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Abstract

Introduction: The course of anosmia and ageusia in COVID-19 patients is not yet clearly
known. We present short-term follow-up data concerning mild to moderate disease in home-
quarantined COVID-19 patients in Greece. Methods: We provided a symptom questionnaire
and instructions for a self-administered home smell-and-taste test to 79 positive COVID-19
patients from 2 tertiary hospitals in Greece. The patients recorded their subjective symptoms
before and during infection as well as 4 weeks after the diagnosis. The patients also under-
went the home test during infection and 4 weeks later. Results: Twenty-nine patients (36.7%)
reported a loss of smell, and 21 (27.8%) reported a loss of taste, with equal prevalences be-
tween genders. We observed 2 types of recovery, i.e., a rapid, almost complete recovery, and
a second slower and partial recovery. The type of recovery was not age related. A rapid re-
covery was observed in two thirds of the patients, with their olfactory ratings presenting a
trend towards significance in correlation with nasal obstruction. A slow recovery in olfaction
was correlated with low intensity ratings in odors with a trigeminal compound. The loss of
taste was more pronounced in sweet and salty intensity ratings. Conclusion: Chemosensory
deficits associated with COVID-19 infection were quite frequent among the Greek patients
with mild or moderate disease who, in most cases, returned to normal within 4 weeks. How-
ever, 1in 3 patients presented with persistent olfactory and gustatory dysfunction in the short
term. © 2020 S. Karger AG, Basel
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Introduction

Olfactory and gustatory dysfunctions have been recognized by the World Health Organi-
zation (WHO) as symptoms of COVID-19 infection. The estimated prevalence ranges from 18
to 60% [1-3]. However, insufficient data exists regarding the course and prognosis of this
dysfunction.

According to the disease control policy of Greece, patients with a laboratory-confirmed
diagnosis and a mild or moderate COVID-19 infection are advised to engage in self-isolation
under the close supervision of medical professionals. Chemosensory dysfunction appears to
be a common symptom in the early stages of COVID-19 infection. Thus, patients with an early
diagnosis can be found and followed up for smell and taste deficits more easily among those
with mild-to-moderate disease rather than among hospitalized patients.

Psycho-physical tests are the gold standard in everyday clinical practice for the evalu-
ation of olfactory and gustatory functions, as they are easily performed, standardized, and
validated in many languages, with a high test-retest reliability [4-6]. However, during these
tests, patients are blinded to the presented items. This makes home testing difficult, espe-
cially if we ask patients to self-administer odors and tastants.

A more straight-forward test appears to be the assessment of smell and taste intensities
of common household items, since this avoids the limitations of a self-administered identifi-
cation smell-and-taste test. Previous publications have used odor and tastant intensities as a
measure of olfactory and gustatory function, respectively [7, 8]. Atleast in the case of olfaction,
this was found to be related to odor detection thresholds concerning the odor in question [9].
Inarecentstudyby Iravanietal.[10],in 2,440 Swedish individuals, measures of odor intensity
closely tracked the estimated COVID-19 levels at a population level. However, as the test-
retestreliability of odor intensity measures presents large variations [9, 10], this may indicate
that odor intensity function might not work as a reliable measure at the individual level.

Our study aims to present a first estimation of the prognosis of home-quarantined
patients with a positive nasal or pharyngeal swab for COVID-19 (real-time polymerase chain
reaction; RT-PCR) and a mild or moderate disease severity by analyzing follow-up data 4
weeks after the diagnosis. This study also combines subjective ratings of patients’ symptoms
based on a self-administered home test of olfactory and gustatory functions to provide a more
objective chemosensory assessment of home-quarantined COVID-19 patients.

Materials and Methods

Patients

The National testing policy at the beginning of the pandemic in Greece focused on tracking and tracing
of: (1) new clinically positive cases requiring a hospital stay, and (2) clinically positive cases from the coun-
try’s entry points to suppress local outbreaks. A special task healthcare team of the General Secretariat for
Civil Protection (GCSP) and the National Public Health Organization (NPHO) obtained nasal/pharyngeal
swabs for RT-PCR from all of the close contacts of the above cases. These data were stored in a national
database developed by the NPHO.

Over a period of 2 months (from March 22 to May 15, 2020) we retrieved from this database all newly
diagnosed patients with mild-to-moderate disease according to the national guidelines for primary care
against COVID-19 in Greece (www.eody.gov.gr), who had instructed to stay home quarantined and followed
by the 2 contributing tertiary hospitals in Greece.

As regular daily communication of self-quarantine patients with a healthcare professional was
advised throughout the monitoring period, both hospitals followed: (1) self-referred patients with a
positive test from elsewhere and examined in their emergencies, (2) positive close contacts of hospitalized
patients, and (3) positive repatriated passengers from certain countries with presumed widespread SARS-
CoV-2 infection.
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A hard copy of an anonymous smell-and-taste questionnaire along with instructions for a home test of
olfactory and gustatory function was administered and explained to 300 adult patients at their homes by the
health care personnel of the NPHO and the GCSP. The patients had to fill in the questionnaire at the baseline
visit of the NPHO and GCSP team and then, if the RT-PCR test was positive, they had to refill it 4 weeks later.
The questionnaires were collected by the NPHO and GCSP personnel at the end of the quarantine period or
mailed directly to the hospitals.

Exclusion criteria were: age <18 years, previous nasal surgery, radiotherapy in the head and neck area,
a history of head trauma, allergic rhinitis, chronic rhinosinusitis, psychiatric or neurological disorders, and a
history of previous smell-and-taste disorders.

Patient demographics, associated symptoms, and comorbidities were recorded. The patients had to
report symptoms from the following list: fever, cough, shortness of breath or dyspnea, fatigue, muscle aches,
runny nose, blocked nose, sore throat, loss of smell, and loss of taste.

Subjective Ratings of Olfaction and Taste

The patients had to rate their olfactory and tasting abilities by means of a visual analog scale (VAS) at
the time of diagnosis and 4 weeks later. They were also asked to evaluate their capacity to smell and taste
before infection, as they could recall it. Ratings were recorded on a horizontally presented 100-point VAS,
where 0 represents no smell or taste and 100 normal sensation. In addition, patients rated their nasal
obstruction and rhinorrhea on a similar VAS, where 0 represented a completely blocked nose and an exces-
sively runny nose and 100 indicated normal nasal breathing and a nonrunny nose, respectively. The patients
also reported the presence of qualitative olfactory and gustatory dysfunction. Four weeks after the diagnosis,
all of the patients stated whether they had experienced complete recovery or partial/no recovery in terms
of chemosensory deficits.

Intensity Ratings: Olfactory and Gustatory Home Test

All of the participants were instructed to rate the intensity of their olfactory ability in response to 5
common household odors (i.e., lemon juice, oregano, instant coffee, toothpaste, and mint gum). The rating
range was from 0 (no smell) to 100 (smell as usual). The first 3 odors were selected to contain odors with
little or no trigeminal sensation (unimodal odors), whereas the last 2 odors could evoke mixed sensations of
olfactory and trigeminal nerves (bimodal odors). The patients could smell each odor as often as they liked
without time limitations.

For intensity ratings of the gustatory function, sugar, salt, lemon juice, and instant coffee (decaffeinated)
were used as representatives of the following 4 basic taste qualities: sweet, salty, sour, and bitter.

The patients were asked to put in their mouth half a teaspoon of each tastant, report the quality of taste
perception, and then rinse their mouth with tap water. The patients were instructed to taste the bitter tastant
lastin the order [11]. The intensity score ranged from 0 (no taste) to 100 (normal perception). A mean of the
reported values for each of the 5 odors and 4 tastes was calculated as the smell and taste overall intensity
score, respectively.

Statistical Analysis

All demographics are presented within the text as means + SD and ranges of values. The a-level of signif-
icance was set to 0.05. Paired two-tailed Student ¢ tests were used to assess VAS and odor intensity ratings
before and during infection and 4 weeks later. All correlation tests were performed using Spearman corre-
lation analysis.

Results

In total, 145 questionnaires out of 300 were returned (48.3%). Thirty-seven were
excluded due to a previous history of sinonasal disease or nasal surgery, and 29 were excluded
due to incomplete data. Finally, 79 patients (39 males and 40 females) were enrolled into the
present study.

Thirty of the 79 included patients reported a chemosensory deficit. Specifically, 21
patients complained of a loss of smell and taste, 8 patients reported only a loss of smell, and
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Table 1. Patients’ demographics and total group ratings

Variable Value
Patients with a chemosensory loss 30 (36.7)
M/F ratio 16/14 (53.3/46.7)
Age, years 30.7£5.3
Type of chemosensory loss?
Only smell 8 (26.6)
Smell and taste 21 (70.0)
Only taste 1(3.3)
Patients with nasal obstruction? 5(16.6)
Patients with rhinorrhea? 3(10.0)
Patients with comorbidities® 4 (13.3)
Patients with mild disease? 25(83.3)
Patients with moderate disease?® 5 (16.6)
Ratings Before During After
VAS olfaction 96.4+2.4 27.5+5.1 77.6£6.7
VAS taste 97.5+2.0 36.7+5.3 87.7+4.7
Intensity olfaction 38.3+5.4 71.3+6.4
Intensity taste 43.845.3 71.6+6.5

The total number of patients was 79. Values are presented as numbers (%) or means = SD unless otherwise
stated. ? Among the 30 patients who reported a chemosensory loss.
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Fig. 1. Comparison of VAS olfactory function ratings (a) and VAS gustatory function ratings (b) between fast
and slow recovery subgroups of patients before, during infection and 4 weeks later. The asterisk indicates
statistical significance (p < 0.05).

1 patient reported only a loss of taste (loss of smell: 29 out of 79 patients, 36.7%; loss of taste:
22 out of 79 patients, 27.8%).

The gender distribution was 16 male and 14 female patients, with a mean age of 30.7
5.3 years. This cohort of patients rated their olfactory and gustatory abilities during infection
as significantly lower than before (comparison of VAS means, all p < 0.001). Four weeks after
the diagnosis, they presented with significant improvement overall (comparison of VAS
means, all p < 0.001). However, the patients’ ratings 4 weeks after the initial assessment did
not return to the levels before infection, being significantly lower in olfaction (p = 0.023) and
taste (p = 0.037). The demographics and total study group statistics are presented in Table 1.
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Fig. 2. Comparison of olfactory function intensity ratings between the rapid- and slow-recovery subgroups
with unimodal odors (a) and with bimodal odors (b) before, during infection and 4 weeks later. The asterisk
indicates statistical significance (p < 0.05).

A complete or almost complete recovery was reported by 19 patients (rapid-recovery
subgroup, 63.3%). However, 11 patients reported partial or no improvement (slow-recovery
subgroup, 36.6%), presenting a slow pattern of recovery.

A comparison of olfactory and gustatory VAS ratings between patients with rapid and
slow recoveries uncovered significant differences during infection and 4 weeks later for both
senses, with rapidly recovered patients having better ratings in both assessments (all p <
0.05), as shown in Figure 1.

Olfactory and gustatory intensity total study group ratings indicated similar fluctuations
relative to the VAS scores, with significant decreases during infection and significant improve-
ments 4 weeks after the diagnosis (Table 1).

A comparison of olfactory intensity ratings between subgroups with rapid and slow
recoveries showed significantly lower values in the slow-recovery group during infection for
bimodal odors; however, thiswasnotthe case forunimodal odors (Fig. 2). A similar comparison
of subgroups with different recovery patterns for taste intensity ratings showed no signif-
icant difference during infection between groups, although the fast-recovery group had
slightly better results (Fig. 3a). Four weeks later, the rapid-recovery subgroup had signifi-
cantly better taste intensity ratings. Taste intensity ratings were not homogeneously reduced,
with salty and sweet tastes being more affected, as seen in Figure 3b.

Both VAS and intensity ratings were not correlated with the age of the patients (r = 0.26,
p=0.76; r=0.31, p = 0.45). Only 4 patients reported diagnoses of other medical conditions.
Thus, no correlation analysis was possible between the presence of comorbidities and the
development of olfactory or gustatory dysfunctions. The most common related symptoms of
COVID-19 infection were found to be cough (69.5%), fatigue (45%), and fever (32%), with no
differences in symptom patterns between subgroups.

Nasal obstruction was reported by 5 out of 30 patients (16.6%) with chemosensory loss
and distributed mainly in the rapid-recovery group (4 patients). Similarly, only 3 patients had
rhinorrhea (10%), with 2 of them having a rapid recovery. Olfactory or gustatory dysfunction
was not correlated with nasal symptoms such as rhinorrhea or nasal obstruction (all r < 0.21).
However, a trend towards significance was found during infection between the olfactory VAS
ratings of patients with a rapid olfactory recovery and their nasal obstruction ratings (r =
0.34,p=0.078).Parosmiaand phantosmiawere reported by 4 out of 30 patients,and dysgeusia
was reported by 3.
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Fig. 3. a Comparison of gustatory function intensity ratings between the rapid- and slow-recovery sub-
groups. The asterisk indicates statistical significance. b Specific intensity ratings for salty, sweet, sour, bitter,
and taste overall intensity scores. The asterisk above the bitter ratings indicates significantly higher values
than all other tastes, and the asterisk above the sour ratings indicates significantly higher values than sweet

and salty.

Discussion

Our dataindicates thatin most cases olfactory and gustatory dysfunction due to COVID-19
infection returns to normal within a few weeks. However, in a smaller but significant
percentage of patients (1 in 3 patients according to our data), the chemosensory deficit
persists. Interestingly, this was not related to the age of the patients, in contrast with the
results of Lechien et al. [1]. This could be attributed to the relatively low mean age of our study
group, which consisted of only a few patients above the age of 45 years. This fact strengthens
the hypothesis that the 2 recovery patterns are perhaps related to different pathophysio-
logical mechanisms and not with the patients’ demographic distribution. In addition, the
equal distribution of genders in our study is in contrast with other studies presenting a clear

female dominance [1, 3].

According to our data, the group of patients with a rapid recovery included more
patients who reported a loss of smell and taste and nasal obstruction. This fact may
partially explain their complete recovery in a few weeks when nasal obstruction and
mucosal edema subside, indicating the conductive olfactory loss as the underlying
pathology. However, other patients with a total chemosensory loss and no nasal symptoms
loss also returned to normal within a few weeks. It is unclear why other patients with the
same symptoms did not experience improvement in olfaction and gustation. Currently,
some evidence suggests that the COVID-19 virus can enter the nasal epithelium via the
receptors ACE2 and TMPRSS2 [12]. These molecules, required for COVID-19 cell entry, are
also expressed in the olfactory neuroepithelium. This peripheral involvement suggests
that the virus can damage the olfactory mucosa. Perhaps this explains the relatively low
intensity ratings of patients reflecting low-threshold performances. Brann et al. [13]
suggested thatthe COVID-19 virus mainly affects nonneural cells of the olfactory epithelium,
such as sustentacular cells and horizontal basal cells. The fact that olfactory bipolar cells
are not a target of the virus may explain the good prognosis concerning olfactory loss in
the majority of cases. The different proportion and cell type of olfactory epithelium damage
may be able to result in a different recovery pattern. For example, horizontal basal cells
are stem cells that can potentially mature into olfactory neural cells. Disruption of this
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ongoing neurogenesis may result in a more severe olfactory dysfunction compared to that
of sustentacular cell damage.

In addition, other studies have suggested that COVID-19 could be neuroinvasive in the
central structures of the olfactory system [14]. Mao et al. [15] suggested 3 possible means of
entry of SARS-CoV-2 into the brain, i.e., via the olfactory nerves in the nasal cavity, through
interaction with angiotensin-converting enzyme-2 (ACE-2) in the brain, and via a cytokine
storm-induced blood-brain barrier disruption. The above-mentioned variability of the virus’s
potential entry into and damage to peripheral and central structures of the olfactory system
may result in different clinical phenotypes.

We also observed that patients with a slow recovery pattern had lower intensity
ratings in odors with strong trigeminal compounds (e.g., mint gum). This may indicate a
significant role of the trigeminal nerve damage in clinical phenotypes of the disease. Our
results are in accordance with a recently published study by Parma et al. [16], where the
authors divided COVID-19 patients into 3 phenotypic clusters, with one of them having a
loss of smell, taste, and chemesthesis. Although this phenomenon has been described in
previous studies, it was rarely reported by the patients [17, 18]. The mechanisms are not
clear and may be both peripheral and central. The virus could infect surrounding epithelia
of trigeminal free endings or their feeding blood vessels [19, 20]. In addition, there is
evidence that intimate central connections between the trigeminal and olfactory systems
exist, with overlapping activations in areas such as the piriform cortex, the ventral insula,
and the middle frontal gyrus [21]. Considering the potential entry of SARS-CoV-2 into the
brain, involvement of the above mentioned areas could explain intranasal trigeminal
dysfunction at a central level.

Our results from taste intensity ratings indicate that the reported subjective taste
impairment is a result not only of retronasal olfactory loss but also of taste system damage.
There is evidence from experimental studies that inflammatory cytokines induced by viral
infections can negatively affect the function of taste buds and that viral invasion to taste cells
can lead to genetic material exchange between viruses and taste cell subpopulations [22, 23].
In addition, similar to olfaction, taste can be also affected by the virus’s invasion of the brain,
especially involving areas of the central taste system [13, 24].

In general, the percentage of patients with mild to moderate disease who report a loss of
smell and taste in Greece is not regarded as high compared to those in studies from other
countries [1, 25, 26]. The first study from a small cohort of 22 hospitalized patients in this
country reported a higher incidence of olfactory loss (59.1%) after excluding individuals with
nasal congestion [27]. Another interesting point from the study demographics was the high
percentage of males, in contrast with other studies from Western Europe which reported high
percentages of females. This may indicate that geographical differences exist not only because
of different health care systems and policies but also due to different infection characteristics.
However, the small sample size of our study does not allow us to draw general conclusions
regarding the Greek population, and demographic differences may be partially attributed to
bias in the recruitment process.

COVID-19 is a new disease and its clinical presentation is most likely associated with
different clinical phenotypes [16], which may result in different prognoses.

Undoubtedly, our study has several limitations in terms of its sample size and method-
ology of assessment. The lack of objective olfactory and gustatory function measurements
weakens our results; however, the use of intensity ratings from a home smell-and-taste test
bridges the gap with the self-evaluations, which have a low reliability compared to other
sensory systems, at least at a population level [9, 10, 28].
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Conclusion

The majority of patients with mild-to-moderate disease and a loss of smell and taste
reportrecovery of their chemosensory deficit in the short term. However, 1 in 3 patients does
not, and this appears to not be age related. Based on our results, patients with rapid and slow
recoveries present some different characteristics; however, further studies are needed to
explore the different phenotypes of the disease and to clarify the underlying mechanisms.
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