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Background/Objective: During the COVID-19 pandemic, smell and taste disorders
emerged as key non-respiratory symptoms. Due to widespread presence of the disease
and to difficult objective testing of positive persons, the use of short surveys became
mandatory. Most of the existing resources are focused on smell, very few on taste or
trigeminal chemosensation called chemesthesis. However, it is possible that the three
submodalities are affected differently by COVID-19.

Methods: We prepared a short survey (TaSCA) that can be administered at the
telephone or through online resources to explore chemosensation. It is composed
of 11 items on olfaction, taste, and chemesthesis, in order to discriminate the three
modalities. We avoided abstract terms, and the use of semiquantitative scales because
older patients may be less engaged. Statistical handling included descriptive statistics,
Pearson’s chi-squared test and cluster analysis.

Results: The survey was completed by 83 persons (60 females and 23 males), which
reported diagnosis of COVID-19 by clinical (n = 7) or molecular (n = 18) means,
the others being non-COVID subjects. Cluster analysis depicted the existence of two
groups, one containing mostly asymptomatic and one mostly symptomatic subjects. All
swab-positive persons fell within this second group. Only one item, related to trigeminal
temperature perception, did not discriminate between the two groups.

Conclusions: These preliminary results indicate that TaSCA may be used to easily track
chemosensory symptoms related to COVID-19 in an agile way, giving a picture of three
different chemosensory modalities.
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INTRODUCTION

After the first weeks of SARS-CoV2 spreading (1) and the
worldwide dissemination of COVID-19 pandemic, it became
clear that the virus is able to affect different organs, while
giving the most dismal outcomes in the case of respiratory
tract infection (2). In addition to severe respiratory symptoms,
rather non-specific signs were reported as initial manifestation
of infection, like fever, myalgia, and headache'. However, other
symptoms emerged as associated to the infection, including the
loss of smell termed anosmia (3-5), whose sudden onset appeared
as a typical feature of the COVID-19 disease (6, 7). Actually, other
viruses may affect the ability to smell, however in these cases the
loss of olfactory function is smoother and associated to various
degree of nasal symptoms, like running nose (8), while in the case
of COVID-19, the loss of smell may appear also in the absence of
any other symptom, often in a sudden and dramatic way. The
consequences of olfactory loss, whatever the cause, may be life-
threatening, by reducing the awareness of potentially dangerous
stimuli like gas or rotten food (9).

While the loss of smell is the most apparent sign of
chemosensory involvement and can be regarded as a predictor
of COVID-19 (10-14) also taste loss (ageusia) may be present,
and in some cases the trigeminal chemical sense (15) called
chemesthesis is involved (14, 16).

During the initial phase of the pandemic, we followed
some mildly symptomatic COVID-19 patients experiencing
symptoms related to the chemical senses. However, most of
the existing survey at that time were focused on olfaction,
and none put together olfaction, taste and chemesthesis. We
observed that patients could not easily discriminate between
the three different chemosensory modalities, which are sensitive
to different stimuli and use a variety of transduction pathways
and central connections to reach specific sensory areas in the
brain. Hence, we felt compelled to create an agile tool to collect
information on these three chemosensory modalities, that could
be used either online or as direct or telephone interview, to
allow the widest collection of data and reach even persons in
remote areas.

The need for a tool easy to use and manage, that allows
patients to respond and follow the evolution of their symptoms,
prompted us to create a very short online survey on the
three chemosensory modalities, focusing on items which are
part of everyday life for most people. We referred to sensory
experiences related to specific objects, instead of using more
generic terms (like “smell”) and tried to discriminate between
different odorant sources, in case the subject has no relevant
experience: for example, one person in isolation may not have
a direct contact with perfumes, yet may still retrieve some soap to
smell. We also avoided the use of semi-structured scales, since
these may be difficult to be adopted by older persons. Taste-
Smell-Chemesthesis Agile (TaSCA) survey is presented here
along with the responses collected online from April 30 to the
end of May 2020, from asymptomatic, non-affected persons and

Uhttps://www.cdc.gov/coronavirus/2019- ncov/symptoms- testing/symptoms.html
(accessed November 23, 2020).

COVID-19 positive patients. The aim of the present work is to
show that this tool may discriminate between persons showing
chemosensory systems involvement or not, and may serve as a
proof-of-principle for the use of TaSCA in conditions in which
direct testing is prevented.

METHODS

The survey was created to collect data for an observational,
prospective single center study aimed at determining
medium/long term consequences of COVID-19 on neurological
status (NEUROCOVID, Ethical Committee Prot. 056881). Data
herein presented were collected online in May 2020, during the
first COVID-19 outbreak, by soliciting patients and non-affected
persons to participate. No exclusion criteria were set, since we
aimed at establishing differences between groups of patients and
healthy subjects and explore the viability of TaSCA as a tool for
COVID-19 patients.

The questionnaire is composed of three sheets implemented
in Google Forms. One introductory sheet is entitled “COVID-
19 and taste and smell disturbances” and shows an introductory
statement. It presents one mandatory question, on the willingness
to participate, and 3 more questions (name or nickname, gender,
and age). The following sheet is the actual survey. The subject
should answer to 12 questions. The first 11 questions take in
consideration the sensory experience in the last days, with respect
to the usual sensitivity. One of four responses is possible: (1)
No change in the last period (I sense as always), (2) Moderate
change (I sense less than usual),> Loss of function (I don’t sense
those items), (3) Don’t know/don’t remember, in the case the
person did not had the chance to sense the item in the last
period, because of physical constraints. The questions explore
smell (questions 1, 3, 5), nasal and oral chemesthesis (questions
2, 4, 10, 11), and taste (questions 6, 7, 8, 9). The last question
refers to the presence of symptoms related to COVID-19, with
the possibility to add some notes. The third and last sheet is
salutation and thanks. The questionnaire in the original language
is available at the link:

https://docs.google.com/forms/d/1yvCBD8QBW TvldOahp
YWVhMR({S-8WaESCx80jhDIBW_Q/viewform?ts=5ea2c7
76&edit_requested=true

The printout is presented in the Supplementary Material 1,
while the English translation is shown in Figure 1.

Data Analysis
Data were analyzed using IBM SPSS Statistics v26
(RRID:SCR_019096) to produce descriptive statistics, Pearson’s
chi-squared analysis and cluster analysis. Descriptive statistics
were calculated for each item.

As a first step, we asked whether the items were able to indicate
a difference among persons experiencing a change in sensitivity
and COVID-19 status. Hence, the 4 types of responses were
coded as 0 (no change in sensitivity, answer 1) or 1 (there was
a change in the last period, answers 2 and 3). Concerning answer
4, we manually coded it as 0 if all the other responses indicated
no change.
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Please answer thinking about your sensations when you smell or eat something, referring to today

or the last days in comparison to the usual intensity of your sensations.

How do you perceive:

No change Less than usual  Don’t feel Don’t know
1. Odors like flowers and fruits O O O O
2. Odors like garlic and mint O O
3. Soaps and perfumes O O O O
4. Odors like acetone or ammonia O O O O
5. The odor of gas O O O O
6. The sweet taste (sugar, sweeteners...) O O O Od
7. The salty taste (table salt) O | O O
8. The bitter taste (coffee, chicory...) O O O O
9. The sour taste (lemon, vinegar...) O O O Od
10. Piquant (chili, pepper...) O O | O
11. Hot and cold in your mouth O O O O
FIGURE 1 | TaSCA questions on taste, smell, and chemesthesis impairment.

The hierarchical agglomerative algorithm according to
Ward’s method was applied for clustering (17), since this
warrants robust results (18), using squared Euclidean distance
for assessing similarity and Pearson’s chi-square to test for
difference between the clusters for each item. Significance
level was set at p < 0.0045 after Bonferroni correction for
multiple comparisons.

RESULTS

Eighty-three persons completed the survey: 60 females and
23 males. 56 were asymptomatic, 7 had a COVID-19 clinical
diagnosis based on symptoms (because during the first pandemic,
access to naso-pharyngeal swab was restricted to patients with
severe symptoms), 18 had a SARS-CoV2 positive nasopharyngeal
swab and 2 self-reported sudden olfactory loss but when the swab
test become available, it turned out to be negative. Age ranged
from 19 to 73 years old (mean =+ SD: 35.98 + 16.61). All subjects
presented valid data: percentages of response for each item are
presented in Table 1.

In the open question, 42 subjects (50.6%) reported no
symptoms related to COVID-19, 27 (32.5%) declared some
symptoms and 14 (16.9) answered “I don’t know.”

Several items had 5 cases or less for the responses 0-1-
2 (Table1): 6 for response 0, 5 for response 1, and 4 for
response 2. Due to the low frequencies, the responses were
categorized in 2 classes namely, 0: No change compared to
previous sensitivity, 1: Change compared to previous sensitivity
(see Table 1, last column).

Cluster analysis showed that two main groups emerged from
data, one composed of 53 subjects (63.8%) and the other of 30
subjects (36.2%). The relative dendrogram is shown in Figure 2.

Apparently, group 1 mostly collects asymptomatic subjects
(92.5%), while 73% persons in group 2 received a diagnosis of
COVID-19 (Supplementary Material 2).

Supplementary Material 3 reports the distribution of subjects
in the two groups emerged from the cluster analysis with respect
to the absence or presence of modification in sensitivity: for
items 1 to 10, the percentage of subjects reporting a change in
sensitivity is significantly different in the two groups. Only for
item 11, related to temperature perception, the reported change
in sensitivity is not significantly different between the two groups
(Supplementary Material 3).

Supplementary Material 4 reports the raw data for the
cluster analysis.

The mean responses in the two groups are shown in Figure 3.

Concerning the last item, on the presence of COVID-19-
related symptoms, 3 responses were analyzed: (1) Yes, (2) No,
(3) I don’t know. The two groups emerged from cluster analysis
significantly differed between each other (Pearsons’ chi-squared
= 42.344, df = 2, p < 0.0001). In group 1, 71.7% (38 subjects)
reported no symptoms, 7.5% (n = 4) reported symptoms and
20.8% (n = 11) did not know, while in group 2 13.3% (n = 4)
did not report symptoms, 76.7% reported symptoms (n = 23),
and 10% (n = 3) did not know.

DISCUSSION

Often regarded as an ancillary sense, olfaction has a great role
in our everyday life for its involvement in lifeguarding processes
(e.g., avoiding dangerous chemicals) as well in food evaluation.
The COVID-19 pandemic brought to the attention of
clinicians an astonishing number of persons infected with mild
symptoms, the most intriguing being a sudden and complete
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TABLE 1 | Percentage (%) of response and number (N) of persons reporting a
modification in their sensitivity.

0—Don’t 1—Don’t 2—Moderate 3—No No. of persons
Know Feel Change Change reporting a
change

ITEM 1 1.2% 19.3 9.6 69.9 24
Flowers N = 16 8 58

ITEM 2 12.0 16.7 8.4 63.9 20
Mint 10 13 7 53

ITEM 3 0 19.3 8.4 72.3 23
Perfumes 0 16 7 60

ITEM 4 13.3 13.3 3.6 69.9 14
Acetone 11 11 3 58

ITEM 5 26.5 8.4 4.8 60.2 11
Gas 22 7 4 50

ITEM 6 1.2 7.2 10.8 80.7 15
Sweet taste 1 6 9 67

ITEM 7 2.4 9.6 12.0 75.9 18
Salty taste 2 8 10 63

ITEM 8 8.4 7.2 12.0 711 17"
Bitter taste 7 6 10 59

ITEM 9 6.0 6.0 8.4 79.5 12
Sour taste 5 5 7 66

ITEM 10 21.7 4.8 4.8 68.7 8
Piquant 18 4 4 57

ITEM 11 2.4 0 3.6 94.0 3
Temperature 2 0 3 78

*One person reported hypersensitivity.

loss of olfaction (6), which may last for a variable period of
time, often accompanied by taste and chemesthesis impairment
(14). While anecdotical self-reports are intriguing, to pose a
diagnosis and follow the course of the disease, it is necessary to
develop instruments that allow a reliable quantification of the
functional impairment.

In the case of chemical senses, two main objective tests have
been developed and used over the years in the clinic, namely
the Sniffin” Sticks (19) and the University of Pennsylvania Smell
Inventory Test (UPSIT) (20), while others are being developed.
Their use is mandatory to have an objective evaluation of the
impairment, since the subjective report is often misleading (21).
However, they both require the direct testing of the patient, which
may be difficult or impossible in the case of COVID-19 infected
persons. On the contrary, collecting data from patients may be
of paramount importance to follow the disease. Sadly, the utility
of self-reporting about chemical sensitivity has been repeatedly
questioned (22).

Many questionnaires are available to test olfactory function
and some of them are widely used (23-25). However, in the case
of COVID-19 disease some caution should be warranted. First,
most of the currently available surveys are focused on either smell
or taste and almost none take into consideration the trigeminal
chemical sensitivity. However, one of the most intriguing
feature of COVID-19-related chemical senses impairment is the
involvement of multiple chemosensory modalities in the disease,

59, 77,62
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FIGURE 2 | Dendrogram showing clustering emerged from cluster analysis. In
white boxes, the branch containing mostly symptomatic patients, in orange
the branch containing no swab-positive subject.

as well as their sudden loss of function. Hence, the development
of surveys specifically targeting all three chemical sensitivity is
long needed. Another feature of COVID-19 disease is the wide
range of age of affected persons, yet the diagnostic tools should
be easily accessible to most of them: hence, we avoided the use
of visual-analog scales, which may be more sensitive than other
descriptors but less flexible in terms of accessibility.

Other tools have been developed, including the 40-items
GCCR multi-lingual online questionnaire (14), however this
requires the access to the web and a certain degree of confidence
in using online surveys, which may prevent older persons
to access it. Moreover, given the worldwide diffusion of the
pandemic, it may be useful to create agile instruments that
are easily administered using different tools, including self-
administration, direct interviews or over the phone, besides
online presentation. Lastly, while most available tools may be
complete and hence rather long, we focused the questions on
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FIGURE 3 | The two groups emerging from cluster analysis present a different
response pattern.

the three chemical modalities to have a glimpse of their relative
degree of impairment. By keeping the questions tied to real
objects that could be sensed and avoiding abstract terms, we tried
to grasp the sensory experience in a more faithful way.

Present data show that mostly asymptomatic patients
cluster together, while most patients experiencing chemosensory
impairment, with particular involvement of olfaction, cluster
together, suggesting that TaSCA survey may be a valuable tool
in case of impossibility to administer more objective tests. It
may also help in collecting critical information on the objective
sensitivity in a fast and easy way.

The present work is limited to the initial collections of
a case-series to test whether it could discriminate between
symptomatic and non-symptomatic patients. Since it relied on
the voluntary participation of subjects, we did not attempt to
refine sampling, to stay closer to the real-life use: hence, the sex
balance is skewed toward females, probably because females are
more compliant and willing to take part in preliminary testing.
Similarly, we did not take any action on age balance, leaving this
for future investigations.

Some initial speculations are possible on the present data.
Whether items concerning olfaction are the most discriminative
indexes, compared to taste and trigeminal will be explored in
future work. Also, with a larger sample it will be possible to
fully assess the psychometric and statistical properties of the
questionnaire, including for example case-control approaches
and cutoff point determination. Interestingly, item 11 on thermal
sensitivity does not appear to discriminate between the 2 groups
that emerged from cluster analysis. This suggests that the
trigeminus nerve may be differentially affected in its different
sensory components. Chemical sensitivity in trigeminal afferents
involves receptors which are also temperature-gated (26, 27), but
cold receptors also exist (28-30), and functional specializations
have been reported for trigeminal receptors (31). It is worth
to include item 11 because it may discriminate among persons
experiencing true chemosensory deficit from deceitful answers.

While obtained in a limited number of subjects, these data
show that TaSCA is a short survey available in the same form
online, on paper or for oral interview that may be used to
screen chemosensory deficits in COVID-19 patients. It remains
to be determined its possible use in other conditions where these
sensory systems may be involved.

In COVID-19 patients which are still positive, isolated
at home or when direct objective testing is not feasible or
recommendable, TaSCA could be easily administered. It is fast,
yet complete in exploring all three chemosensory modalities
and could be used also with patients still presenting annoying
symptoms, which may prevent them from extensive sessions of
online or live testing.

Possibly, it could be useful in the future for repeated self-
checking with substances commonly available in most houses,
given the necessity of long-term monitoring for possible adverse
outcomes (32).
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