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Abstract: Background: Among all studies describing COVID-19 clinical features during the first wave
of the pandemic, only a few retrospective studies have assessed the correlation between olfac-tory
dysfunction (OD) and the evolution of disease severity. The main aim was to assess whether OD is a
predictive factor of COVID-19 severity based on the patient’s medical management (outpa-tient care,
standard hospital admission, and ICU admission). Methods: A national, prospective, mul-ticenter
cohort study was conducted in 20 public hospitals and a public center for COVID-19 screen-ing.
During the first wave of the pandemic, from 6 April to 11 May 2020, all patients tested positive for
COVID-19 confirmed by RT-PCR underwent two follow-up ENT consultations within 10 days of
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symptom onset. The main outcome measures were the evolution of medical management (out-patient
care, standard hospital admission, and ICU admission) at diagnosis and along the clinical course of
COVID-19 disease. Results: Among 481 patients included, the prevalence of OD was 60.7%, and it
affected mostly female patients (74.3%) under 65 years old (92.5%), with fewer comor-bidities than
patients with normal olfactory function. Here, 99.3% (290/292) of patients with OD presented with
non-severe COVID-19 disease. Patients reporting OD were significantly less hospi-talized than the
ones managed as outpatients, in either a standard medical unit or an ICU. Conclu-sions: As regards
the clinical course of COVID-19 disease, OD could predict a decreased risk of hospitalization during
the first wave of the pandemic.

Keywords: olfactory dysfunction; anosmia; phantosmia; parosmia; COVID-19; taste dysfunction; risk
factors; diabetes; hypertension; renal insufficiency; tobacco

1. Introduction

Three years after the first description of coronavirus disease 19 (COVID-19) in the
Chinese town of Wuhan, and as the world is still at risk of new waves of the pandemic,
olfactory and taste dysfunction (OTD) induced by the infection is still subject to unresolved
issues. Whereas the main clinical features found in the literature in the early months of
the outbreak appeared to be less specific [1,2], with fever, dry cough, upper-airway infec-
tions, and fatigue at the forefront [3], some European studies started to notice a surge of
chemosensory dysfunction without concomitant nasopharyngeal symptoms [4,5] around
March 2020. Ever since, several research teams around the globe have investigated OTD
in COVID-19 patients, no matter the difficulties encountered [6-9]. The assessment of
chemosensory dysfunctions, specifically the non-significant correlation between subjective
symptoms and semi-objective chemosensory testing, makes the assessment of OD symp-
toms related to COVID-19 difficult [10]. The authors provided insight into epidemiologic
characteristics, suggesting that OTD concerned a significant number of patients with a mild
to moderate form of the disease [11]. However, most studies assessing such an association
between olfactory dysfunction (OD) and the clinical course of COVID-19 were retrospective,
conducted in a single center, and had a cross-sectional design [12]. Nevertheless, some
advantages could be mentioned when authors are using a retrospective design: a long-term
follow-up becomes possible, and persistent OD related to COVID-19 can be investigated.

Thus, to assess the association between OD and COVID-19 severity and then to clearly
assess its prognostic value, we decided to conduct a national multicenter prospective study.
A cohort of patients across France with a severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection confirmed by real-time polymerase chain reaction (RT-PCR)) [13],
all clinical presentations combined, were included.

The main objective was to assess whether OD could be a predictive factor of COVID-19
disease severity based on the patient’s required medical management (outpatient care vs.
standard hospital admission, and outpatient care vs. Intensive Care Unit (ICU) admission)
within ten days following a positive RT-PCR test. Secondary objectives were to identify
other risk factors leading to hospitalization (standard or ICU admission) and to assess the
prevalence of OD in a population of COVID-19-positive patients, as well as to characterize
this specific population.

2. Materials and Methods
2.1. Study Design

This nation-wide, prospective, multicenter cohort study was conducted from 6 April to
11 May 2020, by ear, nose, and throat (ENT) physicians in 20 public hospitals across France
and by an infectious disease specialist at the Paris screening center for COVID-19 (21 medi-
cal centers in total). In each one, on the basis of all the SARS-CoV-2 RT-PCR tests carried
out on one day, consecutive patients were included if they tested positive for COVID-19 by
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SARS-CoV-2 RT-PCR assay using a respiratory sample (nasopharyngeal swabs or induced
sputum specimen). Patients with other risk factors for OD other than a SARS-CoV-2 infec-
tion were excluded. Indeed, exclusion criteria were medical history associated with a risk of
OD (chronic rhinosinusitis (with or without nasal polyps in the nasal fossa), previous nasal
operations (e.g., FESS or rhinoplasty), inflammatory or neurodegenerative neurological
pathology, and current or previous chemotherapy or cerebral radiation therapy) and known
OD of any cause other than SARS-CoV-2 infection (including those with a history of head
trauma). Patient follow-up consisted of two consecutive consultations, respectively, within
3 days and 7-10 days following inclusion, either through a phone call or a face-to-face
consultation. The consultation process followed a Case Report Form (CRF)-based question-
naire designed by the authors. For patients who were in no condition to respond on the
assumed dates of the follow-up consultations (for instance, if they were in the ICU), data
collection was performed upon improvement of the patient’s condition.

2.2. Ethics

The study was conducted in accordance with the Declaration of Helsinki and was
approved by the local Institutional Review Board of Henri-Mondor Hospital (Ethics Com-
mittee number: 00011558; Approval number: 2020_058). All data were anonymized, and
all patients gave informed consent.

2.3. Population

During the first consultation (C1), which occurred within three days after the SARS-
CoV-2 positive RT-PCR result, the patients were asked to answer specific questions re-
garding demographic data (age, gender, weight, height, occupation, and tobacco use),
their medical history (allergy, chronic disease, immunosuppression, diabetes, and chronic
hypertension), history of rhinological conditions (chronic rhinosinusitis and history of
OD), and usual personal treatments. OD clinical features such as date, onset (sudden or
progressive), and severity of associated olfactory symptoms (parosmia and phantosmia)
as well as taste dysfunction (TD) were also collected with nose-related symptoms (nasal
discharge and obstruction, sneezing, nasal pain, and paresthesia). We recorded the duration
and type of treatment for OD (nasal irrigation with saline or budesonide, topical and/or
systemic corticosteroid treatment, antibiotics, omega-3 diet, or topical vitamin A). The
data specifically related to COVID-19 included clinical history with common symptoms of
the disease and the initial type of medical management provided, such as outpatient care,
standard hospital admission, or admission in an ICU.

We conducted the second consultation (C2) within seven to ten days after the SARS-
CoV-2 RT-PCR result and collected the following data: evolution of OD and rhinological
symptoms (nasal discharge and obstruction, sneezing, nasal pain, and paresthesia) and
other signs of COVID-19, evolution in the patient’s management, such as hospitaliza-
tion in a medical unit or an ICU. To assess the clinical severity of COVID-19 reached by
each patient during the disease, we constructed a “worst clinical situation” variable cor-
responding to the maximum level of care required (ICU admission > standard hospital
admission > outpatient care) based on C1 and C2 reported medical management.

2.4. Statistical Analysis

To assess whether OD could be a predictive factor of COVID-19 disease severity based
on the patient’s medical management during the ten days following a positive RT-PCR
test and to identify other risk factors, univariate analyses using logistic regressions were
performed, testing standard hospital admission (severe) against outpatient care (non-severe)
on the one hand and admission in an ICU (very severe) against outpatient care (non-severe)
on the other hand. Because of the relatively low number of ICU-admitted patients in our
sample (n = 20 considering the medical management corresponding to the “worst clinical
situation”), a limited number of independent variables in our analyses were included.
Besides the variable of interest (OD), we selected variables previously described in the
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literature as risk factors for hospitalization and severe outcomes in COVID-19 disease,
such as age, male sex, obesity, hypertension, and diabetes [14-16]. We included these five
variables in multinomial regression models to perform multivariate analyses. Results for
all regressions were reported as odds ratios (OR) with their corresponding confidence
intervals at 95% (95% CI). The patient’s age was a potential confounding covariate in two
distinct ways: older age increased the risk of a severe form of the disease, yet it could also
increase the risk of being denied admission to an ICU (older patients often meet criteria for
non-ICU admission), which we use as a proxy to measure disease severity. Since no patient
in an ICU was over 80 years old (maximum: 79 years old), we excluded patients over 80
years of age from the analysis (n = 14).

To assess the prevalence of OD and to characterize the population, clinical features of
COVID-19 at C1 using n (%) were obtained and then tested to identify whether there was a
significant difference between inpatients (admitted either in a standard medical unit or in
an ICU) and outpatients according to the “worst clinical situation”.

To assess the sample size regarding the primary objective, we considered a minimal
requirement of 10 events per parameter in our model. The expected distribution of the
clinical severity spectrum of COVID-19 was described by Wu and McGoogan in the early
phase of the pandemic as approximately 20% of patients with a moderate-to-severe form
of the disease [17]. To build a robust multivariate model with six parameters, one main
explanatory variable, and the five adjustment covariates chosen (age, sex, obesity, diabetes,
and hypertension), we needed a minimum of 60 events and thus a minimal sample size of
300 patients. Regarding our secondary objective, the expected prevalence of OD was 53%
in a meta-analysis with more than 1200 patients published early in 2020 [9], and we aimed
for a 5% precision with a 95% confidence interval, leading to a minimum sample size of 383
patients. Considering a 20% rate of missing data and/or loss of follow-up, we intended
to include at least 479 patients. Baseline demographic and medical characteristics of the
patients were described by n (%) and compared between patients with and without OD at
the first consultation using a Chi-squared test (or Fisher’s exact test when necessary) for
non-ordinal categorical covariates and the Cochran-Armitage test for ordinal covariates.

The statistical analyses were performed using R software (v. 1.3.10703, R Foundation
for Statistical Computing, Vienna, Austria, www.r-project.org (accessed on 1 September
2020)). p-values were calculated using two-tailed tests.

3. Results
3.1. Baseline Demographics and Evolution of Clinical Courses along Follow-Up

Of the 1544 consecutive eligible patients with SARS-CoV-2-positive RT-PCR, 481 pa-
tients were included (details in Figure 1). Among the 481 patients included, we recorded
at the first consultation: 80% of outpatients (n = 385/481), 16.4% of patients admitted to a
medical unit (n = 79/481), and 3.5% of patients admitted to an ICU (n = 17/481). At the
second consultation, seven to ten days later, there were 85.7% of outpatients (n = 412/481),
7.9% of patients in a medical unit (n = 38/481), and 1.9% of patients in an ICU (n = 9/481);
data were missing for 22 patients. Among the patients who were discharged after their
RT-PCR at the first consultation, only 2.1% (n = 8/385) were hospitalized between the first
and second consultations; 1.6% of them went into a medical unit (n = 6/385) and 0.5% into
an ICU (n = 2/385); data were missing for 13 patients. One patient who was hospitalized in
a medical unit at the time of the first consultation was transferred to an ICU by the time of
the second consultation. Overall, there was a 1.9% (n = 9/481) unfavorable trend in medical
management in our total population between the first and second consultations, whereas
11% (n = 53/481) of patients experienced improvement in their clinical situation during
follow-up. Details appear in the flow chart of the study (Figure 1).

Demographics and comorbidities are shown in Table 1, according to the status of
olfactory function at the first consultation. Overall, patients were 45.4 years old, female in
67.8% (n = 326/481) of cases, non-smokers (67.4%, n = 324/481), and mostly working as
healthcare personnel (57.2%, n = 275/481).
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Potentially eligible
patients Excluded on one or several exclusion criteria (n=1054)
RT_'PCR+ = Patient unreachable by phone
n=1544 « Refusal to participate

« Patient does not speak French

—®| - History of chronic olfactory dysfunction

= History of chronic rhinosinusitis

« History of neurodegenerative pathology

« History of chemotherapy or head targeting radiotherapy
« Center-specific data not available

Excluded because of missing data on the olfactory function
3 at first consultation (n=9)
Eligible and included
patients
31.1% (n=481)

v

l

- Outpatients Patients in med. unit Patients in ICU
~ 35| 80.0% (n=385) 16.4% (n=79) 3.6% (n=17)
go&

[n=1]

P R—

Outpatients Patients in med. unit Patients in ICU : Missing data :
85.7% (n=412) 7.9% (n=38) 1.9% (n=9) ! 4.5% (n=22) !

2nd
consultation
7 to 10 days
after RT-PCR

Figure 1. Flow chart of an observational, prospective multicenter cohort study of patients screened
positive for COVID-19 by a positive SARS-CoV-2 RT-PCR. Footnotes: A follow-up with two consulta-
tions within 7 to 10 days of the patient’s symptoms and his management in relation to the natural
course of the disease. Abbreviations: ICU, intensive care unit; Med. Unit, medicine unit; RT-PCR,
reverse transcriptase polymerase chain reaction.

Using the proxy of the “worst clinical situation” throughout follow-up depending
on OD at first consultation, we recorded 87.7% of outpatients (n = 256/481), 11.6% of
patients hospitalized in a medical unit (n = 34/481), and 0.7% of patients admitted to an
ICU (n =2/481). We used an alluvial plot to illustrate this distribution of disease severity
throughout follow-up (Figure 2).

3.2. Predictive Factors Associated with Hospitalization

Univariate and multivariate analysis results are presented in Table 2. Independent risk
factors for hospitalization in a medical unit or in an ICU were male gender (adjusted aOR
2.62[1.49-4.63], p < 0.001 and aOR 5.97 [1.71-20.8] p = 0.005, respectively) and age above
65 years old (aOR 6.31 [2.86-13.96] p < 0.001 and aOR 5.02 [1.34-18.8] p = 0.017, respectively).
However, obesity (BMI > 30), diabetes, and hypertension were not significantly associated
with hospitalization in a medical unit when adjusted for other covariates. Diabetes was an
independent risk factor for hospitalization in the ICU (aOR 11.59 [3.36, 40.0] p < 0.001), but
not in a medical unit (1.95 [0.80, 4.79] p = 0.14). OD was found to be inversely associated
with hospitalization when compared to outpatient management in a medical unit (OR 0.51
[0.29-0.89] p = 0.018) and in an ICU (OR 0.09 [0.02-0.43] p = 0.003); it is a protective factor
for hospitalization.
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Table 1. Population’s characteristics according to the olfactory status at first consultation (OD vs.
normal olfactory function).

OD at First Consultation:  Normal Olfactory Function:

Total: n = 481 n =292 (60.7%) n =189 (39.3%) p-Value
Sex female 326 (67.8%) 217 (74.3%) 109 (57.7%) <0.001 *
Age <0.001 *
<65 years 417 (86.7%) 270 (92.5%) 147 (77.8%)
>65 years 49 (10.2%) 19 (6.5%) 30 (15.9%)
Body Mass Index (BMI) 0.62
<30 397 (82.5%) 243 (83.2%) 154 (81.5%)
Obese 64 (13.3%) 49 (16.8%) 35 (18.5%)
Tobacco
Non-smoker 324 (67.4%) 189 (64.7%) 135 (71.4%) 0.027 *
History of tobacco use 142 (29.5%) 92 (31.5%) 50 (26.4%) 0.19
Comorbidities
Immunosuppression 17 (3.5%) 8 (2.7%) 9 (4.8%) 0.247
Diabetes 48 (10%) 19 (6.5%) 29 (15.3%) 0.002 *
Hypertension 86 (17.9%) 38 (13%) 48 (25.4%) <0.001 *
Renal insufficiency 20 (4.2%) 4 (1.4%) 16 (8.5%) <0.001 *
Cancer 19 (4%) 11 (3.8%) 8 (4.2%) 0.81
Auto-immune disease 19 (4%) 12 (4.1%) 7 (3.7%) 0.83
Allergic rhinitis 120 (24.9%) 82 (28.1%) 38 (20.1%) 0.057
Personal treatments
Antihypertensive drugs 78 (16.2%) 32 (11%) 46 (24.3%) <0.001 *
Corticosteroids 11 (2.3%) 3 (1%) 8 (4.2%) 0.029 *
Non-steroidal anti-inflammatory drugs 2 (0.4%) 1 (0.3%) 1 (0.5%) 0.95
Antihistamine 21 (4.4%) 13 (4.5%) 8 (4.2%) 091
Work <0.001 *
Liberal 90 (18.7%) 49 (16.8%) 41 (21.7%)
Retirement 56 (11.6%) 17 (5.8%) 39 (20.6%)
Unemployed 16 (3.3%) 7 (2.4%) 9 (4.8%)
Healthcare worker 275 (57.2%) 195 (66.8%) 80 (42.3%)
Other 40 (8.3%) 24 (8.2%) 16 (8.4%)
Worst clinical situation <0.001 *
Outpatient care 377 (78.4%) 256 (87.7%) 121 (64.0%)
Hospitalized in medicine 84 (17.5%) 34 (11.6%) 50 (26.4%)
Hospitalized in the ICU 20 (4.1%) 2 (0.7%) 18 (9.5%)
Total hospitalization 104 (21.6%) 36 (12.3%) 68 (36.0%) <0.001 *

Footnotes: Baseline demographic and medical characteristics of the patients were described by n (%) and compared
between patients with and without OD at the first consultation using a Chi-squared test (or Fisher’s exact test
when necessary) for non-ordinal categorical covariates, and the Cochran-Armitage test for ordinal covariates.
* Indicates statistical significance (p < 0.05). Abbreviations: BMI, body mass index; OD, olfactory dysfunction;
ICU, intensive care unit.

3.3. Prevalence of OD

At the first consultation, the prevalence of OD was 60.7% (n = 292/481, patients
reporting anosmia or hyposmia, and no missing data), and the prevalence of TD was 54%
(n =260/481, missing data for 2 patients). Patients with OD were significantly younger
than those in the group with self-reported normal olfactory function (respectively, 92.5%
(n=270/292) and 77.8% (n = 147/189) under 65 years old, p < 0.001). Female patients were
significantly more frequent in the OD group (74.3% (n = 217/292)) than in the group with
normal olfactory function (57.7% (n = 109/189), p < 0.001). Patients in the OD group also
had significantly fewer comorbidities, especially diabetes (6.5%, n = 19/292, p = 0.002),
arterial hypertension (13%, n = 38/292, p < 0.001), and renal insufficiency (1.4%, n = 4/292,
p <0.001). Details are shown in Table 1.

Among the 292 patients presenting with OD at the first consultation, the onset of the
disorder was isolated for 18.8% (n = 55/292, missing data for n = 3) and was mostly sudden
(66.1%, n = 193/292, missing data for n = 2). Regarding the severity of OD, 161 patients
(55.1%, n = 161/292) reported complete loss of smell, whereas 124 (42.5%, n = 124/292)
patients reported only a partial OD; data were missing for 7 patients. Parosmia and
phantosmia were reported in, respectively, 9.6% (n = 28/292, no missing data) and 7.9% of
cases (n = 23/292, missing data for n = 1). TD reported at the first consultation occurred
as an abnormal perception of flavors for 90.0% (n = 234/260, missing data for n = 9) of



Life 2024, 14,293

8 of 16

Observations

patients presenting with TD, but also an abnormal perception of taste, such as for salty,
sweet, bitter, and acidic foods, for 62.0% (n = 161/260, missing data for n = 15) of patients
presenting with TD. Moreover, 54.7% (n = 142/260, missing data for n = 17) of patients
presented both characteristics of TD.

Anosmia and clinical situation

Normal olfactory
function
n=189

Olfactory dysfunction
n=292

Olfactory

Normal olfactory function
Olfactory Dysfunction

Outpatient
care
n=377

Standard
hospital
admission
n=_84

. ICU care -
n=20

7w

Figure 2. Alluvial plot of the distribution of patients’ “worst clinical situation” along follow-up
according to olfactory function status at first consultation. Footnotes: We used the proxy of the
“worst clinical situation” for each patient corresponding to the heavier medical care needed along the
course of the disease between C1 and C2. Numbers (n) cor-respond to patients. Abbreviations: ICU,

intensive care unit.

3.4. Clinical Features of COVID-19 Disease

The clinical features of COVID-19 at the first consultation according to whether pa-
tients were hospitalized or not during follow-up are also shown in Table 3. Hospitalized
patients presented with fever (78.8% (n = 82/104) p < 0.001), cough (74.0% (n = 77/104)
p = 0.023), and dyspnea (62.5% (n = 65/104) p < 0.001) significantly more often than out-
patients (52.8% (n = 199/377), 61.8% (n = 233/377), and 24.9% (n = 94/377), respectively,
p <0.001, p = 0.023, and p < 0.001), and significantly fewer of them reported myalgia (40.4%,
n = 42/104) and headaches (49.0%, n = 51/104) than outpatients (62.1% (n = 234/377) and
72.4% (n = 273/377), respectively, p < 0.001 and p < 0.001). Asthenia was a symptom
common to most patients in both groups (89.4% of inpatients (n = 93/104) and 82.0%
(n=309/377) of outpatients, p = 0.076). Nasal symptoms like rhinorrhea and nasal obstruc-
tion were reported significantly more by outpatients than inpatients (42.2% (n = 159/377) vs.
18.3% (n = 19/104), p < 0.001, and 35.0% (n = 132/377) vs. 20.2% (n = 21/104), p = 0.013,
respectively). Considering the presence of chemosensory dysfunction, OD and TD were
reported significantly more by outpatients than inpatients, respectively, 67.9% (n = 256/377)
and 60.2% (n = 227/377) vs. 34.6% (n = 36/104) and 31.7% (n = 33/104) (p < 0.001 and
p < 0.001). Moreover, simultaneous OD and TD were more frequent in outpatients (57.3%,
n = 216/377) than inpatients (24.0%, n = 25/104).
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Table 2. Associated factors with hospitalization in medicine or in the intensive care unit compared to outpatient management.

Standard Hospital Admission/Outpatient Care

Hospitalization in the ICU/Outpatient Care

Univariate Analyses

Multivariate Analyses

Univariate Analyses

Multivariate Analyses

Characteristics OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
OD at 1st cs 0.32[0.20, 0.52] <0.001 * 0.51 [0.29, 0.89] 0.018 * 0.05[0.01, 0.23] <0.001 * 0.09 [0.02, 0.43] 0.003 *
Age

<65 years Ref Ref Ref Ref

>65 years 10.1 [5.03, 20.2] <0.001 * 6.31 [2.86, 13.96] <0.001 * 17.2[6.30, 47.1] <0.001 * 5.02 [1.34, 18.8] 0.017 *
Sex

F Ref Ref Ref Ref

M 3.03 [1.86, 4.92] <0.001 * 2.62[1.49, 4.63] <0.001 * 8.66 [3.07, 24.4] <0.001 * 5.97 [1.71, 20.8] 0.005 *
BMI in class

BMI < 30 Ref Ref Ref Ref

Obese 1.13[0.62, 2.07] 0.69 1.51 [0.76, 3.02] 0.24 0.85[0.24, 2.97] 0.80 0.73 [0.16, 3.38] 0.69
Diabetes

No Ref Ref Ref Ref

Yes 3.23[1.57, 6.61] <0.001 * 1.95 [0.80,4.79] 0.14 24.20 [8.97, 65.3] <0.001 * 11.59 [3.36, 40.0] <0.001 *
Hypertension

No Ref Ref Ref Ref

Yes 3.99 [2.31, 6.91] <0.001 * 1.26 [0.59, 2.71] 0.55 14.1 [5.32,37.1] <0.001 * 3.37[0.92, 12.3] 0.067

Footnotes: Univariate and multivariate analyses relied on multinomial logistic regressions. Results are provided in OR (95% CI). Variables and their adjusted OR are highlighted in bold.

* Indicates statistical significance for adjusted OR (p < 0.05). Abbreviations: BMI, body mass index; OD, olfactory dysfunction; ICU, inten-sive care unit; Ref, reference value.
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Table 3. Clinical features of COVID-19 at first consultation according to the worst clinical situation.

Total Outpatients Inpatients Val

(n = 481) (n = 377) (n = 104) p-value
Fever 281 (58.4%) 199 (52.8%) 82 (78.8%) <0.001 &
NA 4 4 0
Cough 310 (64.4%) 233 (61.8%) 77 (74.0%) 0.023 2
NA 1 1 0
Dyspnea 159 (33.1%) 94 (24.9%) 65 (62.5%) <0.001 &*
NA 1 1 0
Asthenia 402 (83.6%) 309 (82.0%) 93 (89.4%) 0.076 2
NA 1 1 0
Myalgia 276 (57.4%) 234 (62.1%) 42 (40.4%) <0.001 &+
NA 1 1 0
Headache 324 (67.4%) 273 (72.4%) 51 (49.0%) <0.001 &+
NA 2 1 1
Rhinorrhea 178 (37.0%) 159 (42.2%) 19 (18.3%) <0.001 br*
NA 6 3 3
Nasal obstruction 153 (31.9%) 132 (35.0%) 21 (20.2%) 0.013 br*
NA 27 15 12
Olfactory dysfunction 292 (60.7%) 256 (67.9%) 36 (34.6%) <0.001 &*
NA 0 0 0
Taste dysfunction 260 (54.1%) 227 (60.2%) 33 (31.7%) <0.001 a*
NA 2 1 1
Simultaneous OD and TD 241 (50.1%) 216 (57.3%) 25 (24.0%) <0.001 b
NA 0 0 0

Footnotes: We used the proxy of the “worst clinical situation” for each patient, corresponding to the heavier
medical care needed along the course of the disease between C1 and C2. Data are in n (%). Chi-squared test ® (or
Fisher’s exact test ) was used for categorical covariates between outpatients and inpatients. * Indicates statistical
significance for adjusted OR (p < 0.05). Abbreviations: OD, olfactory dysfunction; TD, taste disorder; NA, not
applicable (missing data).

4. Discussion

These results suggest that OD in COVID-19 patients infected during the first wave
of the pandemic was a protective factor for hospitalization in both the medical unit and
the ICU after adjusting for potential confounding factors. The prevalence of OD after
COVID-19 diagnosis was 60.7% (292/481), and patients were mostly female under 65 years
old. These findings suggest, consistent with the literature, that OD as an early symptom of
COVID-19 during the first wave of the pandemic could predict a mild to moderate form of
the disease not requiring hospitalization [11,12]. The aim of our study was indeed to study
the predictive nature of OD in relation to the level of medical management required along
the course of COVID-19 and not to provide a causal explanation for the potential severity
of the disease.

In line with the literature, we found that age above 65 years, male gender, and fre-
quent comorbidities, such as arterial hypertension, were risk factors associated either with
hospitalization in a medical unit or in an ICU during the clinical course of the SARS-CoV-2
infection [18,19]. In line with some study results [20,21], diabetes was not found to be
an independent risk factor for hospitalization in a medical unit but for hospitalization in
the ICU. This could be explained by their common association with other cardiovascular
risk factors and the complications they can generate [21]. Surprisingly, obesity, though
frequently found in patients hospitalized with COVID-19 [22], was not identified as a risk
factor for hospitalization.

60.7% (n = 292/481) of patients reported OD in our population of patients who tested
positive for SARS-CoV-2, which is consistent with the literature on OD within Western
countries during the first wave of the pandemic [8,9,23,24], including a meta-analysis
on 27,492 patients who reported an OD prevalence of 54% for European studies in their
subgroup analyses by continent [24]. Even though the prevalence of smell impairment
has decreased all over the world with the spread of new variants of SARS-CoV-2 [25-27],
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how can we explain such a high prevalence of this symptom during the early phase of
the pandemic in Western countries [24]. If some parts of the pathophysiology of OD in
COVID-19 disease remain unclear, the main underlying mechanisms are now well known.
First, it is established that infection with the SARS-CoV-2 virus involves interactions
between its spike (S) protein and angiotensin-converting enzyme II (ACE2) on target
cells, with this interaction requiring cleavage of the S protein by the cell surface protease
called transmembrane protease serine 2 (TMPRSS2) [28,29]. Thus, cells with high ACE2
and TMPRSS2 expression have strong virus-binding ability and are particularly prone to
infection [30]. A part of the explanation could lie in the hypothesis of a higher affinity
of the virus for the ACE2 receptor than other viruses usually find in common colds, like
other coronaviruses; indeed, the study of Wrapp et al. highlighted that this affinity was ten
times higher for SARS-CoV-2 than SARS-CoV-1 [31]. As it happens, those two proteins are
abundantly expressed by supportive cells of the olfactory epithelium called sustentacular
cells [32,33], and it is now admitted that the destruction of these cells resulting from their
invasion by the virus may temporarily damage the epithelium [34] and thus mediate
OD [35]. Regarding the decline of OD prevalence with the Omicron variant, two main
hypotheses have been made and could be complementary. First, the study of Omicron’s
genomic sequence found mutations in the spike protein, which tend to make the virus
more hydrophobic [36], interfering with its solubility within the mucus [35]. Second, some
other mutations may cause less efficient cleavage by TMPRSS2, resulting in reduced surface
membrane fusion mediated by this protein [34-36]. This could ultimately lead Omicron
to use the endosomal route as another pathway to enter the cell, making it less efficient in
infecting the sustentacular cells [37,38]. These findings could also explain the recovery rate
from chemosensory dysfunctions reported with the Omicron BA.1 subvariant, which was
more favorable with a shorter duration [39]. It could also have been positively influenced
by vaccination [39].

Regarding the great disparity in OD prevalence among world regions during the
early time of the pandemic, Shelton et al. have suggested that it could be related to a
host factor involving genetics, with a locus named UGT2A1/A2 encoding the uridine
5’-diphospho (UDP) glycosyltransferase, an enzyme related to olfaction [40]. This protein,
highly conserved between species [41,42], is thought to play several roles within olfactory
perception, from terminating odorant signal transduction [43] to preventing saturation
of the odorant receptors [41]. Shelton et al.’s genome-wide association study highlighted
different profiles regarding the UGT2A1/ A2 risk allele frequency between ethnic groups
around the world; these differences significantly match the discrepancies in OD prevalence
with the same pattern [40]. Thus, the greater degree of OD caused by the risk allele at
the UGT2A1/A2 locus may explain the greatest susceptibility to loss of smell in Western
countries [40], in addition to polymorphisms affecting this enzyme that could play a
part in inter-individual variability in olfactory sensitivity [42]. Despite the decline of OD
prevalence around the world due to the rise of the Omicron variant, von Bartheld and Wang
meta-analysis revealed the same pattern of significant ethnic differences regarding omicron-
induced OD prevalence in adults, estimated at 11.7% in Western countries compared to
3.7% globally [28].

As previously described [24,44], patients reporting OD in our study were generally
middle-aged, mostly female. This finding could also be partly explained by the difference in
UDP glycosyltransferase expression with aging on the one hand [45] and between genders
on the other hand (female-predominant expression) [46]. And another explanation could
lie in the physiological age and sex differences in the immune response to SARS-CoV-2
infection. Some studies have highlighted the variability in immune response between
adults with a moderate-to-severe form of the disease and pediatric patients; SARS-CoV-2
infection leads to increased production of inflammatory markers in both adults and chil-
dren, associated with a decreased number of circulating CD4+ and CD8+ lymphocytes in
adults, especially with a severe clinical course [47,48]. There are also consistent differences
in the immune reaction to COVID-19 in men and women; females seem better equipped
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to combat the viral infection, with immune features like T cell activity enhancement [49],
decreased expression of ACE2 receptors in the lung, and inhibition of pro-inflammatory
cytokine activity driven by female hormones like estrogen [49,50]. In light of these consider-
ations, as suggested by Gori et al. [47] and Lechien et al. [51,52], the encounter between the
SARS-CoV-2 virus and the olfactory epithelium could have been a key point in the clinical
course of the disease, depending on patient characteristics. The development of a local
immunological reaction could have restricted the infection to the olfactory epithelium, lead-
ing to a mild form of the disease with transient OD, as in the case of young female patients.
Conversely, in other cases, uncontrolled viral replication in the nasal epithelium and the
resulting spread of severe inflammation could have been responsible for more severe mani-
festations of COVID-19. The new key finding of our study, based on the COVID-19-positive
population, is that the onset of OD could be linked to a mechanism protecting against
the development of a severe form of COVID-19 disease and hospitalization, since 87.7%
(n =256/292) of patients with OD were eventually discharged and 11.6% (n = 34/292) were
hospitalized in a medical unit, with protective adjusted OR in favor of less hospitalization
and less ICU admission. Although a different gender distribution was described in this
study, previous studies did not observe a gender difference considering chemosensory
testing results (i.e., the severity of OD) [10]. Our findings regarding the OD phenotype
are consistent with those of other authors, where the persistent smell and taste disorder
phenotypes were characterized by good clinical, physical, and mental recovery as compared
with convalescents affected by prolonged fatigue or neurocognitive complaints [53].

There was a very low rate of unfavorable trends in medical management in our total
population between the first and second consultations, with only 1.9% (n = 9/481) of
patients experiencing worsening clinical outcomes and requiring more intensive medical
care before the second consultation, regardless of olfactory function at the first consultation.
This is at odds with the natural course of the disease described by many studies over the
past two years of the pandemic, in which the risk of clinical worsening during the first
seven days of infection is related to a cytokine storm [54,55].

To our knowledge, our study is the only real-life prospective, multicenter study
that has established through longitudinal follow-up the prognostic character of OD in
COVID-19 disease during the first wave of the pandemic. Indeed, although numerous
studies have been carried out on this subject, their designs were most often cross-sectional or
retrospective [56,57]. Some studies used the same statistical analysis model to evaluate the
association between OD and disease severity, but the outcome used was mortality [58]. Even
though the prevalence of OD decreased with the appearance of the Omicron variant [59],
these results are still of importance to predict disease severity, especially as we cannot
predict the appearance of new SARS-CoV strains and the effects they will have on olfaction
in the years to come. Moreover, we endeavored to include insights about OD among
patients with severe disease requiring hospitalization in an ICU, an aspect of this patient
population that has been scarcely studied. During the first wave of the COVID-19 pandemic,
RT-PCR was only performed in hospitals, whereas this population included hospitalized
patients and outpatients tested in a screening center. According to this method, we assumed
obtaining a representative sample of the national population treated in inpatient and
outpatient departments at this time of the pandemic.

This study, nonetheless, has several limitations. First, the comparison of the three
groups of patients may be affected by some distinct bias inherent to their constitution.
On the one hand, outpatients were interviewed more frequently during the first days of
their symptoms and may have been more inclined to describe them precisely. Accordingly,
in outpatient settings, notably more patients were observed, and even if it was clinically
a correct distribution, it could have resulted in biases. On the other hand, data from
hospitalized patients may have suffered from recall bias due to their general conditions
and context of hospitalization, especially for those unable to answer questions at the time.
This last characteristic concerned mostly the pool of ICU patients, for which the small
sample size constituted a second limitation in this study. Furthermore, we excluded the
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patients over 80 years old (n = 14) from our models to limit misclassification bias since the
clinical situation (outpatient, medical hospitalization, or ICU admission) was our proxy for
severity but could also be inversely corrected to severity and general state regarding ICU
admission (as some older patients may more often meet criteria for non-ICU admission).
Third, we did not use specific validated olfactory tests or electrophysiological methods due
to the emergency context at the time of data collection and the great spread of COVID-19.
Nonetheless, several meta-analyses have revealed that most studies at the time of the
pandemic involved online questionnaires only and that the prevalence of OD was higher
with objective sensory testing than with subjective methods, with a prevalence of 72-77%
vs. 44%, respectively [24,60]. As it turns out in our study, the prevalence of OD seems closer
to the results obtained with objective tests. This finding may in part be explained by the
specific features of the questionnaire (Supplementary Materials), which was designed by
ENT physicians and conducted at least verbally, if not in person, rather than by an online
auto-questionnaire. Lastly, the follow-up with our patients was too short to properly assess
olfactory recovery.

5. Conclusions

This prospective, national real-life study was conducted during the initial wave of the
COVID-19 pandemic in France. Our findings suggest a positive association between OD
and a mild to moderate course of the disease, specifically with the first French variants.
Consequently, OD was predictive of outpatient management during this period. Patients
affected by OD were mostly young females without comorbidities, and even though the
prevalence of this symptom is nowadays less common with the actual lull in the pandemic
and the rising of Omicron variants, we humans are not yet sheltered from new strains of
virus that could once again have a major impact on olfaction.
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