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Self-reported olfactory loss associates with outpatient clinical course

in COVID-19

Carol H. Yan, MD'

, Farhoud Faraji, MD, PhD', Divya P. Prajapati, BS"2, Benjamin T. Ostrander, MD' and

Adam S. DeConde, MD'

Background: Rapid spread of the severe acute respiratory
syndrome-coronavirus-2 (SARS-CoV-2) virus has left many
health systems around the world overwhelmed, forcing
triaging of scarce medical resources. Identifying indicators
of hospital admission for coronavirus disease 2019 (COVID-
19) patients early in the disease course could aid the ef-
ficient allocation of medical interventions. Self-reported
olfactory impairment has recently been recognized as a
hallmark of COVID-19 and may be an important predictor
of clinical outcome.

Methods: A retrospective review of all patients pre-
senting to a San Diego Hospital system with laboratory-
confirmed positive COVID-19 infection was conducted with
evaluation of olfactory and gustatory function and clinical
disease course. Univariable and multivariable logistic re-
gression were performed to identify risk factors for hos-
pital admission and anosmia.

Results: A total of 169 patients tested positive for COVID-
19 disease between March 3 and April 8, 2020. Olfactory
and gustatory data were obtained for 128 (75.7%) of 169
subjects, of which 26 (20.1%) of 128 required hospitaliza-
tion. Admission for COVID-19 was associated with intact

sense of smell and taste, increased age, diabetes, and sub-
jective and objective parameters associated with respira-
tory failure. On adjusted analysis, anosmia was strongly and
independently associated with outpatient care (adjusted
odds ratio [aOR] 0.09; 95% Cl, 0.01-0.74), whereas positive
findings of pulmonary infiltrates and/or pleural effusion on
chest radiograph (aOR 8.01; 95% Cl, 1.12-57.49) was strongly
and independently associated with admission.

Conclusion: Normosmia is an independent predictor of ad-
mission in COVID-19 cases. Smell loss in COVID-19 may be

associated with a milder clinical course. © 2020 ARS-AAOA,
LLC.
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he rapid worldwide spread of the coronavirus dis-
ease 2019 (COVID-19) pandemic has placed an un-
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precedented strain on hospitals and healthcare systems.!

Severe acute respiratory syndrome-coronavirus-2 (SARS-
CoV-2), the virus mediating COVID-19, continues to af-
fect individuals of all ages, ranging from asymptomatic
to fatal infection.”” Recent examples of overwhelmed
healthcare systems underline the urgent need for develop-
ing strategies to predict early symptoms and disease tra-
jectory with biomarkers and clinical prognosticators.® A
cost-effective method of early risk stratification of disease
severity would enable improved medical decision-making,
rapid and severity-appropriate intervention, and facilitate
the allocation of limited medical resources. Under such a
paradigm, patients found to carry markers associated with
severe manifestations of COVID-19 would be considered
high-risk and monitored closely for further escalation of
care. Meanwhile, those displaying markers associated with
low-risk disease could be recommended to self-monitor
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under quarantine conditions, allowing health systems to
conserve scarce resources for impending COVID-19 case
surges or the care of non—-COVID-19 patients.

Olfactory and gustatory dysfunction have recently been
found to be associated with COVID-19 infection.”'> The
growing number of Internet searches inquiring about loss
of smell strongly correlates with the increased prevalence
of COVID-19."3 In ambulatory populations, patients who
present with influenza-like symptoms and anosmia are 6
to 10 times more likely to test positive for COVID-19
infection.”!? Indeed, 59% to 86% of outpatient COVID-19
positive patients self-reported olfactory loss.”>!%!? Notably,
self-reported anosmia in COVID-19—-positive hospitalized
patients has also been identified as a common symptom,
but is consistently reported at lower rates in this popula-
tion (5-35%).'1%15 Although limited quantitative olfac-
tory data exist in either outpatient or inpatient contexts,
early findings in inpatients with COVID-19 suggest that
only 28% self-reported smell loss and a minority (25%)
demonstrated complete anosmia, despite some degree of
measurable olfactory dysfunction in almost all subjects.!!
In contrast, in an outpatient managed cohort of COVID-19
subjects, the self-reported severity and incidence of olfac-
tory dysfunction was high, with most patients reporting a
profound and complete loss of smell (0/10).” Comparing
the prevalence of self-reported smell loss between mild or
ambulatory cases and moderate to severe inpatient cases of
COVID-19 may provide insights into an individual’s dis-
ease prognosis. This study sought to investigate the associa-
tion between self-reported anosmia and hospital admission
during the course of COVID-19.

Subjects and methods
Study design and population

A retrospective analysis of all adult subjects presenting to
the UC San Diego Health System (Jacobs and Hillcrest
Medical Centers) with confirmed polymerase chain reaction
(PCR)-positive testing for the SARS-CoV-2 viral nucleic
acid from nasopharyngeal swabs was done. Demographic
data (Table 1) along with subjective and objective clini-
cal data (Table 2) were obtained from review of electronic
medical records (EMR), specifically encounters pertaining
to COVID-19 diagnosis. Self-reported sense of smell and
taste during time of illness were compared to premorbid
levels as dichotomous variables (loss of smell/taste vs nor-
mal/baseline). Specifically, we first retrospectively queried
the EMR for assessments on olfactory/gustatory function in
the encounters related to COVID-19. If self-reported olfac-
tory/gustatory function data were not available in the EMR,
we emailed or called patients to inquire about the status of
olfactory and gustatory function (“Have you had any smell
loss during this period of illness compared to before?” and
“Have you had any taste loss during this illness compared
to before?”). Chest radiograph findings were categorized
as “negative” if no findings were present and defined as

TABLE 1. Baseline characteristics: comparison of
demographic and baseline clinical characteristics in
admitted and ambulatory COVID-19-positive subjects

COVID-19- COVID-19-
positive positive
Admitted Ambulatory
Characteristic (n = 26) (n=102) P

Baseline characteristics

Age (years), median (IQR)b 53.5 (40-65) | 43 (34-54) | 0.0093

Gender, n (%)

Male 9 (34.6) 52 (51) 0.14
Female 17 (65.4) 50 (49)

Race, n (%)
White 8(30.8) 50 (49) 0.29
Black 3(11.5) 5(4.9)
Hispanic 7(26.9) 21 (20.6)
Asian 4(15.4) 7(6.9)
Other/mixed 4 (15.4) 13(12.8)
Unknown/missing 0 6(5.9

BMI (kg/m?), median (IQR)b 28.4 259 0.11

(25.7-312) | (23.1-29.7)

Tobacco use, n (%)

Never smoker 22 (84.6) 79 (77.5) 0.87
Current/recent smoker 4(15.4) 13(12.8)
Unknown/missing 0 10 (9.8)

Past medical history, n (%)

Hypertension
No 19 (73.1) 81(79.4) 0.18
Yes 7(26.9) 15(14.7)
Unknown/missing 0 6(5.9

Diabetes mellitus

No 18 (69.2) 90(88.2) | 0.001
Yes 8(30.8) 6(5.9)
Unknown/missing 0 6(5.9

COoPD
No 26 (100) 92 (90.2) 0.29
Yes 0 4(3.9)
Unknown/missing 0 6(5.9

Asthma
No 23 (88.5) 86 (84.3) 0.87
Yes 3(11.5) 10 (9.8)
Unknown/missing 0 6(5.9

(Continued)

822 International Forum of Allergy & Rhinology, Vol. 10, No. 7, July 2020



Smell loss linked to milder form of COVID-19

TABLE 1. Continued

COVID-19- | COVID-19-
positive positive
Admitted Ambulatory
Characteristic (n=26) (n=102) I3
Sinusitis’
No 26 (100) 91 (89.2) 0.24
Yes 0 5(4.9)
Unknown/missing 0 6(5.9)
Cardiovascular disease
No 23 (88.5) 91 (89.2) 0.25
Yes 3(11.5) 5(4.9)
Unknown/missing 0 6(5.9)
Chronic kidney disease
No 24 (92.3) 94 (92.2) 0.15
Yes 2(7.7) 2(2.0)
Unknown/missing 0 6(5.9)
Cancer
No 25 (96.2) 91 (89.2) 0.78
Yes 1(3.8) 5(4.9)
Unknown/missing 0 6(5.9)
HIV/other immunosuppression
No 24 (92.3) 82 (80.4) 0.41
Yes 2(7.7) 13(12.9)
Unknown/missing 0 7(6.9)
Obstructive sleep apnea
No 25 (96.2) 93(91.2) 0.86
Yes 1(3.8) 3(2.9)
Unknown/missing 0 6(5.9)
Stroke
No 23 (88.5) 96 (94.1) | 0.001
Yes 3(11.5) 0
Unknown/missing 0 6(5.9)

2Values of p determined by chi-square test unless otherwise specified, unknowns
excluded in statistical testing.

bStudent 2-way t test.

¢Chronic rhinosinusitis or currently experiencing acute episode of rhinosinusitis.
BMI = body mass index; COVID-19 = coronavirus 2019; COPD = chronic obstruc-
tive pulmonary disease; HIV = human immunodeficiency virus; IQR = interquartile
range.

“positive” if presence of pulmonary infiltrates and/or pleu-
ral effusions were reported on final read by the attending
radiologist. This study was approved by the Institutional
Review Board of University of California San Diego (IRB
#200485).

Statistical analysis

Statistical analysis was conducted with Stata 15.1 software
(StataCorp, College Station, TX). The primary outcome
was hospital admission. The secondary outcome was anos-
mia. Descriptive comparisons stratified by hospital admis-
sion and anosmia were conducted using a chi-square (x?)
test for categorical data and 2-way Student # test for con-
tinuous variables. The threshold for statistical significance
was set at p < 0.05. Multivariable logistic regression mod-
els were built to identify independent patient characteristics
associated with hospital admission as the dependent vari-
able. Logistic regression was also performed with anosmia
as the dependent variable. Inclusion criteria for factor inclu-
sion in multivariable models were set a priori and included
variables with the strongest magnitudes of association and
lowest probability of type I error on univariable logistic
regression. A maximum of 8 variables were included to
minimize potential model overfitting. Given the known co-
linear relationship between anosmia and dysgeusia, analy-
ses focused on anosmia alone. Similarly, analyses involving
decision to admit and decision to obtain a chest radiograph
focused on decision to admit; these variables were thus also
considered colinear. Although anosmia is not plausibly de-
pendent upon hospital admission, hospital admission was
kept in the multivariable model investigating associations
with anosmia as a marker for overall disease severity. Dis-
tribution medians with interquartile ranges (IQRs), odds
ratios (ORs; univariable logistic regression), adjusted odds
ratios (aORs; multivariable logistic regression), and 95%
confidence intervals (Cls) were reported with correspond-
ing probabilities of type-I error (p value).

Results

Clinical characteristics

A total of 169 patients tested positive for COVID-19 infec-
tion between March 3, 2020, and April 8,2020. Smell and
taste data were available for 128 subjects (75.7%) who
were included in the final study cohort. Patients without
smell and taste data included those who were deceased
(3/169; 1.7%) or intubated (6/169; 3.5%) at the close of
data collection, were recently hospitalized with incomplete
admission data (4/169; 2.4%), or could not be reached or
declined to participate in the study and had no smell or
taste information recorded in the medical record (28/169;
16.6%). The demographics and baseline clinical charac-
teristics of the study participants are described in Table 1.
Table 2 reports the cohort’s subjective and objective clinical
findings at presentation.

Twenty-six (20.1%) of 128 patients were admitted for
management of COVID-19. Patients who were admitted
were significantly less likely to report anosmia/hyposmia
(26.9% vs 66.7%, p < 0.001) and dysgeusia (23.1% vs
62.7%, p < 0.001) than those who were managed as out-
patients. Beyond the symptoms of anosmia/hyposmia and
dysgeusia, age (median 53.5 years [IQR, 40-65 years] vs
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TABLE 2. COVID-19-associated clinical findings: comparison of subjective and objective clinical findings in admitted and

ambulatory COVID-19—positive subjects

Parameter COVID-19—positive Admitted (n = 26) COVID-19-positive Ambulatory (n = 102) P
Subjective clinical findings

Days symptomatic prior to COVID-19 test, median (IQR)’ 4(2-7) 5.5 (3-8) 0.39

Anosmia/hyposmia, n (%) <0.001
No 19 (73.1) 34(33.3)
Yes 7 (26.9) 68 (66.7)

Dysgeusia, n (%) <0.001
No 19 (73.1) 31 (30.4)
Yes 6 (23.1) 64 (62.7)
Unknown/missing 1(3.8) 7(6.9)

Fatigue, n (%) 0.19
No 5(19.2) 33(32.4)
Yes 21(80.8) 69 (67.6)

Diarrhea, n (%)
No 12 (46.2) 68 (66.7) 0.054
Yes 14 (53.8) 34 (33.3)

Fever, n (%) 0.074
No 4(15.4) 34 (33.3)
Yes 22 (84.6) 68 (66.7)

Cough, n (%) 0.14
No 1(3.8) 15 (14.7)
Yes 25(96.2) 87 (85.3)

Dyspnea, n (%) 0.002
No 6 (23.1) 58 (56.9)
Yes 20 (76.9) 44 (43.1)

Sputum production, n (%) 0.03
No 11 (42.3) 53(51.9)
Yes 8(30.8) 12 (11.8)
Unknown/missing 7(26.9) 37 (36.3)

Sore throat, n (%) 0.34
No 17 (65.4) 56 (54.9)
Yes 9(34.6) 46 (45.1)

Headache, n (%) 0.86
No 13 (50.0) 53 (51.9)
Yes 13 (50.0) 49 (48.1)

Rhinorrhea, n (%) 0.1
No 25(96.2) 86 (84.3)
Yes 1(3.8) 16 (15.7)

(Continued)

824 International Forum of Allergy & Rhinology, Vol. 10, No. 7, July 2020



Smell loss linked to milder form of COVID-19

TABLE 2. Continued

Parameter COVID-19-positive Admitted (n = 26) COVID-19—positive Ambulatory (n = 102) P

Nasal obstruction/thick discharge, n (%) 0.13

No 22 (84.6) 71 (69.6)

Yes 4(15.4) 31(30.4)

Objective clinical findings

Temperature, median (IQR)’ 99.8 (99-101.4) 98.6 (98.3-99) <0.001
Heart rate, median (IQR)’ 95.5 (83-106) 83 (75-96) 0.004
Respiratory rate, median (IQR)h 19 (18-23) 18 (16-18) <0.001
Blood oxygen saturation, median (IQR)b 96 (94-98) 98 (95-100) 0.77
Total leukocyte count, median (IQR)b 6.5 (5.7-9.4) 4.9 (3-5.4) 0.012
Lymphocyte count, median (1QR)’ 1.1 (0.6-13) 1.8 (0.9-24) 0.41
Serum creatinine, median (1QR)’ 0.8 (0.6-1.0) 0.9 (0.8-0.9) 0.34
Serum AST, median (IQR)’ 44 (28-68) 34 (27-51) 0.14
Serum ALT, median (IQR)’ 32 (20-82) 31 (23-44) 0.15
Serum lactate, median (IQR)’ 1.9 (1.5-2.2) 1.4(1.1-1.9) 0.43
Chest radiograph performed, n (%) <0.001

No 2(7.7) 64 (62.7)

Yes 24 (92.3) 35(34.3)

Unknown/missing 0 3(29)
Chest radiograph findings, n (%) <0.001

Negative 2(7.7) 20 (19.6)

Positive 23 (88.5) 15(14.7)

No chest radiograph 1(3.8) 67 (65.7)

2Value of p determined by chi-square test, unless otherwise specified, unknowns excluded in statistical test.

bValue of p determined by t test.
Positive findings include pulmonary infiltrates and/or pleural effusion.

ALT = alanine aminotransferase; AST = aspartate aminotransferase; COVID-19 = coronavirus 2019; IQR = interquartile range.

43.0 years [IQR, 34-54 years], p = 0.009) and diabetes
(30.1% vs 5.9%, p = 0.001) were associated with ad-
mission. Clinical subjective and objective characteristics
associated with respiratory failure at the time of presen-
tation were also associated with admission (Table 2).
Specifically, admitted patients more frequently reported
dyspnea (76.9% vs 43.1%, p = 0.002) and sputum
production (30.8% vs 11.8%, p = 0.03), and exhibited
elevated respiratory rate (median 19 [IQR, 18-23] vs 18
[IQR, 16-18], p < 0.001) and body temperature (median
99.8°C [IQR, 99.0°C to 101.4°C] vs 98.6°C [IQR, 98.3°C
to 99.0°C], p < 0.001). Both the decision to obtain a
chest radiograph (92.3% vs 34.3%, p < 0.001) as well
as the presence of positive findings (88.5% vs 14.7%,
p < 0.001) were more commonly found in the patients
who were ultimately admitted. Further data profiling the
admitted cohort, but not applicable to comparisons with
an outpatient cohort, is included in Supporting Table 1.

Regression analysis

On univariable logistic regression anosmia/hyposmia was
found to be inversely related to hospital admission in
COVID-19 patients; patients reporting anosmia/hyposmia
were 5-fold more likely to be managed in the outpatient
setting (OR 0.20; 95% CI, 0.06-0.64). Other factors as-
sociated with hospital admission included age (OR 1.04;
95% CI, 1.01-1.07), diabetes mellitus (OR 6.67; 95% CI,
2.06-21.55), dyspnea (OR 4.39; 95% CI, 1.63-11.86), spu-
tum production (OR 3.21; 95% CI, 1.81-9.70), tempera-
ture (OR 2.33; 95% CI, 1.52-3.59), heart rate (OR 1.04;
95% CI, 1.01-1.07), respiratory rate (OR 1.04; 95% CI,
1.01-1.07), whether chest radiograph was performed (OR
21.94; 95% CI, 4.90-98.36), and chest radiograph findings
positive for infiltrates and/or pleural effusion (OR 20.91;
95% CI, 4.13-105.81; Table 3).

Multivariable logistic regression adjusting for factors as-
sociated with admission on univariable analysis showed
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TABLE 3. Clinical characteristics associated with admission for COVID-19’
Characteristic Univariable regression OR (95% Cl) p Multivariable regression aOR (95% CI) p
Baseline characteristics
Age, years 1.04 (1.01-1.07) 0.012 0.97 (0.90-1.04) 0.39
Sex, male (Ref: female) 1.96 (0.80-4.81) 0.14
Race (Ref: white) 1.17 (0.92-1.48) 0.2
BMI (kg/m2) 1.07 (0.98-1.17) 0.11
Tobacco use 1.10 (0.33-3.73) 0.87
Past medical history
Hypertension 1.99 (0.71-5.56) 0.19
Diabetes mellitus 6.67 (2.06-21.55) 0.002 4.23 (0.34-52.52) 0.26
COPD - -
Asthma 1.12(0.29-4.41) 0.87
Sinusitis - -
Cardiovascular disease 2.37 (0.53-10.67) 0.26
Chronic kidney disease 3.92 (0.52-29.25) 0.18
Cancer 0.73 (0.08-6.52) 0.78
HIV/other immunosuppression 0.53(0.11-2.49) 0.42
Obstructive sleep apnea 1.24 (0.12-12.44) 0.86
Stroke - -
Subjective clinical findings
Anosmia/hyposmia 0.20 (0.06-0.64) 0.007 0.09 (0.01-0.74) 0.025
Fatigue 2.01(0.70-5.80) 0.19
Diarrhea 2.33(0.97-5.59) 0.057
Fever 2.75(0.88-8.62) 0.083
Cough 4.31(0.54-34.25) 0.17
Dyspnea 4.39 (1.63-11.86) 0.003 0.49 (0.08-3.13) 0.45
Sputum production 3.21(1.81-9.70) 0.039
Sore throat 0.64 (0.26-1.58) 0.34
Headache 1.08 (0.46-2.56) 0.86
Rhinorrhea 0.22 (0.03-1.70) 0.15
Nasal obstruction/thick discharge 0.42 (0.13-1.30) 0.13
Objective clinical findings
Temperature 2.33 (1.52-3.59) <0.001 2.40 (0.95-6.05) 0.063
Heart rate 1.04 (1.01-1.07) 0.007 0.96 (0.90-1.04) 0.35
Respiratory rate 1.46 (1.16-1.86) 0.002 1.34 (0.95-1.88) 0.09
Blood oxygen saturation 0.99 (0.95-1.04) 0.77
Total leukocyte count 1.50 (1.06-2.14) 0.023
Lymphocyte count 0.98 (0.93-1.03) 0.41
Serum creatinine 0.45(0.09-2.33) 0.34
(Continued)
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TABLE 3. Continued

Characteristic Univariable regression OR (95% Cl) p Multivariable regression aOR (95% Cl) p
Serum AST 1.02 (0.99-1.05) 0.16
Serum ALT 1.02 (0.99-1.04) 0.18
Serum lactate 5.41 (0.26-111.36) 0.27
Chest radiograph performed 21.94 (4.90-98.36) <0.001
Chest radiograph findings 20.91 (4.13-105.81) <0.001 8.01 (1.12-57.49) 0.039

*Associations of baseline demographics and clinical findings of COVID-19 individuals with hospital admission were determined using univariable (reporting ORs) and
multivariable (reporting aORs) logistic regression models. Dependent variable = admission.

ALT = alanine aminotransferase; aOR = adjusted odds ratio; AST = aspartate aminotransferase; BMI = body mass index; Cl = confidence interval; COPD = chronic
obstructive pulmonary disease; COVID-19 = coronavirus 2019; HIV = human immunodeficiency virus; OR = odds ratio.

that self-reported intact olfactory function and positive
chest radiograph findings were the only factors indepen-
dently associated with hospital admission. Notably, both
smell loss and positive findings on chest radiograph showed
clinically significant association strengths. Patients with
anosmic/hyposmic COVID-19 were more than 10-fold less
likely to be admitted than those with normosmic COVID-
19 (aOR 0.09; 95% CI, 0.01-0.74). Patients with positive
findings on chest radiograph were 8 times more likely to be
admitted (aOR 8.01; 95% CI, 1.12-57.49), consistent with
an expected clinical indicator of pulmonary disease and
potentially impending respiratory failure requiring hospi-
tal admission (Table 3).

A multivariable analysis of independent predictors of
anosmia revealed that anosmia was negatively associated
with sputum production (aOR 0.26; 95% CI, 0.08-0.91).
Hospital admission status was included in the model as a
surrogate control for disease severity and, as was demon-
strated in the primary analysis, showed a strong inverse re-
lationship to anosmia/hyposmia (aOR 0.26;5 95% CI, 0.07-
0.96) (Table 4).

Discussion

Given the rapidly increasing number of COVID-19 cases
that threaten to overwhelm healthcare systems, strategies
to risk stratify patients and early determination of disease
severity are urgently needed. Clinical characteristics asso-
ciated with critical illness and mortality from COVID-19
have been reported. A meta-analysis of clinical characteris-
tics of over 40,000 COVID-19 patients from Wuhan found
that patients with severe disease requiring intensive care
were more likely to have comorbidities of hypertension
(OR 2.36), respiratory system disease (OR 2.46), and car-
diovascular disease (OR 3.42) compared to patient not re-
quiring intensive care.'® Similar observations were made
in Italy, with hypertension and coronary artery disease be-
ing more prevalent in the severely ill COVID-19 patients.!”
Of critically ill patients, risk factors for mortality included
increased age as a predictor of inpatient death (OR 1.1,
or 10% increase with each additional year of age)!® along
with markers of end-organ failure.!”-!8

In addition to investigating markers of critical illness, it
is important to consider characteristics that may help strat-
ify mild and moderate infections in early-stage COVID-19.
Here we present a novel clinical characteristic to help strat-
ify mild from moderate disease early in SARS-CoV-2 in-
fection. Patients reporting loss of smell were 10 times less
likely to be admitted for COVID-19 (OR 0.09; 95% CI,
0.01-0.74) compared to those without loss of smell. Fur-
thermore, anosmia/hyposmia was not associated with any
other measures typically related to the decision to admit,
suggesting that smell loss is truly an independent correlate
and may serve as a marker for milder manifestations of
COVID-19.

Our study’s findings are consistent with those of other
studies evaluating both inpatient and outpatient self-
reported olfactory dysfunction.”'>!*15 Moein et al.!! re-
ported very high rates of measured olfactory dysfunction
(98%) on quantitative analysis of COVID-19 inpatients,
but only 25% showed complete anosmia and 35% self-
reported smell loss. This discrepancy between quantita-
tive and self-reported olfactory dysfunction is thought to
be related to a general unawareness or underreporting of
hyposmia.'” In the COVID-19 inpatient population, de-
creased awareness of chemosensory dysfunction may also
be influenced by the presence of more severe symptoms
such as respiratory distress. Despite this mismatch, we be-
lieve that our study’s findings differentiating the incidence
of smell loss between COVID-19 inpatients and outpatients
are valuable, because self-reported loss may more closely re-
flect profound or functional anosmia. Although the present
study did not specifically investigate degree of smell loss,
our previous study demonstrated that those who reported
smell loss typically suffered from its complete absence (0
out of 10 on a 0-10 scale).” Although quantitative testing
is more sensitive in detecting olfactory dysfunction, self-
reporting of anosmia is relatively accurate (90%).!” Thus,
our study suggests that milder cases of COVID-19 may be
heralded by profound anosmia and higher self-reporting,
compared to the undetected or mild hyposmia associated
with moderate to severe COVID-19 cases. Further objec-
tive olfactory testing of both outpatient and inpatient co-
horts is required to clarify if quantitative differences in the
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TABLE 4. Clinical characteristics associated with COVID-19-associated anosmia’

Characteristic Univariable regression OR (95% Cl) p Multivariable regression aOR (95% Cl) p
Baseline characteristics

Age (years) 0.97 (0.95-0.99) 0.017 0.99 (0.96-1.03) 0.75

Sex (Ref: female) 0.75(0.37-1.51) 0.42

Race (Ref: white) 0.93 (0.76-1.14) 0.47

BMI (kg/m2) 1.03(0.95-1.11) 0.52

Tobacco use 1.06 (0.37-3.01) 0.91

Admission 0.18 (0.07-0.48) 0.001 0.26 (0.07-0.96) 0.043
Past medical history

Hypertension 0.44 (0.17-1.13) 0.09

Diabetes mellitus 0.52 (0.17-1.59) 0.25

COPD 0.24 (0.02-2.34) 0.22

Asthma 1.21 (0.37-3.95) 0.75

Sinusitis 3.09 (0.34-25.50) 0.32

Cardiovascular disease 1.26 (0.29-5.51) 0.76

Chronic kidney disease 0.24 (0.02-2.34) 0.22

Cancer 1.52 (0.27-8.60) 0.78

HIV/other immunosuppression 0.62 (0.21-1.84) 0.39

Obstructive sleep apnea 0.74 (0.10-5.39) 0.76

Stroke 0.36 (0.03-4.11) 0.41
Subjective clinical findings

Fatigue 0.55 (0.25-1.23) 0.15

Diarrhea 0.65 (0.32-1.35) 0.25

Fever 0.55(0.25-1.23) 0.15

Cough 0.83 (0.28-2.44) 0.74

Dyspnea 0.82 (0.41-1.67) 0.59

Sputum production 0.26 (0.08-0.80) 0.019 0.26 (0.08-0.91) 0.034

Sore throat 1.11 (0.54-2.26) 0.78

Headache 1.43 (0.70-2.87) 0.34

Rhinorrhea 1.01 (0.36-2.85) 0.98

Nasal obstruction/thick discharge 2.59 (1.10-6.13) 0.03 2.44 (0.16-7.89) 0.14
Objective clinical findings

Temperature 0.73 (0.52-1.04) 0.08

Heart rate 0.98 (0.96-1.01) 0.15

Respiratory rate 0.88 (0.75-1.02) 0.08

Blood oxygen saturation 0.99 (0.94-1.04) 0.62

Total leukocyte count 0.87 (0.69-1.10) 0.24

Lymphocyte count 0.99 (0.94-1.04) 0.75

Serum creatinine 0.34 (0.04-2.62) 0.30

(Continued)
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TABLE 4. Continued

Characteristic Univariable regression OR (95% Cl) p Multivariable regression aOR (95% Cl) p
Serum AST 1.01 (0.98-1.03) 0.63
Serum ALT 1.00 (0.99-1.01) 0.98
Serum lactate 0.42 (0.08-2.07) 0.29
Chest radiograph performed 0.45 (0.22-0.93) 0.03
Chest radiograph findings 0.38 (0.13-1.14) 0.08

*Associations of baseline demographics and clinical findings of COVID-19 subjects with anosmia were determined using univariable (reporting ORs) and multivariable

(reporting aORs) logistic regression models. Dependent variable = anosmia.

ALT = alanine aminotransferase; aOR = adjusted odds ratio; AST = aspartate aminotransferase; BMI = body mass index; Cl = confidence interval; COPD = chronic
obstructive pulmonary disease; COVID-19 = coronavirus 2019; HIV = human immunodeficiency virus; OR = odds ratio.

severity of olfactory dysfunction correlate with differences
in self-reported loss.

Assessment of smell may not only aid in the diagnosis of
COVID-19 infection during pretest screening, but also help
guide the posttest triaging of patients at all levels. Patients
with influenza-like symptoms concerning for COVID-19
infection but without anosmia should be more vigilant and
present earlier for evaluation and management. Although
in this particular study we did not ask subjects the timing
of smell loss onset in relationship to their other symptoms,
it has previously been shown that 33% to 60% of anosmic
COVID-19 patients reported smell loss either before or at
the same time of other symptoms.”>!%!5 Of the self-reported
anosmic/hyposmic inpatients, 12 of 20 (60%) noted on-
set of smell loss prior to admission whereas 91% experi-
enced taste loss before admission, which we suspect may
be a profound anosmia impairing the odorant component
of flavor.'S Furthermore, epidemiologic studies found that
the average time from symptom onset to admission was 11
days.!® These data, taken together, suggest that profound
anosmia is a relatively early manifestation, whereas admis-
sion tends to occur relatively late in the disease process. Al-
though smell loss may not yet be manifested for all patients
at the time of their evaluation by a healthcare professional,
it still may be a useful early indicator in the majority of
patients. If the findings reported here remain consistent in
independent cohorts, anosmia/hyposmia could be consid-
ered as a clinical marker inversely related to disease severity.
As such, anosmia/hyposmia could be included in the clini-
cal assessment of disease severity and potentially aid in the
allocation of limited medical interventions. Just as Apgar
scores are an effective means to rapidly assess and triage
at-risk newborns,?? a future COVID-19 risk stratification
model may have a potential to improve resource allocation
and thereby save lives. Further research is needed to shed
light on clinical findings, upon which a model based on dis-
ease severity as shown in Figure 1 could be built. Although
the presented hypothetical model is not intended to substi-
tute for nuanced, patient-driven clinical decision making,
it may in the future serve as a general model to organize
decision making and risk stratification. Further study and
validation of all risk factors will evolve as the pandemic

Hypothetical Risk Stratification Response Stratification

Targeted
Medical Therapies
1 Age, Organ Failure* Ventilators
HTN, Pulm and Cardiac Disease* Intensive Care
Severe
Normosmia/Hyposmia (?) Moderate Inpatient
Profound Anosmia (?) Mild Outpatient

Asymptomatic

FIGURE 1. Presentation of a hypothetical model suggesting that effective
risk and response stratification of all levels of COVID-19 disease severity
may assist in efficient allocation of limited resources. "Risk factors for severe
and critical disease based on early reports on the COVID-19 pandemic.'18
COVID-19 = coronavirus 2019.

progresses, but anosmia is emerging early as an important
clinical component of both COVID-19 diagnosis and po-
tentially outcome as well.

Beyond the immediate practical applications of anosmia
in addressing the pandemic, these findings potentially hint
at some characteristics of the pathophysiology of the infec-
tion. The site and dosage of the initial viral burden, along
with the effectiveness of the host immune response are all
potentially important variables in determining the spread
of the virus within an individual and ultimately the clinical
course of infection. A focused, small upper airway SARS-
CoV-2 viral load may be associated with a less fulminant
infection, decreasing the risk of overwhelming the host im-
mune response and subsequently, decreasing the risk of res-
piratory failure and hospitalization. This hypothesis, is in
essence the concept underlying live vaccinations, where low
dosage and distant site of inoculation generates an immune
response without provoking a severe infection.?!

Similarly, anosmia may be a biomarker of the magnitude
of a host’s innate immune response to SARS-CoV-2 infec-
tion. Although the mechanism of olfactory loss remains
unclear, radiographic imaging of a single case of isolated
anosmia and COVID-19 infection shows bilateral olfactory
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cleft obstruction consistent with local inflammation.?? This
finding may be consistent with a greater local immune re-
sponse in the infection of patients presenting with anosmia
leading to an olfactory loss secondary to local infection and
edema and perhaps a milder overall clinical course. Indeed,
early, pre—peer review analyses of transcriptome data sug-
gest that the candidate receptors mediating cellular entry
of SARS-CoV-2, angiotensin converting enzyme 2 (ACE2)
and transmembrane serine protease 2 (TMPRSS2), are ex-
pressed on olfactory epithelial support cells and not on
olfactory sensory neurons.”>** Taken together, data show-
ing that SARS-CoV2 infects olfactory epithelia and causes
highly localized inflammation of the olfactory cleft suggest
that COVID-19-related olfactory dysfunction may result in
a conductive olfactory loss. Such a phenomenon would be
consistent with relatively rapid recovery of olfactory func-
tion with the resolution of viral infection in most patients,
consistent with previously reported clinical findings.” In ad-
dition, these preliminary findings may be consistent with a
greater local immune response in patients presenting with
anosmia that may be indicative of a milder overall clinical
course. The inverse association of anosmia and sputum pro-
duction (OR 0.26) in the present study suggest that anos-
mic COVID-19 are less likely to have a symptom associated
with more severe lower airway inflammatory response. Al-
though these are tantalizing hypotheses of the underlying
pathophysiology currently only supported by piecemeal,
circumstantial molecular and clinical findings, significant
investigations into SARS-CoV-2 infection of airway mu-
cosa and the host immune response are required to begin
elucidating the underlying pathophysiology of the present
study’s clinical observations.

Additionally, further studies are warranted to validate
our clinical findings. Limitations include the use of self-
reported anosmia/hyposmia, particularly in those who re-
ported anosmia after being informed of COVID-19 diagno-
sis. This group is most susceptible to recall bias. Therefore,
findings herein and elsewhere based on self-reported anos-
mia after COVID-19 diagnosis should be validated in future
studies with quantitative testing of olfaction. In other dis-
ease processes there is discrepancy between self-reported
anosmia and measured anosmia.?’ Furthermore, the design
of the questions posed to the subjects in this particular study
did not specifically assess the severity of smell loss, but only
if there was a loss of smell during their illness. Thus, in this
analysis, we cannot draw a distinction between hyposmia
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