.
Of the COVID-19—positive respondents in this study,
most did not require hospitalization, and none required
intubation, suggesting that a relatively mild subset of
COVID-19 infection was captured. This is in contrast to
the hospital-based survey of COVID-19 infections by Gia-
comelli et al.? that reported rates of chemosensory loss at
one-half the level of our subjects. This suggests that ambula-
tory and inpatient COVID-19 cases may follow fundamen-
tally different clinical courses. We hypothesize that perhaps
ambulatory cases are in part the result of nasal-centric vi-
ral spread, whereas patients requiring hospitalization may

be experiencing a more pulmonary-centric viral infection
leading to increased rate of respiratory failure and need for
hospitalization. Future studies are warranted to investigate
this hypothesis because, if found to be true, beyond poten-
tial screening markers for COVID-19 infection positivity,
anosmia/ageusia may carry some prognostic potential on
severity of disease.

Postviral anosmia is a common cause of smell loss in
adults and is known to be associated with many human
viral strains, including other coronaviruses.* Early studies
evaluating mechanisms of SARS-CoV2-mediated olfactory
loss have suggested neurotrophic targeting of olfactory neu-
rons vs infection of non-neural olfactory epithelial cells.*®
The short-lived COVID-19-related olfactory loss found in
our study favors a model in which SARS-CoV2 targets the
olfactory epithelium, which can rapidly regenerate and re-
pair after viral clearance.

Larger-scale studies on epidemiologically balanced
datasets are warranted to accurately determine the
overall incidence and prevalence of COVID-19-related
anosmia’hyposmia, and to determine its predictive value
for COVID-19 infection. This study is limited by a
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short sampling period at a single institution, as well as
the subjective assessment used to determine smell/taste
impairment. Furthermore, by surveying respondents after
COVID-19 testing, we risk post hoc interpretations of
smell and rtaste loss through their knowledge of their
diagnosis, a potential recall bias especially in the context
of pervasive anecdotal reports of COVID-19-related
anosmia. Specifically, it remains possible that patients with
smell loss in the COVID-19-positive group were more
likely to respond based on media reporting of smell loss
and/or desire to share their experience, as compared to the
COVID-19-negative group. However, the comparison of
clinical characteristics and outcomes between the COVID-
19-positive and COVID-19-negative cohorts was valuable
in determining true associations because all individuals
were deemed persons under investigation (PUIs) prior to
study enrollment and demonstrated minor differences in
baseline characteristics beyond COVID19 status. One must
also consider the sensitivity and potential false-negativity
of the PCR-based COVID-19 assays. Two of our subjects
had previously tested negative for COVID-19 infection
and subsequent testing resulted in a positive test.

In this study, olfaction was evaluated using a subjective
olfaction score of 1 to 10 because a true visual analog
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Abstract

Objective To investigate the occurrence of olfactory and gustatory dysfunctions in patients with laboratory-confirmed
COVID-19 infection.

Methods Patients with laboratory-confirmed COVID-19 infection were recruited from 12 European hospitals. The follow-
ing epidemiological and clinical outcomes have been studied: age, sex, ethnicity, comorbidities, and general and otolaryn-
gological symptoms. Patients completed olfactory and gustatory questionnaires based on the smell and taste component of
the National Health and Nutrition Examination Survey, and the short version of the Questionnaire of Olfactory Disorders-
Negative Statements (sQOD-NS).

Results A total of 417 mild-to-moderate COVID-19 patients completed the study (263 females). The most prevalent general
symptoms consisted of cough, myalgia, and loss of appetite. Face pain and nasal obstruction were the most disease-related
otolaryngological symptoms. 85.6% and 88.0% of patients reported olfactory and gustatory dysfunctions, respectively.
There was a significant association between both disorders (p <0.001). Olfactory dysfunction (OD) appeared before the
other symptoms in 11.8% of cases. The sQO-NS scores were significantly lower in patients with anosmia compared with
normosmic or hyposmic individuals (p=0.001). Among the 18.2% of patients without nasal obstruction or rhinorrhea,
79.7% were hyposmic or anosmic. The early olfactory recovery rate was 44.0%. Females were significantly more affected
by olfactory and gustatory dysfunctions than males (p=0.001).

Conclusion Olfactory and gustatory disorders are prevalent symptoms in European COVID-19 patients, who may not have
nasal symptoms. The sudden anosmia or ageusia need to be recognized by the international scientific community as important
symptoms of the COVID-19 infection.

Keywords Coronavirus - COVID - COVID-19 - SARS-CoV-2 - Anosmia - Smell - Hyposmia - Dysgeusia - Taste - Loss -
Gustatory - Olfactory - Olfaction - Infection - ENT
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has led to steep curves of onset in many areas [3]. Accord-
ing to the clinical studies from Asia, the most prevalent
symptoms consist of fever, cough, dyspnea, sputum pro-
duction, myalgia, arthralgia, headache, diarrhea, rhinor-
rhea, and sore throat [4, 5]. The spread of the COVID-19
infection in Europe has highlighted a new atypical presen-
tation of the disease: patients with olfactory and gustatory
dysfunctions. The occurrence of smell dysfunction in viral
infections is not new in otolaryngology. Many viruses may
lead to olfactory dysfunction (OD) through an inflamma-
tory reaction of the nasal mucosa and the development
of rhinorrhea: the most familiar agents being rhinovirus,
parainfluenza Epstein—Barr virus, and some coronavirus
|6, 7]. However, olfactory dysfunction linked to COVID-
19 infection seems particular as it is not associated with
rhinorrhea.

Over the past few weeks, some European otolaryngolo-
gists observed that many patients infected by SARS-CoV-2
presented with severe olfactory and gustatory dysfunctions
without rhinorrhea or nasal obstruction. At baseline, no
COVID-19 was suspected in some of these patients, because
they had no fever, cough, or other systemic complaints.
Faced with numerous reports from otolaryngologists all
around Europe, the Young-Otolaryngologists of the Inter-
national Federation of Oto-rhino-laryngological Societies
(YO-IFOS) decided to conduct an international epidemio-
logical study to characterize olfactory and gustatory disor-
ders in infected patients.

The aim of this study is to investigate and characterize the
occurrence of olfactory and gustatory disorders in patients
with laboratory-confirmed COVID-19 infection.

Materials and methods

Three ethics committees approved the current study protocol
(HAP2020-011; CHUSP20032020; EpiCURA-2020-2303).
Patients were invited to participate and the informed consent
was obtained.

Subjects and setting

The clinical data of patients with laboratory-confirmed
COVID-19 infection have been collected from four Belgian
Hospitals (CHU Saint-Pierre, Brussels; CHU Ambroise
Paré, Mons; EpiCURA, Baudour; EpiCURA, Ath), and
University of Mons (Belgium). In addition to these ones,
many other patients, infected physicians and nurses have
been voluntarily enrolled in the study from the following
hospitals: Foch Hospital (Paris, France); Ambroise Paré

@ Springer

Hospital (AP-HP, Paris), CHU Ambroise Paré (Mons, Bel-
gium), Hospital Universitario Donostia (Donostia, Spain);
Hospital Universitario Santiago de Compostela (Santiago
de Compostela, Spain); Morgagni Pierantoni Hospital
(Forli, Italy), Department of Neuroscience, Audiology Unit
(Padova University, Treviso, Italy), and Medical Depart-
ments of the Universita degli Studi della Campania ‘Luigi
Vanvitelli’ (Naples, Italy).

The following inclusion criteria have been considered:
adult (> 18 years old); laboratory-confirmed COVID-19
infection (reverse transcription polymerase chain reaction,
RT-PCR); native speaker patients, and patients clinically
able to fulfill the questionnaire. The following exclusion
criteria have been considered: patients with olfactory or
gustatory dysfunctions before the epidemic; patients with-
out a laboratory-confirmed COVID-19 infection diagnosis;
patients who were in the intensive-care unit at the time
of the study (due to their health status). Thus, we mainly
included mild-to-moderate COVID-19 patients, defined as
patients without need of intensive cares. Since we focused
on the prevalence of olfactory and gustatory disorders,
clinical presentation was not considered in as inclusion
criteria.

Clinical outcomes

Clinical data have been prospectively collected during the
car, nose, and throat (ENT) consultation; in the patient's
room; or over the phone for house-bound patients or infected
health professionals. The data were also collected through an
online form for house-bound patients. The online question-
naire was created with Professional Survey Monkey (San
Mateo, CA, USA), so that each participant could complete
the survey only once.

The selection of the relevant epidemiological and
clinical features composing the questionnaire was car-
ried out by the COVID-19 Task Force of YO-IFOS, which
includes otolaryngologists from North America, Europe,
and Asia [8]. Experts analyzed the epidemiological
publications of the current and the previous coronavi-
rus infections, including SRAS-CoV-1 (2002); Middle-
East respiratory syndrome-related coronavirus infection
(MERS-CoV, 2012), and the COVID-19 infection. From
the literature, ten experts (JRL, SS, MH, JHS, PL, TA,
LD, FEA, CCH, and CMCE) developed the question-
naire, which consisted of four general questions (age, sex,
ethnicity, and date of diagnosis); three general clinical
questions (comorbidities, general, and ENT symptoms
associated with COVID-19 infection); seven questions
about olfactory function; four questions investigating
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gustatory function; and one question about the treatment
of the COVID-19 infection. All patients were asked to
complete the short version of the Questionnaire of Olfac-
tory Disorders-Negative Statements (sQOD-NS) [9]. The
questionnaire has been translated into Spanish, Italian,
and English by two native speaker owlaryngologists for
each language.

Olfactory and gustatory outcomes

The occurrence of anosmia or hyposmia has been identified
in the questionnaire. The impact of olfactory dysfunction
on the quality of life (QoL) of patients has been assessed
through the validated sQOD-NS (Appendix 1) [9]. This is a
seven-item patient-reported outcome questionnaire includ-
ing social, eating, annoyance, and anxiety questions. Each
item is rated on a scale of 0-3, with higher scores reflecting
better olfactory-specific QoL. The total score ranges from ()
(severe impact on QoL) to 21 (no impact on QoL.) [9]. The
rest of the olfactory and gustatory questions were based on
the smell and taste component of the National Health and
Nutrition Examination Survey [10]. This population survey
was implemented by the Centers for Disease Control and
Prevention to continuously monitor the health of adult citi-
zens in the United States through a nationally representa-
tive sample of 5000 persons yearly [10]. The questions
have been chosen to characterize the variation, timing, and
associated symptoms of both olfactory and gustatory dys-
functions, and, therefore, they suggest a potential etiology.
Note that we assessed the mean recovery time of olfaction
through four defined propositions: 1-4 days; 5-8 days;
9-14 days; and > 15 days.

Referring to the studies that have demonstrated that the
viral load was significantly decreased after 14 days [11],
we assessed the short-term olfaction non-recovery rate on
patients exhibiting double criteria: an onset of the infec-
tion > 14 days before the assessment and the lack of general
symptoms at the time of the evaluation.

Statistical methods

Statistical Package for the Social Sciences for Windows
(SPSS version 22,0; IBM Corp, Armonk, NY, USA) was
used to perform the statistical analyses. The potential
associations between epidemiological, clinical and olfac-
tory and gustatory outcomes have been assessed through
cross-tab generation between two variables (binary or
categorical variables) and Chi-square test. Incomplete
responses were excluded from analysis. The differences
in sQOD-NS scores between patients regarding the olfac-
tory dysfunction were made through the Kruskal-Wallis
test. A level of p <0.05 was used to determine statistical
significance.

Results

A total of 417 patients completed the study. The mean age
of patients was 36.9+ 11.4 years (range 19-77). There
were 263 females and 154 males. The following ethnicities
composed the cohort: European (93.3%), South American
(2.7%), Sub-Saharan African (2.2%), Black African (1.4%),
Asian (0.2%), and North American (0.2%) (Table 1). The
most prevalent comorbidities of patients were allergic rhi-
nitis, asthma, high blood pressure, and hypothyroidism
(Fig. 1). The mean time between the onset of the infection
and the evaluation was 9.2 +6.2 days. At the time of the
study, 34.5% of patients were in the acute phase of the infec-
tion, whereas the rest of the patients did not yet have general
symptoms.

Clinical outcomes

The general symptoms of patients during the infection are
described in Fig. 2. Cough, myalgia, loss of appetite, diar-
rhea, fever, headache, and asthenia were the most prevalent
symptoms, accounting for more than 45% of patients. The
otolaryngological symptoms most related to the infection
are reported in Table 2.

Olfactory outcomes

A total of 357 patients (85.6%) had olfactory dysfunction
related to the infection. Among them, 284 (79.6%) patients
were anosmic and 73 (20.4%) were hyposmic. Phantosmia
and parosmia concerned 12.6% and 32.4% of patients during
the disease course, respectively. The olfactory dysfunction
appeared before (11.8%), after (65.4%) or at the same time
as the appearance of general or ENT symptoms (22.8%).
Note that 9.4% of patients did not remember the time of
onset of olfactory dysfunction and, therefore, were not con-
sidered for the percentage evaluation.

Considering the 247 patients with a clinically resolved
infection (absence of general and ENT symptoms), the olfac-
tory dysfunction persisted after the resolution of other symp-
toms in 63.0% of cases. The mean time between the onset
of the disease and the assessment of this group of patients
was 9.77 +5.68 days.

The short-term olfaction recovery rate, which was
assessed in 59 clinically cured patients, was 44.0%. The dif-
ferent recovery times of the olfactory function of patients
who reported a recovery of the olfactory function are avail-
able in Fig. 3. In total, 72.6% of these patients recovered
olfactory function within the first 8 days following the res-
olution of the disease. Among the patients who reported
anosmia, then, excluding hyposmic patients, the olfactory
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Table 1 Demographic and epidemiological characteristics of patients

Characteristics Mean+SD Range
Age (years old) 369114 19-77
Characteristics Number Percentages
Gender
Male 154 36.9
Female 263 63.1
Ethnicity
European 389 933
Asian 1 0.2
Black African 6 14
Sub-Saharan African 9 2.2
North American 1 0.2
South American 1 26
Oceanian 0 0.0
Addictions
Non-smoker 361 86.6
Mild smoker (1-10 cigarettes daily) 40 9.6
Moderate smoker (11-20 cigarettes daily) 16 38
Heavy smoker (> 20 cigarettes daily) 0 0.0
Allergic patients 85 204
SD standard deviation
"
'+
"4
"’
0+

Fig. 1 Comorbidities of COVID-19 patients. The ordinate axis con-
sists of percentages of patients with comorbidities in the cohort.
Respiratory insufficiency consists of COPD, emphysema, fibrosis, or
other chronic disease associated with a respiratory insufficiency. Neu-

@ Springer

rological diseases include Parkinson disease, myasthenia, multiple
sclerosis, and all degenerative diseases. COPD chronic obstructive
pulmonary disease, CRS chronic rhinosinusitis, GERD g pha-
geal reflux disease
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Fig. 2 General symptoms associated with COVID-19 infection. The axis ¢ of p ges of patients with such symptoms associ-
ated with the infection
Table2 Otolaryngological Not related Somewhat related Highly related
complaints associated with
COVID-19 Infection (0 n (2) (3) (4)
Nasal obstruction 131(31.49) 91 (21.88) 77(18.51) 67 (16.11) 50(12.02)
Rhinorrhea 154 (37.11) 122 (29.40) 81(19.52) 40 (9.64) 18 (4.34)
Postnasal drip 203 (48.80) 97(23.32) 61(14.66) 26(6.25) 29(6.97)
Sore throat 192 (46.15) 96 (23.08) 57(13.70) 38(9.13) 33(7.93)
Face pain/heaviness 198 (47.60) 66 (15.87) 59(14.18) 39(9.38) 54(12.98)
Ear pain 310(74.52) 45 (10.82) 32(7.69 16 (3.85) 13(3.13)
Dysphagia 24 (22.64) 40(37.74) 24(22.64) 11 (10.38) 7 (6.60)
Dyspnea 218 (52.40) 83 (19.95) 61 (14.66) 35(840) 19 (4.57)

Percentages are in brackets. Patients had to rate each of the following symptoms in terms of their relation-
ship with your COVID-19 infection (scale: 0-4, where 0=not related, 4 =highly related)

function recovered throughout the 8 first days following the
resolution of the disease in 67.8% of cases (Fig. 3).

In the present study, 76 patients did not suffer from nasal
obstruction or rhinorrhea (18.2%). Among them, 20.3% did
not report olfactory dysfunction, whereas 66.2% and 13.5%
suffered from anosmia and hyposmia, respectively,

The impact of olfactory dysfunction on patient QoL is
reported in Table 3. Anosmic patients at the time of the

evaluation had a significant lower sSQOD-NS score com-
pared with hyposmic and normosmic individuals (p=0.001:
Kruskal-Wallis).

Gustatory outcomes

A total of 342 patients (88.8%) reported gustatory disorders,
which was characterized by impairment of the following four
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Fig.3 Pattern of recovery 45
time for patients with olfac-
tory dysfunction. The ordinate 40

axis consists of percentages
of patients. The patients with

hyposmia or anosmia had the 1
following recovery times a =3
1-4 days (33.0%), 5-8 days 3o
(39.6%), 9-14 days (24.2%),
and more than 15 days (3.3%). 2%
The patients with anosmia had
the following recovery times 20
b 1-4 days (20.3%), 5-8 days
(47.5%), 914 days (28.8%),
and more than 15 days (3.4%) 15
10
5
o »
14 days
50
L
© 4
»
15
10 ¢
s +
0+
14 days

taste modalities: salty, sweet, bitter, and sour. Note that 32
patients did not remember if they had gustatory dysfunction
and, therefore, they were not considered for the assessment
of the gustatory disorder prevalence. The gustatory dysfunc-
tion consisted of reduced/discontinued or distorted ability to
taste flavors in 78.9% and 21.1% of patients, respectively.

Among the 43 patients without gustatory dysfunction, 19
(44.2%) have no olfactory dysfunction, whereas 16 (37.2%)
and 4 (9.3%) patients had anosmia or hyposmia.

The olfactory and gustatory disorders were constant and
unchanged over the days in 72.8% of patients, whereas they
fluctuated in 23.4% of patients. Among the patients who

Q Springer

A
i
5.8 days 914 days . >15 days
I B
38 days 914 days *15 days

reported gustatory and olfactory disorders, 3.8% revealed
that these disorders occurred during their rhinorrhea or nasal
obstruction episodes,

Among the cured patients who had residual olfactory
and/or gustatory dysfunction, 53.9% had isolated olfactory
dysfunction, 22.5% had isolated gustatory dysfunction, and
23.6% had both olfactory and gustatory dysfunctions.

Olfactory and gustatory outcome associations

There was no significant association between comorbidities
and the development of olfactory or gustatory dysfunctions.
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Table 3 Short version of questionnaire of olfactory disorders-negative of patient

Short version QOD-NS items Anosmia Hyposmia No LS
Changes in my sense of smell isolate me socially 1.68+£091* 2.34%0.75 2.53+0.65
The problems with my sense of smell have a negative impact on my daily social activities 1.37+0.93* 211 £0.84 2.56+0.69
The problems with my sense of smell make me more irritable 1.46+0.92¢ 221 +0.82 2.64+0.59
Because of the problems with my sense of smell, I eat out less 1,30+ 1.09* 2124099 231+ 1.4
Because of the problems with my sense of smell, I eat less than before (loss of appetite) 1.00£0.88* 1.59+£0.97 2.36+0.90
Because of the problems with my sense of smell, I have to make more effort to relax 1.67 £0.88* 291 %0.79 2.61+0.60
1I'm afraid I'll never be able to get used to the problems with my sense of smell. 0.73£086% 1.90 £ 1.06 206+ 1.19
Short version QOD-NOS total score 9.15+4.60* 1444 £4.59 13.60+8.17

SQOD-NS is a seven-item patient-reported outcome questionnaire including social, eating, annoyance, and anxiety questions. Each item is rated
on a scale of 0-3, with higher scores reflecting better olfactory-specific QOL. The total score ranges from 0 (severe impact on QoL) to 21 (no
impact on QoL.) [9]. The item and total scores of sQOD-NS significantly differ between patients with anosmia at the time of the assessment, and

those with hyposmia or without olfactory dysfunction (*p=0.001)

LS loss of smell, sQOD-NS Short version of Questionnaire of Olfactory Disorders-Negative Statements

Olfactory dysfunction was not significantly associated with
rhinorrhea or nasal obstruction. There was a significant
positive association between olfactory and gustatory dys-
functions (p <0.001). The statistical analysis identified a
significant association between the fever and the anosmia
(p=0.014). The females would be proportionally more
affected by hyposmia or anosmia compared with males
(p <0.001). Similar results were found for gustatory dys-
function (p=0.001, Mann-Whitney U test).

Treatments of COVID-19 patients

The following general treatments have been considered for
patients with the COVID-19 infection: paracetamol (62.4%);
non-steroidal anti-inflammatory drugs (9.8%); nasal saline
irrigations (9.6%); Chloroquine (7.9%); mucolytics (5.0%);
and oral corticosteroids (1.4%, with concomitant antibiotics)
(Fig. 4). The treatments that have been most used for olfac-
tory dysfunction were nasal saline irrigations (16.7%); nasal
corticosteroids (8.1%), oral corticosteroids (2.5%), and oth-
ers (2.5%, e.g., vitamins, non-corticoid decongestants, and
trace elements) (Fig. 4). Gustatory dysfunction was treated
in 1.4% of patients: four patients received treatment, consist-
ing of L-carnitine or trace elements and vitamins. Telemedi-
cine has been used in 42.6% of patients for prescribing the
treatment.

Discussion

Over the past few weeks, an increasing number of otolaryn-
gologists reported sudden anosmia or hyposmia as concur-
rent symptoms of COVID-19 infection. In these patients,
the diagnosis of COVID-19 could be missed, because
these symptoms were not known to be specific. As a result,
the patients were not isolated and the spread of the virus

“ Nasal Saline Irmigations

Fig.4 Therapeutic strategies for COVID-19 infection (a) and olfac-
tory dysfunction (b)

continued. In this context, the COVID-19 Task Force of
the YO-IFOS has conducted this study to investigate the
prevalence and the short-term evolution of both olfactory
and gustatory disorders.

Based on the National Health and Nutrition Examina-
tion Survey questions, our results support that olfactory
and gustatory dysfunctions are both prevalent in patients
with mild-to-moderate COVID-19 infection. Thus, 85.6%
of patients reported olfactory dysfunction: 79.6% of them
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having anosmia. Interestingly, many profiles of patients have
been identified. First, our data showed that 79.7% of patients
without nasal obstruction or rhinorrhea reported hyposmia
or anosmia, supporting the role of otolaryngologists as the
first-line physicians for some COVID-19 patients. Second,
the vllactory dysfunction may appear before, during, or alter
the general symptoms, with the occurrence of fever being
associated with the olfactory dysfunction. There have been
few studies on the occurrence of olfactory and gustatory dys-
functions in Asia, since only one study reported hyposmia as
a symptom of the COVID-19 infection [12]. In the study of
Mao et al., patients with peripheral nervous system symp-
toms attributed to COVID-19 infection, the most common
the most common complaints were hypogeusia (5.6%) and
hyposmia (5.1%) [12]. According to the data of the present
study, the prevalence of olfactory and gustatory dysfunc-
tion is substantially higher in European COVID-19 patients.
In addition to the high prevalence, physicians must keep in
mind that olfactory disorder may appear before the rest of
the complaints in 11.8% of cases, yielding the symptoms
important for the early detection of the disease.

One of the most important questions from the otolaryn-
gologists concerned the recovery of olfactory and gustatory
functions. Although our results are still preliminary, it seems
that, at least, 25.5% of patients recovered both olfactory and
gustatory functions throughout the 2 weeks after the resolu-
tion of general symptoms. Considering the time to get a sig-
nificant reduction of the viral load [10], we have estimated
that 56% of patients have persistent olfactory dysfunction
over the days following the resolution of the COVID-19 gen-
eral clinical manifestations. In the same vein, some patients
seemed to recover olfaction, but not taste, and vice versa.
Naturally, there are short-term observations and it is rea-
sonable to think that a large number of these patients will
recover the olfactory or gustatory functions over the weeks
following the disease resolution. To summarize, the present
study clearly supports the recent declarations of many physi-
cians from South Korea, Iran, Germany, Italy, Spain, France,
Belgium, UK, and US that olfactory and gustatory functions
may be impaired in COVID-19 patients.

The pathophysiological mechanisms leading to the olfac-
tory and gustatory dysfunctions in the COVID-19 infection
are still unknown. Coronavirus has already been identified as
a family of viruses that may be associated with anosmia [6].
In 2007, Suzuki et al. demonstrated that coronavirus may be
detected in the nasal discharge of patients with olfactory dys-
function. Moreover, they observed that some patients with
normal acoustic rhinometry did not recover their olfaction,
suggesting that nasal inflammation and related obstruction
were not the only etiological factors underlying the olfactory
dysfunction in viral infection.

The ability of human coronavirus to invade the olfac-
tory bulb and, therefore, the central nervous system, is most

@ Springer

likely a future research path for improving the knowledge
about the clinical presentation of patients. From a biomo-
lecular standpoint, viruses could infect peripheral neurons,
using the cell machinery of active transport to access the
central nervous system [13]. Thus, for the SARS-CoV
recepton (human angiotensin-converting enzyme 2), it has
been demonstrated on transgenic mice that SARS-CoV
may enter the brain through the olfactory bulb, leading to
rapid transneuronal spread [ 14]. Interestingly, authors dem-
onstrated that the virus antigen was first detected 60-66 h
post-infection and was most abundant in the olfactory bulb.
Regions of the cortex (piriform and infralimbic cortices),
basal ganglia (ventral pallidum and lateral preoptic regions),
and midbrain (dorsal raphe) were also strongly infected after
the virus had spread [14]: these regions are connected with
the olfactory bulb. The rapid spread of SARS-CoV in the
brain was also associated with significant neuronal death.
In humans, autopsy samples from eight patients with SARS
revealed the presence of SARS-CoV in brain samples by
immunohistochemistry, electron microscopy, and real-time
RT-PCR [15]. It is currently suspected that the neuroinvasive
potential of SARS-CoV2 plays a key role in the respira-
tory failure of COVID-19 patients [16]. Medical imaging
and neuropathology will certainly play an important rule to
detect abnormalities in olfactory bulb, cranial nerves, and
brain of COVID-19 patients,

The otolaryngological symptoms in our European
cohort were particularly prevalent compared with the Asian
cohorts. In their clinical series of 99 patients, Chen et al.
reported four patients with rhinorrhea (4%) [17]. Then,
Guan et al. reported a prevalence of nasal obstruction in
5% of patients in a cohort of 1099 patients [18]. The lack
of otolaryngological complaints in Asian papers, e.g., nasal
obstruction, rhinorrhea, and olfactory and gustatory dys-
functions, raises many questions. Either they did not assess
the ENT complaints, or the Chinese patients had a few ENT
complaints. The second hypothesis may be likely regard-
ing previous studies. Benvenuto et al. have recently com-
pared the complete genomes of 15 virus sequences from
patients treated in different regions of China with other
coronaviruses [19]. Interestingly, they observed mutations
of surface proteins (spike-S-protein and nucleocapsid-N-
protein), conferring stability to the viral particle. Such muta-
tions could be clinically relevant, because the viral spike
protein is responsible for virus entry into the cell, whereas
the N-protein plays a pivotal role in the virus transcription
and assembly efficiency. Previously, Chan et al. determined
five virus sequences from patients traveling in Wuhan at the
end of December 2019. This study reported identities, but
less than 68%, with the SARS-related coronaviruses in spe-
cific domains. Particularly, the external subdomain region
of receptor-binding domain of the S-protein only presents
39% identity, and Chan et al. propose that it might affect
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the choice of human receptor and, therefore, the biological
behaviour of this virus [20]. The affinity of some viruses
for some tissues and individuals constitutes another area
to investigate and explain the potential clinical differences
between patients from different world regions. Recent stud-
ies suggested that the angiulensin converling enzyme 2
(ACE2), which is the receptor of SARS-CoV-2, could be
specific to certain populations. Li et al. demonstrated that
some ACE2 variants could reduce the association between
human ACE2 and SARS-CoV S-protein [21]. In other words,
the expression level of ACE2 in different tissues might be
critical for the susceptibility, symptoms, and outcomes of
COVID-19 infection [21]. Moreover, the comparison of the
15 expression quantitative trait loci (eQTLs) variants of the
ACE2 gene suggested that there will be a lot of ACE2 poly-
morphisms and ACE2 expression levels between Asian and
European populations [22]. According to these studies, it is
conceivable that the diversity of ACE2 expression pattern
in Asian and European populations could be an important
track that needs further investigation.

Moreover, regarding our results, future studies have to
explore the potential gender differences in the development
of anosmia. The highest susceptibility of females to develop
olfactory and gustatory dysfunctions would be related to the
gender-related differences in the inflammatory reaction pro-
cess [23).

The present study has several limitations. First, our
patients did not benefit from specific examinations for
olfactory and gustatory functions, including psychophysi-
cal tests or electrophysiological methods [24, 25]. The use
of objective approaches makes sense for investigating both
gustatory and olfactory functions in COVID-19 patients, and
to avoid the confusion related to the retro-olfaction. These
approaches would provide many responses for patients
who may recover olfaction, but not taste, and vice versa.
Second, our patient sample consisted of young and mild-
to-moderate COVID-19 patients with little comorbidities.
They may be not representative of the infected population.
However, it seems ethically difficult to investigate olfaction
and gustatory function in patients in life-threatening condi-
tion, such as patients in intensive-care units. Note that in
this study, the majority of included patients were identified
from hospital laboratory results. However, many infected
physicians completed the study, and, therefore, it remains
possible that many infected physicians participated to the
study, because they suffered from olfactory dysfunction,
although the authors have been particularly vigilant to this
potential bias. Third, the lack of consistent follow-up of our
patients limits us from inquiring into the recovery time of
olfactory and gustatory functions, and. therefore, the rate
of permanent anosmia or ageusia. Fourth, it seems difficult
to identify the potential negative impact of nasal and oral
corticosteroids on the clinical course of the disease; these

treatments are usually used for anosmia or in common nasal
complaints. In the absence of such data, the precautionary
principle may prevail and, according to the guidelines of the
French Society of Otolaryngology, patients must avoid corti-
costeroids for the treatment of the COVID-19 infection. All
ol these weaknesses should be considered in [uture studies
to investigate and characterize the olfactory and gustatory
functions in COVID-19 patients.

Conclusion

Since the disease is new and the virus is most likely asso-
ciated with different mutations and clinical patterns, as of
yet, there remain more questions than answers. This study
is the first to identify both olfactory and gustatory dysfunc-
tions as significant symptoms in the clinical presentation of
the European COVID-19 infection. Based on our results, it
seems that infected patients may just present olfactory and
gustatory dysfunctions without other significant complaints.
The sudden anosmia or ageusia need to be recognized by the
international scientific community as important symptoms
of the COVID-19 infection. Future epidemiological, clinical,
and basic science studies must elucidate the mechanisms
underlying the development of these symptoms in such a
specific world population.
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IMPORTANCE The outbreak of coronavirus disease 2019 (COVID-19) in Wuhan, China, is
serious and has the potential to become an epidemic worldwide. Several studies have
described typical clinical manifestations including fever, cough, diarrhea, and fatigue.
However, to our knowledge, it has not been reported that patients with COVID-19 had any
neurologic manifestations.

OBJECTIVE To study the neurologic manifestations of patients with COVID-19.

DESIGN, SETTING, AND PARTICIPANTS This is a retrospective, observational case series. Data
were collected from January 16, 2020, to February 19, 2020, at 3 designated special care
centers for COVID-19 (Main District, West Branch, and Tumor Center) of the Union Hospital of
Huazhong University of Science and Technology in Wuhan, China. The study included 214
consecutive hospitalized patients with laboratory-confirmed diagnosis of severe acute
respiratory syndrome coronavirus 2 infection.

MAIN OUTCOMES AND MEASURES Clinical data were extracted from electronic medical
records, and data of all neurologic symptoms were checked by 2 trained neurologists.
Neurologic manifestations fell into 3 categories: central nervous system manifestations
(dizziness, headache, impaired consciousness, acute cerebrovascular disease, ataxia, and
seizure), peripheral nervous system manifestations (taste impairment, smell impairment,
vision impairment, and nerve pain), and skeletal muscular injury manifestations.

RESULTS Of 214 patients (mean [SD] age, 52.7 [15.5] years; 87 men [40.7%]) with COVID-19,
126 patients (58.9%) had nonsevere infection and 88 patients (41.1%) had severe infection
according to their respiratory status. Overall, 78 patients (36.4%) had neurologic
manifestations. Compared with patients with nonsevere infection, patients with severe
infection were older, had more underlying disorders, especially hypertension, and showed
fewer typical symptoms of COVID-19, such as fever and cough. Patients with more severe
infection had neurologic manifestations, such as acute cerebrovascular diseases (5 [5.7%)
vs 1[0.8%)), impaired consciousness (13 [14.8%] vs 3 [2.4%]), and skeletal muscle injury
(17 [19.3%)] vs 6 [4.8%])).

CONCLUSIONS AND RELEVANCE Patients with COVID-19 commonly have neurologic
manifestations. During the epidemic period of COVID-19, when seeing patients with
neurologic manifestations, clinicians should suspect severe acute respiratory syndrome
coronavirus 2 infection as a differential diagnosis to avoid delayed diagnosis or misdiagnosis
and lose the chance to treat and prevent further transmission.
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curred in Wuhan, China, and rapidly spread to other parts

of China, then to Europe, North America, and Asia. This out-
break was confirmed to be caused by a novel coronavirus
(CoV).! The novel CoV was reported to have symptoms resem-
bling that of severe acute respiratory syndrome CoV (SARS-
CoV) in 2003.7 Both shared the same receptor, angiotensin-
converting enzyme 2 (ACE2)." Therefore, this virus was named
SARS-CoV-2, and in February 2020, the World Health Organi-
zation (WHO) named the disease coronavirus disease 2019
(COVID-19). As of March 5, 2020, there were 95333 con-
firmed cases of COVID-19 and 3282 deaths globally.*

Coronaviruses can cause multiple systemic infections or
injuries in various animals.® The CoVs can adapt quickly and
cross the species barrier, such as with SARS-CoV and Middle
East respiratory syndrome CoV (MERS-CoV), causing epidem-
ics or pandemics. Infection in humans often leads to severe
clinical symptoms and high mortality.® As for COVID-19, sev-
eral studies have described typical clinical manifestations in-
cluding fever, cough, diarrhea, and fatigue. Coronavirus dis-
ease 2019 also has characteristic laboratory findings and lung
computed tomography (CT) abnormalities.” However, to our
knowledge, it has not been reported that patients with
COVID-19 had any neurologic manifestations. Here, we re-
port the characteristic neurologic manifestations of SARS-
CoV-2 infection in 78 of 214 patients with laboratory-
confirmed diagnosis of COVID-19 and treated at our hospitals,
which are located in the epicenter of Wuhan.

I n December 2019, many unexplained pneumonia cases oc-

Methods

Study Design and Participants

This retrospective, observational study was done at 3 centers
(Main District, West Branch, and Tumor Center) of Union Hos-
pital of Huazhong University of Science and Technology
(Wuhan, China). These 3 centers are designated hospitals as-
signed by the government to treat patients with COVID-19. We
retrospectively analyzed consecutive patients from January
16, 2020, to February 19, 2020, who had been diagnosed
as having COVID-19, according to WHO interim guidance.” A
confirmed case of COVID-19 was defined as a positive result
on high-throughput sequencing or real-time reverse-
transcription polymerase chain reaction analysis of throat swab
specimens. Throat swab samples were collected and placed into
a collection tube containing preservation solution for the
virus,” A SARS-CoV-2 infection was confirmed by real-time
reverse-transcription polymerase chain reaction assay using
aSARS-CoV-2 nucleic acid detection kit according to the manu-
facturer’s protocol (Shanghai bio-germ Medical Technology Co).
Radiologic assessments included chest and head CT, and all
laboratory testing (a complete blood cell count, blood chemi-
cal analysis, coagulation testing, assessment of liver and re-
nal function testing, C-reactive protein, creatine kinase, and
lactate dehydrogenase) was performed according to the clini-
cal care needs of the patient, Two hundred fourteen hospital-
ized patients with laboratory confirmation of SARS-CoV-2 were
included in the analysis.” Before enrollment, verbal consent

of b Patients With Coronavirus Disease 2019 in Wuhan, China
Key Points
Question What are logh ifs of patients with

coronavirus disease 2019?

Findings In a case series of 214 patients with coronavirus disease
2019, neurclogic symptoms were seen in 36.4% of patients and
were more common in patients with severe infection (45.5%)
according to thelr respiratory status, which indluded acute

cereb lar events, impaired consci and muscle
injury,

o N P i

of patients with coronavirus disease 2019,

ina notable proportion

was obtained from patients or an accompanying relative for
patients who could not give consent. The study was per-
formed in accordance with the principles of the Declaration
of Helsinki. This study was approved and written informed con-
sent was waived by the Ethics Committee of Union Hospital,
Tongji Medical College, Huazhong University of Science and
Technology, Wuhan, China, on February 20, 2020, owing to
the rapid emergence of the disease and the urgent need to
collect data.

Data Collection
We reviewed electronic medical records, nursing records, labo-
ratory findings, and radiologic examinations for all patients
with laboratory-confirmed SARS-CoV-2 infection and col-
lected data on age, sex, comorbidities (hypertension, diabe-
tes, cardiac or cerebrovascular disease, malignancy, and chronic
kidney disease), typical symptoms from onset to hospital ad-
mission (fever, cough, anorexia, diarrhea, throat pain, abdomi-
nal pain), nervous system symptoms, laboratory findings, and
CT scan (chest and head if available). Subjective symptoms
were provided by patients who were conscious, cognitively and
mentally normal, and linguistically competent to respond to
interview. Any missing or uncertain records were collected and
clarified through direct communication with involved pa-
tients, health care clinicians, and their families. We defined the
degree of severity of COVID-19 (severe vs nonsevere) at the time
of admission using the American Thoracic Society guidelines
for community-acquired pneumonia.'®

All neurologic manifestations were reviewed and con-
firmed by 2 trained neurologists. Major disagreement be-
tween 2 reviewers was resolved by consultation with a third
reviewer. Neurologic manifestations were categorized into 3
categories: central nervous system (CNS) manifestations (diz-
ziness, headache, impaired consciousness, acute cerebrovas-
cular disease, ataxia, and seizure), peripheral nervous sys-
tem (PNS) manifestations (taste impairment, smell impairment,
vision impairment, and nerve pain), and skeletal muscularin-
jury manifestations. Impaired consciousness includes the
change of consciousness level (somnolence, stupor, and coma)
and consciousness content (confusion and delirium). To avoid
cross-infection during the outbreak, we had to minimize pa-
tients going out for examination. Therefore, the diagnosis of
nervous system manifestations mainly depended on the sub-
jective symptoms of patients and the examinations available,
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Acute cerebrovascular disease includes ischemic stroke and ce-
rebral hemorrhage diagnosed by clinical symptoms and head
CT. Seizure is based on the clinical symptoms at the time of
presentation. Skeletal muscle injury was defined as when a
patient had skeletal muscle pain and elevated serum creatine
kinase level greater than 200 U/L (to convert to microkatals
per liter, multiply by 0.0167).7

Statistical Analysis

Forbaseline data, mean and standard deviations (SD) were used
for normally distributed data and median and range for data
that were not normally distributed. Categorical variables were
expressed as counts and percentages. Continuous variables
were compared by using the Wilcoxon rank sum test. Propor-
tions for categorical variables were compared using the x* test.
All statistical analyses were performed using R, version 3.3.0,
software (the R Foundation). The significance threshold was
set at a 2-sided P value less than .05.

T
Results

Demographic and Clinical Characteristics
A total of 214 hospitalized patients with confirmed SARS-
CoV-2 infection were included in the analysis. Their demo-
graphic and clinical characteristics were shown in Table 1. Their
mean (SD) age was 52.7 (15.5) years, and 87 were men (40.7%).
Of these patients, 83 (38.8%) had at least 1 of the following un-
derlying disorders: hypertension (51 [23.8%]), diabetes (30
[14.0%]), cardiac or cerebrovascular disease (15 [7.0%]), and
malignancy (13 [6.1%]). The most common symptoms at on-
set of illness were fever (132 [61.7%]), cough (107 [50.0%]), and
anorexia (68 [31.8%]). Seventy-eight patients (36.4%) had ner-
vous system manifestations: CNS (53 [24.8%]), PNS (19 [8.9%]),
and skeletal muscle injury (23 [10.7%]). In patients with CNS
manifestations, the most common reported symptoms were
dizziness (36 [16.8%]) and headache (28 [13.1%]). In patients
with PNS symptoms, the most common reported symptoms
were taste impairment (12 [5.6%]) and smell impairment (11
[5.1%]).

According to the American Thoracic Society guidelines
for community-acquired pneumonia,'® 88 patients (41.1%)
had severe infection and 126 patients (58.9%) had nonsevere
infection. The patients with severe infection were signifi-
cantly older (mean [SD] age, 58.2 [15.0] years vs 48.9 [14.7]
years; P < .001) and more likely to have other underlying dis-
orders (42 [47.7%] vs 41 [32.5%]; P = .03), especially hyper-
tension (32 [36.4%] vs 19 [15.1%]; P < .001), and had fewer
typical symptoms of COVID-19 such as fever (40 [45.5%] vs
92 [73%]; P < .001) and dry cough (30 [34.1%] vs 77 [61.1%];
P < .001). Moreover, nervous system manifestations were sig-
nificantly more common in severe infections compared with
nonsevere infections (40 [45.5%] vs 38 [30.2%], P = .02).
They included acute cerebrovascular disease (5 [5.7%]; 4
patients with ischemic stroke and 1 with cerebral hemorrhage
who died later of respiratory failure; vs 1[0.8%]; 1 patient
with ischemic stroke; P = .03, Figure), impaired conscious-
ness (13 [14.8%] vs 3 [2.4%]; P < .001), and skeletal muscle
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injury (17 [19.3%] vs 6 [4.8%]; P < .001). In the severe group, 1
patient had a seizure characterized by a sudden onset of limb
twitching, foaming in the mouth, and loss of consciousness,
which lasted for 3 minutes.

Apart from cerebrovascular disease and impaired con-
sciousness, most neurologic manifestations occurred early in
the illness (median time, 1-2 days). Of 6 patients with acute
cerebrovascular disease, 2 arrived at the emergency depart-
ment owing to sudden onset of hemiplegia but without any
typical symptoms (fever, cough, anorexia, and diarrhea) of
COVID-19. Their lung lesions were found by an emergent lung
CT and were diagnosed as having COVID-19 by a positive SARS-
CoV-2 nucleic acid detection in the later stage. Some patients
with fever and headache were admitted to the neurology ward
after initially being ruled out of COVID-19 by routine blood test
results and a screening lung CT in the clinic. However, sev-
eral days later, they had typical COVID-19 symptoms such as
cough, throat pain, lower lymphocyte count, and ground-
glass opacity appearance on lung CT. Their diagnosis of
COVID-19 was confirmed by a positive nudeicacid test and then
they were transferred to the isolation ward.

Laboratory Findings in Patients and With Severe

and Nonsevere Infection

Table 2 showed the laboratory findings in severe and nonse-
vere subgroups. Patients with severe infection had more in-
creased inflammatory response, including higher white blood
cell counts, neutrophil counts, lower lymphocyte counts, and
increased C-reactive protein levels compared with those pa-
tients with nonsevere infection (white blood cell count:
median, 5.4 x 10°/L [range, 0.1-20.4] vs 4.5 x 10°/L [range, 1.8-
14.0]; P < .001; neutrophil: median, 3.8 x 10°/L [range, 0.0-
18.7] vs 2.6 x 10°/L [range, 0.7-11.8]; P < .001; lymphocyte
count: median, 0.9 x 10%/L[range, 0.1-2.6] vs 1.3 x 10%/L [range,
0.4-2.6); P < .001; C-reactive protein: median, 37.1 mg/L [range,
0.1-212.0] vs 9.4 mg/L [range, 0.2-126.0]; P < .001). The pa-
tients with severe infection had higher D-dimer levels than
patients with nonsevere infection (median, 0.9 mg/L [range,
0.1-20.0] vs 0.4 mg/L [range, 0.2-8.7); P < .001), which wasin-
dicative of consumptive coagulation system. In addition, pa-
tients with severe infection had multiple organ involvement,
such as serious liver (increased lactate dehydrogenase, ala-
nine aminotransferase, and aspartate aminotransferase lev-
els), kidney (increased blood urea nitrogen and creatinine lev-
els), and skeletal muscle damage (increased creatinine kinase
levels).

Laboratory Findings in Patients With and Without

CNS Symptoms

Table 3 showed the laboratory findings of patients with and
without CNS symptoms. We found that patients with CNS
symptoms had lower lymphocyte levels, platelet counts, and
higher blood urea nitrogen levels compared with those with-
out CNS symptoms (lymphocyte count: median, 1.0 x 10°/L
[range, 0.1-2.3] vs 1.2 x 10%/L [range, 0.2-2.6], P = .049; plate-
let count: median, 180.0 x 10%/L [range, 18.0-564.0] vs 227.0
» 10%/L [range, 42.0-583.0], P = .005; blood urea nitrogen:
median, 4.5 mmol/L [range, 1.6-48.1] vs 4.1 mmol/L [range,
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Table 1. Clinical Characteristics of Patients With COVID19

No. (%)
Total Severe Nonsevere
Characteristic (N =214) (n = 88) (n = 126) P value*
Age, mean (SD), y 52.7(15.5) 58.2(150) 489(14.7)
Age, y
<50 90(42.1) 24(27.3) 66(52.4)
250 124(579) 64(72.7) 60(47.6) e
Sex
Female 127(59.3)  44(50.0) 83(659)
Male 87(40.7) 44 (50.0) 43(34.1) e
Comorbidities
Any 83(38.8) 42 (47.7) 41(325) 03
Hypertension 51(23.8) 32(36.4) 19(15.1) <,001
Diabetes 30(14.0) 15 (17.0) 15(11.9) .29
Cardiac or cerebrovascular disease 15(7.0) 7(8.0) 8(6.3) 65
Malignancy 13(6.1) 5(5.7) 8(6.3) 84
Chronic kidney disease 6(2.8) 2(23) 4(3.2) 69
Typical symptoms
Fever 132(61.7) 40 (45.5) 92(73.0) <001
Cough 107 (50.0)  30(34.1) 77(61.1) <,001
Anorexia 68(31.8) 21(23.9) 47(373) .04
Diarrhea 41(19.2) 13 (14.8) 28(222) A7
Throat pain 31(145) 10 (11.4) 21(16.7) .28
Abdominal pain 10(4.7) 6(6.8) 4(3.2) 21
Nervous system symptoms
Any 78(36.4) 40 (45.5) 38(30.2) 02
CNS 53(24.8) 27 (30.7) 26(20.6) 09
Dizziness 36(16.8) 17 (19.3) 19(15.1) A2
Headache 28(13.1) 15 (17.0) 13(10.3) A5
Impaired consclousness 16(7.5) 13 (14.8) 3(24) <001
Acute cerebrovascular disease 6(2.8) 5(5.7) 1(0.8) .02
Ataxia 1(0.5) 1(1.1) 0 NA
Selzure 1(0.5) 1(1.1) 0 NA
PNS 19(8.9) 7(8.0) 12(9.5) 69
Impairment
Taste 12(5.6) 31(34) 9(7.1) 24
Smell 11(5.1) 3(34) 8(6.3) 34
Vision (L4 2(23) 1(0.8) a7
Nerve pain 5(2.3) 4(4.5) 1(0.8) .07
Skeletal muscle injury 23(10.7) 17 (19.3) 6(4.8) <001
Onset of symptoms to hospital admission, median (range), 4
CNS
Dizziness 1(1-30) 1(1-30) 1(1-14) NA
Headache 1(1-14) 1(1-3) 3(1-14) NA
Impaired consclousness 8(1-25) 10 (1-25) 1(1-3) NA
Acute cerebrovascular disease 9(1-18) 10 (1-18) 1(1) NA
Ataxia 2(2) 2(2) NA NA
Selzure 2(2) 2(2) NA NA
PNS Abbreviations: CNS, central nervous
system; COVID19, coronavirus
Impairment disease 2019; NA, not applicable;
Taste 2(1-5) 3(1-3) 2(1-5) NA PNS, peripheral nervous system,
Smell 2(1-5) 1(1-4) 2(1-5) NA “ Pvalues indicate differences
Vision 2(1-3) 3(23) 1(1) NA between patients with severe and
Nerve pain 1(1-1) 1(1-1) 1(1) NA nonsevere infection, and P less than
Skeletal muscle injury 1(1-11) 1(1-11) 101-6) NA 05 was considered statistically

significant.

1.5-19.1), P = .04). For the severe subgroup, patients withCNS  those without CNS symptoms (lymphocyte count: median, 0.7
symptoms also had lower lymphocyte levels and platelet  x10%/L[range, 0.1-1.6] vs 0.9 x 10"/L [range, 0.2-2.6], P = .007;
counts and higher blood urea nitrogen levels compared with  platelet count: median, 169.0 x 10”/L [range, 18.0-564.0] vs
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Figure. Repr D
With New Onset of Ischemic Stroke

graphy (CT) Images of a Patient With Coronavirus Disease 2019

A Brain computed tomography

8 Chest computed tomagraphy

A, Brain CT image 1 day after ischemic
stroke. White arrowhead indicates
the ischemic lesion. B, Chest CT
image 1 day after ischemic stroke.

Table 2. Laboratory Findings of Patients With COVID-19

Median (range)
Total Severe Nonsevere
Laboratory finding (N = 214) (n = 88) (n = 126) P value®
Count, x10%/L
White blood cell 4.9(0.1-20.4) 5.4 (0.1-20.4) 4.5(1.8-14.0) 008
Neutrophil 3.0(0.0-18.7) 1.8(0.0-18.7) 2.6(0.7-11.8) <.001
Lymphocyte 1.1(0.1-2.6) 0.9(0.1-2.6) 13(0.4-2.6) <.001 Abbreviation: COVID-19, coronavirus
Platelet 209.0(18.0-583.0) 204.5(18.0-576.0) 219.0(42.0-5830) .25 disease 2019,
C-reactive protein, mg/L 12.2(0.1-212.0) 37.1(0.1-212.0) 9.4 (0.4-126.0) <.001 Sl conversion factor: To convert
D-dimer, mg/L 0.5(0.1-20.0) 0.9(0.1-20.0) 04(02-87) <001 ’m’::r“:;:;:';‘[‘!::":zl‘: -
Creatine kinase, U/L 64.0(8.8-122160) 83.0(858-12216.0) 59.0(19.0-1260.0) 004 0.0167: creatine kinase to microkatals
Lactate dehydrogenase, U/L 241.5(2.2-9080) 302.0(2.2-880.0) 215.0(2.5-9080)  <.001 per liter. multiply by 0.0167; lactate
Aminotransferase, U/L dehydrogenase to microkatals per
liter, multiply by 0.0167.

Alanine 26.0(5.0-1933.0) 32.5(5.0-1933.0) 23.0(6.0-261.0) 04 R
Aspartate 26.0(8.0-81910) 34.0(8.0-8191.0)  23.0(9.0-244.0) <.001 between patients with severe and
Blood urea nitrogen, mmol/L 4.1(1.5-48.1) 46(15-48.1) 3.8(1.6-13.7) <.001 nonsevere infection, and P less than

Creatinine, pmol/L 68.2(35.9-9435.0) 71.6(35.9-9435.0) 65.6(39.4-229.1) 03 05 s consideted statistiealy

220.0 x 10%/L [range, 109.0-576.0], P = .04; blood urea nitro-
gen: median, 5.0 mmol/L [range, 2.3-48.1] vs 4.4 mmol/L
[range, 1.5-19.1], P = .04). For the nonsevere subgroup, there
were no significant differences in laboratory findings of pa-
tients with and without CNS symptoms.

Laboratory Findings in Patients With and Without

PNS Symptoms

Table 4 showed the laboratory findings of patients with and
without PNS symptoms. We found that there were no sig-
nificant differences in laboratory findings of patients with
PNS and those without PNS. Similar results were also found
in the severe subgroup and nonsevere subgroup, respec-
tively.

Laboratory Findings in Patients With and Without

Skeletal Muscle Injury

The eTable in the Supplement shows the laboratory findings
of patients with and without skeletal muscle injury. Com-

jamaneurology.com

significant.

pared with the patients without muscle injury, patients with
muscle injury had significantly higher levels of creatine ki-
nase (median, 400.0 U/L [range 203.0-12216.0] vs median,
58.5 U/L [range 8.8-212.0]; P < .001), regardless of their sever-
ity. Meanwhile, patients with muscle injury had higher neu-
trophil counts, lower lymphocyte counts, higher C-reactive pro-
tein levels, and higher D-dimer levels. The abnormalities were
manifestations of increased inflammatory response and blood
coagulation function. In addition, we found that patients with
muscle injury had multiorgan damage, including more seri-
ous liver (increased lactate dehydrogenase, alanine amino-
transferase, and aspartate aminotransferase levels) and kid-
ney (increased blood urea nitrogen and creatinine levels)
abnormalities.

For the severe group, patients with skeletal muscle injury
had decreased lymphocyte counts and more serious liver in-
jury (increased lactate dehydrogenase, alanine aminotrans-
ferase, and aspartate aminotransferase levels) and kidney
injury (increased creatinine levels).
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Table 3. Laboratory Findings of Patients With COVID-19 With CNS Symptoms*
Median (range)
Total Severe Nonsevere
With CNS Without CNS With CNS Without CNS With CNS Without CNS
symptoms symptoms symptoms symptoms symptoms symptoms
Lab y finding (n=53) (n = 161) Pvalue (n=27) (n=61) Pvalue (n=26) (n = 100) P value
Count, x10%/L
White blood cell 46 49 .58 53 5.5 a7 4.1 46 40
(0.112.5) (1.8-20.4) (0.1:12.5) (1.9-20.4) (2.4-11.0) (1.8-14.0)
Neutrophil 26 31 41 38 36 >.99 22 28 11
(0.0-10.9) (0.7-18.7) (0.0-10.9) (0.7-18.7) (0.9-7.4) (0.7-11.8)
Lymphocyte 1.0 1.2 049 0.7 0.9 007 13 13 A9
(0.1-2.3) (0.2-2.6) (0.1-1.6) (0.2-2.6) (0.7-2.3) (0.4-2.6)
Platelet 180.0 227.0 .005 169.0 2200 04 188.5 2320 09
(18.0-564.0)  (42.0-583.0) (18.0-564.0)  (109.0-576.0) (110.0-548.0) (42.0-583.0)
Creactive protein, mg/L  14.1 114 31 486 26.1 68 7.4 9.8 .82
(0.1-212.0) (0.1-204.5) (0.1-212.0) (0.1-204.5) (3.1-111.0)  (0.4-126.0)
D-dimer, mg/L 0.5 0.5 75 12 0.9 A2 0.4 04 A6
(0.2-9.7) (0.1-20.0) 0.2:9.7) (0.1-20.0) (0.2-6.4) (0.2-8.7)
Creatine kinase, U/L 79.0 60.5 A7 104.0 64.0 .08 525 59.0 .56
(8.8-12216.0) (19.0-1260.0) (8.8-12216.0) (19.0-1214.0) (28.0-206.0) (19.0-1260.0)
Lactate dehydrogenase, 2430 2410 a7 3340 299.0 32 198.0 226.0 14
u/L (2.2-880.0) (3.5-908.0) (2.2-880.0) (3.5-743.0) (2.5-417.0)  (121.0-908.0)
Aminotransterase, U/L
Alanine 27.0 260 21 35.0 310 32 25.5 23.0 .68
(5.0-261.0) (6.0-1933.0) (5.0-259.0) (7.0-1933.0) (13.0-261.0) (6.0-135.0)
Aspartate 29.5 26.0 .10 355 340 32 23.0 235 .56
(13.0-213.0) (8.0-8191.0) (14.0-213.0) (8.0-8191.0) (13.0-198.0) (9.0-244.0)
Blood urea nitrogen, 45 4.1 5.0 44 39 38 57
mmol/L (1.6-48.1) (1.5-19.1) (2.3-48.1) (1.5-19.1) (1.6-9.4) (1.7-13.7)

Creatinine, pmol/L 71.7 66.3 .06
(37.1-1299.2) (35.9-9435.0)

717
(37.1-1299.2)

68.4 25 72.0 63.4
(35.9-9435.0) (40.3-133.6) (39.4-229.1)

Abbreviations: CNS, central nervous system; COVID-19, coronavirus disease
2019,

Sl conversion factor: To convert aminotransferase levels to microkatals per liter,
multiply by 0.0167; creatine kinase to microkatals per liter, multiply by 0.0167;

lactate dehydrogenase to microkatals per liter, multiply by 0.0167.

* P values indicate differences between patients with and without CNS
symptoms, and P less than .05 was considered statistically significant.

A ———"4]
Discussion

To our knowledge, this is the first report on detailed neuro-
logic manifestations of the hospitalized patients with COVID-
19. As of February 19, 2020, of 214 patients included in this
study, 88 (41.1%) had severe infection and 126 (58.9%) had non-
severe infection. Of these, 78 (36.4%) had various neurologic
manifestations thatinvolved CNS, PNS, and skeletal muscles.
Compared with patients with nonsevere infection, patients
with severe infection were older and had more hypertension
but fewer typical symptoms such as fever and cough. Pa-
tients with severe infection were more likely to develop neu-
rologic manifestations, especially acute cerebrovascular dis-
ease, conscious disturbance, and skeletal muscle injury. Most
neurologic manifestations occurred early in the illness (the me-
dian time to hospital admission was 1-2 days). Some patients
without typical symptoms (fever, cough, anorexia, and diar-
rhea) of COVID-19 came to the hospital with only neurologic
manifestation as their presenting symptoms, Therefore, for pa-
tients with COVID-19, we need to pay close attention to their
neurologic manifestations, especially for those with severe in-
fections, which may have contributed to their death. More-
over, during the epidemic period of COVID-19, when seeing pa-
tients with these neurologic manifestations, physicians should
consider SARS-CoV-2 infection as a differential diagnosis to
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avoid delayed diagnosis or misdiagnosis and prevention of
transmission.

In January 2020,* ACE2 was identified as the functional
receptor for SARS-CoV-2, which is present in multiple human
organs, including nervous system and skeletal muscles.” The
expression and distribution of ACE2 remind us that the SARS-
CoV-2 may cause some neurologic manifestations through di-
rect or indirect mechanisms. Autopsy results of patients with
COVID-19 showed that the brain tissue was hyperemic and
edematous and some neurons degenerated.'* Neurologic in-
jury has been confirmed in the infection of other CoVs such
as in SARS-CoV and MERS-CoV. The researchers detected
SARS-CoV nucleic acid in the cerebrospinal fluid of those pa-
tients and also in their brain tissue on autopsy."***

Central nervous system symptoms were the main form of
neurologic injury in patients with COVID-19 in this study. The
pathologic mechanism may be from the CNS invasion of SARS-
CoV-2, similar to SARS and MERS viruses. As with other respi-
ratory viruses, SARS-COV-2 may enter the CNS through the he-
matogenous or retrograde neuronal route. The latter can be
supported by the fact that some patients in this study had smell
impairment. We also found that the lymphocyte counts were
lower for patients with CNS symptoms than without CNS symp-
toms. This phenomenon may be indicative of the immuno-
suppression in patients with COVID-19 with CNS symptoms,
especially in the severe subgroup. Moreover, we found
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Table 4. Laboratory Findings of Patients With COVID-19 With PNS Symptoms

Median (range)
Total Severe
With PNS Without PNS With PNS Without PNS With PNS Without PNS
symptoms symptoms symptoms symptoms symptoms symptoms
Laboratory finding (n=19) (n = 195) Pvalue (n=7) (n=81) Pvalve (n=12) (n=114) P value
Count, x10%/L
White blood cell 48 49 74 a5 56 1 49 44 27
(2.8-7.5) (0.1-20.4) (2.1-68) (0.1-20.4) (2.8-7.5) (1.8-14.0)
Neutrophil 28 30 74 26 4.1 10 29 25 21
(1.5-54) (0.0-18.7) (15-53) (0.0-18.7) (1.9:5.4) (0.7-11.8)
Lymphocyte 12 11 43 12 09 .26 12 13 92
(0.6-2.6) (0.1-2.6) (0.6-1.6) (0.1-2.6) (0.7-2.6) (0.4-2.4)
Platelet 204.0 213.0 56 204.0 205.0 2145 219.0 81
(111.0-305.0) (18.0-583.0) (111.0-245.0) (18.0-576.0) (155.0-305.0) (42.0-583.0)
C-reactive protein, 12.0 123 A5 7.5 437 A3 13.0 88
mg/L (3.1-81.0) (0.1-212.0) (3.1-76.4) (0.1-212.0) (3.1-81.0) (0.4-126.0)
D-dimer, mg/L 04 05 0.5 13 27 04 04 99
(0.2-9.5) (0.1-20.0) (0.2-9.5) (0.1-20.0) (0.2-4.5) (0.2-8.7)
Creatine kinase, U/L 67.0 64.0 Al 105.0 83.0 76 66,0 575 .29
(32.0-1214.0) (8.8-12216.0) (32,0-1214.0) (8.8-12216.0) (42.0-171.0)  (19.0-1260.0)
Lactate dehydrogenase, 205.0 2420 28 170.0 309.0 .05 254.0 215.0 67
u/L (25-517.0)  (2.2-908.0) (46.0-517.0)  (2.2-880.0) (2.5-481.0)  (2.9-908.0)
Aminotransferase, U/L
Alanine 260 27.0 .70 19.0 350 23 260 230 56
(5.0-116,0)  (6.0-1933.0) (5.0-80.0) (8.0-1933.0) (8.0-116,0)  (6.0-261.0)
Aspartate 220 270 29 22.0 355 A3 220 235 >.99
(8.0-115.0)  (9.0-8191.0) (8.0-53.0) (12.0-8191.0) (14.0-115.0) (9.0-244.0)
Blood urea nitrogen, 4.1 4.1 76 4.2 4.7 96 37 39 66
mmol/L (1.6-8.8) (1.5-48.1) (3.5-8.8) (1.5-48.1) (16:5.3) (1.7-13.7)
Creatinine, pmol/L 62.5 683 A6 714 717 a2 59.9 66.6
(48.1-121.4)  (35.9-9435.0) (58.3-121.4) (35.9-9435.0) (48.1-77.3)  (39.4-229.1)
Abbr COVID19, co disease 2019; PNS, peripheral nervous lactate dehydrogs tomi Is per liter, multiply by 0.0167.
system. “ P values indicate diff es b patients with and without PNS

Sl conversion factor: To convert ferase levels to microk per liter,
multiply by 0.0167; creatine kinase to microkatals per liter, multiply by 0.0167;

symptoms, and P less than .05 was considered statistically significant,

patients with severe infection had higher D-dimer levels than
that of patients with nonsevere infection. This may be the rea-
son why patients with severe infection are more likely to de-
velop cerebrovascular disease.

Consistent with the previous studies,” muscle symptoms
were also common in our study. We speculate that the symp-
tom was owing to skeletal muscle injury, as confirmed by el-
evated creatine kinase levels. We found that patients with
muscle symptoms had higher creatine kinase and lactate de-
hydrogenase levels than those without muscle symptoms, Fur-
thermore, creatine kinase and lactate dehydrogenase levelsin
patients with severe infection were much higher than those
of patients with nonsevere infection. This injury could be as-
sociated with ACE2 in skeletal muscle." However, SARS-CoV,
using the same receptor, was not detected in skeletal muscle
by postmortem examination.'® Therefore, whether SARS-
CoV-2 infects skeletal muscle cells by binding with ACE2 needs
to be further studied. One other reason was the infection-
mediated harmful immune response that caused the nervous
system abnormalities. Significantly elevated proinflamma-
tory cytokines in serum may cause skeletal muscle damage.

Limitations

This study has several limitations, First, only 214 patients were
studied, which could cause biases in clinical observation. It
would be better to include more patients from Wuhan, other

Jamaneurology.com

cities in China, and even other countries. Second, all data were
abstracted from the electronic medical records; certain pa-
tients with neurologic symptoms might not be captured if their
neurologic manifestations were too mild, such as with taste
impairment and smell impairment. Third, because most pa-
tients were still hospitalized and information regarding clini-
cal outcomes was unavailable at the time of analysis, it was
difficult to assess the effect of these neurologic manifesta-
tions on their outcome, and continued observations of the
natural history of disease are needed. Fourth, during the out-
break period of COVID-19, because of the influx of many pa-
tients infected with SARS-CoV-2, advanced neuroimaging, such
as magnetic resonance imaging and diagnostic procedures such
as lumbar puncture and electromyography/nerve conduc-
tion velocity, was purposefully avoided to reduce the risk of
cross infection. Therefore, in our study, most of the symp-
toms were a patient’s subjective descriptions. We could not dis-
tinguish whether these neurologic manifestations are caused
by the virus directly or by the pulmonary disease or other or-
gan damage indirectly.

1 reeeeee————";
Conclusions

In conclusion, SARS-CoV-2 may infect nervous system and skel-
etal muscle as well as the respiratory tract. In those with
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severe infection, neurologic involvement is greater, which in-
cludes acute cerebrovascular diseases, impaired conscious-
ness, and skeletal muscle injury. Their clinical conditions may
worsen, and patients may die sooner. This study may offer im-
portant new clinical information on COVID-19 that would help
dlinicians raise awareness of its involvement of neurologic mani-
festations. It is especially meaningful tolearn that for those with

ARTICLE INFORMATION

Accepted for Publication: March 26, 2020.
Published Online: April 10, 2020.
doi:10.1001jamaneurol 20201127

Author Affiliations: Department of Neurology,
Union Hospital, Tongji Medical College, Huazt

| - of - |

Diseases Pilot Project of Clinical Collaboration with
Chinese and Western Medicine
{SATCM-20180333).

Role of the Funder/Sponsor: The funding
sourceshad no role in the design and conduct of the
study: collection, management, analysis, and

University of Science and Technology, Wuhan,
China (Mao, Jin, M. Wang, Chen, He, Hong. Zhou, Li,
B. Hu); Department of Hematology, Union Hospital,
Tongji Medical College, Huazhong University of
Sdence and Technology, Wuhan, China (Y. Hu);

Dep of Epit gy and Bi {
Laboratory for Environment and Health, School of
Public Health, Tongji Medical College, Huazhong
University of Scence and Technology. Wuhan,
(China (Chang. Miao): Neurovascular Division,
Department of Neurology, Barrow Neurological
Institute, Saint Joseph's Hospital and Medical
Center, Phoenix, Arizona (D. Wang).

Author Contributions: Dr B. Hu had full access to
all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis. Drs Mao, Jin, M. Wang. Y. Hu, Chen,
He, and Chang contributed equally and share first
authorship.

Concept and design: Mao, Jin, Y. Hu, He, Miao,
B.Hu

Acqguisition, analysis, or interpretation of data:
Mao, Jin, M. Wang. Chen, Chang. Hong, Zhou,
D.Wang. Li.

Drafting of the manuscript: Mao, Jin, M. Wang,
Chen, Chang, Zhou, D.Wang, B. Hu.

P of the data; pt review, o
approval of the manuscript: and decision to submit
the manuscript for publication.

REFERENCES

1. ZhuN, Zhang D, Wang W, et al; China Novel
Coronavirus Investigating and Research Team.

A novel coronavirus from patients with pneumonia
in China. N Engl J Med. 2020;382(8):727-733. doi:
10.1056/NE Moa2001017

2. Zhou P, Yang XL, Wang XG, et al. A pneumonia
outbreak assodated with a new coronavirus of
probable bat origin. Nature. 2020.579(7798):270-
273. doi:10.1038/541586-020-2012-7

3. ZhaoY,Zhao Z, Wang Y, Zhou Y, Ma Y, Zuo W.
Single-cell RNA expression profiling of ACE2, the
putative receptor of Wuhan 2019-nCov. bioRxiv.
2020. doi:10.1101/2020.01.26.919385

4. World Health Organization. Coronavirus disease
2013 (COVID-19) situation report-45. Accessed
March 5, 2020. https://www.who.int/docs/default-
source/coronaviruse/situation-reports/
20200305-sitrep-45-covid-19.pdf 2sfyrsn=
ed2ba78b 2

5. SuS, Wong G, ShiW, et al. Epidemiology, genetic

Critical revision of the manuscript for imp
intellectual content: Y. Hu, He, Hong, D. Wang, Miao,
Li,B.Hu.

Statistical analysis: Chang.

Obtained funding: Mao, B. Hu.

Administrative, technical, or materiol support: Mao,
Jin, M. Wang, Chen, He, Zhou, D. Wang, Miao,

Li,B. Hu.

Supervision: Y. Hu, B. Hu.

Conflict of Interest Disclosures: None reported.
Funding/Support: This work was supported by the
National Key Research and Development Program
of China (2018YFC1312200 to Dr B. Hu), the
National Natural Science Foundation of China
(81820108010 to Dr B. Hu, No.81974182 to Dr Mao
and 81671147 to Dr Jin) and Major Refractory

JAMA Neurology June 2020 Volume 77, Number 6

© 2020 American Medical A

k.com/ on 11/17/2020

rec and path is of ¢

Trends Microbiol. 2016:24(6):430-502. doi:101016/

1tim.2016.03.003

6. World Health Organization. Middie East
iratory syndi c irus (MERS-CoV).

Published November 2019. Accessed January 13,

2020. https:f/wwwwho.int/emergendes/mers-

covien/

7. Guan WJ, Ni ZY, Hu Y, et al; China Medical

Treatment Expert Group for Covid-19. Clinical

characteristics of coronavirus disease 2019 in

China. N Engl JMed. 2020. doi:101056/

NEJMo22002032

Patients With Coronavirus Disease 2019 in Wuhan, China

severe COVID-19, rapid clinical deterioration or worsening could
be associated with a neurologic event such as stroke, which
would contribute to its high mortality rate. Moreover, during the
epidemic period of COVID-19, when seeing patients with these
neurologic manifestations, clinicians should consider SARS-
CoV-2 infection as a differential diagnosis to avoid delayed di-
agnosis or misdiagnosis and prevention of transmission.

gudance. January 2020. Accessed February 5,
2020. https:// int/internal-publications-
detail /dlinical-management-of-severe-acute-
respiratory-infection-when-novel-coronavirus-
(ncov)-infection-is-suspected

9. Huang C. Wang Y, Li X, et al. Uinical features of
patients infected with 2013 novel coronavirus in
Wuhan, China. Lancet. 2020;395(10223):497-506.
doi:10.1016/50140-6736(20)30183.5

10. Metlay JP, Waterer GW, Long AC, et al.
Diagnosis and treatment of adults with

[ ity-acquired ia: an offidal clinical
practice guideline of the American Thoracic Society
and Infectious Disease Society of America. Am J
Respir Crit Care Med. 2019;200(7):e45-e67.
doi:10.1164/rccm. 201908-1581ST

1. Hamming I, Timens W, Bulthuis ML, Lely AT,
Navis G, van Goor H. Tissue distribution of ACE2
protein, the functional receptor for SARS
coronavirus: a first step in understanding SARS
pathogenesis. J Pathal. 2004;203(2)-631-637.
doi:101002/path 1570

12. National Health Commission of the People’s
Republic of China. Diagnosis and treatment of the
novel coronavirus pneumonia (Trial version 7) [D).
Published 2020. Accessed March 3, 2020. http://
www.nhc. gov.cn/yzygjfs7653p/202003/
46c9294a7dfedcef80dc715912eb1989/ files/
ce3e69458322438223e415350a8ce964 pdf
13. Marc D, Dominigue JF, Elodie B, et al. Hurman
7 s <piratory Pathog )
Infectious Neuroinvasive, Neurotropic, and
Neurovirulent Agents. CRC Press; 2013:93-122.
14. Arabi YM, Balkhy HH, Hayden FG, et al. Middle
East Respwratory Syndrome. N Engl J Med. 2017376
(6):584-594. doi:101056/NEJMsr1408795
15. Cabello-Verrugio C. Morales MG, Rivera JC,
Cabrera D, Simon F. Renin-angiotensin system: an
old player with novel functions in skeletal musde.
Med Res Rev. 2015;35(3):437-463. doi:101002/
med 21343
16. Ding Y, He L, Zhang Q. et al. Organ distribution
of severe acute respiratory syndrome (SARS)
associated coronavirus (SARS-CoV) in SARS

tients: implications for path is and virus

8. World Health Organi Clinical
of severe acute respiratory infection when Novel
coronavirus {nCoV) infection is suspected: interim

transmission pathways. J Pathol. 2004;203(2):622-
630. doi:10.1002/path 1560

Jjamaneurology.com

All rights reserved.

55



LAMPIRAN 6 : Jurnal Studi Inklusi 6

(limcal Microbiology and Infection 26 (2020) 12361241

& ol
ELSEVIER

journal homepage: www.clinicalmicrobiologyandinfection.com

Contents lists available at ScienceDiroct M I
Clinical Microbiology and Infection CLICAL
AND INFECTION

Bescmio

Original article

New-onset anosmia and ageusia in adult patients diagnosed with

SARS-CoV-2 infection

A. Patel ', E. Charani *°, D. Ariyanayagam °, A. Abdulaal ', S.J. Denny *“, N. Mughal %4,

LS.P. Moore “**

" Chelsea and Westminster NHS Foundation Trust, 369 Fulham Road, London, SW10 9NH, UK

# Imperial College London, NIHR Health Protection R
Du Cane Rood. London, W12 ONN, UK

& Unit in Health A

d Infections and Antimicrobial Resistance. Hommersmith Campus,

Y Imperial College Londan School of Medicine, Kensington, London. SW7 2DD, UK
“) North West London Puthology. Fulhom Palace Road. London. W6 SRE. UK

ARTICLE INFO

ABSTRACT

Artice hstory.

Received 5 May 2020
Recerved in revised form

23 May 2020
Accepted 26 May 2020
Available online 2 June 2020

Editor: L Lesbovici

Keywords

Anosmia

Ageusia

Coronavirus

COVID-19

Ear nose and throat |[MeSH]|
SARS-CoV-2

Objectives: We ated the prevalence of a and ageusia in adult patients with a laboratory-
confirmed diagnosis of infection with severe acute respiratory distress syndrome coronavirus-2 (SARS-
CoV-2).
Methods: This was a retrospective observational analysis of patients infected with SARS-CoV-2 admitted
to hospital or managed in the community and their household contacts across a London population
during the period March 1st to April 1st, 2020. Symptomatology and duration were extracted from
routinely collected clinical data and follow-up telephone consultations. Descriptive statistics were used.
Results: Of 386 patients, 141 (92 community patients, 49 discharged inpatients) were included for
analysis; 77/141 (55%) reported anosmia and ageusia, nine reported only ageusia and three only anosmia.
The median onset of anosmia in relation to onset of SARS-CoV-2 disease (COVID-19) symptoms (as
defined by the Public Health England case definition) was 4 days (interquartile range (IQR) 5). Median
duration of anosmia was 8 days (IQR 16). Median duration of COVID-19 symptoms in community patients
was 10 days (IQR 8) versus 18 days (IQR 13.5) in admitted patients. As of April 1, 45 patients had ongoing
COVID-19 symp andjor a, 107/141 (76%) patients had household contacts, and of 185 non-
tested household contacts 79 (43%) had COVID-19 symptoms with 46/79 (58%) reporting anosmia. Six
household contacts had anosmia only.
Conclusions: Over half of the positive patients reported anosmia and ageusia, suggesting that these
should be added to the case definition and used to guide self-isolation protocols. This adaptation may be
integral to case findings in the absence of population-level testing. Until we have successful population-
level vaccination coverage, these steps remain critical in the current and future waves of this pandemic.
A. Patel, Clin Microbiol Infect 2020;26:1236
Crown Copyright © 2020 Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology
and Infectious Diseases. All nghts reserved.

Introduction

anosmia (total or partial loss of smell) and ageusia (total or partial
loss of taste) amongst patients presenting with suspected or

Since the outbreak of the severe acute respiratory syndrome
coronavirus (SARS-CoV-2) pandemic—reported first from Wuhan,
China in December 2019—there have been increasing reports of

* Corresponding author. E Charani, NIHR Health Protection Research Unit,
Healthcare Associated Infections and Antimicrobial Resistance, Hammersmith
Campus, London. W12 ONN, UK.

E-mail address: ¢ charam@imperial ac uk (E Charam)

https: //doi org/10.1016]) cmi 202005 026

confirmed infection [1]. Early reports from Italy and South Korea
showed anosmia in up to 34% of patients [2-4). A more recent
cross-European analysis looking at patients with mild to moderate
SARS-CoV-2 disease (COVID-19) put this number at 85.6% [5].
Anosmia can occur in a wide range of viral infections; published
literature estimates the prevalence of olfactory disorders, including
anosmia, to be 11-40% [1.6-8). The higher estimates (20-40%)
were generated using data from patients in specialized smell and

1198-743X/Crown Copynight © 2020 Published by Elsewier Ltd on behalf of European Society of Clinical Microbiology and Infectious Diseases. All nghts reserved.
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taste centres, and the lower estimate (11%) was based on data from
general ear, nose, and throat clinics [8]. SARS-CoV-2 does not
generate climically significant nasal congestion or rhinorrhoea that
would typically be assocated with anosmia in other upper respi-
ratory tract infections, and it has also been observed that anosmia
manifests either early in the disease process or in patients with
mild symptoms [1). Early analysis of the ‘Anosmia Reporting Tool'
by the American Academy of Otolaryngology showed anosmia in
73% of patients prior to COVID-19 diagnosis, and was the imitial
symptom in 26.6%, suggesting that anosmia may be a presenting
symptom of COVID-19 [9]. In the absence of a widespread popu-
lation testing strategy, understanding the symptomatology of this
new illness is critical to ensuring that the correct advice is given to
patients and the public in relation to self-isolation leading to
reduced population transmuission.

In the United Kingdom (UK), the transmission of SARS-CoV-2
was first confirmed in February 2020. From March 1, SARS-CoV-2
was reported across England, Wales, Scotland and Ireland, indi-
cating widespread community transmission. Public Health England
guidance currently recognizes symptoms of COVID-19 to include
fever >37.8°C and at least one of the symptoms persistent cough
(wath or without sputum), hoarseness, nasal discharge or conges-
tion, shortness of breath, sore throat, wheezing or sneezing [ 10]. To
date, anosmia and ageusia are not recognised symptoms in the
disease case definition. However, there is increasing evidence of
these symptoms presenting in patients who are otherwise
asymptomatic, highhighting the possibility that new-onset anosmia
and/or ageusia may be useful as a comp of scr g for the
virus [4]. This is critical at this stage in the pandemic, as adding
olfactory symptoms to the case definition of COVID-19 would be
especially useful should anosmia and/or ageusia be shown to pre-
sent early and in otherwise asymptomatic patients who may go on
to require hospital admission.

In this retrospective analysis of both community and secondary-
care patients in a London population diagnosed with SARS-CoV-2
infection, we aimed to establish the prevalence of new-onset
anosmia and ageusia and place them within disease symptom
progression. We also investigated whether the olfactory symptoms
experienced by COVID-19 patients are accompanied by other nasal
symptoms (congestion or rhinorrhoea) as with other post-viral
olfactory disorders. Additionally, we investigated the presence of
COVID-19 symptoms, anosmia and ageusia in the household con-
tacts of these patients.

Methods
Ethics approval and consent to participate

Data were collected as part of routine care by the responsible
clinical team. No patient-identifiable data are reported in this
analysis. The need for written informed consent was waived by the
Research Governance Office of Chelsea and Westminster NHS
Foundation Trust.

Study design and participants

This was a retrospective, observational analysis of patients
diagnosed either as inpatients at a 430-bed London acute teaching
hospital or in the surrounding community. As well as receiving
unwell patients warranting admission, the hospital adopted a
community testing strategy to identify suspected COVID-19 cases.
Unwell patients were screened through call centres and general
practitioners, who referred patients suspected of having COVID-19
to a centralized resp team. Depending on mobility, these pa-
tients were either directed to drive through SARS-CoV-2 testing

clinics or visited at home by community testing teams. Patients
were also assessed through a bespoke section of the emergency
department. This community testing ceased on March 13th, 2020.

Nasopharyngeal and oral swabs were taken from all patients
(both community and secondary care) and tested at a central
reference laboratory using real-time reverse transcriptase poly-
merase chain reaction (PCR) (imitially using a proprietary assay run
by Public Health England, then from March 6th, 2020 onwards a
commercal assay from AusDiagnostics®, Australia) for SARS-CoV-
2. Patients who were considered to be dinically stable were
allowed to self-isolate at home. Community patients were
informed of their result by telephone. Inpatients had their symp-
toms and clinical course documented in their electronic healthcare
record (Millennium: Cerner Corporation, Kansas City, Missour,
USA) by the admitting clinical team. Demographic and chinical data
were collected from electronic health records for all patients
included in the analysis. Details of onset of COVID-19 symptoms,
anosmia and/or ageusia were extracted where present.

All patients with a laboratory diagnosis of COVID-19 between
March 1 and April 1, 2020 were identified. Patients were included if
they (a) had a positive diagnosis for COVID-19 based on real-time
PCR detection of SARS-CoV-2, and (b) were tested in the commu-
nity OR admitted to and discharged from hospital. Patients were
excluded if they (a) died post-diagnosis, (b) were <16 years of age,
(c) did not have an accurate record of symptom history (e.g. due to
confusion or lack of memory), or (d) were readmitted to hospital or
transferred to another healthcare faality. We excluded current in-
patients because a large proportion had current oxygen re-
quirements either through nasal cannulae or via face-masks. These
devices could influence the assessment of anosmia. Additionally,
these patients were in isolation wards with only essential care
being given to limit onward transmission, which made them
inaccessible for the purposes of this study.

Between Apnl 13th and Apnil 17th, 2020, telephone consulta-
tions were conducted with all identified patients to venfy symp-
tomatology and timeline to resolution of clinical symptoms. All
patients were asked a series of standardized questions on the
presence of COVID-19 symptoms and also diarrhoea, vomiting.
myalgia, and any change in their sense of smell and taste. If changes
in smell and/or taste were reported, further standardized questions
were asked regarding time of onset relative to onset of COVID-19
symptoms, duration of change, and whether these symptoms had
resolved. Only complete recovery from anosmia was considered as
resolution of the symptom. Partial recovery was considered as
hyposmia. At the time of this study there was little evidence
associating anosmia and COVID-19, therefore the primary outcome
was new-onset anosmia and the questionnaire was not scored [11].
Details of the presence of household contacts and their symptom-
atology were also routinely collected in line with public health
guidance. Specdifically, patients were asked whether household
contacts had expenenced COVID-19 symptoms and whether any of
them had expenenced anosma.

Study outcome measures

The pnimary outcome measure was the prevalence of new-onset
anosmia and/or associated ageusia. Secondary outcome measures
included analysis of duration of COVID-19 symptoms (as outlined
by the current Public Health England case definition) [ 10] and new-
onset anosmia and/or associated ageusia. Clinical presentation was
defined as mild versus severe depending on whether patients were
admitted to hospital or isolated in the community. An additional
outcome measure was the prevalence of new-onset anosmia
amongst household contacts.
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Results

Between March 1st and Apnl 1st 2020, 386 patients were
diagnosed as SARS-CoV-2-positive using real-time PCR detection
(Fig. 1). Of these, 167 were excluded as they did not fit the study
inclusion criteria. Of the remaining 219, 74 were not contactable for
the follow-up telephone consultations after three attempts across
multiple dates. The final analysis included 141 patients. Of these, 92
were treated in the community and 49 were admitted to and dis-
charged from hospital.

Table 1 summanzes the most commonly reported COVID-19
symptoms. Of the 141 panents, 77 (55%) reported anosmia and
ageusia. Three patients reported only anosmia. Nine patients re-
ported only ageusia. No patients reported pre-existing anosmia.
Nasal congestion was reported in 39/80 patients (49%) with
anosmia and 43/89 patients (48%) with ageusia. Nasal symptoms in
the absence of anosmia and/or ageusia were reported in 16/52
patients (31%).

Table 2 shows the median duration of COVID-19 symptoms and
anosmia (duration of symptoms was not normally distnbuted). The
data in the table exclude 14 patients who were clear about the
presence of both COVID-19 symptoms and anosmia but were un-
able to give an accurate duration of the anosmia. Fig. 2 charts the
onset and duration of anosmia in relation to onset of COVID-19
symptoms. The onset of anosmia ranged between 1 and 21 days,
and the duration was reported to be between 1 and 30 days with
32/81 patients expenencing ongoing anosmia or hyposmia at the
end of the study period.

Of the 141 panents, 107 (76%) had one or more household
contacts (total number of household contacts = 195) during their
isolation period. Five households contained two study participants

A Puatel et ol. | Cinical Microbiology and Infection 26 (2020) 12361241

Table 1
Patient dﬂmgupha and frequency of (WID-IQ sylwlm in patients from a
London dary-care March 15t and Apnl
1st, 2020
Total Community Admutted
n 141 92 (65.2%) 49 (348%)
Mean age (range) 45.6(20-93) 407 (20-87) 549 (22-93)
Sex (male/female) 83/58 58/34 27)22
Most P
Fever 11(757%) 70 (76.1%) 41 (83.7%)
Cough 102 (723%) 68 (739%) 34 (694%)
Myalgia 93 (66.0%) 67 (728%) 26 (53.1%)
Ageusia 89 (63.1%) 57 (62.0%) 32 (65.3%)
Shortness of breath 86 (61.0%) 54 (58.7%) 32 (65.3%)
Anosmia 80 (56.7%) 56 (609%) 24 (490%)
Nasal congestion 60 (426%) 43 (46.7%) 17 (34.7%)
Diarrhoea 45 (31.9%) 23 (250%) 22 (449%)
Vomiting 19 (135%) 11 (120%) 8(163%)

each (n = 10), leaving 185 non-tested household contacts. Of these,
79 (43%) had COVID-19 symptoms and 46 (58%) had anosmia. Six
household contacts had anosmia in the absence of other symptoms
(Fig. 3).

Discussion

This analysis reports that over half of patnents with COVID-19
experienced anosmia andjor ageusia. These findings are impor-
tant as they support the increasing evidence associating anosmia
and ageusia with SARS-CoV-2. They also represent a snapshot of the
community setting at the early stages of the spread of this

Positive diagnosis for SARS-
Cov-2 based on real-ime PCR [ \
detection March 1 - April 1 2020
n= 386 30 - Died
105 - Inpatients at time of study
8 — <16 years of age
# 6~ Unable to give history
11 - Readmissions to hospital
7 - Transferred to other
healthcare facilities
n=219 "
74 - Not contactable for clinical
follow up
4 - Other (i.e. recent
bereavement, discharge to
palliative care)
Patients included \ /
n=141
Admitted and
Community diagnosis Wm
n=92 hospital
n=49
ml.ﬂowdmmdpamapmzc«mnmmmspommhmem y distress sy 2 (SARS-CoV-2) from a London community and a

y-care March 15t and April 1st, 2020
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Table 2
Natural history of COVID-19 symp and mp from a London community and secondary-care population between March 15t and Apnl 1st, 2020
Total Community Admitted
Patients with resolved COVID-19 symptoms 114 83 3
Patients with ived COVID-19 symp 13 6 7
Median duration of COVID-19 symptoms i days (interquartile range) 12(115) 10(8) 118 (135)
Patients with resolved anosmia 49 34 15
Patients with Ived wgoing 32 2 1"
Median lag for onset of anosmia in days (IQR) a(5) 3(3) 5(4
Median duration of anosmia in days (IQR) 8(16) 14(16) 7(85)
IQR. interquartile range
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Fig. 2. Onset and (in days) of in rel to COVID-19 symp n from a London and a dary-care popul b March 1st and

April 152, 2020, Arrow indicates ongoing symptoms at the time of telephone consultations.

pandemic in the UK, which is valuable given the early cessation of
community testing.

The prevalence of anosmia in post-viral respiratory tract in-
fections seen in specialist clinics is greater than in general ear nose
and throat clinics [8). This suggests that the pickup rates in
specialist clinics are higher. Our analysis, though more comparable
to that of a general clinic setting, found the prevalence of anosmia
to be greater than that found in specalist anosmia clinics. This
higher prevalence of anosmia in COVID-19 is broadly in line with
the current literature, where anosmia has been identified as one of
the most predictive symptoms of COVID-19 [12]. Of all patients
with anosmia, the majonity (52%) did not report concurrent nasal
congestion. This supports data from a large cross-European analysis
that showed olfactory disorders are prevalent in COVID-19 patients,
who may not have nasal symptoms [5].

Patients who reported ageusia only could not accurately differ-
entiate between losing their sense of taste or their sense of smell.
This may be due to retronasal olfactory function being labelled as
taste |[13]. The gustatory system (transmitted via the glossophar-
yngeal, facial and vagal nerves) only recognizes the basic tastes
(sweet, sour, salty, bitter and umami), but most of the culinary
experiences are recognized by the olfactory nerve [14]. Indeed,

there 1s a close association between anosmia and ageusia, which
may make it difficult for patients to differentiate between the two
|15). In our analysis we therefore made the assumption that ageusia
was unlikely to be present in the absence of anosmia, and we
therefore considered these patients to have anosmia also.

In this study a sizeable proportion of patients reported anosmia
and ageusia extending beyond the resolution of COVID-19 symp-
toms. Additionally, three patients reported anosmia in the absence
of any other symptoms. Mild community-treated patients were
more likely to report anosmia than those admitted to hospital,
which supports emerging evidence associating new-onset anosmia
with mild or absent COVID-19 symptoms | 1,5). Prospective studies
are needed to investigate the epidemiological significance of this in
the context of potential spread of disease by individuals with mild
atypical presentations.

The relative short time span of onset of anosmia in relation to
other COVID-19 symptoms suggests that anosmia may be a useful
early diagnostic factor in this viral disease and may subsequently
have a role in guiding 1solation practice. Duration and time of onset
of anosmia were twice as long in the hospital group, although this
analysis was not powered to investigate the significance of the
variation in findings between hospitahized and community
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patients. Severe symptoms in hospitalized patients may nitially
overshadow the pr e of a, possibly expl. g the delay
in perceived onset. It is worth mentioning that, as of Apnil 17th (end
of the data collection period), 45 patients had ongoing COVID-19
symptoms and/or anosmia/hyposmia. This means the reported
duration times are likely to be underrepresented.

All patients n this study were tested for SARS-CoV-2 due to
clinical suspicion based on symptomatology. Therefore, by the na-
ture of the selection process, it is unlikely that any COVID-19 pa-
tients with anosmuia alone would have been tested. Over half of the
symptomatic (but not tested) household contacts, however, re-
ported anosmia, with a further six experiencing anosmia alone.
Being close contacts of confirmed COVID-19 patients, it is likely the
high prevalence of anosmia in this group is related to transmission
of SARS-CoV-2. This shows consistency in prevalence of anosmia in
an exposed (but not confirmed) population, but also that mild
versions of the illness may present with anosmia alone. To obtain a
true understanding of the clinical significance of anosmia in SARS-
CoV-2, we need to prospectively investigate new-onset anosmia in
the general population, potentially coupled with serological testing.

The strength of this study is that it provides an early insight into
the chronological sequence of anosmia in COVID-19 and also the
association between symptoms and household transmission. Since
this analysis provides a snapshot of symptomatology in SARS-CoV-
2-positive patients, it is not possible to draw population-wide
conclusions. Recall bias of patients may also have influenced the
climcally recorded data, especally of those hospitalized. Similarly,
the absence of objective testing meant we were not able to clini-
cally define the extent and severity of the anosmia and ageusia.
Furthermore, physical examination was not possible in the com-
munity due to social distancing rules and the potential for onwards
transmission. The use of a structured questionnaire, however, hel-
ped to ameliorate this possible reporting bias (Supplementary
Material). It was not possible to estimate the number of
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§ Asymptomatic

§ SARS-CoV-2 symptoms only

' SARS-CoV-2 symptoms and anosmia
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y-care

2 (SARS-CoV-2) between March 1st and Apnl 1st, 2020.

asymptomatic COVID-19 patients in our community population as
asymptomatic patients may have been less likely to present to
hospital, and may not have been eligible for community testing as
per PHE diagnostic criteria. Several patients had ongoing anosmia,
and further follow-up will be required to further discern the
duration of these symptoms.

This analysis did not include patients under the age of 16, and it
has been widely reported that children do not appear to present in
the same way as adults but may still be asymptomatic. The symp-
tomatology of COVID-19 in children needs to be examined.

More than half the patients with confirmed COVID-19 suffered
anosmia and ageusia. This is significant when compared with the
prevalence of anosmia and ageusia in other post-viral upper res-
piratory tract infections. These findings suggest that anosmia and
ageusia be added to existing case definitions for COVID-19 and used
to guide self-isolation procedures. This is cnitical in the absence of
population-level testing.

The findings of this research highlight the need to investigate
new-onset anosmia in the general population, particularly in those
without other symptoms. A better understanding of the long-term
outcomes of anosmia in COVID-19 patients is needed. Until a time
when we have successful population-level vaccination coverage,
these steps remain critical to managing the current and subsequent
waves of this pandemic.
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