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Association between new-onset anosmia and positive SARS-
CoV-2 tests among people accessing outpatient testing in
Toronto, Ontario: a retrospective cross-sectional study
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Background: Reports have suggested that anosmia is strongly associated with SARS-CoV-2 infection, but patients were often
asked about this symptom after their diagnosis. This study assessed associations between prospectively reported anosmia and other
symptoms related to SARS-CoV-2 infection, and SARS-CoV-2 positivity in community testing centres in Toronto, Ontario.

Methods: We conducted a retrospective cross-sectional study in which data were collected from 2 COVID-19 assessment centres
affiliated with 2 hospitals in Toronto, Ontario, from Apr. 5 to Sept. 30, 2020. We included symptomatic profiles of all people who
underwent a SARS-CoV-2 test at either clinic within the study period. We used generalized estimating equations to account for
repeat visits and to assess associations between anosmia and other symptoms and SARS-CoV-2 positivity.

Results: A total of 83443 SARS-CoV-2 tests were conducted across the 2 sites for 72692 participants during the study period. Of all
tests, 1640 (2.0%) were positive; 837 (51.0%) of people who tested positive were asymptomatic. The adjusted odds ratio for the
association between anosmia and test positivity was 5.29 (95% confidence interval [Cl] 4.50—6.22), with sensitivity of 0.138 (95% CI
0.121-0.154), specificity of 0.980 (95% CIl 0.979-0.981), a positive predictive value of 0.120 (95% CIl 0.106—0.135) and a negative
predictive value of 0.983 (95% CI 0.982—-0.984).

Interpretation: Anosmia had high specificity and a positive predictive value of 12% for SARS-CoV-2 infection in this community pop-
ulation with low prevalence of SARS-CoV-2 positivity. The presence of anosmia should increase clinical suspicion of SARS-CoV-2

infection, and our findings suggest that people presenting with this symptom should be tested.

OVID-19, caused by infection with SARS-CoV-2, has

spread rapidly around the world. As of Nov. 18, 2021,

there were more than 255 million cases of COVID-19
and almost 5.2 million deaths worldwide.! There has been a
substantial effort to determine specific signs and symptoms
predictive of the infection to support screening recommenda-
tions or self-isolation to prevent further transmission.” Symp-
toms of SARS-CoV-2 infection, such as fever, cough and
shortness of breath, are nonspecific and common in other
respiratory viral infections.® Furthermore, many people with
SARS-CoV-2 infection have minimal or no symptoms and are
unaware that they may be transmitting the virus.*

Anosmia (loss of sense of smell) is a symptom that has
received substantial interest, starting with case reports, then
media coverage, and followed by large-scale observational stud-
ies.’™'? Early in the pandemic, the British Rhinological Society
suggested that anosmia may be a unique symptom associated
with early SARS-CoV-2 infection’ and advised anyone with
loss of smell to self-isolate. Subsequently, associations between
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SARS-CoV-2 infection and anosmia were reported across mul-
tiple settings, but these studies have been primarily retrospec-
tive, asking people if they experienced these symptoms after
they knew their test results,”!! with a high risk of recall bias. A
recent systematic review of the diagnostic accuracy of several
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signs and symptoms, including anosmia and COVID-19 diag-
nosis, reported sensitivity of 28.0% (95% confidence interval
[CI] 17.7%-41.3%) and specificity of 93.4% (95% CI 88.3%—
96.4%) for anosmia but noted a lack of prospective studies on
this association.'” Furthermore, anosmia is common: at any
time, 3%-20% of the general population'!* may develop
“olfactory dysfunction,” of which anosmia is a subset. Up to
40% of anosmia cases are postviral, and coronaviruses are
thought to cause 10%—15% of these cases."?

“Test and trace” approaches have been adopted to control
the spread of SARS-CoV-2." This is a key pillar of the pan-
demic response in Toronto, Ontario, a city of about 3 million
people. In mid-March 2020, the Ontario government devel-
oped COVID-19 assessment centres throughout the province
to facilitate testing. These assessment centres provide SARS-
CoV-2 nasopharyngeal swab testing to the public and health
care workers based on algorithms that consider symptoms,
known or suspected exposure to SARS-CoV-2, travel history
and involvement with vulnerable at-risk populations.

We sought to characterize the diagnostic test characteris-
tics (i.e., sensitivity, specificity, and positive and negative pre-
dictive values) of anosmia as an early symptom of SARS-
CoV-2 infection in an outpatient population with varying
degrees of risk and symptoms of COVID-19. We also
planned to describe the demographic characteristics and clini-
cal presentations of people who tested positive for SARS-
CoV-2 infection.

Study design

We conducted a retrospective, repeated, cross-sectional (chart
review) study including consecutive patients undergoing a
SARS-CoV-2 test at 2 COVID-19 assessment centres in
Toronto from Apr. 5 to Sept. 30, 2020. This study included
data from COVID-19 assessment centres affiliated with 2 aca-
demic hospitals in Toronto. North York General Hospital
(NYGH) is a medium-sized community hospital with 435
inpatient beds; data in this study are from the hospital’s
COVID-19 assessment centre in an outpatient setting in a
lower-income neighbourhood in northwestern Toronto.'
Women’s College Hospital (WCH) is an outpatient hospital
in the downtown core, with a focus on women’s health, but its
COVID-19 assessment centre provides testing to people of all
genders and ages.'” We applied the checklist for The Report-
ing of Studies Conducted Using Observational Routinely
Collected Health Data (RECORD) guidelines for this obser-
vational study.'®

Population

Access to the centres during the study period (Apr. 5-
Sept. 30, 2020) was either by walk-in or online self-assessment
for initial screening to determine eligibility. At the time of
registration, health care providers asked people questions
about symptoms and documented responses into the hospital
electronic health records (EHRs). All data included in this
study were from patient self-report at the time of registration
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at the clinic and from SARS-CoV-2 test results obtained from
samples collected at these 2 testing clinics.

Both symptomatic and asymptomatic people were tested
on the basis of evolving screening criteria from local public
health authorities. When COVID-19 assessment centres
opened on Mar. 12, 2020, only symptomatic individuals could
be tested. This changed on May 28, 2020, when asymptom-
atic people who were concerned about COVID-19 could be
tested.!” The criteria then reverted back to testing only symp-
tomatic individuals as of Sept. 24, 2020.2° Individuals access-
ing the testing sites had varying degrees of risks of contracting
SARS-CoV-2 infection, ranging from those with confirmed
or suspected close contact with someone infected with SARS-
CoV-2, to asymptomatic people requesting testing required
before surgical procedures or visits to relatives in long-term
care facilities, or for reassurance.

The centres operated 7 days per week and tested between
100 and 2000 patients weekly as the pandemic progressed.
Testing for SARS-CoV-2 used reverse transcription poly-
merase chain reaction (RT-PCR) with gene sequencing for
nucleocapsid, envelope and RNA-dependent RNA poly-
merase (RdRp; enzyme).?! 2

Data collection

Clinical data from the COVID-19 assessment centres’ flow-
sheets were abstracted (S.K.) from the Cerner and Epic EHRs at
NYGH and WCH, respectively, and exported into Microsoft
Excel spreadsheets. Common data variables collected from
both hospitals included age, sex, postal code, exposure history
(i-e., travel outside of Canada within 14 days, contact with
confirmed or suspected case of COVID-19, or health care
worker), vital signs (i.e., heart rate, blood pressure, oxygen
saturation and temperature) and symptoms (e.g., anosmia,
cough and/or shortness of breath, diarrhea and/or abdominal
pain, and fever). A question about altered or diminished sense
of smell was adapted from Hoffman and colleagues,” as fol-
lows: “Have you had a new problem with your ability to smell,
such as not being able to smell things or things not smelling
the way they are supposed to?” This approach has been
reported as having moderate sensitivity for anosmia (54.4%)
and severe hyposmia (78.1%).%*

SARS-CoV-2 test results were coded as negative or posi-
tive. Any subsequent PCR tests done after a positive result,
which were conducted early in the pandemic to assess for
virus clearance, were excluded, since they would not be new
infections and would result in duplicate data for positive cases.

The WCH electronic record data contained additional
variables that we extracted, including change in taste, cough,
difficulty swallowing, fatigue, headache, hoarse voice, myalgia,
nasal congestion, nausea, vomiting, respiratory distress, runny
nose, sneezing and sore throat.

During the data extraction process, we verified the accuracy
of EHR data using a manual chart abstraction for a random
subset of 100 patients and did not find erroneous information.
The data elements collected at both COVID assessment cen-
tres are further described in Appendix 1 (available at www.
cmajopen.ca/content/9/4/E1134/suppl/DCI).
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Statistical analysis

Deidentified data from each institution’s Microsoft Excel
spreadsheet were combined and exported into SAS version
9.4 (SAS Corp.) for statistical analysis. We conducted pri-
mary analyses on the combined data of common variables, as
well as secondary analyses within each cohort, including site-
specific variables.

We calculated diagnostic test characteristics (sensitivity, speci-
ficity, positive predictive value [PPV], negative predictive value
[NPV], accuracy [true negative + true positive / true negative +
true positive + false negative + false positive], likelihood ratio +
[LR+], and likelihood ratio — [LR~]) for the onset of anosmia in
predicting SARS-CoV-2 infection status in people presenting to
the assessment centres.”” Diagnostic measures were also calcu-
lated for common symptoms at both assessment centres and for
additional symptoms collected at WCH separately.

We used generalized estimating equations with exchange-
able correlation structure for the binary outcome of SARS-
CoV-2 results (positive/negative) to capture the patient-level
dependence for repeat COVID-19 screening during the
study period.”® Generalized estimating equations were also
used to adjust for participant demographic characteristics
(age, sex and travel history) and common symptoms available
at both sites (anosmia, cough and/or shortness of breath, and
diarrhea and/or abdominal pain).

Ethics approval

"This study was approved by NYGH’s and WCH’s research
ethics boards (protocol nos. 20-0021 and 2020-0059-E).
These approvals included permission to waive written
informed consent given that this study was conducted using
routinely collected health information.

A total of 83443 tests were completed (53479 at NYGH
[Apr. 12-Sept. 30] and 29964 at WCH [Apr. 5-Sept. 30]) for
72 692 participants. Participants’ demographic characteristics
and reported symptoms are summarized in Table 1. The
overall test positivity rate was 2.0% (2.3% at NYGH and
1.4% at WCH). The positivity rate was 2.3% among adults
aged 20-29 years, 1.5% among those younger than 20 years,
and 1.3% among adults aged 60 years and older.

The prevalence of a positive SARS-CoV-2 test result was
higher in those reporting anosmia than in those not report-
ing anosmia (12.0% v. 1.7%). Test characteristics for the
association between anosmia and SARS-CoV-2 positivity
were as follows: sensitivity 0.138 (95% CI 0.121-0.154),
specificity 0.980 (95% CI 0.979-0.981), PPV 0.120 (95% CI
0.106-0.135), NPV 0.983 (95% CI 0.982-0.984) and accu-
racy 0.963 (95% CI 0.962-0.965) (Figure 1).

The prevalence of positive SARS-CoV-2 test results was
higher among patients with clinical symptoms including fever
(7.0% v. 1.6%), cough and/or shortness of breath (5.1% v.
1.5%), and diarrhea and/or abdominal pain (2.9% v. 1.9%).

Low sensitivity and high specificity with low PPV and high
NPV were observed for common symptoms recorded at both
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assessment centres (Figure 1; Appendix 2, available at www.
cmajopen.ca/content/9/4/E1134/suppl/DC1).

At WCH, where additional symptoms were captured (Fig-
ure 2; Appendix 3, available at www.cmajopen.ca/content/9/4/
E1134/suppl/DC1), the highest sensitivity was observed for
cough (0.450, 95% CI 0.405-0.496), headache (0.318, 95% CI
0.275-0.361) and fatigue (0.276, 95% CI 0.235-0.317), while
symptoms with the highest specificity included anosmia (0.987,
95% CI 0.986-0.988), change in taste (0.984, 95% CI 0.983-
0.986) and difficulty swallowing (0.975, 95% CI 0.973-0.977).

Out of 1640 patients across both sites who had positive
SARS-CoV-2 tests, 837 (51.0%) were asymptomatic and
reported no anosmia, cough, shortness of breath, fever, diar-
rhea or abdominal pain.

Figure 3 (and Appendix 4, Table S4, available at www.
cmajopen.ca/content/9/4/E1134/suppl/DC1) shows the crude
and adjusted odds ratios (ORs) for SARS-CoV-2 test positiv-
ity with respect to age, sex and common symptoms at both
testing sites. With the exception of diarrhea and/or abdominal
pain (adjusted OR 0.71, 95% CI 0.60-0.85), patients with any
symptoms who presented to the clinic had increased odds of a
positive SARS-CoV-2 test. The adjusted odds ratio for a posi-
tive SARS-CoV-2 test was 5.29 (95% CI 4.50-6.22).

In our retrospective, repeated, cross-sectional study of 83443
SARS-CoV-2 tests in a community-based sample, we identi-
fied a moderate association between self-reported anosmia
and positive SARS-CoV-2 test results.

Our findings are consistent with the results of a meta-
analysis on the association between anosmia and SARS-CoV-2
test positivity that reported an OR of 14.7.1° While the adjusted
OR reported in our study was lower at 5.29, this may reflect
that, throughout our study period, there were ongoing changes
in testing criteria, and most people who reported COVID-19-
like symptoms were from areas with relatively low prevalence.

Our identified association between anosmia and SARS-
CoV-2 positivity is also lower than what was identified in
another Toronto study in which people were retrospectively
contacted to ask about the presence of this symptom;'" we
believe our findings more accurately reflect the true prevalence
of anosmia associated with SARS-CoV-2 infection at the time
patients present, with a lower risk of recall bias.

Anosmia is a common symptom of other conditions, such
as allergic rhinitis (21%)*” and other upper respiratory tract
infections (30%).?® In our study, anosmia was present among
12% of people who tested positive for SARS-CoV-2 infec-
tion; more importantly, anosmia had very high specificity
(98%). However, because of the low prevalence of SARS-
CoV-2 infection in these settings (overall test positivity was
2%), the positive predictive value was low (12%). While
anosmia had the strongest association with SARS-CoV-2
positivity among people in the sample, the test characteris-
tics make its clinical usefulness limited to raising suspicion of
this diagnosis, rather than strongly suggesting it. Given that
PPV varies by prevalence, small changes in prevalence
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Table 1 (part 1 of 2): Demographic characteristics and Table 1 (part 2 of 2): Demographic characteristics and
symptoms of people who underwent a SARS-CoV-2 test at symptoms of people who underwent a SARS-CoV-2 test at
COVID-19 assessment centres at NYGH and WCH COVID-19 assessment centres at NYGH and WCH
SARS-CoV-2 swab test; SARS-CoV-2 swab test;
no. (%)* no. (%)*
Variable Negative Positive Total, no. Variable Negative Positive Total, no.
Demographic characteristics Symptoms cont’d
Site Body temperature
NYGH (site 1) 52272 (977) 1207 (2.3) 53479 Missing 51558 (99.0) 496 (0.9) 52054
WCH (site 2) 29531 (98.6) 433 (1.4) 29964 93-979°F 21711 (96.8) 717 (3.2) 22428
(33.9-36.6°C)
Age group, yr
98-98.9°F 7474 (96.1) 307 (3.9) 7781
0-9 4563 (99.0) 46 (1.0) 4609 (36.7-372°C)
10-19 5093 (98.1) 98 (1.9) 5191 > 99°F 1060 (89.8) 120 (10.2) 1180
20-29 18488 (97.8) 425 (2.2) 18913 (2 37.3°C)
30-39 16602 (98.2) 312 (1.8) 16914 Respiratory rate, breaths/min
40-49 11617 (974) 306 (2.6) 1923 Missing 55707 (98.8) 666 (1.2) 56373
50-59 11446 (978) 262 (2.2) 11708 =24 25856 (96.4) 964 (3.6) 26820
60-69 8570 (98.4) 140 (1.6) 8710 >24 240 (96.0) 10 (4.0) 250
=70 5419 (99.1) 51 (0.9) 5470 Systolic blood pressure, mm Hg
Missing 5 (100.0) 5 Missing 59368 (99.0) 624 (1.0) 59992
Sex <110 2596 (96.1) 104 (3.8) 2700
Female 47646 (98.1) 918 (1.9) 48564 > 110 19839 (95.6)  912(44) 20751
Male 34157 (979) 722 (2.1) 34879 Saturated oxygen, %
Travelt Missing 51204 (99.0) 495 (1.0) 51699
No 80090 (98.1) 1586 (1.9) 81676 =92 62 (89.9) 7(10.1) 69
Yes 1713 (96.9) 54 (3.1) 1767 >92 30537 (96.4) 1138 (3.6) 31675
Symptoms Total 81803 (98.0) 1640 (2.0) 83443
Anosmia Note: NYGH = North York General Hospital, WCH = Women’s College Hospital.
*This is a row percentage.
No 80152 (98.3) 1414 (1.7) 81566 tTravel outside Canada within last 14 days (relative to screening test date).
Yes 1651 (88.0) 226 (12.0) 1877
Cough and/or shortness of breath increase PPV substantially: for example, with a 10% preva-
No 71329 (98.5) 1076 (1.5) 72405 lence, the PPV would be 43%. No other symptom was suffi-
Yes 10474 (94.9) 564 (5.1) 11038 ciently associated with SARS-CoV-2 positivity to suggest its
Fever use for screening or for predicting a positive test.
No 76370 (98.4) 1232 (16) 77602 Limitations
Yes 5433 (93.0) 408 (7.0) 5841 This study was completed in 2020, and symptomatology
Diarrhea and/or abdominal pain related to newer SARS-CoV-2 variants may differ. Other
N limitations of this study include the possibility of false-
° 76225 (98.1) 1474 (19) 77699 negative and false-positive tests, as well as the heterogenous
Yes 5578 (97.1) 166 (2.9) 5744 study population. Additional data were available from the
Pulse rate, beats/min WCH assessment centre because no provincial standard
Missing 56657 (98.7) 761 (13) 57418 existed for what data should be c'ollffcted at COVID—IQ
assessment centres, and each organization designed its own
20-60 1470 (974) 39 (2.6) 1509 data collection independently. This study is from a single
61-90 19006 (96.9) 618 (3.1) 19624 city in one province and may not be generalizable to other
> 91 4670 (95.5) 222 (4.5) 4892 settings, particularly related to varying incidence of

COVID-19 between settings.
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Figure 1: Diagnostic measures of COVID-19 symptoms recorded at North York General Hospital and Women’s College Hospital (point esti-
mates in blue, 95% confidence intervals in red). Note: LR = likelihood ratio, NPV = negative predictive value, PPV = positive predictive value.
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Figure 2: Diagnostic measures of COVID-19 symptoms recorded at Women'’s College Hospital (point estimates in blue, 95% confidence inter-
vals in red). Note: LR = likelihood ratio, NPV = negative predictive value, PPV = positive predictive value.

SARS-CoV-2 testing was conducted for various indica-
tions throughout the study period, as knowledge about the
disease and testing capacity changed over time. The pur-
pose of tests also varied, from screening asymptomatic peo-
ple before outpatient procedures, to diagnostic testing for
people with symptoms thought to be consistent with
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COVID-19 or who had a high risk for SARS-CoV-2 infec-
tion. This study includes data from anyone who was tested,
and we were unable to analyze data by testing indication. A
recent systematic review identified 2 studies reporting 20%
and 75% prevalence of asymptomatic people among those
testing positive.*
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Figure 3: Odds ratios (ORs) for positive SARS-CoV-2 swab test, by patient characteristic (95% confidence intervals in red, dotted line shows
OR = 1; results adjusted for age, sex, travel history and common symptoms available at both study sites: anosmia, cough and/or shortness of

breath, diarrhea and/or abdominal pain).

Our approach to assessing anosmia was identified through a
brief literature review and represented the most feasible
approach we could identify at the time that would be possible
to complete in these clinical contexts. Anosmia could have
been underestimated given the 54%-78% sensitivity of the
“single question” approach used here?* when compared with
more intensive testing for anosmia, such as the Mini Olfactory
Questionnaire approach?” used in another Canadian study
reporting an association between anosmia and positive SARS-
CoV-2 tests.” Data in our study were self-reported and may be
subject to recall bias or underestimation for that reason as well:
an Iranian study from April 2020 using objective measurement
identified a 98% prevalence of hyposmia or anosmia among
60 inpatients with positive SARS-CoV-2 tests, which was
higher than our identified prevalence.*

Patients were asked about anosmia using the question as
described in the Methods section (“Have you had a new prob-
lem with your ability to smell, such as not being able to smell
things or things not smelling the way they are supposed to?”)
without additional details. There was no specific guidance given
about what “new” meant; it is possible if people asked for clari-
fication about this, health care providers asking the questions
provided their own interpretation. The question was piloted for
a few days along with other data elements before it was incor-
porated into systematic data collection as part of starting up the
clinics, and we did not receive any feedback about patients
requesting clarification. It is unknown how this might have
affected the diagnostic test characteristics of the questions.

Finally, we generated the statistical inference using complete-
case analysis in which associations were captured using
recorded clinical characteristics. It is necessary to acknowl-
edge this limitation, as the observational EHR data may be
prone to different sources of missingness (e.g., missing at ran-
dom, missing not at random) and this, in turn, may lead to
results with less generalizability.

Conclusion

In this study involving people attending 2 community-based
COVID-19 assessment centres, presence of anosmia did not
reliably identify participants with SARS-CoV-2 infection.
However, anosmia’s high specificity and positive predictive
value of 12% in this community population with low preva-
lence of SARS-CoV-2 positivity suggests a moderate clinical
suspicion of infection in individuals with this symptom. This
finding suggests that people with new-onset anosmia should
consider being tested for SARS-CoV-2.
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