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ABSTRACT

Objective: Next to olfactory function, the nose can also perceive chemestetic sensations medi-
ated by the trigeminal nerve. While olfactory dysfunction as a symptom of COVID-19 is well
described, there has been little research on the limitation of other nasal sensory inputs due to
SARS-CoV-2 infection. The aim of this study was to determine possible limitations of nasal
chemesthesis after COVID-19 infection by a psychophysiological diagnostic tool.

Methods: In 65 patients with a PCR-confirmed, former COVID-19 disease, olfaction was tested
by means of a sniffin’ sticks test, tasting by taste sprays and chemesthesis with a menthol dilution
series. The subjective self-assessment of the patients was recorded via a questionnaire.

Results: We found a restriction of nasal chemesthesis and the extent correlated with the loss of
smell, as well as with the values of the taste score, but not with subjective self-assessment.
Conclusion: Not only the ability to smell and taste, but also nasal chemesthesis is affected by

COVID-19.

© 2021 Japanese Society of Otorhinolaryngology-Head and Neck Surgery, Inc. Published by

Elsevier B.V. All rights reserved.

1. Introduction

More than a year after the outbreak of the new SARS
Coronavirus-2 (SARS-CoV-2), olfactory dysfunction as a
symptom of COVID-19 is well described as one of the most
common symptoms [l] and is even used as a predictive
screening factor for diagnosis [2]. However, beyond these
symptoms, many patients also complain of a restriction or af-
fection of nasal chemesthesis, such as burning or the sensation
of a blocked nose. These sensations are to be distinguished
from olfactory disorders [3] and are mediated in the nose
via the trigeminal nerve [4]. So far, only patient records and
questionnaire-based surveys exist on COVID-19-associated
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impairment of chemesthesis. The aim of this study was there-
fore to confirm this sensory impairment in the COVID-19-
related olfactory disorder with a psychophysical test.

2. Methods

This study was conducted at a university hospital in Ger-
many. The principles of the Declaration of Helsinki and its
subsequent amendments were adhered to and monitored by
the local ethics committee. The participants of the study were
recruited from the local outpatient clinic for COVID-19 suf-
ferers. Only patients who had received a virus detection by
polymerase chain reaction (PCR) during their disease were
included. Additional inclusion criteria were an age of at least
18 years and sufficient knowledge of the German language.
All participants had an overall mild course without hospitali-
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sation. The onset of the disease was at least two months ago
in all subjects (mean: 91.78 days, £ 6.91).

Exclusion criteria were pre-existing nasal conditions such
as previous trauma, chronic sinusitis or acute allergic symp-
toms and as were previously known olfactory and gustatory
disorders or chemosensitivity limitations.

Demographic and general data of the test persons as well
as data on the course of the disease were collected via a stan-
dardised questionnaire. The questionnaire was also used to
find out whether the patients had suffered a loss of smell and
taste in the course of their disease. The patients were asked to
rate their subjective ability to smell and taste on an analogue
scale of 1-10 (1 = bad, 10 = good). In addition, the subjec-
tive patency of the nose was asked about via a 5-point scale,
as nasal patency is a barometer of trigeminal sensitivity [5].

Psychophysical measurements were performed in a quiet,
well-ventilated room. Orthonasal olfaction was tested using
the Sniffin’ Sticks Test (Burghart Messtechnik GmbH, Wedel,
Germany). This widely used olfactory test offers the possibil-
ity of a differentiated view of olfactory ability, as it deter-
mines the olfactory threshold (OT) as well as the ability to
differentiate odours (OD) and identify odours (OI) [6]. Odours
are presented via felt-tip pens. Olfactory threshold is deter-
mined via the subject’s ability to detect n-butanol, using a
staircase technique based on a three-alternative forced-choice
(score range = 1-16) starting with a 4% solution. In the OD
test, the patient has to recognise the pen that smells different
from the other two from 16 offered triplets. To quantify the
OI, a total of 16 common odours are presented, which have
to be matched to the appropriate picture cards and words
in a multiple-choice procedure. The total score TDI is then
summed up from the collected values for OD, OT and OL

If the subject achieves a score of more than 30.5 points,
he/she is normosmic, while with a score between 16.6 and
30.5, he/she is hyposmic. A TDI score of less than 16.5 cor-
responds to functional anosmia [6]. For the simplicity of the
term, we will refer to functional anosmia as anosmia in the
following.

As a measure of chemesthesis, the perception threshold
for menthol is described in the literature [7], which was de-
termined within this study with the help of a psychophysical
method [8]. For this purpose, 16 menthol solutions of decreas-
ing concentration were first prepared by geometric dilution.
The initial concentration was 50% g/g (No.1) the following
25% g/g (No.2), and so on.

Presentation during the examination was performed using
an ascending single-step method, starting with the weakest
concentration (0,00,213,623% g/g, No.16). The mucous mem-
branes of the eyes were protected from possible trigeminal
stimulation by glasses. After the presentation of the menthol
solution under the patients’ nose, they were asked whether
they had felt a "burning, stinging, cooling or tickling" sensa-
tion, impressions like those triggered by menthol [9]. If this
was answered in the negative, the next higher concentration
level was presented until the patient felt a sensation three
times in succession at one concentration. The staircase was
then reversed and the next lower concentration was applied.
As soon as the patient did not notice a stimulus, the next
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Fig. 1. Schematic procedure for determining the chemesthesis threshold with
example values entered. Starting with the weakest concentration of men-
thol (“1”), the next higher concentration was offered until the subject felt
trigeminal irritation three times in a row. This was the first turning point
until the subject did not register correct perceptions three times in a row
and thus the next turning point towards stronger concentrations was reached.
This procedure was repeated until seven turning points were recorded. The
threshold was calculated from the mean value of the last four turning points.
1-16 = concentrations of the methanol solution, 1 = strongest, 16 = weak-
est concentration. + = subject felt a trigeminal sensation (cooling, burning).
- = subject did not indicate a trigeminal sensation. The ellipses mark the
last four turning points. The grey line follows the direction of the testing.

turning point was reached. This procedure was followed until
a total of seven turning points were set. From the last four
turning points, the mean value was calculated as the threshold
value (Fig. 1). If the test person was not able to feel the high-
est concentration seven times in a row, a threshold value of
1 was assigned as a substitute value. Higher numbers mean
lower threshold values and thus a more sensitive sensation.
The interval between two stimulations was 30 s.

The taste function was screened with taste sprays of the
basic qualities sweet (1 g sucrose per 10 g purified wa-
ter), sour (0.5 g citric acid per 10 g purified water), salty
(0.75 g sodium chloride per 10 g purified water) and bitter
(0.005 g quinine hydrochloride per 10 g purified water) [10].
These suprathreshold solutions were sprayed on the subjects’
tongues. A score from 0 to 4 was given according to the cor-
rectly recognised tastes. Statistical Analysis was performed
using SPSS v. 24 (SPSS Inc., Chicago, USA). Data is pre-
sented as average values (4 standard error of the mean).

3. Results

The study included 65 patients, 24 men (36.9%) and 41
women (63.1%). The mean age was 44.88 years (+11.67
years). On average, 191.78 days (6.91) days had elapsed
since disease onset/positive PCR. The mean TDI score of
all study participants was 32.90 points. 53 patients (81.5%)
were normosmic, 10 patients (15.4%) were hyposmic. Only
two patients (3.1%) were anosmic. In the taste test, the mean
score was 3.75 (£ 0.69). The mean chemesthesis threshold
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Fig. 2. Except for two subjects with anosmia, the other participants had TDI scores in the hypo- or normosmic range. The graph illustrates the correlation
between the TDI and the chemesthesis score.

Table 1. There was a positive correlation between the nasal chemesthesis score and the TDI and all its subscores. The Taste score also correlated with nasal
chemesthesis. A two-way correlation according to Pearson was performed, * p < 0.05, ** p < 0.01.

TDI oT OD Ol
0,418** 0,275* 0,414** 0,414**

Taste Score

0,303*

Chemesthesis score

Table 2. The subjects’ self-assessment correlated well with the TDI, but not with the score for nasal chemesthesis according to Pearson’s calculation. The

r-value is given, * p < 0.05, ** p < 0.01, two-sided).

Self-assessment olfaction

Self-assessment taste Self-assessment nasal passability

TDI 0,574**
Chemesthesis score 0,224

0,248*
0,166

—0,248
—0,058

was 9.42 (£ 0.42). According to the Kolmogorov-Smirnov
test (p = 0.200) and the Shapiro-Wilk test (p = 0.497), the
chemesthesis score values were distributed normally.

There was a positive correlation between the chemesthe-
sis score and the TDI in the Pearson analysis (r = 0.418,
p < 0.01), as well as with all TDI subscores (Table 1, Fig. 2).
There was also a good correlation between the self-assessment
of olfactory ability and the TDI score (r = 0.574, p < 0.01)
and the subjective tasting ability (r = 0.248, p > 0.05). A
positive correlation was likewise found between the chemes-
thesis score and the taste score (r = 0.303, p > 0.05), whereas
the subjective self-assessments regarding the ability to smell
and taste did not correlate with chemesthesis. No correlation
could be determined with regard to the self-assessment of
nasal passability either (Table 2).

4. Discussion

Olfactory dysfunction is one of the most common symp-
toms of COVID-19 and has been described numerously in
the literature [11,12]. COVID-19-associated olfactory loss is
characterised by a rapid onset and improvement after a short

time in about half of patients. However, in about 50% of
patients, a reduction in olfaction can be measured even af-
ter three months [13]. Olfactory function improves in most
patients during the course of the disease, but in some pa-
tients limitations of the olfactory function can be measured
even 6 months after the disease [14]. Impairments in chemes-
thesis have been described in SARS-CoV-2 infected patients
[3], but data is very limited compared to olfactory impair-
ment. Impairments of other sensory systems such as taste and
chemesthesis frequently occur in connection with postinfec-
tious olfactory disorders [15—17]. Taste impairment has been
described in COVID patients and confirmed by psychophys-
iological tests [13,18]. Chemesthesis has only been physio-
logically tested by Ferreli et al. so far, limited to ability to
recognise menthol in the context of the Sniffin’ Stick [19].
To the best of our knowledge, our study is the first to prove
the limitation of chemesthesis with a detailed physiological
threshold test.

Our study results show that COVID-19-related olfactory
dysfunction correlates with a reduction in nasal chemesthesis,
and also that study participants with reduced taste showed
impaired chemesthesis.
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Since both smell and chemesthesis are senses of the nose,
these impressions can easily be mixed up by patients and
study participants. The difference was explained in detail to
the participants of the study and they were instructed to focus
on the cooling or burning sensation. The trigeminal stimulus
we chose, menthol, is well described in the literature for test-
ing chemesthesis [9,20,21].

The pathomechanism for the reduction of chemesthesis by
SARS-CoV-2 remains unclear to date. An obvious mechanism
would be the involvement of the trigeminal nerve by the virus.
However, in the case of COVID-19-associated olfactory loss,
this pathomechanism is controversial. So far, there are only
data on preprint servers that suggest a direct attack of the
olfactory cells [22], while other authors favour an attack of
the sustaining cells due to the lack of expression of ACE-
2 on the olfactory nerves [23]. With regard to the trigeminal
nerve, however, an invasion of the cells by the viruses via the
ACE-2 receptor is assumed in the literature [24]. For SARS-
CoV-1 an infection of nerve cells has been shown [25]. In
mice, infestation of the trigeminal nerve by coronaviruses has
been known for a long time [26] and since the key protein of
the virus ACE-2 is expressed in large quantities in the nose
[23], infestation of the nerve is suspected. Histological sam-
ples from the nose and immunohistochemical staining of the
trigeminal nerve branches in SARS-CoV-2 infected persons
may provide more detailed information. Of note, there is in-
creasing evidence that patients with an affection of the nasal
senses could have a more severe course of the disease [27] or
more neurological symptoms [28].

Although we were able to show a clear correlation be-
tween olfactory impairment and chemesthesis with this study,
it is still not possible to make an absolute statement about
the trigeminal system. On the one hand due to the subjective
nature of the chosen methodology [8], why the results should
be confirmed by objective measurement methods using an ol-
factometer [29]. On the other hand, due to the lack of a con-
trol group, no absolute classification of chemesthesis could be
made, but only the correlation of olfactory loss and chemes-
thesis could be worked out. The control group would be par-
ticularly important because, unlike the TDI value, there are
no validated standard values for the chemesthesis score. How-
ever, recruitment is currently difficult due to the increased risk
of infection - especially in hospitals. The above-mentioned fu-
ture olfactometer studies should, however, also collect these
comparative data. In order to investigate the development of
the restrictions over time, further measurements should be
taken over the long term.
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