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Abstract

Background: Chemosensitive disorders are very frequent in the early stages

of COVID-19 and in paucisymptomatic cases. These patients are typically

placed in home quarantine. This study has the aim of validating a new olfac-

tory and gustatory objective evaluation test in these patients.

Methods: Thirty-three home-quarantined COVID-19 patients have undergone

a self-administered chemosensitive test the day before the control swab. On

this occasion, the patients underwent operator-administered already validated

tests. The results were finally compared.

Results: The differences between the results of the two tests were not signifi-

cant for both the olfaction (P =.201) and the taste (P =.180).

Conclusion: The olfactory and gustatory evaluation by self-administered test

can be considered a valid tool, fundamental for obtaining objective qualitative

and quantitative data on the extent of chemosensitive disorders in home-

quarantined COVID-19 patients.
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1 | INTRODUCTION

Olfactory and gustatory dysfunctions are proving to be fre-
quent symptoms of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infection. The first European
reports on coronavirus disease 19 (COVID-19) patients are
detecting a frequency of these symptoms ranging between
19.4% and 88%.1-5 Particularly, chemosensitive dysfunctions
appear to be common in the early stages of infection from
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and in paucisymptomatic patients.1,2 However, all
the reports published so far are anamnestic or observational
and the literature lacks objective studies that evaluate the

gustatory and olfactory function in these patients. Assessing
the patient in the hospital is difficult due to the entry
restrictions into the COVID-19 departments and to the fact
that the most serious cases that require hospitalization are
generally uncooperative. Moreover, hospitalized patients
are generally in the late stages of the infection, and it would
instead be interesting to acquire objective information on
asymptomatic or initial cases, in order to find trigger symp-
toms that can allow early identification and isolation of sus-
pect cases. Generally, the latter patients are in home
quarantine. Therefore, checking and evaluating them at
home presents almost insurmountable logistical problems
during an emergency health situation like the one we are
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facing. An objective and validated self-administered test
would be a valuable tool for the remote evaluation of these
patients.

Psychophysiological tests represent a workhorse in
the objective evaluation of the olfactory and gustatory
functions as they are easy to perform, standardized, vali-
dated, and repeatable.6,7 These tests are generally based
on the blindness of the assessed patient, which guaran-
tees the reliability and validity of the results. Clearly, this
basic principle cannot be insured if the subject, in home
isolation, is asked to self-administer the test.

The aim of this work is to overcome this bias, devel-
oping a new self-administered psychophysiological olfac-
tory and gustatory test that could be used to evaluate
COVID-19 patients in home quarantine.

The same group of patients, after the completion of
the proposed self-administered test, underwent direct
clinical evaluation with widely used and validated tests
for anosmia and ageusia. Then, the results of both kinds
of tests were statistically compared to validate the self-
administered evaluation protocol.

2 | MATERIALS AND METHODS

The study was conducted between April 9 and 10, 2020,
on home-quarantined SARS-CoV-2 positive patients,
followed by the Surveillance and Prevention Department
of the University of Sassari, University of Salerno and
Bellaria-Maggiore Hospital of Bologna. All patients
belonged to the health care staff of the involved hospitals
(ie, doctors, nurses, auxiliary staff).

The inclusion criteria were home-quarantined adults,
age >18 years, rhino-pharyngeal swab positive for SARS-
CoV-2 infection, scheduled control swab, and voluntary
participation in the study.

Previous surgery or radiotherapy in the oral and nasal
cavities, preexisting manifestation of smell and taste
alterations, history of head trauma, allergic rhinitis,
chronic rhinosinusitis, and psychiatric or neurological
disorders were considered as exclusion criteria.

The study protocol was approved by an independent
ethics committee (n� 378-2020-OSS-AUSLBO).

The day before the scheduled control swab, patients
in home quarantine were asked to participate in the
study. In case of acceptance, some general information
was collected for all subjects: gender, age, job position,
comorbidity or conditions that could be cause of exclu-
sion, which symptoms presented and when these symp-
toms started, and when positivity to the first
nasopharyngeal swab was confirmed. All patients were
carefully investigated for the previous or current presence
of chemosensitive disorders during the SARS-CoV-2

infection. Finally, the test methodology was explained
and patients were asked to collect seven common house-
hold odorants and prepare the four basic flavored neces-
sary solutions, thus contacting the operator again to
perform the telephone test.

The next morning at the hospital, before the control
swab, patient's chemosensitive functions were directly
evaluated by a different trained operator.

2.1 | Patient-administrated olfactory
and gustatory test

Both olfaction and taste were assessed in all the patients.
The olfactory threshold was determined using solutions
with a decreasing concentration of denatured ethyl alco-
hol. Ethyl alcohol has an olfactory threshold 10 times
lower than N-butyl-alcohol8; therefore, the patient was
asked to prepare a 40% in 100 mL water solution (bottle
0) using a using a syringe or a graduated container. In
the following bottles (from 1 to 8), the patients diluted a
part of the previous solution with two parts of water, thus
obtaining solutions with consequent 1:3 dilutions.
Finally, a control bottle was filled with water only. The
test was performed by asking the patient to smell the
alcohol-containing bottle, starting with the less concen-
trated (bottle 8), reporting if he found any differences
compared with the control bottle. In case of a negative
answer, the examination continued with the consequent
bottle.

The discriminative test was performed asking the
patient to find some commonly used odorants (Table 1).
Therefore, the subject smelled an odorant for each of the
seven groups providing an assessment of the discrimina-
tive ability from 0 (no discrimination) to 10 (normal dis-
crimination). The discriminatory score was obtained
from the average of the ratings of the seven odorants.

The threshold and identification test scores, after
being analyzed separately, were finally converted into a
composite score. The scoring system is shown in Table 2.

TABLE 1 Self-administrated odor discrimination test

Group Odors

Group A odors Orange, lemon, or other citrus fruit juice

Group B odors Pepper, rosemary, sage, or bay leaf

Group C odors Marseille soap or neutral soap

Group D odors Wine or other alcoholic beverage

Group E odors Chocolate, Nutella, coffee

Group F odors Vicks VapoRub®, mint toothpaste, or
mouthwash
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For the evaluation of the gustatory function, the
patient was asked to prepare four solutions, one for each
primary taste9-11:

• Salted solution: 30 g of table salt in 1 L of water.
• Sweet solution: 60 g of refined sugar in 1 L of water.
• Sour solution: 90 mL of 100% lemon juice in 1 L of water.
• Bitter solution: unsweetened decaffeinated coffee.

The patient was asked to put in mouth a teaspoon of
each solution, reporting the quality of taste perception,
scoring it from 0 (ageusia) to 10 (normal perception). The
bitter solution comes always the last.9,10 The overall test
score was obtained by the average of the values reported
for each of the primary tastes. The scoring system is
reported in Table 3.

2.2 | Operator-administered olfactory
and gustatory test

The Connecticut Chemosensorial Clinical Research Cen-
ter (CCCRC) orthonasal olfaction test12-16 was used to
evaluate the olfactory function. As required by the test

protocol, olfactory threshold was determined by means of
60 mL of deionized water, with increasing concentration
of N-butyl-alcohol. The most concentrated bottle (bottle
0) presented 4% dilution. The other eight bottles (bottles
1-8) contained decreasing concentrations with conse-
quent 1:3 dilutions. For each threshold step, two identical
squeezable bottles were presented to the patient: one con-
taining the N-butanol solution, from the major to the
minor dilution, and the other filled with deionized water.
The test was conducted as previously described for both
nostrils, and the average value determined the overall
score.17

Ten well-known Italian odorants were used to assess
the olfactory discriminative function: chocolate (Nutella,
Ferrero, Italy), coffee, baby powder (Manetti & Roberts,
Florence, Italy), Vicks VapoRub (Proctor & Gamble, Cin-
cinnati, Ohio), ammonia, fruit-flavored chewing gum
(Perfetti Van Melle Italia S.r.l., Lainate, Italy), ketchup
(Heinz, Pittsburgh, Pennsylvania), orange, soap (Ivory,
Proctor & Gamble, Cincinnati, Ohio) and black pepper.
The odorants were presented one at a time, in identical
and opaque 180 mL containers covered by gauze. There-
fore, the patient had to identify the odorant on a 20 items
list containing the 10 test samples and 10 distractors.

TABLE 2 Self-administrated and Connecticut Chemosensory Clinical Research Center CCCRC test scoring systems

Olfactory threshold score
Olfactory threshold
composite score Odor discrimination score

Odor discrimination
composite score

7-8 50 8-10 50

6 40 6-7.9 40

5 30 4-5.9 30

4 20 3-3.9 20

2-3 10 1-2.9 10

0–1 0 0-0.9 0

Overall composite score (olfactory threshold + odor discrimination)

90-100 Normal

70-80 Mild hyposmia

50-60 Moderate hyposmia

20-40 Severe hyposmia

0–10 Anosmia

TABLE 3 Patient- and operator-administered gustatory function assessment scoring system

Patient-administered scoring Operator-administered scoring Taste scoring system Clinical diagnosis

10-7 4 4 Normal

5-6.9 3 3 Mild hypogeusia

3-4.9 2 2 Moderate hypogeusia

1-2.9 1 1 Severe hypogeusia

0-0.9 0 0 Ageusia
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The threshold and discriminative test scores were
finally converted into the CCCRC composite score. The
scoring system is shown in Table 2.

As regards the gustatory function assessment, the pri-
mary taste solutions were identical to those used in the
telephone test and already proposed by other authors.9,10

As the only variation, at the hospital, deionized water
was used as solvent and control instead of normal drink-
ing water. One at a time, approximately 1 mL of each
basic flavor was put on the patient's tongue with a cotton
swab, taking care to test the bitter last. Therefore, the
patient had to indicate the perceived taste: salty, acid,
sweet, bitter, or neutral. Depending on the number of pri-
mary tastes perceived, the score could vary between
0 and 4. The scoring system is reported in Table 3.

2.3 | Statistical analysis

Statistical analysis was performed using SPSS 26.0 (IBM,
Armonk, New York). Categorical variables are reported
in numerals and percentages of the total. Descriptive
statistics for quantitative variables are given as the mean
± SD. Statistical analysis of score differences reported by
the patients in the two evaluations was performed by
Wilcoxon signed-rank test for paired data. The level of
statistical significance was set at P ≤.05 with a 95% confi-
dence interval.

3 | RESULTS

The study population included 33 COVID-19 patients
(11 male, 22 female, mean age 51.8 years old) followed by
the Security and Prevention Departments of the Univer-
sity Hospital of Sassari, University Hospital of Salerno
and Bologna Maggiore-Bellaria Hospital. Table 4 provides
a framework summary of patient general and clinical
features.

During the course of the infection, current or regressed
chemosensitive dysfunctions were reported by 21 patients
(63.6%). In detail, 13 patients (39.4%) reported combined
gustatory and olfactory disorders. Four patients (12.1%)
showed isolated reduction in taste, while isolated hypo/
anosmia was reported in other four patients (12.1%). At the
time of the telephone evaluation, 11 out of 21 patients
(52.4%) reported complete regression of chemosensitive
symptoms.

Anamnestically, 17 patients (51.5%) reported hav-
ing or having had olfactory disorders during infection,
including 13 cases of anosmia and 4 cases of hyposmia.
Both the self-administered test and that performed by
the operator showed normosmia in 8 patients, various T
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degree hyposmia in 21 patients and complete anosmia
in 4 cases. Compared to the CCCRC test, the telephone
evaluation revealed more cases of moderate hyposmia
(13 vs 9) and fewer of mild hyposmia (5 vs 9)
(Figure 1).

Of the 17 patients (51.5%) who complained gustatory
dysfunction, 10 reported ageusia, 4 hypogeusia, and
2 dysgeusia. The results of the telephone and outpatient
evaluations are shown in Figure 2.

The olfactory (P =.201) and taste (P =.180) scores did
not report any significant statistical difference between
the self- and operator-administered evaluations (Table 5).

4 | DISCUSSION

Early identification and isolation of infected patients is
the most important therapeutic strategy for slowing the

FIGURE 1 Olfactory function

results with self- and operator-

administered evaluation tests [Color

figure can be viewed at

wileyonlinelibrary.com]

FIGURE 2 Gustatory function

results with self- and operator-

administered evaluation tests [Color

figure can be viewed at

wileyonlinelibrary.com]

TABLE 5 Statistical analysis results

Patient-administered
(mean ± SD)

Operator-administered
(mean ± SD) Z P-value

Olfaction

Threshold score 22.7 ± 14.2 20.6 ± 18.36 −1.294 .196

Discrimination score 38.5 ± 16.79 38.2 ± 17.22 0.000 1

Overall score 61.2 ± 26.26 59.1 ± 30.76 −1.279 .201

Taste 3 ± 1.25 2.9 ± 1.26 −1.342 .180
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spread of SARS-CoV-2. It is therefore necessary to estab-
lish which are the most frequent symptoms in the initial
and paucisymptomatic forms of COVID-19. In the first
few days of April, we reported the high rates of olfactory
and gustatory disturbances in these patients.1 In the last
2 weeks, several other authors have reported the same
clinical finding.2-5

Recently, we were the first to objectively analyze the
chemoreceptive functions in hospitalized COVID-19
patients, confirming that these disturbances appear
commonly in the first days of the infection and in
paucisymptomatic cases.17 A functional evaluation in
these early stages of the disease would be very useful, to
objectively establish the real incidence and extent of
chemosensitive symptoms, but it is difficult to carry it out
for at least two orders of reasons. First, these patients are
generally not hospitalized and perform the evaluation at
home is logistically impossible during the health crisis
that we are facing. Secondly, in the literature, there are
no psychophysiological or instrumental tests that can be
remotely administered.

The tests we used in this study were created on the
basis of already validated and widely used olfactory and
gustatory evaluation protocols.9-16 The scoring system
was established so that the results of the two tests would
be comparable.

The rates of taste and smell dysfunction during the infec-
tion (63.6%) in the present case series were consistent with
those of our previous analysis on hospitalized patients.17 The
differences between the results of the two tests were statisti-
cally insignificant, both for taste and olfaction. In general,
nonblind patients remotely evaluated by telephone tend to
underestimate the olfactory threshold. They tend to report
perception for more diluted solutions. This bias is partially
compensated by a tendency to obtain lower discriminative
scores, due to the different evaluation mechanisms of the
two tests. In fact, the patient-administered tests provide a
quantitative assessment (from 1 to 10) of perception while
the operator-administered tests provide a mere qualitative
answer to forced identification choice. In this way, for exam-
ple, even a patient with amild ormoderate hyposmia or hyp-
ogeusia could still be able to identify all the odors or tastes
obtaining the maximum score on the outpatient tests. The
score would instead be subnormal if we asked the patient to
quantitatively evaluate the extent of perception and not
only his presence or absence. Overall, the results of the statis-
tical analysis attest to the validity of autoadministered
chemosensitive evaluation protocol.

Some possible limitations must however be men-
tioned. First, the study cohort was composed only of
infected health personnel. Therefore, it was not a repre-
sentative sample of the general population. The evaluated
subjects were highly compliant for such a complex test, it

is possible that the reliability of the test will decrease
by extending enrollment to the general population,
especially if elderly patients. For this reasons, the inclu-
sion criteria should be carefully evaluated, limiting the
assessment to very compliant subjects. Secondly, the self-
administered test has proven to be very accurate in iden-
tifying patients with complete anosmia or ageusia, severe
hyposmia and hypogeusia, and in cases of normal chem-
opercective functions. On the other hand, it tends to
underestimate some cases of moderate hyposmia and
hypogeusia, downgrading them to mild forms (Figures 1
and 2). Due to the logistical problems already reported,
in this validation study, patients were evaluated in
advanced stages of the clinical course (20.1 days from
clinical onset, on average). For this reason, in many
cases, the chemosensitive disorder was already resolved
and the severity of the residual dysfunction was very vari-
able. On the basis of what has been reported by patients,
it is reasonable to think that objective evaluation at an
earlier stage would detect more serious or complete dys-
functions or, on the contrary, no functional alterations,
rather than intermediate disturbances. In the early
stages, the test should be even more accurate.

5 | CONCLUSIONS

Based on the results of this study on quarantined patients,
the olfactory and gustatory evaluation by self-administered
test can be considered a valid tool, fundamental for
remotely obtaining qualitative and quantitative data on
the extent of chemosensitive disorders. These data could
lead to early detection and isolation of paucisymptomatic
COVID-19 cases.
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