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Background: The acute onset of olfactory and/or gustatory dysfunction is a frequent complaint during the COVID-19 pandemic.

It is predominantly reported by subjects with asymptomatic to mild disease severity during the early stage of the infection. The

high prevalence of anosmia/dysosmia and/or ageusia/dysgeusia in
CoV-2 infection and these symptoms could therefore be seen asim

this current era implements a strong correlation with a SARS-
portant prodromes. The purpose of this study was to outline

the occurrence, epidemiology and clinical course of olfactory and/or gustatory disorders in (suspected) COVID-19 cases and to

analyse the diagnostic significance of these neurosensory dysfuncti

1ons.

Methods: An online questionnaire was carried out which addressed 500 participants with new onset olfactory and/or gustatory

impairment during the COVID-19 pandemic.

Results: Acute olfactory and gustatory loss was reported by 487 (97.4%) and 464 (92.8%), respectively. A significant higher preva-

lence of neurosensory complaints was reported by women and people of younger age. The most prevalent concurrent symptoms

were fatigue, headaches, nasal congestion, dry cough, rhinorrhoea
olfactory impairment and 53.7% for gustatory impairment. Among
CoV-2.

and sneezing. The recovery rate after 8 weeks was 41.9% for
the 93 subjects tested, 82 (88.2%) tested positive for SARS-

Conclusion: Olfactory and/or gustatory disorders are prevalent clinical findings during the COVID-19 pandemic. Neurosensory

impairments, isolated or in association with other mild complaints,
infection and should be implemented as clinical markers.

need to be addressed as potential symptoms of a SARS-CoV-2
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Introduction

Since the outbreak of the Severe Acute Respiratory Syndrome
Corona Virus 2 (SARS-CoV-2) in Wuhan City in early Decem-

ber 2019, a global expansion of the virus has occurred which
resulted in a worldwide distribution of the COVID-19 disease .
The disease has a broad spectrum of clinical presentations and is
associated with high morbidity and mortality rates ?. The most
common symptoms reported by patients are fever, dyspnoea,
retrosternal pain, dry cough, sore throat, nasal congestion or
rhinorrhoea, sneezing, fatigue, myalgia, malaise, headache,

nausea or vomiting and diarrhoea ©. Within the context of

this current pandemic, it has been noticed worldwide that an
infection with the SARS-CoV-2 virus can be accompanied by
olfactory or gustatory impairment 9. The olfactory complaints
are predominantly present in younger patients without obvious
respiratory complaints “'®, The absence of common symptoms
(fever, cough, myalgia, headache) in this population of potenti-
ally infected patients probably results in an incorrect estimation
of the presence of a SARS-CoV-2 infection, which can lead to
imprudent behaviour and a reduced adherence to the imposed
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measures ©,

Post-viral olfactory dysfunction is a known consequence of
respiratory tract infections caused by a wide range of patho-
gens (e.g. rhinovirus, influenza virus, parainfluenza, respiratory
syncytial virus, adenovirus) and covers 40% of the causes of
reported anosmia © ', The significant increase of reported dis-
turbed smell and taste during this COVID-19 crisis might imply a
correlation between olfactory dysfunction and infection by this
specific coronavirus “ 2, The aim of this research is to elabo-
rate the presentation of olfactory dysfunction in a SARS-CoV-2
infection and to outline its epidemiology.

Materials and methods

Study design and population

The population of this study consists of 500 participants
between 18 and 65 years old who experienced sudden olfactory
and/or gustatory loss during the SARS-COV-2 pandemic. This re-
trospective study was performed by means of an online survey
which was distributed via social media (Facebook, WhatsApp,
etc.) during April 2020. The survey was available in three langua-
ges (Dutch, English, French) and was predominantly distributed
in Belgium and neighbouring countries. All participants were
asked to describe the course of their complaints and a possible
link with COVID-19 was explored. Incomplete questionnaires
(progress rate < 94%) were excluded from the analysis, which
resulted in 500 representative responses. All other surveys were
used for the analysis. If a subject did not wish to answer the
question, it was marked as a non-response. An informed consent
was presented to the participants at the initiation of the survey.
The study protocol was approved by The Ethic Committee of
Ghent University Hospital.

Statistical analysis

Statistical analysis was performed using SPSS, version 25 (IBM).
All tests were two-tailed, and a level of p < 0.05 was used to
determine statistical significance. Data-cleaning was conducted
to ensure that the data did not contain aberrant values. If the
respondent chose not to respond to the question, the response
was replaced by a missing value. Normality of all continuous
variables was verified through the range of skewness and kur-
tosis (between -2 and 2), as well as the visual assessment of the
histogram and QQ-plot.

Results

Demographic and epidemiological characteristics

A total of 500 patients were included in the study. The mean
age of the population was 29.82 + 0.55 years (range 18-65
years), and gender distribution was 148 (29.8%) males versus
351 (70.2%) females. The study population mainly originated
from Belgium: 273 (54.0%) participants were Belgian citizens,
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Table 1. Demographic and epidemiological characteristics.

N %
Age (Y): mean (SD) 29.82 £0.55
Sex
- M 148 29.8
- F 351 70.2
Language
- Dutch 384 76.8
- English 25 5.0
- French 91 18.2
Country
- Belgium 273 54.6
- France 2 0.4
- The Netherlands 3 0.6
- United Kingdom 2 0.4
- Unknown 220 44.0
Tobacco use
- Smoker 77 15.4
o Daily 23 4.6
o Weekly 15 3.0
o Monthly 21 4.2
o Yearly 18 3.6
- Non-smoker 400 80.0
- Ex-smoker 23 46
Alcohol use
- Yes 360 72.0
- No 32 6.4
= Missing 108 21.6
Allergic patients 143 28.6
Comorbidities
- No comorbidities 455 91.0
- Diabetes mellitus 4 0.8
- Cardiovascular diseases 4 0.8
- Lung diseases 7 1.4
- Kidney disease 2 0.4
= Immunosuppression 12 25

while respectively 2 (0.4%), 3 (0.6%) and 2 (0.4%) participants
originated from France, The Netherlands and the United King-
dom. Smoking was reported by 77 (4.2%) individuals with a
mean number of cigarettes of 13.09 + 2.06 a day. Alcohol use
was present in 360 (72.0%) participants with a weekly mean of
5.88 + 0.32 units per day. Allergies were reported by 143 (28.6%)
individuals (Table 1).

Clinical course of the olfactory/gustatory dysfunction and
associated complaints

Olfactory complaints were reported by 487 (97.4%) of the parti-
cipants in this study. These complaints consist of a distortion of
sense of smell in 16 participants (3.2%), a reduced sense of smell
in 67 participants (13.4%) and a complete absence of sense of
smell in 404 participants (80.8%). After 8 weeks, 200 individuals
(40.8%) reported to have recovered from their disturbance.
Gustatory complaints were reported by 464 (92.8%) individuals.
These complaints consist of a distortion of sense of taste in 23
participants (4.6), a reduced sense of taste in 154 participants
(30.8%) and a complete absence of sense of taste in 287 parti-



Table 2. Olfactory and gustatory complaints.
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N % Mean duration  Median duration Range Recovery rate
(weeks) (weeks) (weeks) after 8 weeks

Olfactory complaints 487 97.4 3.97 4 0-8 204/487 (41.9%)
= Parosmia 16 3.2
- Hyposmia 67 134
- Anosmia 404 80.8
Gustatory complaints 464 92.8 3.48 3 0-8 249/464 (53.7%)
= Parageusia 23 4.6
= Hypogeusia 154 30.8
= Ageusia 287 57.4

cipants (57.4%). After 8 weeks, 249 individuals (49.8%) experi-
enced a recovery of their gustatory function (Table 2, Figure 1a
and 1b).

Among the 500 participants, 36 (7.4%) reported to experience
isolated olfactory complaints while 13 (2.6%) claimed to expe-
rience isolated gustatory complaints. Concurrent olfactory and
gustatory complaints were indicated by 451 (92.6%) individuals.
The statistical analysis showed a marginal significant difference
(p = 0.067) between the occurrence of dysosmia in both sexes.
A significant difference (p = 0.012) was found for the mean age
of people with or without olfactory complaints. The mean age
of people with olfactory complaints (29.60 y) was significantly
lower than the mean age of those without olfactory complaints
(38.15 y). No significant association was found between the
olfactory dysfunction and tobacco use. The association between
the olfactory complaints and seasonal allergy was not signifi-
cant.

The most prevalent general symptoms associated with the olfac-
tory or gustatory loss were fatigue (79.4%), headaches (55.8%),
nasal congestion (46.6%), dry cough (44.4%), rhinorrhoea
(41.4%) and sneezing (40.8%). Other symptoms that were repor-
ted by the individuals were myalgia (38.8%), sore throat (30.8%),
sputum (27.6%), fever (27.2%), dyspnoea (27.2%), retrosternal
pain (21.6%), mucous cough (18.8%), diarrhoea (16.0%), nausea
(11.2%), earache (11.0%) and vomiting (2.0%). No other com-
plaints were reported by 8.0% of the participants. In these cases,
olfactory of gustatory loss was reported as an isolated symptom

Olfactory complaints

BParosmia BHyposmia BAnosmia BNo olfactory complaints

Figure 1. A) Olfactory complaints and B) gustatory complaints.

(Table 3, Figure 2).

A difference in duration was observed between the olfactory or
gustatory complaints (17.95 £+ 0.529 days) and the associated
symptomes. A significant difference in the mean duration was
found for nasal congestion (p < 0.001), nasal run (p < 0.001), dry
cough (p <0.001), mucous cough (p < 0.001), sore throat (p <
0.001), sneezing (p < 0.001), earache (p < 0.001), headache (p <
0.001), fatigue (p = 0.024), myalgia (p < 0.001), fever (p < 0.001),
dyspnoea (p = 0.003), retrosternal pain (p < 0.001), nausea (p <
0.001) and diarrhoea (p = 0.001).

Perception

The most frequent feeling that individuals with sudden onset
of olfactory or gustatory loss reported was hindrance (n = 374;
74.9%). Other sentiments that were declared by the participants
in this study were anger (n = 197, 39.4%), insecurity (n = 189,
37.9%), depression (n = 174, 34.9%) and frustration (n = 386,
7.2%). Participants mainly experienced hindrance due to their
olfactory or gustatory loss during the following activities: eating
(n =468; 93.6%), cooking (n = 369, 73.8%), assessment of food
freshness (n = 279; 55.8%), assessment of personal hygiene (n
=245, 49.0%), detection of danger (n = 143; 28.6%), domestic
work (n = 77; 15.4%), social activities (n = 50; 10.0%) and the
practice of their occupation.

Management
362 (72.4%) out of 500 individuals did not seek any external help

B Gustatory complaints

BParageusia @Hypogeusia EHAgeusia B No gustatory complaints
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Figure 2. Associated complaints.

to resolve their olfactory and gustatory dysfunction. Among
those who took medical advice, 90 (18.0%) individuals consul-
ted a general practitioner, 25 (5.0%) went to the pharmacist, 15
(3.0%) consulted an ENT physician and 22 (4.4%) searched other
forms of assistance. The initiated treatments with the purpose
of restoring the olfactory and gustatory function are shown in
Figure 3. A success rate was calculated based on the outcome of
the initiated treatment and represents the subjective impro-
vement noticed by the participants under the therapy. The
recovery that the subjects who attempted a treatment obtained
where as follows: olfactory training (95%), nasal saline irrigations
(93.0%), essential oils (85.7%), nasal corticosteroids (66.7%) and
nasal decongestants (65.2%), alfa lipoic acid (50.0%), oral corti-
costeroids (40.0%) and zinc sulphate (16.7%). Spontaneous im-
provement can evidently be an important confounding factor.

Association with COVID-19

Among the 500 participants in this study, 34 (7.0%) assumed
not to have interacted with a SARS-CoV-2 infected individual
before the onset of their olfactory and/or gustatory complaints.
Contact with a suspected case of COVID-19 was reported by 118
(24.3%) individuals while 144 (29.6%) stated that they had been
in touch with a COVID-19 confirmed case. The remaining 190
(39.1%) participants did not know if they had been into contact
with a SARS-COV-2 infected person. No response was given to
this question by 14 (2.8%) of the participants.

Among the individuals with an olfactory and/or gustatory
dysfunction, 75 (15.4%) were not under the assumption that
they were infected with SARS-COV-2. 255 (52.5%) subjectively
suspected to be infected with SARS-COV-2. The diagnosis of
COVID-19 was made by a physician for 153 (31.5%) participants.
3 (0.6%) individuals could not tell if they were potentially infec-
ted. No response was given to this question by 14 (2.8%) of the
participants.

The majority, 393 (80.9%) out of the 500 subjects, did not get
a SARS-COV-2 test. A diagnostic test was performed among 93
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Table 3. Associated complaints.

Associated symptoms N Duration (days)
Mean + SD Median
ENT-symptoms
Nasal congestion 233 46.6% 13.11 £.768 9.00
Rhinorrhea 207  41.4% 12,57 +.773 9.00
Sore throat 154  30.8% 9.70 £.762 6.00
Sputum 138 27.6%  15.99+1.127 13.50
Sneezing 204  40.8% 11.91 +.722 8.00
Earache 55 11.0%  11.20+1.637 7.00
Other symptoms
Fatigue 352 794% 16.39 £ 687 14.00
Headaches 279  55.8% 11.71+£.734 7.00
Dry cough 222 44.4% 13.77 £.719 10.00
Mucous cough 94 18.8%  12.97 +£1.085 10.00
Fever 114 27.2% 9.10 £.983 5.00
Myalgia 194 38.8% 10.53 +.810 6.00
Dyspnea 136 27.2%  14.79+1.029 10.50
Retrosternal pain 108 21.6%  11.80+ 1.050 7.00
Nausea 56  11.2%  11.00 +1.420 7.00
Vomiting 10 2.0% 15.70 £ 5.560 10.00
Diarrhea 80 16.0%  12.25+1.664 6.50
No other complaints 40 8.0%

(18.6%) participants, 11 (2.3%) got a negative result while 82
(16.9%) tested positive for SARS-COV-2. No response was given
to this question by 14 (2.8%) of the participants. Out of the 93
subjects who were tested, 82 (88.2%) obtained a positive test
result for SARS-CoV-2.

Only 7 (1.4%) out of 500 participants were admitted at the hos-
pital in the context of a SARS-CoV-2 infection. No hospitalization
was reported by 479 (98.6%) individuals. No response was given
to this question by 14 (2.8%) of the participants.

Among the 500 participants, 455 (91.0%) were not known with
any comorbidities whilst respectively 4 (0.8%), 4 (0.8%), 7 (1.4%),
2 (0,4%) and 12 (2.5%) suffered from Diabetes Mellitus type 2,
cardiovascular disease, lung disease, kidney disease and immu-
nosuppression.

A multiple linear regression was used to predict the occurrence
of olfactory impairment based on gender, age, smoking behavi-
our, seasonal allergy, potential contact with a SARS-CoV-2 infec-
ted subject, suspected infection with SARS-COV-2 and a positive
test result for SARS-CoV-2. A significant regression was found for
gender (3 =0.039; p=0.024), age (3 =-0.001; p =0.047) and a
suspected infection with SARS-COV-2 (B = 0.077; p = 0.004).
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Figure 3. Treatment.

Discussion

The purpose of this research was to investigate the occurrence,
presentation and diagnostic significance of olfactory and/or
gustatory disorders in (suspected) COVID-19 cases. Acute olfac-
tory and gustatory complaints were reported by respectively
97.4% and 92.8% of the participating subjects, who indicated

a high prevalence of neurosensory dysfunctions during the
COVID-19 pandemic. This outcome supports previous research
regarding this matter which stated that neurosensory com-
plaints are an important manifestation of an infection with
SARS-CoV-2 (12,

The recovery rate after 8 weeks from an olfactory dysfunction
was 40.8%, whilst the rate for people with gustatory loss was
49.8%. A lot of research is currently being done to investigate
the underlying mechanism, progression and recuperation of
neurosensory impairment in a SARS-CoV-2 infection. However,
the exact pathogenesis of this phenomenon has not yet been
clarified. Post-viral damage to the structures of the olfactory
system, more specific the neuro-epithelial cells, is observed in
patients infected by this specific virus ¥. These results provide
further support for the hypothesis that the olfactory loss caused
by this virus can be of post-viral origin, in accordance with post-
viral neurosensory impairment caused by other viruses (Influ-
enza, Rhinovirus and SARS-CoV) ", In these cases, spontaneous
recovery is seen in 32-66% of the patients and can occur until 2
years % Therefore, a prolonged follow-up of the recuperation
will be necessary to further investigate the recovery rates over a
longer period of time.

A significant part (i.e. 92.6%) of the study population indicated
to experience concurrent olfactory and gustatory complaints.
From this observation, it can be concluded that there is a strong
association between both disorders. Gustatory loss is rarely an
isolated complaint and is in most cases observed as a manifesta-
tion of olfactory impairment because of the strong collaboration
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of the olfactory and gustatory functions @%. Consequently, a
distinct differentiation should be made between olfactory and
gustatory loss.

The population was characterised by a mean age of 29.82 +
0.55 years old. It can be stated that in this study, the neurosen-
sory complaints were mainly reported by people of younger
age. Existing research also recognizes a significant association
between the occurrence of olfactory complaints and people of
younger age 78, Another important finding in this research was
that the prevalence of an olfactory disorder among women was
significantly higher than the prevalence among men. A distinct
female dominance in the occurrence of neurosensory com-
plaints was also observed in earlier studies "'2. These observati-
ons indicate that the female sex is more prone to neurosensory
impairment in comparison to the male sex. As described below,
certain selection and reporting biases could explain the domi-
nance of these categories in this study. Though, this trend was
also observed in different studies from other countries 7 '?. The
fact that mainly men from an older age group are affected by a
severe form of the disease may explain that the prevalence of
these symptoms is higher in women from a younger age group,
who more often have a mild form of the disease 17,

It is interesting to note that the most prevalent symptoms as-
sociated with dysosmia were fatigue, headaches and nasal com-
plaints. This outcome is not in line with the classic presentation
of a SARS-CoV-2 infection which is represented by the cardinal
symptoms such as dyspnoea, retrosternal pain and fever @35,

A significant difference in duration was observed between the
olfactory or gustatory complaints (17.95 + 0.529 days) and the
associated symptoms. It can be concluded that the duration of
the olfactory and/or gustatory impairment is significantly longer
than the related symptoms.

Another interesting finding in this study was the strong impact
that the affected subjects encountered from these neurosen-
sory complaints. They reported to experience feelings such as
annoyance, anger, insecurity and depression and they felt con-
strained in the performance of various daily activities. Olfactory
impairment is known as a invalidating condition and should be
acknowledged as an important burden in the life of the affected
person ™. Future research should investigate the psychological
impact of such disabling complaints in the long term.

In this study, it was established whether the subjects attempted
certain treatment options for their olfactory loss. There was
also an inquiry into the subjective experienced effect of these
interventions. The most favourable outcome was observed

in olfactory training, as 95% of the subjects who started this
treatment experienced improvement of their complaints. Given
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the limited number of individuals who have attempted this
treatment, these results need to be examined critically. Further-
more, it need to be stressed that spontaneous recovery should
be considered when assessing these numbers. Nevertheless,
several previous studies have also shown positive results for the
use of olfactory training of post-viral origin ©'9. These results
further support the idea of olfactory training as effective treat-
ment for this condition (9.

The results from this research suggest that the occurrence of
olfactory complaints is of diagnostic significance in the presen-
tation of a SARS-CoV-2 infection, given the observation that
88.2% of the subjects who got tested in fact were infected with
SARS-CoV-2.These observations are in strong agreement with
the results obtained from previous studies that have found sig-
nificant evidence for the association olfactory disorders and the
SARS-CoV-2 virus 121819 |t should be considered that only 93
out of the 500 subjects were qualified to get tested during the
acute phase of their illness. Therefore, no conclusions could be
made for a large part of the study population. The findings from
this study indicate that neurosensory symptoms could be used
as diagnostic markers for a SARS-CoV-2 infection and that they
should be implemented in the test criteria for a SARS-CoV-2 in-
fection. These observations are corroborated by several foreign
studies where this phenomenon has also been observed and is

considered as a strong predictor for a SARS-CoV-2 infection
20,21)

Certain limitations need to be taken in account when interpre-
ting the results of this research. The following elements could
lead to a biased effect on the results of this study. Firstly, online
recruitment via social media may have favoured the participa-
tion of predominantly the younger age group within our society.
Subsequently, it should be noted that the mapping of a subjec-
tive complaint as olfactory impairment is challenging. Another
important weakness of this study is the fact that only limited
subjects were tested during the acute phase of the disease pro-
gression, due to the absence of typical COVID-19 symptoms and
the limited test capacity at the time. Only 18.6% of the study
population was eligible for a test during the acute course of the
disease. Finally, it should be considered that the spontaneous
recovery of the complaints is a large confounding factor in the
assessment of the effectiveness of the initiated therapies.

References 3.

Conclusions

From this research, it can be concluded that olfactory impair-
ment is a prevalent clinical sign of a mild SARS-CoV-2 infection
and should be implemented as diagnostic marker in the assess-
ment of COVID-19 disease. The results from this study imply that
these neurosensory dysfunctions are particularly manifested

in women of younger age. These findings are consistent with
several studies in different study populations, which confirms
that a SARS-CoV-2 infection in these subcategories is more often
characterized by a mild clinical course with neurosensory com-
plaints. The recognition and identification of these complaints
as COVID-19 related can allow a more targeted testing in this
otherwise asymptomatic patient group, which could be of signi-
ficantimportance in the management of this crisis.
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