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ABSTRACT

Background: Coronavirus disease (COVID-19) infection represents a worldwide critical health
burden from the sanitary perspective. This disease's symptoms range from a mild flu-like form to a
severe life-threatening respiratory disease and respiratory failure. Several patients, however,
remain paucisymptomatic. Among the symptoms that seem relevant are the changes in taste and
smell, regardless of the disease's severity.

Methods: Data from patients affected by COVID-19 infection, hospitalized from 15 to 29 April,
2020, were analyzed. Questionnaires about smell, taste, and nasal function were administered to
all, and a proportion also received the Quick olfactory Sniffin’ Sticks Test (g-Sticks) to objectivate
the presence of anosmia or hyposmia. The results of instruments and Q-Sticks were then
compared.

Results: Thirty-seven patients (20 males, 54.1%), with a mean age 0f 69.19 years (SD = 17.96;
median 76, IQR: 63-82) were evaluated. Among the patients, 8 (22%) were asymptomatic. Out of
the remaining 29 patients, 28 (97%) had fever, 19 (66%) asthenia, 11 (38%) dry cough, 10 (34%)
dyspnea, and 6 (21%) gastroenteric symptoms. The g-Sticks test was performed on 27 patients and
showed that 6 with anosmia, and 16 patients had hyposmia, where only 5 (14%) patients com-
plained of loss of smell by conducting the questionnaires.

Conclusion: Although olfactory disturbances may be secondary to other factors, a sudden onset
of anosmia or hyposmia should be assessed as a possible symptom of COVID-19 infection. The use
of questionnaires or anamnestic collection is sometimes not enough, while adding to them a
simple test such as the g-Sticks test can provide more accurate and reliable data. A simple, easy-to-
perform, and reliable tool (g-Sticks) for olfactory disorders assessment can be administered to
identify the real size of anosmia in patients with COVID-19 infection and detect the early stage of
infection or paucisymptomatic patients, therefore becoming important to reduce the spreading of
the pandemic.
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INTRODUCTION

Since the end of 2019, coronavirus disease 2019
(COVID-19) infection, caused by a new type of
coronavirus (SARS-CoV-2), has affected people
from different countries, representing a major
health problem worldwide and becoming a
pandemic.” The most common symptoms of this
disease are fever, cough, and dyspnea. In several
cases, the disease's severity leads to
hospitalization,  different  treatment intensity
regimes, and critical care unit admissions® due to
severe respiratory illnesses; however, the majority
show mild-to-moderate symptoms or remain
asymptomatic.®* The minor symptoms reported are
fatigue, myalgia, arthralgia, headache, diarrhea,
sore throat, and sudden loss of taste, olfactory,
and smell function.* Anosmia and ageusia are
reported between 34% and 68% of COVID-19
positive patients in the recently published surveys
from Germany, Great Britain, Iran, ltaly, and the
United States.®>? A multicenter European study
reported that 85.6% of patients had an olfactory
dysfunction related to the infection.’® Moein et al
used The University of Pennsylvania Smell
|dentification Test (UPSIT) to test the olfactory
quality and reported smell dysfunctions in 98% of
positive COVID-19 patients.””

According to the aforementioned studies, smell
dysfunction seems to be strongly associated with
COVID-19 infection. Therefore, in this pandemic
era, the search for COVID-19 appears meaningful
in the differential diagnosis of patients who
complain of sudden onset of anosmia or ageusia.
Moreover, it is important to point out asymptom-
atic patients, thereby reducing the risk of infection
transmission.

The aim of the present work was to identify a
simple, easy-to-perform, and reliable tool for
identifying olfactory disorders in COVID-19 posi-
tive patients. Generally, anosmia is reported by
patients or by administering specific olfactory
sticks with different pure smells to confirm the
diagnosis.

We tested 27 patients with Hummel's quick ol-
factory Quick olfactory Sniffin'Sticks Test (g-Sticks),
which is based on the recognition of 3 odors.”® Q-
Sticks is simple to apply and a fast test to do, with

96% specificity in differentiation between anosmia,
hyposmia, and normosmia.”®> We compared the
result of g-Sticks to a questionnaire about smell
capability to observe if there is a difference
between the patient's subjective perception and
an objective test for anosmia in patients with
COVID-19, and possibly hypothesize the use of
olfactory tests as early screening in suspected
subjects.

PATIENTS AND METHODS

Patients aged >18 years, hospitalized in Allergy
and Respiratory Clinic due to COVID-19 infection
from 15 to 29 April, 2020, were evaluated for in-
clusion. All patients had a positive rt-PCR COVID
test from the rhino-pharyngeal swab. The charac-
teristics of the onset of symptoms were deduced
by the clinical diary. For the classification of pa-
tients in the 3 categories (normal, anosmia, and
hyposmia), we considered the clinical history and
the results of a submitted questionnaire. We
confirmed the results with the g-Sticks test and
excluded those who already had anosmia before
COVID-19 infection. Only patients with anosmia
and hyposmia were included in the analysis.

A self-made, non-validated questionnaire
(repository table 1) to evaluate smell and taste
perception subjectively was administered in the
period of COVID-19 infection. In this question-
naire, the possible appearance of alterations and
characteristics of duration and intensity of smell
was linked to certain odors and tastes. The quick
olfactory tests, used for the trial, were not natural,
and the sticks commercialized by MediSense
(Admiraal de Ruyterlaan 5, GN Groningen, The
Netherlands) were used. Four pure odors samples
(fish, coffee, clove, and rose) were used to have an
objective evaluation of smell perception. The 3
odors (coffee, clove, and rose) to be tested were
selected based on data from other studies'*"®
and being discernible regardless of age and
ethnicity. Fish was added as a well recognizable
and particularly strong sample. During smell
administration, the scent was set at a distance of
1-2. cm from the two nostrils for about 3 s. The
capability to distinguishing different smells was
evaluated for the 4 scents using 4 direct
questions about the possible choice for each
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stick. The interval between smell introductions was
of at least 30s.

Categorical variables were expressed as counts
and percentages. Continuous variables were
summarized using mean and standard deviation
(SD) and median and interquartile range (IQR).
Data were analyzed using Excel (Microsoft) by the
t-student test, Chi-Square test, or Fisher's exact test
when necessary, assuming p < 0.05 as significant
value.

RESULTS

A total of 37 patients were enrolled in the study,
20 men (54.1%) and 17 women (45.9%), with a
mean age (SD) of 69.19 (17.96) and median (IQR)
of 76 (63-82) years. The g-Sticks was carried out in
27 patients, and the remaining declined to
participate.

Regarding COVID-19 presentation in the whole
cohort of observed patients, 8 (22%) were
asymptomatic at the beginning of the disease and
hospitalized for other reasons. Subsequently, they
were tested positive for COVID-19 following
observation of unexpected desaturation, imaging,
or hematological findings suggesting alterations
during hospitalization. Of the remaining 29 pa-
tients, 28 (97%) had a fever, 19 (66%) complained
of asthenia, 11 (38%) dry cough, ten (34%) dys-
pnea, and 6 (21%) gastroenteric symptoms such as
nausea, vomiting or diarrhea. The main comor-
bidities were hypertension in 21 (57%), diabetes in
15 (41%), COPD in 5 (14%), and cancer in 2 (5%)
patients (several of them have more than 1 co-
morbidity). The main otorhinolaryngological
comorbidities were chronic rhino-sinusitis in eight
(22%). Anosmia and hyposmia were already pre-
sent in 4 (11%) patients and ageusia in 4 patients
(11%) due to past ischemic stroke (Table 1). Based
on questionnaires, an additional 5 (14%) patients
complained of loss of smell and 11 (30%) of
taste, particularly to savory and sour flavors after
COVID-19 infection.

The g-Sticks test results revealed that 3 of the 5
patients, subjectively reported in the questionnaire
a lack of smell during COVID-19 infection, recog-
nized the 4 proposed odors allowing us to rede-
fine them as normal smell. One patient was able to
recognize three out of four odors and was

reclassified to hyposmia. The remaining 1
continued to be in the anosmia group. Moreover,
the g-Sticks tests identified 5 new patients with
impairment in the perception of smell and could
not recognize any of the 4 sticks. Also, 16 patients
were unable to recognize several proposed odors
and were therefore reallocated as hyposmia;
among them, only 1 was conscious of the anosmia
based on the clinical history and questionnaire
results. (Fig. 1). Compared to only 5 patients who
complained of a subjective alteration of the
sense of smell, 22 patients were found to have
anosmia and hyposmia when using g-Sticks tests.
Most of them (16 patients) could not recognize
most of the odors, while 6 could not recognize
any odor and therefore reclassified into hyposmia
and anosmia groups, respectively. Of note, 2
patients, self-defined as having anosmia, had an
erroneous perception and recognized all the
odors once tested using the g-Sticks test. Finally,
analyzing the odors presented to patients revealed
that among the hyposmia, 6 (38%) were able to
recognize 1, 4 (25%) recognized 2, and 6 (38%)
recognized 3 out of 4 odors. The distribution per
stick is summarized in Fig. 1.

DISCUSSION

The COVID-19 infection can be transmitted from
human-to-human via respiratory droplets when an
infected person coughs or sneezes and also nor-
mally speaks at a short distance.”® Also, the
transmission has been described from infected
surfaces, as the virus can survive on surfaces up
to 96 h.'” Most of the patients infected with
COVID-19 are asymptomatic or have mild symp-
toms, whereas only 5-10% of them show severe
respiratory failure and multi-organ involvement
with mortality of 0.7-1.2%."#"?

Exposed individuals to COVID-19 infection may
become infectious around day 3 but develop
symptoms on day 5. Furthermore, most of them
remain mild symptomatic or develop more severe
symptoms, not before day 9. The strategies for
reducing the pandemic and controlling the infec-
tion vary from isolating infectious subjects, active
contact tracing, quarantining close contacts,
reducing the contact period, implementing travel
restrictions, mandating physical distancing, and
enforcing total lockdown.?® Despite these
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Q-Sniff tested patients (27)

Total (37) p-value
Anosmia(6) Hyposmia (16) Normal (5)
Age (SD) 69 (18) 65 (23) 78 (13) 64 (23) n.s.
Male 20 (54) 1(17) 9 (56) 3 (60) n.s.
Smokers” 11 (30) 2 (33) 4 (25) 2 (40) n.s.
Symptomatic 29 (78) 6 (100) 10 (63) 4 (80) n.s.
Fever 28 (76) 5(83) 10 (63) 4 (80) n.s.
Cough 11 (30) 1(17) 3(19) 3 (60) n.s.
Dyspnoea 10 (27) 1(17) 4 (25) 2 (40) n.s.
Gastro-enteric symptoms 6 (16) 1(17) 2(13) 1 (20) n.s.
Asthenia 21 (57) 5(83) 8 (50) 1 (20) n.s.
DM 15 (41) 2 (33) 8 (50) 2 (40) n.s.
COPD 5(14) 2 (33) 2(13) 1(20) n.s.
Hypertension 21 (57) 4 (67) 9 (56) 2 (40) n.s.
Prednisone 24 (65) 5(83) 12 (75) 0 n.s.
Heparin 29 (78) 4 (67) 16 (100) 2 (40) n.s.
Subjective smell alteration 5(14) 1(17) 1(6) 3 (60) n.s.
Subjective taste alteration 11 (30) 3 (50) 2(13) 3 (60) n.s.
RS comorbidities 15 (41) 2 (33) 6 (38) 1 (40) n.s.
CRS 7(19) 1(17) 4 (25) 2 (40) n.s.
Nasal Obstruction+ 1(3) 0 0 0 n.s.
Rhinorrhea+ 1(3) 1(17) 0 0 n.s.

Table 1. Comparison between patients with anosmia and hyposmia. All data are expressed in absolute number and percentage (%) where not
otherwise reported. a. Patients in this category are the only one who has been tested with g-Sticks test, excluded the one with anosmia, before COVID-19
infection. + ENT symptoms occurred after COVID-19 infection. § analysis about group with anosmia and hyposmia. b. Current of former smokers. P-value
significance if < 0.05, n. s. = not significant

restrictive measures adopted to varying degrees in
the world's different countries, we are still far from
controlling the epidemic. One of the principal
problems detected in the fight against the virus
is the failure to recognize asymptomatic or
paucisymptomatic  patients who remain a
possible vehicle for spreading viruses. Among
these patients, there are those experienced only
a subjective alteration of smell and taste. Loss of
smell and taste are 2 of the symptoms recently
highlighted as an early manifestation of COVID-
19 infection."® Olfactory disorders during other
viral infections such as rhinovirus, Epstein-Barr

virus, and some coronaviruses have already been
described and are related to an inflammatory re-
action of the nasal mucosa.?"*? What is peculiar of
olfactory disorder during COVID-19 is that there is
no link with other nasal symptoms that typically
affect patients during flu and nasal viral infections.
Anosmia is the only symptom without associated
nasal congestion, obstruction, or rhinorrhea.?*
Although there is no certain evidence regarding
the pathophysiology of COVID-19 infection, the
mechanism may be linked directly to the commit-
ment to the olfactory tract's nerve endings by im-
mune and inflammatory responses secondary to
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Fig. 1 Percentage of patients able to recognize the right smell for all sticks. Data represent the results of the 16 patients with hyposmia, to
the g-Sticks test. (A) Stick n° 11: Rose, Raspberry, Chamomile, Cherry; (B) Stick n°® 9: Cloves, Pepper, Cinnamon, Mustard; (C) Stick n° 8:
Coffee, Smoke, Cigarette, Wine; (D) Stick n® 12: Fish, Ham, Bread, Cheese. In violet the right smell relative to the stick presented to patients,
other possibilities signed in other colors. In the middle of the graph, the percentage of patients able to recognize the right smell.

the infection.?* The role of ACE-2 receptor, already
described due to its possible implications in the
lung disease, has been recently also associated in
the development of anosmia. The presence of this
receptor has been found in the olfactory neuro-
epithelium relative to nasal respiratory or tracheal
epithelial cells.*®

A simple, fast, and validated tool that can detect
olfactory disorders can determine early-stage in-
fections, leading to early diagnosis and limiting the
pandemic's spread.

Several methods have been used for assessing
olfactory function or dysfunction and can be listed

in 3 different types of testing: self-reporting, ol-
factory testing, and instrumental exams.?®

Specific questionnaires on olfactory diseases,
such as the Questionnaire of Olfactory Disorders,
allow obtaining statistical and epidemiological
data on how the disease affects the quality of life.
Clinical data can be collected during an ENT
consultation and over a phone call or by online
surveys. Nevertheless, the questionnaires'data are
often unreliable compared to specific psycho-
physical testing.?”"?? The first published studies
about self-reported surveys have found olfactory
disorders in patients with COVID-19 infection
ranging from 34% to 85%.5°1°
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Psychophysical testing has provided a reliable
assessment of overall olfactory function, a more
detailed diagnosis, and odor thresholds, discrimi-
nation, and identification.®® The UPSIT and the
extended versions of Sniffing Test are the most
used in specialized centers; however, they are
not widely used because they take considerable
time, require skilled clinicians, and are expensive.
Moein et al used UPSIT to test the olfactory
quality and documented a smell dysfunction in
98% of patients with positive COVID-19 confirm-
ing the strong relationship between anosmia and
hyposmia and COVID-19.""

Instrumental tests include electrophysiology
and functional imaging but are used for medico-
legal assessment or in research settings. In this
study, the short olfactory test based on identifying
3 odors, published by Hummel in 2010, was
adopted.’ This test is easy to perform, takes a
shorter time, and does not require special skills.
The self-reporting tests on smell dysfunction were
also applied to check if there were significant
differences.

The herein report showed that the subjective
perception of anosmia is susceptible to error.
Administering questionnaires alone with a sub-
jective evaluation of patients’ smell identified only
5 patients with alteration odors recognition. When
an objective test (the g-Sticks) was used, 22 pa-
tients were affected by anosmia and hyposmia; 6
and 16 patients, respectively. Also, 2 patients, self-
defined with anosmia, were reallocated to the
normal smell group. The recognition of the 4
different odors among the 16 patients hyposmia
was also variable ranging from 1 to 3 out of the 4
odors.

The subjective perception of smell and taste
disorders has already been widely discussed in the
past, where factors such as individual differences
in the perceptive and verbal abilities of the sub-
jects and the characteristics of the stimuli them-
selves seem to play an important role.®" There are
also studies that have shown how the effect of
anxiety is able to change the perception of odors
themselves,®*? also in healthy people.®® It is in
fact described in the literature how, in conditions
of anxiety-stress, odors that we can define as
neutral, can become unpleasant and require a
longer time to be recognized, accompanied by a

delay in the recognition of odors by the olfactory
cortex (anterior pyriform and orbital-frontal) and
emotion-relevant pregenual anterior cingulate
cortex. At the same time, in a state of anxiety there
is a greater adaptation of the sensory olfactory
relay, strengthening the connections between
amygdala and all levels of the olfactory cortical
hierarchy.®? Covid-19 infection has been demon-
strated to be strongly related with an increase of
anxiety and depression, both in affected patients
and in those not affected by virus** The
relationship between anxiety and covid-19 can
also play a different role, where subjectively, for
fear of having a symptom of the disease is not
recognized. The objectification of the anosmia/
hyposmia with a test, such as the one carried out
on our patients, reduces the possible bias of the
subjective perception of the symptom. Other
possible confounding factor, able to explain
observed results, could be represented by sub-
jective verbal and expression abilities of odor
perception. Furthermore several authors have
pointed out that could be an objective difficulty in
describing an odor, although recognized as a
category. An inadequate vocabulary in the
description of the presented odors may, again,
have caused a difficulty in recognizing the odor
presented during the test.*?

Finally the role of smoking could also be impli-
cated in the taste and smell perception,®* despite
that in our cohort of patient the prevalence of
smoking attitude is equally distributed in the
groups (Table 1).

This study's limitations are related to the rela-
tively small sample size and the testing of hospi-
talized patients, who are likely to suffer from a
more severe disease than those treated and
quarantined at home. However, we find it inter-
esting that a large number of patients in our
sample, including asymptomatic patients, were
unaware that they had olfactory problems even
though they subjectively thought that they recog-
nized odors perfectly.

In this study, although the above mentioned
limited number of patients enrolled, the results,
objectively through a validated test used to iden-
tify the ability to recognize odors, identified how
hyposmia and anosmia are frequent symptoms in
patients with COVID-19. Also, we confirmed that
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patients’ subjective perception is not completely
reliable and incompetent to determine the diag-
nosis of anosmia and hyposmia, particularly in
patients with COVID-19 infection. The introduction
of a simple olfactory test (g-Sticks) to all pop-
ulations, such as the one described, may help find
fearful or asymptomatic patients, who are still a
major infection source that is difficult to control.
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