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ABSTRACT

BACKGROUND: Anosmia and dysgeusia
have been reported as potential symp-
toms of coronavirus disease 2019. This
study aimed to confirm whether anos-
mia and dysgeusia are specific symp-
toms among those who tested positive
for severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2).

METHODS: We conducted an age-matched
case—control study in the Eastern Town-
ships region of Quebec between Mar. 10
and Mar. 23, 2020. We included adults (age
> 18 yr) who tested positive for SARS-CoV-2
by reverse transcription polymerase chain
reaction. Cases were matched (1:1)
according to 5-year age groups with con-

trol patents selected randomly from
among all patients who tested negative for
SARS-CoV-2 during the same period.
Demographic and laboratory information
was collected from medical records. Clin-
ical symptoms and comorbidities associ-
ated with anosmia and dysgeusia were
obtained by telephone interview with a
standardized questionnaire.

RESULTS: Among 2883 people tested for
SARS-CoV-2, we identified 134 positive
cases (70 women [52.2%] and 64 men
[47.8%]; median age 57.1 [interquartile
range 41.2-64.5] yr). The symptoms inde-
pendently associated with SARS-CoV-2
positivity in conditional logistic regres-

sion were anosmia or dysgeusia or both
(adjusted odds ratio [OR] 62.9, 95% confi-
dence interval [CI] 11.0-359.7), presence
of myalgia (adjusted OR 7.6, 95% CI 1.9-
29.9), blurred vision (adjusted OR 0.1,
95% Cl 0.0-0.8) and chest pain (adjusted
OR 0.1, 95% CI 0.0-0.6).

INTERPRETATION: We found a strong
association between olfactory and gus-
tatory symptoms and SARS-CoV-2 posi-
tivity. These symptoms should be con-
sidered as common and distinctive
features of SARS-CoV-2 infection and
should serve as an indication for testing
and possible retesting of people whose
first test result is negative.

demic, anosmia and dysgeusia have been described as

potential symptoms of the disease. On Mar. 21, 2020, a press
release from ENT UK (a professional membership body repre-
senting ear, nose and throat surgeons in the United Kingdom)
and the British Rhinological Society reported anosmia as a
symptom in up to 40% of patients in China, South Korea, Ger-
many and Italy.! Surprisingly, anosmia and dysgeusia were not
reported in the first study describing the clinical characteristics
of COVID-19 in China.?

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) damages primarily the respiratory tract. The most com-
mon symptoms of SARS-CoV-2 infection include fever, cough and
muscle pain.>* Although most patients generally experience mild

I n the current coronavirus disease 2019 (COVID-19) pan-

to moderate disease, severe or critical disease requiring hospital
admission develops in 15%-20% of patients, with an overall
fatality rate of 2.3%.°

A growing body of literature has mentioned anosmia and dys-
geusia as potential symptoms of SARS-CoV-2 infection.®” Anos-
mia is associated with other respiratory tract infections, and it is
not clear whether this symptom is a consequence of nasal
obstruction and congestion, or is a symptom specific to SARS-
CoV-2 infection.® A better understanding of the association
between these symptoms and SARS-CoV-2 infection might
update the diagnostic criteria and alert people who experience
these symptoms to isolate early and seek testing. Therefore, we
aimed to delineate the value of anosmia and dysgeusia as poten-
tial specific symptoms of SARS-CoV-2 infection.
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Methods

Population and design

This was an age-matched case—control study conducted in the
Eastern Townships region of Quebec between Mar. 10 and
Mar. 23, 2020. The Centre intégré universitaire de santé et de ser-
vices sociaux de U'Estrie-Centre hospitalier universitaire de Sher-
brooke (CHUS) provides hospital care to the 170000 residents of
Sherbrooke as well as referral services for the Estrie region (total
population 508000) in southern Quebec. The study population
included all patients who underwent testing for SARS-CoV-2 dur-
ing this period at the CHUS, whose laboratory is responsible for
all SARS-CoV-2 testing in the region.

Selection of case and control participants

Data were extracted from the CHUS clinical data warehouse to
identify all adult (age > 18 yr) patients who underwent testing for
SARS-CoV-2 by means of in-house reverse transcription poly-
merase chain reaction (RT-PCR) between Mar. 10 and Mar. 23,
2020. The assay limit of detection is 200 SARS-CoV-2 RNA copies/
mL. During this early period, there was almost no known com-
munity transmission in the region, and the criteria for testing
were a temperature greater than 38°C or newly occurring cough
or dyspnea, and epidemiologic criteria (travel to a country with
known COVID-19 cases in the previous 14 d, or contact with a
confirmed COVID-19 case or with a person with acute respiratory
disease who had travelled to a region with known COVID-19
cases, or laboratory exposure to biologic material known to con-
tain SARS-CoV-2). For each case, control patients were matched
(1:1) according to 5-year age groups selected by means of a pseu-
dorandom number generator from all patients who tested nega-
tive for SARS-CoV-2 at the CHUS during the same period. Patients
with multiple tests during the study period were excluded.

Standardized questionnaire

All participants were interviewed via telephone by trained inter-
viewers using a standardized questionnaire (Appendix 1, avail-
able at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.200869/-/
DC1). We adapted questions from the self-reported Mini Olfac-
tory Questionnaire (Self-MOQ)° to reflect the reality of home iso-
lation in the context of the COVID-19 pandemic. The Self-MOQ is
a previously validated questionnaire that has good internal reli-
ability (Cronbach o= 0.84) and validity (r = -0.60, p < 0.001).° The
questionnaire was unblinded, as patients were aware of their
diagnostic test results, and was administered 3-15 days after
sampling for RT-PCR. The interview included questions on clin-
ical symptoms and comorbidities associated with anosmia and
dysgeusia. The interviewers did not tell the interviewees that the
primary purpose of the study was to assess the frequency of
anosmia and dysgeusia. Patients who reported a decrease in
smell or taste perception were asked more specific questions on
those senses. All patients provided informed consent.

Data analysis
Data were transferred into an electronic input tool, Research
Electronic Data Capture (REDCap, Vanderbilt University), and

analyzed with Stata 15.1 (StataCorp). We compared continuous
variables using the Mann-Whitney U test. We selected variables
to be included in the multivariable conditional logistic regression
model according to the change-in-estimate criterion, in which
confounders are defined as variables that alter the unadjusted
exposure-outcome effect by a certain percentage. A cut-off of
10% was used. As anosmia and dysgeusia are closely related,
they were considered together in multivariable models.

Ethics approval
This study was approved by the CHUS ethics review board.

Results

Characteristics of cases and overall incidence

Among 2883 people tested during the study period, we identified
146 who were positive for SARS-CoV-2. Of the 146, 8 were
excluded (3 had died, 4 were in the hospital at the time of the
survey, and 1 declined to participate), and we were unable to
find age-matched controls for 4 cases. We thus studied
134 patients who had tested positive for SARS-CoV-2 and
134 control patients. A total of 262 patients were already aware
of the result of their test when the questionnaire was adminis-
tered. Of the 134 patients who were positive for SARS-CoV-2,
70 (52.2%) were women and 64 (47.8%) were men; the median
age was 57.1 (interquartile range 41.2-64.5) years. Only 3 SARS-
CoV-2-positive patients and 1 control patient had been admitted
to hospital.

Risk factors and symptoms of COVID-19

Risk factors and symptoms associated with SARS-CoV-2 positivity
in the bivariate analyses are presented in Table 1. The odds ratio
(OR) for the association of anosmia or dysgeusia or both with
SARS-CoV-2 positivity was 20.0 (95% confidence interval [CI] 7.3-
54.6) and was not significantly different for women (16.9, 95% ClI
7.6-37.4) and men (26.9, 95% Cl 8.7-82.8). Several symptoms
were associated with SARS-CoV-2 infection in the bivariate analy-
sis but were no longer significant after adjustment for confound-
ers. The independent symptoms associated with SARS-CoV-2
infection were anosmia or dysgeusia or both (adjusted OR 62.9,
95% Cl 11.0-359.7), presence of myalgia (adjusted OR 7.6, 95% ClI
1.9-29.9), blurred vision (adjusted OR 0.1, 95% CI 0.0-0.8) and
chest pain (adjusted OR 0.1, 95% CI 0.0-0.6). The final multivari-
able regression model also included other variables that
enhanced the fit of the model significantly but were not signifi-
cantly associated with the outcome. These variables were loss of
appetite (adjusted OR 2.2, 95% Cl 0.8-5.9), sneezing (adjusted OR
0.4, 95% Cl 0.1-1.1) and asthenia (adjusted OR 1.3, 95% ClI
0.5-3.3).

To further investigate the association between anosmia and
dysgeusia and SARS-CoV-2 infection, we evaluated the gustatory
and olfactory functions among SARS-CoV-2-positive patients who
described a de novo olfactory or gustatory disorder (Table 2).
Anosmia and dysgeusia were strongly correlated: 67 patients had
both, 2 patients had only anosmia, and 18 patients had only dys-
geusia (p < 0.001). Most patients described sudden and severe
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Table 1: Characteristics of patients who tested positive for severe acute respiratory syndrome coronavirus 2 and control

patients

No. (%) of patients*

Control patients SARS-CoV-2-positive patients
Characteristic n=134 n=134 Crude OR (95% Cl)
Age, yr, median (IQR) 57.2 (42.6-64.4) 57.1 (41.2-64.5) =
Sex
Female 81 (60.4) 70 (52.2) 1.0 (Ref.)
Male 53 (39.6) 64 (47.8) 1.3(0.8-2.1)
Smoking
Never smoked 75 (56.0) 5 (56.0) 1.0 (Ref.)
Past smoker 46 (34.3) 44 (32.8) .9(0.5-1.7)
Active smoker 13(9.7) 15(11.2) .1(0.5-2.4)
Seasonal allergies 20 (14.9) 6(11.9) .8(0.4-1.6)
Allergy to furry animals 17(12.7) 12 (9.0) .6 (0.3-1.5)
Year-round nasal congestion 14 (10.4) 18(13.4) .3(0.6-2.7)
Year-round nasal drip 16 (11.9) 15(11.2) .9(0.4-1.9)
Long-term use of nasal corticosteroid sprays
No 122 (91.0) 124 (92.5) 1.0 (Ref.)
Occasionally 6(4.5) 3(2.2) 0.5(0.1-2..0)
Continuous use 6 (4.5) 7(5.2) 1.2 (0.4-3.5)
Signs and symptoms (within 72 h before or after
SARS-CoV-2 testing)
Anosmia 6 (4.5) 69 (51.5) 32.5(8.0-132.7)
Dysgeusia 9(6.7) 85 (63.4) 16.2 (6.6-40.0)
Anosmia and/or dysgeusia 11(8.2) 87 (64.9) 20.0 (7.3-54.6)
Asthenia 8 (43.3) 104 (77.6) .9 (2.2-6.7)
Myalgia 9 (21.6) 76 (56.7) .9 (2.6-9.2)
Arthralgia 9(14.2) 37(27.6) 2(1.2-4.1)
Chest pain 0(22.4) 35(26.1) .2 (0.7-2.2)
Dyspnea 9 (36.6) 56 (41.8) .2 (0.8-2.0)
Chills 2 (23.9) 71 (53.0) 7(1.7-4.7)
Fever (subjective) 5(26.1) 46 (34.3) .5(0.9-2.6)
Fever (objective) 20 (14.9) 50 (37.3) .9 (1.6-5.1)
Nasal congestion 6(41.8) 58 (43.3) .1(0.6-1.9)
Nasal drip 3 (54.5) 60 (44.8) .6 (0.3-1.0)
Sneezing 8 (43.3) 53(39.6) .8(0.5-1.4)
Sore throat 2 (53.7) 60 (44.8) .7(0.4-1.1)
Cough 6(71.6) 97 (72.4) .0 (0.6-1.7)
Sputum production 3(32.1) 40 (29.8) .9 (0.6-1.5)
Loss of appetite 6(19.4) 75 (56.0) .1(2.4-7.0)
Nausea 17 (12.7) 40 (29.8) .9 (1.5-5.6)
Vomiting 5(3.7) 9 (6.7) .8(0.6-5.4)
Diarrhea 31(23.1) 60 (44.8) 7(1.6-4.7)
Headaches 62 (46.3) 87 (64.9) .9 (1.3-3.4)
Red eyes 3(2.2) 1(0.7) .3(0.0-3.2)
Rash 6 (4.5) 8 (6.0) 4 (0.4-4.4)
Vertigo or dizziness 14 (10.4) 27 (20.1) .3(1.1-4.8)
Blurred vision 9 (6.7) 6 (4.5) .7(0.2-1.9)
Loss of temperature sensation in face 1(0.7) 5(3.7) 5.0 (0.6—42.9)

Note: CI = confidence interval, IQR = interquartile range, OR = odds ratio, Ref. = reference, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.
*Except where noted otherwise.
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Table 2: Characteristics of patients who tested positive for

severe acute respiratory syndrome coronavirus 2 and had
anosmia or dysgeusia

Characteristic
Self-described change in olfactory capacity
(n=69)
Light
Moderate
Severe
Onset of change in olfactory capacity (n =69)
Progressive (over several days)
Sudden
Capacity to recognize specific odours (n = 69)
Perfume
Not at all
Weak
Good
Very good
Not applicable
Smoke
Not at all
Weak
Good
Very good
Not applicable
Garbage
Not at all
Weak
Good
Very good
Not applicable
Coffee
Not at all
Weak
Good
Very good
Not applicable

Modification/alteration in tasting capacity
(n=85)

Loss of tasting capacity (n = 85)

Onset of change in tasting capacity (n = 85)
Progressive (over several days)

Sudden

Self-described change/alteration in tasting
capacity (n = 85)

Light
Moderate

Severe

*The number of patients may not be equal to the total number in some categories

owing to unknown or missing values.

No. (%) of
patients*

== |15 |

=

Sl Sl S

31(36)
46 (54)

loss in their olfactory or gustatory abilities, or both. This loss was
reflected in their ability to recognize perfume, smoke, garbage
and coffee odours.

The symptoms most commonly described as presenting
symptoms by SARS-CoV-2-positive patients were sore throat
(21 patients [15.7%]) and cough (39 [29.1%]). Anosmia and dys-
geusia were not reported frequently as presenting manifesta-
tions of SARS-CoV-2 positivity (3 patients [2.2%] and 2 patients
[1.5%], respectively). The most severe symptoms reported by
respondents were cough (26 patients [19.4%]), asthenia (22
[16.4%]) and headache (16 [11.9%]). Anosmia (4 patients [3.0%])
and dysgeusia (5 [3.7%]) were reported infrequently as the most
severe symptoms experienced. Anosmia or dysgeusia, or both,
without fever or cough, were observed in almost one-third of
patients (16 of 57 [28%]) but were reported as the sole symptom
in only 2 of 134 patients (1.5%).

Interpretation

We found that anosmia and dysgeusia were the most distinctive
symptoms associated with SARS-CoV-2 infection and that these
symptoms could be severe, as shown by the complete loss of
perception of odours such as coffee and garbage. Because the
study took place during a period when the criteria for SARS-
CoV-2 testing included symptomatic (fever, cough or dyspnea)
travellers and contacts of confirmed COVID-19 cases, it under-
lines the signs and symptoms that may be characteristic of SARS-
CoV-2 infection compared to infection with other respiratory
viruses that were prevalent in our community in March 2020.

Other studies have suggested anosmia to be an important
symptom of COVID-19. Olfactory and taste disorders were
described in reports'®!* and in descriptive studies of patients
with mild to moderate COVID-19*2 and those admitted to hos-
pital.’ These symptoms appeared to be less prominent in
cohorts of inpatients: Giacomeli and colleagues® reported that
39 (66%) of 59 patients admitted to hospital did not report
any taste or olfactory disorders. Inpatients may have other,
more severe symptoms to focus on, do not have access to
familiar odours such as garbage, perfume or coffee, and have
other health concerns that may mitigate the perception of
olfactory disorders.

Our findings are similar to those of a study of 417 patients
with mild to moderate COVID-19 in which olfactory and gustatory
dysfunction was reported in 85.6% and 88.0% of patients,
respectively.? They are in keeping with results from a cross-
sectional study conducted in California in which anosmia
(adjusted OR 10.9) and ageusia (adjusted OR 10.2) were associ-
ated with COVID-19 positivity.** Our results also align with those
of recent Italian and German studies showing altered sense of
smell or taste in 64.4% and 69% of patients, respectively.”**

About 5% of the general population exhibit functional anos-
mia.’®> Without comparison to matched controls, determining the
magnitude of the potential association between anosmia or dys-
geusia, or both, and COVID-19 is difficult. Our study reinforces
the association between SARS-Cov-2 positivity and olfactory or
gustatory dysfunction. Our control patients consisted primarily
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of people with influenza-like illness who had potentially been
exposed to SARS-CoV-2, predominantly through travel. This fea-
ture allowed us to differentiate anosmia related to SARS-CoV-2
from nonspecific anosmia associated with other respiratory
viruses or with nasal congestion.’**” The anosmia described by
our SARS-CoV-2-positive patients was independent of nasal con-
gestion. Patients who experienced sneezing had lower odds
of infection. Beltran-Corbellini and colleagues'® used influenza-
positive historical controls to determine the relation between
acute-onset smell and taste disorders in patients with SARS-
CoV-2 infection and reported similar findings to ours: they found
that new-onset smell or taste disorders were significantly more
frequent among patients who had tested positive for SARS-CoV-2
(39.2%) than in the control group (12.5%).

Severe acute respiratory syndrome coronavirus 2 may cause
neurologic manifestations,'® and other coronaviruses have been
linked to nervous system involvement and neuron-to-neuron
propagation via axonal transport.?’ Severe acute respiratory syn-
drome coronavirus 2 has been linked to olfactory neuropathy.? A
study in transgenic mice showed that the virus can infect the
olfactory bulb neurons and reach the central nervous system via
transsynaptic spread.?> These examples underline the biologic
plausibility of olfactory disorders in SARS-CoV-2-positive patients.

Limitations

The main limitation of our study is its retrospective nature, which
may have led to recall bias. However, blinding interviewers to
participants’ disease status was not possible. Most patients were
aware of their test result, and it is likely that some of them had
become aware of the association between anosmia and COVID-
19 at the time of the study, as these symptoms were emphasized
publicly when a National Basketball Association player who had
tested positive for SARS-CoV-2 reported them via Twitter.
Around the time of our survey, media reports were already sug-
gesting de novo anosmia as a potential symptom of COVID-19.
Therefore, the SARS-CoV-2-positive patients who were aware of
their test results may have been more prone to report olfactory
and gustatory disorders. Another potential bias relates to mis-
classification of cases. Reverse transcription polymerase chain
reaction testing for SARS-CoV-2 is not 100% sensitive, and posi-
tivity can depend on factors such as the number of days from
onset of symptoms and the site of sampling.?*?* However, this
differential misclassification of outcome is likely to underesti-
mate the true association between olfactory and gustatory dys-
function and SARS-CoV-2 positivity, and we found a strong
association.

Conclusion

In this age-matched case-control study, we found a strong asso-
ciation between olfactory and gustatory symptoms and SARS-
CoV-2 positivity. These symptoms affect the ability to recognize
odours frequently encountered in daily life and are independent
from nasal congestion and nasal drip, which were observed
more frequently in our control population. These results rein-
force the suggestion that anosmia and dysgeusia should be con-
sidered common and distinctive features of SARS-CoV-2 infection

and indications for testing. Given the recent concerns about the
imperfect sensitivity of RT-PCR testing, the association between
anosmia or dysgeusia with SARS-CoV-2 is strong enough that the
presence of these symptoms should serve as an indication for
retesting in patients whose initial test result is negative. Pro-
spective studies should assess whether these symptoms can be
permanent.
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