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Abstract
Introduction: Recent reports suggest that sudden smell loss might be a symptom of SARS-
CoV-2 infection. The aim of this study was to investigate the frequency of olfactory loss in an
outpatient population who presented to a coronavirus testing center during a 2-week period
and to evaluate the diagnostic value of the symptom “sudden smell loss” for screening pro-
cedures. Methods: In this cross-sectional controlled cohort study, 500 patients who present-
ed with symptoms of a common cold to a corona testing center and fulfilled corona testing
criteria completed a standardized diagnostic questionnaire which included the patients’ main
symptoms, time course, and an additional self-assessment of the patients’ current smell, taste
function, and nasal breathing compared to the level before the onset of symptoms. Results:
Out of the 500 patients, 69 presented with olfactory loss. Twenty-two of them subsequently
tested positive for SARS-CoV-2. Only 12 out of the patients without olfactory loss tested pos-
itive, resulting in a frequency of 64.7% for the symptom “sudden smell loss” in COVID-19 pa-
tients. Compared to COVID-19 patients without smell loss, they were significantly younger and
less severely affected. Changes in nasal airflow were significantly more pronounced in SARS-
CoV-2 negative patients with olfactory complaints compared to the patients with smell loss
who tested positive for SARS-CoV-2. By excluding patients with a blocked nose, the symptom
“sudden smell loss” can be attested a high specificity (97%) and a sensitivity of 65% with a
positive predictive value of 63% and negative predictive value of 97% for COVID-19. Conclu-
sion: Considering the high frequency of smell loss in non-hospitalized COVID-19 patients,
acute olfactory impairment should be recognized as an early symptom of the disease and
should be tested for on a regular basis. In contrast to other acute viral smell impairment, CO-
VID-19-associated smell loss seems to be only rarely accompanied by a severely blocked nose.
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Introduction

Viral upper respiratory tract infections (URTI) are one of the most common causes of
olfactory loss. Together with rhino-, adeno-, influenza-, and parainfluenza viruses, corona-
viruses have long been known to account for at least 70% of common colds [1]. Compared
to other respiratory viruses however, the frequency of reported olfactory disorders in
coronavirus infections has been lower so far and has never been a serious health issue
[2-4].

During an acute URT]I, nasal congestion and rhinorrhea are commonly accompanied by a
temporary smell loss of varying severity. Significant olfactory loss without rhinitic symptoms,
however, is comparatively rare and points towards damage of the olfactory epithelium and/
or the olfactory bulb. URTI-associated smell loss typically occurs after the fifth decade of life
and becomes apparent to the patients several days after the onset of a cold [5]. According to
a number of anecdotal reports and a few published studies, a different pattern is seen in
patients with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. Smell
and/or taste loss have been observed in 5-80% of these patients [6-9], sometimes as the only
apparent symptom, at a younger age, and at a very early stage of the disease. According to the
latest research findings, SARS-CoV-2 is thought to target non-neuronal support cells, as well
as the neuroregenerative basal cell population, due to their expression of the receptor ACE2
[10]. Disruption of these cell populations may impair olfactory receptor neuron function and
provoke subsequent olfactory receptor neuron damage which might cause olfactory
dysfunction. The diagnostic accuracy of this symptom, however, is controversially discussed
considering the fact that more than 200 viruses are known to cause URTIs with a subsequent
olfactory loss.

The aim of this study was to investigate the frequency of olfactory loss in an outpatient
population who presented to a coronavirus testing center during a 2-week period and to
evaluate the diagnostic value of this symptom for screening procedures.

Materials and Methods

All patients who presented to the coronavirus testing center at the University Hospital Dresden routinely
received a standardized diagnostic questionnaire which included the patients’ main symptoms, time course,
and an additional self-assessment of the patients’ current smell, taste function, and nasal breathing compared
to the level before the onset of symptoms. The patients had to indicate whether they experienced loss of smell
and/or taste (yes vs. no). For quantifying olfactory/gustatory function and nasal breathing, a visual analog
scale (VAS), with the extreme left of the scale defined as “no function” (0 units) and the extreme right of the
scale defined as highest function possible (“extremely good” - 10 units), was used.

Out of 620 patients who fully completed the diagnostic questionnaire, 500 met the criteria for SARS-
CoV-2 testing, and throat swabs were collected according to WHO recommendations [11]. In 34 patients
(6.8%), the diagnosis of SARS-CoV-2 infection was confirmed by means of a positive RT-PCR test.

Results

Study Population

Out of the 500 patients (mean age, 41.3 years; range, 18-86 years) who presented with
symptoms of a common cold (mean duration, 5.8 days; range, 1-32 days) and fulfilled corona
testing criteria, 45.4% were male and 54.6% female. The main symptoms were cough (76.8%),
sore throat (64.8%), rhinorrhea (55.2%), myalgia (40.0%), dyspnea (33.4%), and fever
(20.8%). Sixty-nine patients (13.8%) reported sudden smell and/or taste loss.
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Correct False negative False positive

(n=22) (n=12) (n=47)
Female gender 54.5 33.3 65.2
Age, years 38.6+12.4 47.9+10.8 39.3+12.4
Symptoms onset before testing, days 5.5+3.2 4.3+2.9 7.0+4.9
Smell/taste loss onset before testing, days 3.1+£3.3 5.4+3.8
Smell VAS score difference -6.8+2.3 0 -5.3%1.9
Nasal breathing VAS score difference -1.1+1.6 -0.6+0.9 -4.9+2.4
Cough 81.0 75.0 91.5
Sore throat 429 58.3 83.0
Dyspnea 19.0 25.0 59.6
Fever 19.0 58.3 23.4
Rhinorrhea 45.5 333 80.9
Myalgia 38.1 50.0 55.3

Data are presented as % or mean * SD, as appropriate. COVID-19 patients with (correct) and without olfactory loss (false
negative) and SARS-CoV-2-negative patients with smell loss (false positive) out of a total patient population of n = 500.
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Fig. 1. Change in self-rated olfactory function and nasal breathing compared to the level before disease in
SARS-CoV-2-positive (correct) and SARS-CoV-2-negative patients with smell loss (false positive).

COVID-19 Patients

Out of the 34 patients who tested positive for SARS-CoV-2, 22 (64.7%) complained of
sudden smell and taste loss. The chemosensory loss started 1-2 days before other symptoms
in 1 patient, at the same time in 4 patients, and 1-7 days after in 14 patients; 3 patients were
not sure about the smell loss onset. COVID-19 patients with olfactory loss were significantly
younger than those without smell loss (p = 0.04) and had less severe symptoms (Table 1).
Smelllossin COVID-19 patients was characterized by a severe loss of function from an average
of 8.8 to 2 and minor changes in nasal breathing from an average of 8.4 to 7.3, as rated on the
10-point VAS. Only 10 patients complained of rhinorrhea.

While only one patient complained about isolated taste loss, the majority of patients
reported either combined smell and taste loss, or smell loss only.
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Patients with Smell Loss without SARS-CoV-2 Infection

Four hundred sixty-six patients tested negative for SARS-CoV-2, 47 of whom (10.1%)
reported disorder-associated smell loss. Olfactory impairment started 1-14 days after the
other symptoms had begun and was characterized by both severe loss of function (mean
value, from 8.8 to 3.4) and impaired nasal breathing (mean value, from 8.5 to 3.6) as rated on
the 10-point VAS. The majority of these patients (80.9%) suffered from rhinorrhea (Table 1).

Disease-associated changes in nasal airflow were significantly more pronounced in the
47 SARS-CoV-2-negative patients with olfactory complaints compared to the 22 patients with
smell loss who tested positive for SARS-CoV-2 (p < 0.001) (Fig. 1). In contrast, changes in
olfactory function were rated more severe in the latter group (p = 0.023).

Predictive Value

Using our data of an outpatient population, the sole symptom “smell loss” had the
following diagnostic characteristics: 65% sensitivity, 90% specificity, 32% positive predictive
value (PPV), and 97% negative predictive value (NPV). Taking into account the low frequency
of sinunasal symptoms in COVID-19 patients and excluding those with a blocked nose from
the false-positive sample, however, PPV increased to 63% and specificity to 97%.

Discussion

In this large URTI patient cohort study of a coronavirus testing center, we found that 13%
of patientsreported sudden olfactoryloss. Of these patients, 32% subsequently tested positive
for SARS-CoV-2. On the other hand, 2.8% of the patients without olfactory loss tested positive.

In this outpatient sample, 64.7% of COVID-19 patients observed smell loss at a very early
stage or even before other symptoms started. The frequency is much higher compared to the
observations by Giacomelli et al. [8], but slightly below the results reported by Lechien et al.
[7] and Vaira et al. [9], taking into account that varying specimen selection (nasopharyngeal
vs. throat swabs) with different viral loads was applied in these studies [12]. Compared to
COVID-19 patients without smell loss, in our study COVID-19 patients with smell dysfunction
were significantly younger and less severely affected. Similar results were reported in an
[talian study where chemosensory impairment was more frequently seen amongst younger
COVID-19 patients [8]. In our study, more than 80% of COVID-19 patients with smell loss also
reported taste dysfunction while isolated taste loss was not observed. The latter impairment
might, however, be attributed to impaired retronasal olfaction (flavor) rather than impaired
gustation (sweet, salty, sour, bitter, and umami). This is in line with recent assessment-based
results [9] and points towards a primary olfactory deficit.

In contrast to other acute viral smell impairment, COVID-19-associated smell loss in
our study was only rarely accompanied by a severely blocked nose, and thus the effect on
olfaction may be independent of nasal congestion. This complies with the results by Vaira
et al. [9] who observed nasal obstruction and rhinitic symptoms in only 9.1% of their
COVID-19 cases. By taking into account these findings and excluding patients with a
markedly blocked nose from our data set, the symptom “sudden smell loss” can be attested
a high specificity (97%) and sensitivity of 65% with a PPV of 63% and NPV of 97% for
COVID-19. Therefore, olfactory function should be measured in all patients with suspected
COVID-19 for which fast, inexpensive, and reliable screening methods are available (e.g.,
disposable Q-Sticks tests [13]; for a possible approach see also [14]). Further, sudden
smell loss without nasal congestion might be used as an indicator for home quarantine in
countries were tests are not available in view of the comparable sensitivity and specificity
of swab tests [15].
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Conclusion

Thus, considering the high frequency of sudden smell loss in non-hospitalized COVID-19
patients, acute olfactory impairment should be recognized as an early symptom of the disease.
[t also suggests the need for an exhaustive olfactory and gustatory follow-up of these patients
in order to assess the extent of the olfactory loss and the significance of the chemosensory
loss in terms of the prognosis of the patients.
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