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Abstract
Numerous studies have reported that patients with coronavirus disease 2019 (COVID-19) experience alterations in the sense
of smell. Therefore, there is an increased need for a psychophysical evaluation tool for olfactory dysfunction in patients with
COVID-19 without increasing the risk of virus spread. We applied a single-use sniffing-bead system, which consisted of small
beads and a disposable plastic handpiece, to patients with COVID-19 presenting with olfactory dysfunction. The bead sets
contained eight concentrations of 2-phenylethyl alcohol (PEA), which has been used in olfactory function tests for many years,
and the lowest concentration at which the participant detected the PEA odor was recorded as the PEA threshold. The test was
easily administered at the clinic during the consultation with the doctor without increasing the risk of virus spread. Based on the
test results, anosmia was objectively confirmed in a patient with subjective anosmia, and another patient with subjective
hyposmia was diagnosed with normosmia. Both patients started olfactory training after diagnosis. In conclusion, we present a
system to psychophysically assess olfactory dysfunction in patients with COVID-19 using a universal odorant without the risk of
virus spread, and suggest that this system might enable early diagnosis and management of patients with COVID-19.
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Introduction

Chemosensory dysfunction occurs in the early phase of co-
ronavirus disease 2019 (COVID-19) with olfactory dys-
function preceding the diagnosis in 73% of patients, while
27% experience anosmia as an isolated symptom.1 Several
recent studies regarding olfactory dysfunction in patients with
COVID-19 were questionnaire-based. However, self-reported
subjective symptoms do not consistently match measurement
outcomes.2,3

In South Korea, psychophysical testing of olfactory
function is based on the Sniffin’ Sticks test; however, they
cannot be used in patients with COVID-19 due to the risk of
virus transmission.

We have developed a sniffing-bead system that measures
the olfactory detection threshold. It was originally developed
as a screening tool for olfactory function evaluation in geri-
atric patients.4 We made minimal modifications to this
sniffing-bead system such that it could be applied to patients

with COVID-19 without the risk of virus spread. We intro-
duced the system in seropositive patients with COVID-19. We
used this sniffing-bead system to detect olfactory dysfunction
and to evaluate symptom progress without the risk of virus
spread.

The process is demonstrated in Supplemental Video 1.
Briefly, the sniffing-bead system consists of several small
beads (7 mm in diameter) and a handpiece with a disposable
plastic capsule that releases the odor after the bead is inserted
into it and pierced (Figure 1). The beads are intended for single
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use, and the handpiece is wrapped in plastic vinyl. We used
eight beads, each containing a different concentration of 2-
phenylethyl alcohol (PEA). PEA has been used in olfactory
function tests for many years worldwide, and its validity has
been proved in our country also.4 PEAwas diluted in distilled
water in a ratio of 1:2 (from 0.078% to 10%). The lowest
concentration at which the participant detected the PEA odor
was recorded as the PEA threshold. Distilled water served as a
negative control. The final diagnosis of the patient’s olfactory
dysfunction was made as described in a previous report.4

Case report

Case 1

A 25-year-old man was diagnosed with COVID-19 soon after
arriving from a foreign country.

Subjectively, he scored the sense of olfaction as zero on a visual
analog scale (range from 0 to 10, 0 = anosmia, 10 = normal ol-
factory function). In the sniffing-bead test, the patient could not
detect the scent of PEA even at the highest concentration (10%).
Based on previously established data,5 he was diagnosed with
anosmia, which corresponded with his subjective assessment, and
was started on olfactory training from that day. After 9 weeks, he
noticed an improvement in symptoms and could identify the smell
of PEA at a concentration of 0.625%.

Case 2

A 26-year-old man, diagnosed with COVID-19 with olfactory
dysfunction, had a subjective score of 2 on the visual analog
scale for hyposmia. In the sniffing-bead test, he detected the
scent of PEA even at a low concentration (0.078%), which
corresponded to “normosmia.”5 Therefore, although his
subjective symptoms were scored as “hyposmia,” he was
diagnosed with “normosmia” based on the sniffing-bead test.
We encouraged him to perform olfactory training without

medication and conducted a conventional olfactory function
test after 2 weeks, the result of which also corresponded to
“normosmia.”

Discussion

Early detection and evaluation of olfactory dysfunction may
be valuable in the course of the disease and as a screening tool
for COVID-19. However, the subjective recognition of ol-
factory dysfunction is not always consistent with measure-
ment outcomes.

A previous study found that only 30% of patients who reported
subjective olfactory dysfunction were confirmed to have olfactory
dysfunction using an olfactory function test.2 Another study found
that 38% of patients with COVID-19 recruited on the basis of self-
reported olfactory dysfunction had a normal olfactory perfor-
mance.3 Therefore, a psychophysical evaluation tool for olfactory
dysfunction is needed in the evaluation of patientswithCOVID-19.
Our sniffing-bead system is designed for single use only and can be
easily used by a doctor using protective equipment, without the
patient needing to visit any other facility for testing. It enables the
psychophysical measurement of olfactory dysfunction in patients
with COVID-19 at an early stage without the risk of potential virus
transmission.

As olfactory identification exhibits culture-specificity, the
odor must be modified for the test to be useful across different
cultures; accordingly, culture-specific olfactory function tests
have been developed worldwide. PEA, which was used in this
study, has been used for olfactory function tests for many years
in many countries, and its validity is established.6,7 Therefore,
we propose that this system may be universally applicable in
other countries, and in patients with other potential trans-
mittable diseases in the future.

In some patients, the loss of olfactory function persists.
Persistent abnormal olfactory scores have been reported in 37–
52% of patients with COVID-19.1,8 Early diagnosis and in-
tervention through olfactory training are important contribu-
tory factors for a better prognosis of post viral olfactory
dysfunction. We suggest that the sniffing-bead system is
beneficial for the early detection and intervention of olfactory
dysfunction in patients with COVID-19 and helpful in re-
ducing permanent disability. Furthermore, as observed in our
case, this system may be applied in the evaluation of the
progress of olfactory dysfunction symptoms after initiating the
olfactory training in olfactory dysfunction patients.

Herein, we presented a novel system to assess olfactory
dysfunction in patients diagnosed with COVID-19. This
system can provide information about the olfactory detection
threshold even in early-phase COVID-19 without the risk of
transmission.
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Figure 1. Sniffing-bead system used for the evaluation of olfactory
dysfunction in patients with coronavirus disease 2019.
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